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Abstract 

Cold-water corals are distributed all over the world’s oceans where they form a 

high variety of ecosystems depending on their specific environment. Some of the 

most prominent cold-water coral ecosystems are the so-called cold-water coral 

mounds, large build-ups reaching a lateral extension of up to 5 km and heights of 

up to 380 m. These cold-water coral mounds are mainly composed of fragments 

of cold-water corals - with Lophelia pertusa and Madrepora oculata being the 

most common species – and hemipelagic mud. Mound growth thereby is 

promoted by prospering cold-water coral thickets. These provide accommodation 

space and a low-energy environment within the framework of the coral branches 

that allow suspended material to settle from the water column. This way mounds 

can reach vertical growth rates of ~ 30 cm kyr-1, locally even higher. Hence it is 

obvious, that mound growth is directly dependant on coral growth, and therewith 

on their specific requirements to their environment. This means in turn, that 

changes of the environment have a direct effect on mound growth. 

This study aims to unravel the environmental factors that influence mound 

growth in different latitudes and during different global climate periods. For this 

purpose, two cold-water coral mounds along the East Atlantic margin were 

selected: Galway Mound in the Belgica Mound Province in the Porcupine 

Seabight on the Irish continental margin at ~51°N latitude and an unnamed coral 

mound of the Banda Mound Province on the Mauritanian margin at ~17°N. 

Galway Mound is about 100 m high and is located in a water depth of ~870 m. 

Sediment cores collected from Galway Mound showed a consistent stratigraphy 

on mound flanks and the mound top as indicated by stable oxygen isotope and 

elemental analyses. Absolute age determinations revealed two periods of coral 

growth or mound growth that correspond to warm climatic periods, i.e. the 

Holocene and Marine Isotope Stage (MIS) 7. The two growth periods are 

separated by a major hiatus that spans more than 250 kyr. This hiatus is 

assumed to be the result of a mass wasting event. 

As an example for a low-latitude coral mound, an unnamed coral mound of the 

Banda Mound Province off the Mauritania was studied for its long-term 

development. The Banda Mounds are found in a water depth of 450-550 m and 

reach heights of ~100 m. For this study, 20 fragments of Lophelia pertusa were 

selected for U-series age determination in order to reconstruct mound growth 

history in a high resolution. 
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Facing this large amount of samples a new, precise and fast method for U-

series age determination on carbonates was developed using an ‘Inductively 

Coupled Plasma Quadrupole Mass Spectrometer’ (ICP-QMS). This method 

allows U-series analyses in less than 30 minutes per sample including chemical 

preparation. 

The obtained ages revealed three periods of intense coral growth and thus 

mound growth during the relatively cool MIS 2-4. These coral growth periods 

coincide with periods of enhanced primary productivity in the region and with a 

palaeo-sea level between ~50-80 m below present sea level. It is concluded that 

a shift of the high productivity zone from the shelf and shelf-break towards the 

deeper-living corals during sea level lowstands provided a high amount of food 

for the corals, which led to massive vertical mound growth rates. This opposes 

the observations from the Irish mounds, where ocean currents are the major 

steering factor for coral growth. Mound growth patterns, however, largely 

resemble the observations from the Irish mounds with mound growth in periods 

of coral proliferation (Ireland: interglacial periods, Mauritania: glacial periods) and 

non-deposition or erosion in periods of coral absence. 
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Zusammenfassung 

Kaltwasserkorallen sind in sämtlichen Weltmeeren verbreitet, wo sie eine 

Vielzahl von Ökosystemen in Abhängigkeit zu den bestehenden 

Umweltbedingungen ausbilden. Zu den hervorstechendsten 

Kaltwasserkorallenökosystemen gehören die sogenannten Kaltwasserkorallen-

mounds, die eine laterale Ausdehnung von bis zu 5 km und Höhen von bis zu 

380 m erreichen können. Diese Kaltwasserkorallen- Mounds sind hauptsächlich 

zusammengesetzt aus Fragmenten von Kaltwasserkorallen – wobei Lophelia 

pertusa und Madrepora oculata die häufigsten Arten darstellen – und 

hemipelagischem Schlamm. Das Wachstum der Mounds wird dabei durch die 

ausgedehnten Kaltwasserkorallendickichte vorangetrieben, die 

Akkommodationsraum bilden und ein Niedrig-Energie Milieu schaffen, wodurch 

sich in der Wassersäule schwebende Partikel ablagern. Auf diese Weise können 

die Mounds vertikale Wachstumsraten von ~30 cm pro 1000 Jahre erreichen, 

lokal sogar höher. Es ist offensichtlich, dass Mound-Wachstum in direktem 

Zusammenhang mit dem Wachstum von Korallen steht und damit mit deren 

speziellen Anforderungen an ihre Umwelt. Dies wiederum bedeutet, dass 

Umweltveränderungen einen direkten Effekt auf das Wachstum der Mounds 

haben. 

Die vorliegende Arbeit hat die Zielsetzung die Umweltfaktoren zu 

entschlüsseln, die das Wachstum der Mounds in verschiedenen Breiten und 

während verschiedener Klimastadien beeinflussen. Zu diesem Zweck wurden 

zwei Vorkommen von Kaltwasserkorallen-Mounds ausgewählt: Galway Mound in 

der Belgica Mound Provinz in der Porcupine Seabight am Irischen 

Kontinentalrand auf einer Breite von ~51°N und ein unbenannter Korallenmound 

innerhalb der Banda Mound Provinz am Mauretanischen Kontinentalhang auf 

~17°N. 

Galway Mound ist ca. 100 m hoch und erstreckt sich über einen 

Wassertiefenbereich von ~770-870 m. Sedimentkerne von Galway Mound zeigen 

eine einheitliche Stratigraphie auf den Flanken sowie auf dem Gipfel des 

Mounds, die durch stabile Sauerstoffisotopen- und Elementanalysen belegt ist. 

Absolute Altersbestimmungen belegen zwei ausgeprägte Korallenwachstums- 

bzw. Moundwachstumsphasen, die mit Warmzeiten (Holozän und Marines 

Isotopen Stadium MIS 7) korrespondieren. Beide Wachstumsphasen sind von 

einem ausgedehnten Hiatus unterbrochen, der eine Zeitspanne von mehr als 
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250.000 Jahren umfasst. Es wird angenommen, dass dieser Hiatus das Resultat 

einer Hangsrutschung ist. 

Als Beispiel für die Langzeit-Entwicklung eines Korallenmounds in den 

niedrigen Breiten wurde ein unbenannter Mound der Banda Mound Provinz 

untersucht. Die Banda Mounds sind in einer Wassertiefe von 450-550 m 

angesiedelt und erreichen Höhen von ca. 100 m. Insgesamt wurden 20 

Fragmente der Korallenart Lophelia pertusa zur U-Serien Altersbestimmung 

ausgewählt, um das Mound-Wachstum in hoher Auflösung zu rekonstruieren. 

Im Angesicht dieser großen Probenmenge wurde eine neue, präzise und 

schnelle Methode der U-Serien Datierung an Karbonaten unter Einsatz einer 

‚Inductively Coupled Plasma Quadrupole Mass Spectrometer‘ (ICP-QMS) 

entwickelt. Diese Methode ermöglicht U-Serien Analysen in weniger als 30 

Minuten pro Probe, einschließlich der chemischen Aufbereitung. 

Die ermittelten Alter zeigen drei intensive Phasen von Korallenwachstum und 

damit Moundwachstum, während der relativ kalten MIS 2-4. Diese 

Wachstumsphasen fallen mit Phasen erhöhter Primärproduktion in der Region 

zusammen und einem Paläo-Meeresspiegel von ~50-80 m unter dem heutigen 

Niveau. Es wird angenommen, dass während des Meeresspiegeltiefstandes eine 

Verlagerung der Hochproduktionszone vom Schelf und der Schelfkante hin zu 

den tiefer lebenden Korallen stattgefunden hat, die zu einem erhöhten 

Nahrungsangebot und somit zu einem massiven vertikalen Moundwachstum 

führte. Hier spiegelt sich ein bedeutender Unterschied zu den Irischen Mounds 

wider, wo verstärkte Bodenströmungen als Hauptsteuerungsfaktor für 

Korallenwachstum angenommen werden. Dennoch zeigen die 

Moundwachstumsmuster beider Moundregionen einige Ähnlichkeiten auf. 

Moundwachstum findet nur zu Zeiten ausgedehnten Korallenwachstums statt 

gekennzeichnet durch die Ausbildung massiver Korallendickichte (Irland: 

Interglazialzeiten, Mauretanien: Glazialzeiten), während in Phasen ohne 

Korallenwachstum Null-Sedimentation oder Erosion auf den Mounds stattfindet. 
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1. Introduction 

1.1. Motivation and main objectives 

The existence of hermatypic scleractinian cold-water corals is known since the 

mid 18th century (Pontoppidan, 1752), with a first taxonomic description by 

Linnaeus (1758). Regardless their early depiction, they received only little interest 

until the occurrence of large cold-water coral covered “carbonate knolls” in the 

Porcupine Seabight, whose origin and development was (misleadingly) proposed 

to be linked to hydrocarbon seepage (Hovland et al., 1994). Since then research 

effort increased massively. During the last two decades technological progress 

(e.g. remotely operated vehicles (ROVs), manned submersibles, multibeam 

echosounders, sidescan sonars etc.) allowed for the detailed mapping and 

observation of these cold-water coral ecosystems (e.g. Beyer et al., 2003; 

Foubert et al., 2005; Huvenne et al., 2002; Huvenne et al., 2003). Numerous 

cold-water coral ecosystems have been discovered along the world’s ocean 

margins showing a wide variety of appearances (see Roberts et al., 2006 for an 

overview). Knowledge about their faunal assemblage (Freiwald, 2002; Jensen 

and Frederiksen, 1992; Rogers, 1999), their distribution (Roberts et al., 2006) 

and their environmental requirements increased continuously and therewith the 

awareness of their importance as e.g. biodiversity hotspots (Roberts et al., 2006), 

carbonate sinks (Titschack et al., 2009) or palaeoceanographic archives (Blamart 

et al., 2007; Gagnon et al., 2007; Lutringer et al., 2005; Montagna et al., 2006; 

Rüggeberg et al., 2008; Thierens et al., 2010; Titschack et al., 2009). Especially 

since the increase in the awareness of global climate change, an urgent need 

arose to understand the processes and the sedimentation dynamics in cold-water 

coral ecosystems within a changing global climate. However, to fully understand 

the impact of ongoing climate change on cold-water coral ecosystems it is crucial 

to investigate how past climate changes did affect these habitats. This study is 

investigating cold-water coral mounds, a special type of cold-water coral 

ecosystems. These build-ups consist of cold-water coral fragments and 

hemipelagic mud (De Mol et al., 2002) and reach heights of several hundred 

meters. Therefore they provide an archive to investigate the long-term 

development of cold-water coral ecosystems under different climatic settings. 

Especially in the Eastern Atlantic they are widespread ranging from the British 

margin at ~59°N (Roberts et al., 2000) down to tropical sites off Angola at ~7°S 

(Le Guilloux et al., 2009). Furthermore they have been shown to cover time 
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spans of up to 2.6 Ma (Kano et al., 2007) . This study aims to contribute to the 

comprehension of the patterns of growth and erosion of cold-water coral mounds 

on millennial time scales under changing environmental conditions. 

 

Therefore the main questions of this study are: 

� What are the major steering factors of coral growth on cold-water coral 

mounds? 

� Are there common patterns in the growth of cold-water coral mounds in 

high and low latitudes and where are the differences? 

� What mechanisms are steering growth and erosion of these mounds? 

 

These questions are addressed in two case studies from the Irish margin 

(chapter 1) and the Mauritanian slope (chapter 3). The development of a new, 

fast and precise method for absolute age determination on coral samples, which 

highly facilitated our work, is described in chapter 2 

 

1.2. Cold-water corals – environmental constraints, biodiversity, 

distribution and threats 

The most important hermatypic (reef-forming) cold-water coral species in the 

Atlantic Ocean are Lophelia pertusa and Madrepora oculata (Freiwald, 2002). 

Cold-water corals are suspension feeders feeding on organic particles (mainly 

organic detritus and zooplankton) that they catch with their tentacles (Duineveld 

et al., 2004; Jensen and Frederiksen, 1992; Messing et al., 1990). But – contrary 

to their tropical relatives – they are not dependent on photosymbiontic 

dinoflagellates (azooxanthellate) and thus are not dependent on light. For the 

most common cold-water coral species Lophelia pertusa the temperature 

tolerance ranges between 4–12 °C (Roberts et al., 2006). This enables Lophelia 

pertusa to settle in tropical as well as in boreal latitudes and in water depths from 

39 m to 2,775 m (Fosså et al., 2002; Keller, 1976; Zibrowius, 1980). Lophelia 

pertusa occurs at oxygen contents of 2.6-7.2 ml l-1 (Davies et al., 2008; Dodds et 

al., 2007; Schroeder, 2002) and at salinities between 31.7-38.8‰ (Davies et al., 

2008; Freiwald et al., 2004).  



1. Introduction: Cold-water corals 9 

 

 
Fig. 1.1. A: ROV-Image from Galway Mound (© MARUM QUEST, Expedition M 61/3) 

showing thriving cold-water coral thickets on top of dead coral framework. B: The ROV-

Image indicating the most important coral species (live corals only): 

1) Lophelia pertusa 3) Desmophyllum dianthus 

2) Madrepora oculata 4) Gorgonian (soft) corals 
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Food supply is strongly controlling the vitality and reproduction rate of corals 

(Waller and Tyler, 2005) and thus the development of cold-water coral bioherms. 

Thereby the availability of fresh organic matter is as important as the 

mechanisms providing it to the corals (Davies et al., 2009). To transport the food 

particles to the corals, a high-energy milieu - strong seabed currents or internal 

tides - is required (Frederiksen et al., 1992; Messing et al., 1990; White, 2007) 

that additionally prevents the coral polyps from being buried by hemipelagic 

sediments (Frederiksen et al., 1992). Moreover, strong currents uncover 

hardgrounds which are essential for coral larvae to settle on (Freiwald, 2002). 

Numerous cold-water coral occurrences are located within a certain depth 

window along the NE-Atlantic margin (Colman et al., 2005; De Mol et al., 2007; 

Dorschel et al., 2007a; Foubert et al., 2005; Freiwald, 2002; Mienis et al., 2006). 

This implies that coral growth is somehow bound to certain parameters within the 

water column. Along the Irish margin cold-water corals often occur at a 

pycnocline that coincides with the interface of two water masses (here: 

Mediterranean Outflow Water (MOW) and Eastern North Atlantic Water (ENAW; 

Rice et al., 1991)) and where suspended particles are concentrated and form a 

nepheloid layer (Mienis et al., 2007). Moreover, cold-water corals seem to 

develop best at certain water densities. For the Celtic and the Norwegian margins 

this density range was determined at (��) = 27.35 to 27.65 kg m–3 (Dullo et al., 

2008). 

Cold-water corals form biodiversity hotspots in the deep-sea (Auster, 2005; 

Costello et al., 2005; Henry and Roberts, 2007; Husebø et al., 2002; Jensen and 

Frederiksen, 1992; Mortensen et al., 1996; Raes and Vanreusel, 2006; Roberts 

et al., 2005). With more than 1,300 species (Roberts et al., 2006) the biodiversity 

of cold-water coral ecosystems is comparable to the ones known from tropical 

coral reefs (Husebø et al., 2002). Moreover, cold-water coral ecosystems act as 

speciation centres as they host a number of rare or endemic species (Roberts et 

al., 2006). Cold-water corals show a worldwide distribution. The bulk of the cold-

water corals, however, have been discovered in the Atlantic Ocean with the most 

reported findings in the Eastern Atlantic on the European margin: the Norwegian 

shelf, the British/ Irish margin, the Biscaya and the Gulf of Cádiz (Fig. 1.2., De 

Mol et al., 2002; Foubert et al., 2008; Hovland et al., 1994; Reveillaud et al., 

2008; Roberts et al., 2005; Roberts et al., 2000; Wienberg et al., 2009). In the 

western Atlantic cold-water coral occurrences seem to be concentrated in the 

Gulf of Mexico (Fig. 1.2., Becker et al., 2009; Cordes et al., 2008) and in the 

Straits of Florida (Grasmueck et al., 2006). In the Pacific and Indian Oceans, 
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cold-water corals show a rather sporadical distribution (Fig. 1.2). However, this 

distribution pattern might contain some sampling artefacts because of an 

overhang of research effort in the Atlantic Ocean.  

 

Fig. 1.2. The global distribution of reef-forming scleractinian cold-water corals 

(Roberts et al., 2006). Note that this distribution graph probably shows sampling 

artefacts due to the concentration of research in the Atlantic. 

 

As several fish species of commercial interest are abundant in cold-water coral 

habitats (Hall-Spencer et al., 2002; Husebø et al., 2002), bottom trawling has 

become a serious threat to the corals (Armstrong and van den Hove, 2008; 

Fosså et al., 2002; Glenn et al., in press; Grehan et al., 2003; Hall-Spencer et al., 

2002; Henry and Roberts, 2007; Husebø et al., 2002; Roberts et al., 2000). The 

deployment of such destructive fishing gear results in the spacious annihilation of 

the fragile cold-water coral ecosystems. Once they have been subjected to such 

a disturbance, cold-water corals recover very slowly because of their low growth 

rates (max. 25 mm/yr; Gass and Roberts, 2006; Mikkelsen et al., 1982; Orejas et 

al., 2008; Spiro et al., 2000). As a consequence, some governments (e.g., 

Norway, Ireland) have established marine protected areas around the cold-water 

coral ecosystems with strong regulations regarding fishery and research 

(Armstrong and van den Hove, 2008; Davies et al., 2007). Another creeping but 

serious threat to cold-water coral ecosystems has come into focus of science 

during the past decade. With the uptake of anthropogenic CO2 into the world’s 

oceans, ocean pH already decreased and might further decrease by 0.7 units 
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within the coming centuries (Caldeira and Wickett, 2003). Especially the ocean 

water in higher latitudes will suffer strong undersaturation with aragonite (Orr et 

al., 2005). To the cold-water corals this means a severe and immediate threat, as 

their ability to calcify might be inhibited or aragonite skeletons might be dissolved 

(Turley et al., 2007). This is emphasised by comparing cold-water coral 

occurrences in the Atlantic and the Pacific Ocean. In the Atlantic, where the 

aragonite saturation horizon (ASH) lies deeper than 2000 m, extended cold-water 

coral sites occur, whereas in the Pacific only sparse findings of framework 

building cold-water corals have been reported. The ASH here is found in 

shallower water depths between 50 and 600 m (Orr et al., 2005; Turley et al., 

2007). Until now, however, no results concerning the direct effect of ocean 

acidification on cold-water corals have been presented (Turley et al., 2007). 

 

1.2.1. Cold-water coral mounds – distribution and importance 

Cold-water corals form important and manifold ecosystems all over the world’s 

oceans (Fig. 1.2.). They build up gigantic structures as e.g. the Røst Reef off 

Norway with a maximum lateral extension of 35 km (Fosså et al., 2005), grow on 

mud volcanoes (Foubert et al., 2008; Wienberg et al., 2009) and seamounts 

(Duineveld et al., 2004), are attached as “hanging gardens” to submarine cliffs 

and overhangs (Freiwald et al., 2009) or occur as single colonies (Roberts et al., 

2006). One of the special types of cold-water coral ecosystems are cold-water 

coral mounds, often also referred to as coral banks (De Mol et al., 2002; Stetson 

et al., 1962), carbonate knolls (Hovland et al., 1994) or cold-water coral covered 

carbonate mounds (Dorschel et al., 2005) that are build up by coral fragments 

filled with fine grained sediment of hemipelagic origin (Dorschel et al., 2007b; 

Huvenne et al., 2009; Titschack et al., 2009).  

Coral mounds are reported from all over the Atlantic margin (Fig. 1.3.). In the 

western Atlantic they have been discovered in the Straits of Florida (Grasmueck 

et al., 2006), on the West Florida Slope (Grasmueck et al., 2006; Newton et al., 

1987), off Colombia (Reyes et al., 2005) and off Brazil (Mangini et al., 2010; 

Sumida et al., 2004; Viana et al., 1998). In the eastern Atlantic, coral mounds are 

widespread along the British (Roberts et al., 2000) and Irish margins (De Mol et 

al., 2002; Wheeler et al., 2007), along the Moroccan margin (Foubert et al., 2008; 

Wienberg et al., 2009), off Mauritania (Colman et al., 2005) and off Angola (Le 

Guilloux et al., 2009). Their size ranges from a few meters (Darwin Mounds, 

Moira Mounds, Gulf of Cádiz and Alboran Sea; Foubert et al., 2008; Hebbeln et 

al., 2009; Roberts et al., 2000; Wheeler et al., 2005a; Wienberg et al., 2009) up 
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to 380 m in height and 5 km in lateral extension (so-called giant mounds along 

the Rockall Trough; Mienis et al., 2007). They occur as isolated mounds as well 

as mound clusters (De Mol et al., 2002). 

 

 
Fig. 1.3.: The worldwide distribution of cold-water coral mounds (red spots; modified 

after Hebbeln et al., 2009; Le Guilloux et al., 2009; Mangini et al., 2010; Reyes et al., 

2005; Roberts et al., 2009; Sumida et al., 2004; Viana et al., 1998). 

 

The global distribution of cold-water coral mounds implies that they play a 

remarkable role in the global carbonate budget. And indeed, studies show that 

the carbonate content of the sediment within cold-water coral mounds is several 

times higher in comparison to the carbonate content of the adjacent sea floor 

(Dorschel et al., 2007b; Titschack et al., 2009). This makes the cold-water coral 

mounds an important carbonate sink, which so far has not been considered in 

global carbonate budget models (Lindberg and Mienert, 2005; Titschack et al., 

2009). 

 

1.2.2. The growth dynamics of cold-water coral mounds on 

millennial scales 

Sediment records of giant cold-water coral mounds have been proven to cover 

time spans of up to 2.6 Ma (Kano et al., 2007), albeit they are commonly 

interrupted by numerous hiatuses (Dorschel et al., 2005; Frank et al., 2009; 

Rüggeberg et al., 2007). Records from Challenger Mound (see below), however, 

show that mound growth can also occur (semi-) continuously (Titschack et al., 
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2009). As coral growth and thus mound growth is strongly dependant on the 

overall climatic setting (Roberts et al., 2006) cold-water coral mounds provide a 

substantial archive for the environmentally-driven growth dynamics of cold-water 

coral ecosystems (Thierens et al., 2010). 

 
Fig. 1.4: Seismic profile of 

Challenger Mound in the 

Belgica Mound Province (De 

Mol et al., 2002). 

 

 

 

 

 

 

 

 

 

The most intense studies on the long-term development of cold-water coral 

mounds have been conducted on giant mounds of the Rockall Trough and 

Porcupine Seabight (de Haas et al., 2009; De Mol et al., 2007; Dorschel et al., 

2005; Foubert et al., 2007; Frank et al., 2009; Roberts et al., 2006; Rüggeberg et 

al., 2007; Thierens et al., 2010; Titschack et al., 2009; van Weering et al., 2003). 

The longest record from a cold-water coral mound was obtained during IODP leg 

307 from Challenger Mound (Fig. 1.4.) in the Belgica Mound Province, Porcupine 

Seabight. During this expedition, the entire mound (from the mound top through 

to the mound base into the underlying sediment) was successfully drilled. The 

retrieved core yielded 155 m of coral bearing sediment, covering 2.6 Ma of 

mound sedimentation (Kano et al., 2007). Mound growth on Challenger Mound 

can be subdivided into two mound phases: The lower mound phase spans from 

2.6 to 1.7 Ma BP. Separated from the lower one by a major hiatus ('mound crisis', 

Titschack et al., 2009), the upper mound phase covers the period from 998 to 1.5 

kyr BP (Kano et al., 2007; Sakai et al., 2009; Thierens et al., 2010). It appears, 

that mound growth was (semi-) continuous during the lower mound phase with an 

average sedimentation rate of ~15 cm kyr-1 (Kano et al., 2007). Full glacial-

interglacial cycles are preserved in the matrix sediments (Thierens et al., 2010; 

Titschack et al., 2009). The continuous sedimentation on the mound is attributed 

to (1) a dense and permanent coral cover due to a favourable environmental 
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setting, as e.g. a strong density gradient in the coral depth interval and thus 

sufficient food supply (Sakai et al., 2009; Thierens et al., 2010; Titschack et al., 

2009), and (2) a continuous supply of sediment to the mound by strong currents 

(Thierens et al., 2010). This sediment was baffled within the coral framework 

even during periods when erosion prevailed along the Irish margin, which makes 

the mound sediments a potential palaeoclimate archive for these periods 

(Thierens et al., 2010; Titschack et al., 2009). Moreover, re-suspension of the 

fine grained material is inhibited by the coral framework (Huvenne et al., 2009). 

This can result in vertical mound growth rates of 15-30 cm kyr-1 (de Haas et al., 

2009; Frank et al., 2009). With continuous growth small mounds can merge to 

larger composite mounds (De Mol et al., 2005; Van Rooij et al., 2003; Wheeler et 

al., 2005a). 

Besides the IODP record from Challenger Mound, the Middle to Late 

Pleistocene/Holocene history of the Irish coral mounds has been investigated in 

several other studies. For Challenger Mound the overall mound growth rate for 

the upper mound phase has been calculated to 5 cm kyr-1, which is three times 

lower than for the lower mound phase, albeit for other - temporally limited - 

records from the region, mound growth rates of ~25 to 30 cm kyr-1 have been 

calculated (de Haas et al., 2009; Frank et al., 2009). With an environmental 

setting unfavourable for the corals, however, net vertical mound growth stagnates 

(see Challenger Mound record, Kano et al., 2007). Seismic surveys from buried 

mounds on the Irish margin prove that background sedimentation can outpace 

mound growth (Huvenne et al., 2003). Several of these buried mounds (e.g. the 

Magellan Mounds, northern Porcupine Seabight, Huvenne et al., 2007; Huvenne 

et al., 2003) or mounds in an early stage of burial (e.g. Propeller Mound, Hovland 

Mound Province, northern Porcupine Seabight, Dorschel et al., 2005) have been 

reported until now. 

From the Mid-Pleistocene onwards mound growth occurs cyclically during 

warm climatic stages (e.g. Marine Isotopic Stage 1, 5 and 7) (Dorschel et al., 

2005; Frank et al., 2005; Frank et al., 2009; Kano et al., 2007; Mienis et al., 2009; 

Roberts et al., 2006; Rüggeberg et al., 2007) when the environmental conditions 

enabled prolific coral growth. On the other hand, hardly any sediment and no 

coral fragments are preserved from glacial periods (Dorschel et al., 2005; Frank 

et al., 2005; Frank et al., 2009; Kano et al., 2007; Mienis et al., 2009; Rüggeberg 

et al., 2007; Schröder-Ritzrau et al., 2005). This can be attributed to very low net 

sedimentation rates or resuspension of fine grained material during glacials, 

which is then no longer stabilised by coral framework. With the re-establishment 



1. Introduction: Cold-water corals 16 

of vigorous currents at the onset of interglacial periods these fine-grained 

deposits are resuspended and eroded (Dorschel et al., 2005; Rüggeberg et al., 

2007). Indicators for the change in environmental parameters are the 

condensation of ice rafted debris (IRD) (so-called dropstone pavements) 

(Dorschel et al., 2005; Rüggeberg et al., 2007) as it commonly contains a 

remarkable fraction of coarse lithoclasts that remain on the mound while finer 

fractions are removed by currents. The formation of hardgrounds at the hiatus 

horizon would be an indicator for an extended period of non-deposition (Noé et 

al., 2006; van der Land et al., 2010; van Weering et al., 2003). Moreover, 

slumping may play a role in erosion on coral mounds, either due to undercutting 

of the mound flanks by currents or dissolution of the stabilising coral framework 

and thus mobilisation of sediment packages (de Haas et al., 2009). The latest 

and still lasting period of coral prosperity off Ireland began around 11.5 kyr BP 

with the onset of the Holocene (Frank et al., 2009). 

In lower latitudes, however, no thriving cold-water coral thickets are found on 

the coral mounds today and only few studies deal with their long term 

development (Foubert et al., 2008; Wienberg et al., 2009). However, first 

radiocarbon datings from reef-forming cold-water corals in the Gulf of Cádiz show 

that massive coral growth occurred during the relatively cold periods of MIS 2, 3 

and 4 (Wienberg et al., 2009).  

 

1.3. Materials and Methods 

1.3.1. Sediment sampling 

For this study gravity cores collected during the R/V Meteor cruise M61/3 to the 

Irish margin (Belgica Mound Province, Galway Mound) and R/V Poseidon cruise 

POS 346 to the Mauritanian margin (Banda Mound Province, unnamed coral 

mound) were analysed (Table 1). The cores from the Irish margin were retrieved 

from the top (GeoB 9213-1) and the southern (GeoB 9223-1) and western (GeoB 

9214-1) flanks of Galway Mound with recoveries between ~460 and 515 cm 

(Table 1.1.). The Mauritanian core (GeoB 11569-2) of 509 m length was obtained 

from the flank of a cold-water coral mound, which is documented by the 

synchronous inclination of planar elements in the sediment. All sediment cores 

are composed of coral rubble (Lophelia pertusa and Madrepora oculata) which 

are embedded in fine-grained hemipelagic sediments.  

All cores were opened while frozen using a diamond bladed circular saw. The 

cores were cleaned from cutting fluid and the uppermost surface was removed. 
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Thus most of the internal structures of the core including position and orientation 

of corals were preserved and an excellent surface for scanning analyses was 

created. The cores were divided into working and archive halves. The working 

halves of the cores from the Irish margin were sampled every 5 cm for stable 

oxygen isotope analysis, and in different depths for absolute age determinations 

both on planktonic foraminifera and coral fragments. The archive halves were 

used for core description, XRF-scans and magnetic susceptibility measurements 

(solely core GeoB 9213-1). The working half of core GeoB 11569-2 (Mauritania) 

was sampled in ~15 cm intervals for absolute age determinations on planktonic 

foraminifera and coral fragments. The archive half was used for core description. 

 

1.3.2. Element analyses, magnetic susceptibility and colour scans 

Elemental distribution of the sediment was analysed using a CORTEX XRF-

Scanner (MARUM, University of Bremen, Germany). It is a system for the non-

destructive logging of split sediment cores using X-Ray fluorescence (XRF) 

(Jansen et al., 1998). Element intensities were analysed at 2 cm intervals with 

each measurement taken over an area of 1 cm² and a count time of 30 seconds, 

with an X-Ray current of 0.087 mA and an X-Ray tube voltage of 20 kV. The 

measured XRF spectra were processed using the KEVEXTM software package 

Toolbox© containing procedures for all mathematical handlings. Background 

subtraction, sum-peak and escape-peak correction, deconvolution and peak 

integration were successfully applied. The resulting data are elements in counts 

per second (cps) (Jansen et al., 1998). Elements measured were K, Ca, Ti, Mn, 

Fe, Cu and Sr. In addition, on core GeoB 9213-1 the magnetic susceptibility was 

measured with a resolution of 1 cm using a Bartington point sensor (MS2B) in the 

GEOTEK Multi Sensor Core Logger (MSCL) (MARUM, University of Bremen, 

Germany). The values have no units and were determined in the SI-system. 

Immediately after opening of the cores, the hue and chroma attributes of colour 

were determined by comparison with the Munsell soil colour charts for cores 

GeoB 9213-1, GeoB 9214-1 and GeoB 9223-1 (Table 1). 
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Core # Longitude Latitude Water 

Depth (m) 

Recovery 

(cm) 

Working Area stable 

isotopes 

age 

determinations 

XRF-element 

intensities 

Magnetic 

Susceptibility 

Colour Scan 

(MSCL) 

      �13C �18O 14C U/Th    

GeoB 

9213-1 

51°27.09’N 11°45.16’W 793 515 Irish margin x x 2 4 x x x 

GeoB 

9214-1 

51°27.06’N 11°45.28’W 852 489 Irish margin x x 5 4 x - x 

GeoB 

9223-1 

51°26.90’N 11°45.10’W 839 463 Irish margin x x 1 2 x - x 

GeoB 

11569-2 

17°40.01’N 16°40.33’W 444 509 Mauritanian 

margin 

- - - 20    

Table 1. Gravity cores used for this study. The various analyses were carried out on discrete samples and non destructive analyses were conducted on the sediment 

cores. All the cores were obtained from cold-water coral mounds and are entirely interspersed with coral fragments. 
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1.3.3. Stable oxygen isotope analyses 

Stable oxygen isotope analyses (�18O) were carried out on 5 to 6 well-

preserved and clean individuals of the benthic foraminifera species Cibicidoides 

wuellerstorfi or Planulina ariminensis which were hand-picked from the >150 μm 

fraction. The lack of either species in specific parts of some cores made it 

necessary to analyse both species, however, with some overlaps in core parts 

where the dominance shifted from the one species to the other. Where both 

records overlap, it becomes obvious that no systematic offset between these two 

species (i.e. a vital effect) exists. The stable oxygen isotope composition was 

measured with a Finnigan MAT 251 mass spectrometer at the MARUM Isotope 

Laboratory at the University of Bremen, Germany. A working standard (Burgbrohl 

CO2 gas) was used, which was calibrated against PDB by using the NBS 18, 19 

and 20 standards. All �18O-data given here are relative to the PDB standard. 

Analytical standard deviation was about ± 0.07‰ PDB (Table 1). 

 

1.3.4. Age determination 

Radiometric absolute age determinations are an essential tool in unravelling the 

long-term development of cold-water coral mounds (Dorschel et al., 2005). The 

methods applied for age determinations on the aragonitic skeleton of cold-water 

corals are U-series- and radiocarbon analyses (Adkins et al., 1998; Cheng et al., 

2000). Radiocarbon (14C) age determination is applicable for samples with an age 

of less than 50 kyr BP (Reimer et al., 2009). However, the method bears some 

inaccuracies as the content of 14C of atmosphere and seawater is not constant 

over time (Damon et al., 1978). Furthermore, organisms in deeper waters (as e.g. 

cold-water corals) are not incorporating the contemporary 14C content of the 

atmosphere into their skeleton but the content of already aged water masses. 

Thus, they appear to be older than they actually are (reservoir effect). Therefore, 

ages determined by 14C analyses have to be handled cautiously. U-series 

analyses in turn can be used for samples with an age of up to 300 kyr BP. They 

are more suitable for the dating of bathyal cold-water corals as only the precursor 

isotopes 238U and 234U are incorporated in the coral skeleton. This levels 

variations in the ratio of precursor and products that might persist in the 

seawater. Calibrations against variances in the isotope ratios thus become 

redundant. However, the original �234U has to be calculated in order to test the 

sample for diagenetic alterations (Cheng et al., 2000). If the reconstructed 
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original �234U value lies within ±15 ‰ of the modern �234U of the seawater, the 

reliability of the data can be regarded sufficient. 

With 14C-ages biased by variances in 14C-content and reservoir age on the one 

hand and accurate U-series ages on the other hand, an opportunity arises to 

quantify these variances by means of coupled U-series and radiocarbon ages on 

one single cold-water coral specimen (Frank et al., 2005; Goldstein et al., 2001). 

Quantifying variations in the reservoir effect allows for implications on the 

intensity of deep-sea ventilation. For that purpose 14C ages of coral specimen 

from similar water depths on different sites are compared to their coupled U-

series ages that are unaffected by any reservoir effect. This allows inferences on 

the aging of the water mass during circulation and therewith on the ocean 

circulation patterns themselves (Adkins et al., 2002; Frank et al., 2005; Goldstein 

et al., 2001; Lomitschka and Mangini, 1999). 

Age determinations for this study were carried out using both the 14C- and 

U/Th-methods. Planktonic foraminifera were dated with the radiocarbon method. 

Multi-species samples (~8 mg) were analysed with an accelerator mass 

spectrometer (AMS) at the Leibniz Laboratory for Age Determinations and 

Isotope Research at the University of Kiel (Nadeau et al., 1997). The data were 

corrected for 13C and calibrated to calendar years with the Calib 5.0.1 software 

(Stuiver and Reimer, 1993) using the Marine04 dataset (Hughen et al., 2004). All 

ages are given in 1000 calendar years before present (cal kyr BP). 

All cold-water coral ages were obtained by U/Th dating. Cold-water coral 

fragments of the species Lophelia pertusa and Madrepora oculata from cores 

GeoB 9213-1 and 9214-1 were checked for the purity of the aragonite and then 

measured using an AXIOM multi-collector inductively-coupled-plasma mass-

spectrometer (MC-ICP-MS) at the IFM-GEOMAR Kiel with the multi ion counting 

method after Fietzke et al. (2005). 

From sediment core GeoB 11569-2, 20 fragments of the cold-water coral 

Lophelia pertusa were dated with the 230Th/U method. Septa, centres of 

calcification, and the fine outer rim altered by bioeroders were mechanically 

removed. The analyses were developed and conducted at the Laboratoire des 

Sciences du Climat et l'Environnement (LSCE) (Gif-sur-Yvette, France) on a 

plasma source quadrupole mass spectrometer (ThermoFisher X-Series) (for 

details see Douville et al., 2010). U-series concentrations and isotope ratios of 

standards are reproducible and consistent at less than 5‰ for U and 8-10‰ for 

Th (Douville et al., 2010). U-series measurements on corals provided similar 

precision for U-isotopes while the uncertainty of 230Th measurements was on 
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average higher due to the lower 230Th levels leading to age uncertainties ranging 

from 0.8% to 7% (2�). However, largely sufficient precision and accuracy of ±220 

- 4000 yrs age was achieved to clearly distinguish coral growth intervals during 

the past 70 to 14 kyrs. Please note that analytical procedures such as sample 

selection and cleaning followed closely the ones previously published (Frank et 

al., 2004) (Table 1). 

 

1.4 Working Areas 

1.4.1. Working Area I: Galway Mound, Belgica Mound Province, Porcupine 

Seabight 

The Porcupine Seabight 

The Porcupine Seabight, incised in the shelf west of Ireland, is a Middle to Late 

Jurassic aulacogen filled with up to 10 km of Mesozoic and Cenozoic sediments 

(Shannon, 1991). The 150 km long and 65 km wide embayment is about 250 m 

deep in the north and widens to the south. There it passes into the Porcupine 

Abyssal Plain (Huvenne et al., 2005), reaching a water depth of >3000 m. It is 

surrounded by the Porcupine Bank in the north, the Irish shelf in the east and the 

Goban Spur in the south. The eastern flank of the Porcupine Seabight is 

characterised by a number of channel and levee systems with the Gollum 

channel being the most prominent one. These channel systems are presumed to 

be submarine extensions of rivers, that incised the shelf during relatively sea-

level lowstands within glacial periods (Tudhope and Scoffin, 1995; Wheeler et al., 

1998). 

Iceberg ploughmarks are found in the Porcupine Seabight down to water 

depths of ~500 m (Belderson et al., 1973). The sediments in the Porcupine 

Seabight are mainly composed of siliciclastic material derived from the Irish shelf 

and the Porcupine Bank and hemipelagic sediments interspersed with IRD (De 

Mol et al., 2002; Dorschel et al., 2007b; Rice et al., 1991; Wallace et al., 1988). 

The dominant water masses in the Porcupine Seabight are the Eastern North 

Atlantic Water (ENAW) and the Mediterranean Outflow Water (MOW). The upper 

800 m of the water column are made up of the warm and saline ENAW, followed 

downwards by the MOW which is characterised by an oxygen minimum and a 

salinity maximum at a water depth of ~950 m (Pollard et al., 1996). The MOW 

enters the Porcupine Seabight through the gap between Porcupine Bank and 

Goban Spur forming a contour current that flows cyclonically around the bight 
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(New and Smythe-Wright, 2001; Rice et al., 1991; van Aken and Becker, 1996). 

The MOW is underlain by the Labrador Sea Water (1500-1800 m water depth), 

which itself is underlain by Norwegian Sea Water (Rice et al., 1991). 

 

Carbonate Mound Provinces 

The carbonate mounds in the Porcupine Seabight can be distinguished into 

three mound provinces, whereby each is characterised by specific properties (De 

Mol et al., 2002; Huvenne et al., 2002). The Magellan Mound Province is the 

northernmost of the three provinces. Most of the small Magellan Mounds are 

buried by hemipelagic sediment and do not protrude from the present-day 

seabed (Huvenne et al., 2007; Huvenne et al., 2003). On the highest summits of 

the non-buried Magellan Mounds live corals can be found (Huvenne et al., 2005). 

The Hovland Mound Province occurs to the south of the Magellan Mounds and is 

characterised by conical or elongated giant carbonate mounds, which are at 

present largely covered by moderately developed cold-water coral thickets (De 

Mol et al., 2002; Huvenne et al., 2005; Wheeler et al., 2007). The Belgica Mound 

Province (including Galway Mound) is situated on the eastern flank of the 

Porcupine Seabight. The Belgica Mounds have conical shapes and occur as 

single mounds or in elongated clusters. They are arranged in three chains in 

different water depths along the slope. The mounds reach heights of up to 150 m 

above the seafloor, lateral extensions of several kilometres and are 

asymmetrically buried from the east (Beyer et al., 2003; Van Rooij et al., 2003). 

Nowadays, these mounds are colonized by the densest and best developed coral 

thickets found in the PS (Beyer et al., 2003; De Mol et al., 2007; Foubert et al., 

2005; Van Rooij et al., 2003). However, the distribution of living corals on the 

Belgica Mounds is heterogeneous. While the lowest mound chain is host to 

prolific coral thickets (e.g. Galway Mound, Thérèse Mound; De Mol et al., 2007; 

Foubert et al., 2005), the mounds located more upslope are covered only by 

dead coral rubble. 

The youngest geological development in the Belgica Mound Province is 

described in detail by Van Rooij et al. (2007; 2003). Since the Early Miocene 

sedimentation seems to have taken place in three phases separated by two 

discontinuities. The first phase is characterised by sigmoidal features pointing to 

a vigorous current regime and is clearly separated from the second phase by a 

discontinuity. The second phase shows homogeneous sedimentation and is 

incised by a severe erosive discontinuity. The ridges emerging from the accretion 
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process were the base for initial coral settlement (De Mol et al., 2002), albeit the 

mounds also base on sediments from the first phase. 

 

Galway Mound 

Galway Mound is located in the deepest mound chain of the Belgica Mound 

Province and has its base in ~870 m water depth. The mound summit lies at 

about 790 m water depth. It stretches over about 2 km in latitudinal and 1 km in 

longitudinal direction and has an elevation of ~100 m (De Mol et al., 2002). The 

surface of Galway Mound shows a distinct facies zonation (Dorschel et al., 

2007a; Foubert et al., 2005). On the upper western flank of Galway Mound dense 

and well developed coral thickets overgrow dead coral framework and coral 

rubble. Extended coral growth occurs at the interface between ENAW and MOW 

(Pollard et al., 1996). The eastern flank is mainly covered by sediment clogged 

coral rubble, which changes gradually with increasing distance to the mound top 

to small patches of live and dead corals on rippled sand. A high abundance of 

dropstones was detected only from locations west of the mound. 

Galway Mound is affected by the northward flowing contour currents that 

prevail on the eastern flank of the Porcupine Seabight. In addition, distinct diurnal 

tides interacting with the local topography play an important role within the 

hydrographic regime of Galway Mound (Dorschel et al., 2007a). Current speeds 

are variable at different mound locations with measured mean current speeds 

ranging from 16 cm s-1 at the mound's summit to 6-8 cm s-1 at its lower flanks 

(Dorschel et al., 2007a). On the eastern side of Galway Mound, bedload 

transport is directed to the NNW, following the cyclonical contour currents, 

whereas on the western flank bedform asymmetry suggests bedload transport to 

the west (Kozachenko, 2005; Wheeler et al., 2005b), here strongly influenced by 

tidal currents (Dorschel et al., 2007a). 

 

1.4.2. Working Area II: The Banda Mound Province off Mauritania 

The Mauritanian margin 

The Mauritanian continental margin is characterised by a 30 to 40 km wide 

shelf and a 50 to 250 km wide continental slope with inclinations around 2.5 and 

6° (Antobreh and Krastel, 2006; Colman et al., 2005). North of Cape Timris the 

shelf widens, forming the 80 to 100 km wide shallow Banc d’Arguin. Numerous 

submarine canyons that disembogue downslope into a major canyon system, 

incise the Mauritanian slope (Antobreh and Krastel, 2006).  
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An alternating sequence of Mesozoic carbonates and clastic sediments with a 

thickness of several kilometres form the Mauritanian slope (Davison, 2005). 

Several salt diapirs of late Triassic to early Jurassic origin have been identified on 

seismic images (Davison, 2005). The so called Mauritanian Salt Basin has a 

longitudinal extension of 300 km and a width of ~60 km. The associated anticlinal 

structures are hosting the Chinguetti oil field, which is being commercially 

exploited (Colman et al., 2005; Davison, 2005). Close by, the Banda and Tiof gas 

fields that are associated to Tertiary sandstones and the Pelican gas field, which 

is associated to Upper Cretaceous sandstones have been discovered (Davison, 

2005). 

Warm and saline Tropical Surface Water (TSW) dominates the upper water 

column off Mauritania (Stramma and Schott, 1999). The TSW is followed 

downwards (to a water depth of ~600 m) by the low saline, low oxygen and high 

nutrient containing South Atlantic Central Water (SACW) flowing northward along 

the slope (Mittelstaedt, 1991; Pastor et al., 2008). SACW is underlain by the cool 

and fresh Antarctic Intermediate Water (AAIW Stramma and Schott, 1999). 

One of the world’s most pronounced coastal upwelling systems is found on the 

Mauritanian shelf. Controlled by the strength of local trade winds (deMenocal et 

al., 2000; Martinez et al., 1999; Mittelstaedt, 1991; Zhao et al., 2006), the 

upwelling belt is about 20-30 km wide, bringing nutrient rich SACW from water 

depths of ~300 m to the surface (Mittelstaedt, 1991). Only the shelf and the upper 

slope are influenced by the upwelling, whereas the upper slope is affected only in 

periods of strong winds. In periods of weaker winds, the offshore system reaches 

even the outer shelf (Mittelstaedt, 1991). Upwelling can be repressed by the 

highly saline TSW (with a thickness of ~100 m) that intrudes the region during 

summer and overlies the subsurface water masses. 

 

Carbonate mounds 

Seismic surveys in 1999/2000 revealed a system of mounds along the 

Mauritanian margin in water depths between 450 and 550 m with a linear extent 

– although not continuously - of at least 190 km (Colman et al., 2005). 

Occasionally the mound chain is interrupted by a submarine canyon. Two mound 

provinces with similar properties have been described: the Timris Mounds at 

~19°N and the Banda Mounds at ~17.4°N (Westphal et al., 2007). The mounds in 

both provinces are conically shaped, have a diameter of ~500 m, moats around 

the foot and reach heights of ~100 m above the sea floor, albeit also buried 

mound features were observed (Colman et al., 2005). Ground truthing by video 
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surveys and sampling proved the existence of – mostly fossil - cold-water corals 

on the mounds (Colman et al., 2005; Westphal et al., 2007). 

 

1.5. Outlines of manuscripts 

This thesis aims to contribute to the understanding of the growth dynamics of 

cold-water coral mounds at different latitudes, and thus to identify the forcing 

factors for cold-water coral growth within different environmental settings. 

Especially the reconstruction of the long-term development of coral mounds 

during the last glacial-interglacial cycle is of particular importance as this will help 

to comprehend processes on cold-water coral mounds under a changing global 

climate. This is of particular importance for the prediction of the future fate of cold 

water corals in a period of global warming. For this purpose, geophysical, 

geochemical and sedimentological analyses have been conducted on sediment 

cores collected from cold-water coral mounds in different latitudes (the Irish and 

Mauritanian margins at ~51°N and ~17°N). Analyses show that corals occur in 

higher latitudes during the warm periods of MIS 1, 5 and 7, whereas coral 

occurrences from lower latitudes have been dated for MIS 2-4. As the analysis of 

the long-term development of cold-water coral mounds is complicated by 

numerous hiatuses, a high amount of absolute age determinations is required. U-

series datings, applicable for samples of an age up to ~300 kyr are a useful tool 

for the age determination on corals from cold-water coral mounds, as the age of 

the mounds often exceeds the radiocarbon window of <50 kyr. 

 

1.5.1. Growth history of a cold-water coral covered carbonate mound — 

Galway Mound, Porcupine Seabight, NE-Atlantic 

In this manuscript the factors influencing the long-term sedimentation dynamics 

of a mid-latitude cold-water coral mound have been investigated. Three sediment 

cores from Galway Mound were analysed for �18O, their elemental composition 

(non-destructive XRF-Analyses) and magnetic susceptibility. To develop a 

reliable stratigraphy, data on �18O ratios, chemical composition and magnetic 

susceptibility of three sediment cores have been collected. Furthermore eight 

AMS 14C datings on benthic foraminifera and four 230Th/U datings on samples of 

Lophelia pertusa were performed. The analyses revealed that coral growth 

occurred throughout the Holocene and before 269 kyr (i.e. during MIS 1 and 7). 

These two growth phases are interrupted by a hiatus spanning ~250 kyr. Three 
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scenarios for the origin of this large time gap are discussed within this paper: low 

or absent net sedimentation, erosion by currents or mass wasting. Our analyses 

point to the mass wasting scenario induced by oversteepening of the mound 

flanks or undercutting by strong currents. No indicators for low net sedimentation 

or erosion (e.g. dropstone pavements, hardgrounds) could be found in the 

records. 

 

1.5.2. Rapid and accurate U–Th dating of ancient carbonates using 
inductively coupled plasma-quadrupole mass spectrometry 

Absolute age determinations are indispensable in cold-water coral research 

both for the reconstruction of millennial scale migration pathways and for the 

reconstruction of the development of single cold-water coral build-ups. 

Particularly the reconstruction of the long-term development of carbonate 

mounds requires numerous absolute age determinations since several hiatuses 

commonly interrupt the mound records. Radiocarbon dating is only of limited use 

for this purpose as the data obtained with this method are naturally biased by a 

reservoir effect in bathyal waters and coral ages often exceed the method’s limits 

(>50 kyr BP). With the motivation to create a fast and reliable way for dating cold-

water corals, a new and fast method for U-series dating of carbonates on an 

Inductively Coupled Plasma Quadrupole Mass Spectrometer (ICP-QMS) was 

developed. The procedure described here takes less than half an hour per 

sample including chemical preparation. 

 

1.5.3 Productivity controlled cold-water coral growth periods during the 

last glacial off Mauritania 

Here the first study on the long-term development of a recently discovered cold-

water coral mound off Mauritania is presented. Twenty 230Th/U datings were 

conducted on Lophelia pertusa samples that revealed three distinct periods of 

coral and thus mound growth that correspond to Marine Isotopic Stages 2-4. It is 

proposed that coral/mound growth off Mauritania is favoured during periods of 

high primary productivity and a sea-level of 50 – 80 m below present sea level. 

Corals are absent when productivity decreases or sea level falls below the depth 

window. It appears that the main forcing factors for coral growth are different to 

those along the Irish margin, where strong bottom currents are presumed to 

control coral growth. Mound growth patterns in turn resemble the observations 

from the Irish mounds: during periods of healthy coral growth, high vertical 
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mound growth rates (>25 cm kyr-1) are reached, whereas mound growth 

stagnates during periods without live corals on the mounds. 
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Abstract 

During the past decade, knowledge about the ecology and the environment of 
giant carbonate mounds has been growing continuously. However, still little is 
known about their growth dynamics. Three gravity cores from Galway Mound, 
Belgica Mound Province in the Porcupine Seabight off Ireland, were investigated 
for their sedimentological, geophysical and geochemical properties to get 
insight into the long-term development of this cold-water coral covered 
carbonate mound. These data were supplemented by radiometric age 
determinations on planktonic foraminifera and coral skeletons. The records from 
three different settings on Galway Mound reveal a coherent growth history that 
in general is similar to what is known from other carbonate mounds at the Irish 
margin. However, whereas other cores are often disturbed by numerous and not 
correlateable hiatuses, Galway Mound, in contrast, appears to be characterised 
by only one major hiatus representing a time gap of ~250 kyr. Several 
mechanisms are discussed in this study as possible causes for the observed 
stratigraphic record at Galway Mound. The most likely explanation is that the 
hiatus has its origin in a major mass wasting event on an instable, possibly 
glacial, unit that could have acted as a slip plane. The overall Late Quaternary 
growth history of Galway Mound fits well into existing cyclical mound 
development models, pointing to Galway Mound being an 'actively growing' 
mound (“coral bank stage”) at present. 

 



2. Manuscripts: Growth history of a cold-water coral covered carbonate mound 36 

2.1.1. Introduction 

Within the past ten years cold-water coral covered carbonate mounds along the 

Irish continental margin have come more and more into the focus of marine 

sciences. They reach heights of several metres up to 350 m and diameters 

between a few metres and several kilometres (De Mol et al., 2002; Wheeler et al., 

2007) and occur in a limited depth interval between 500 and 1,000 m (De Mol et 

al., 2002). These giant sea floor structures impress with their highly diverse 

ecosystems dominated by framework-building cold-water corals such as Lophelia 

pertusa and Madrepora oculata (Freiwald, 2002; Wienberg et al., 2008). 

Most of the carbonate mounds along the Irish margin are located on a 

widespread erosional surface of probably late early Pliocene age (Mienis et al., 

2006; Van Rooij et al., 2003; van Weering et al., 2003). Strontium isotope 

stratigraphy from IODP leg 307 on Challenger Mound, like Galway Mound 

located in the Belgica Mound Province, showed an age of 2.6 Ma for the mound 

base (Kano et al., 2007). The alternation of sedimentation and erosion between 

the early Miocene and the late Pliocene produced a seafloor marked by 

topographic irregularities. It is supposed that seafloor heights created 

microenvironments providing proper conditions for initial coral settlement (Van 

Rooij et al., 2003). Small mounds that arise from these coral thickets can merge 

and form larger composite mounds that might evolve to those giant carbonate 

mounds observed along the Irish margin today (De Mol et al., 2005; Van Rooij et 

al., 2003; Wheeler et al., 2005a). 

These mounds are made up of carbonate mud, skeletons of cold-water corals, 

shells of associated fauna, hemipelagic sediments and ice rafted detritus (IRD) 

(De Mol et al., 2002; Dorschel et al., 2005b; Rüggeberg et al., 2007; Williams et 

al., 2006). The theory of Hovland and Thomsen (Hovland and Thomsen, 1997) 

that the growth of carbonate mounds is linked to hydrocarbon seepage could not 

be proven until now. Recent data indicate that mound growth is rather driven by 

environmental settings such as ocean currents and water column structure (De 

Mol et al., 2002; Dorschel et al., 2007; 2005b; Wienberg et al., 2008). 

 

Along the Irish margin the growth of cold-water coral covered carbonate 

mounds appears to occur in depositional cycles (Dorschel et al., 2005b; Roberts 

et al., 2006). In the depth window of the carbonate mounds off Ireland, weak 

glacial bottom currents did not provide enough food to support the filter feeding 

corals and the mounds became covered by hemipelagic sediments admixed with 

some IRD. Under early interglacial conditions the bottom currents increased 
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triggered by the return of the Mediterranean Outflow Water (MOW) to the region. 

With the onset of such vigorous currents the glacial muds were largely winnowed 

and hard substrates for initial coral growth were provided. At the same time filter 

feeders like the corals found enough food (Dorschel et al., 2005). Thus, during 

interglacial periods, sustained cold-water coral ecosystems developed and 

entrapped mobile sediments resulting in mound growth (Roberts et al., 2006). 

Detailed analyses of the growth history of an individual cold-water coral 

covered carbonate mound, Propeller Mound (Hovland Mound Province, northern 

Porcupine Seabight), revealed that the changing interplay between ocean 

currents, coral growth and hemipelagic sedimentation over the Late Quaternary 

climate changes resulted in localised discontinuous sequences of sediment 

layers with glacial sequences in particular being almost completely missing 

(Dorschel et al., 2007; 2005b; Rüggeberg et al., 2005). The present study aims to 

investigate the latest growth history of Galway Mound, a giant carbonate mound 

in the Belgica Mound Province located in the eastern Porcupine Seabight (Fig. 

2.1.). Although the processes having formed the uppermost sediment layers of 

Galway Mound are different from those having been active on Propeller Mound, 

the long-term development of both mounds reveal some similarities and fit both 

into existing mound development models. 

 

2.1.2. Working Area 

2.1.2.a) The Porcupine Seabight 

Regional setting 

The Porcupine Seabight (PS), located west of Ireland, is an about 150 km long 

and 65 km wide embayment widening to the south (Fig. 2.1. A). Water depths 

reach from 250 m in the north down to >3000 m in the southwest, where it 

passes into the Porcupine Abyssal Plain (Huvenne et al., 2005). The 

hydrography of the PS is mainly influenced by Eastern North Atlantic Water 

(ENAW) and MOW. The warm and saline ENAW constitutes the uppermost layer 

of the water column reaching down to a water depth of 800 m, whereas MOW 

becomes predominant below this depth (Rice et al., 1991). MOW is characterised 

by an oxygen minimum and a salinity maximum at a water depth of ~950 m 

(Pollard et al., 1996). It enters in all likelihood the PS through the gap between 

Porcupine Bank and Goban Spur and forms a contour current flowing cyclonically 

around the bight (New and Smythe-Wright, 2001; Rice et al., 1991; van Aken and 

Becker, 1996). The MOW is underlain by the Labrador Sea Water (1500-1800 m 
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water depth), which itself is underlain by Norwegian Sea Water (Rice et al., 

1991).  

 

Fig. 2.1. (A) Overview map of the Irish margin showing the Rockall Trough (RT), the 

Porcupine Bank (PB) and the Porcupine Seabight (PS). Contour interval is 

200 m. The rectangle shows the location of the Belgica Mound Province 

(BMP) that hosts Galway Mound. (B) Bathymetric map of Galway Mound. 

Indicated are the locations of the sediment cores GeoB 9213-1, GeoB 9214-

1 and GeoB 9223-1. Contour interval is 10 m. 

 

The current regime in the vicinity of the Irish carbonate mounds (in 800 to 100 

m water depth) is mainly steered by northward residual currents and daily, E-W-

directed tidal motions albeit it seems to be strongly affected by the mounds 

themselves (Dorschel et al., 2007; Mienis et al., 2007; Pingree and Le Cann, 

1989; 1990; Rice et al., 1991; White, 2007; White et al., 2007). In the channels 

between the mounds, the currents are topographically steered. On the mound top 

and the mound flanks, current speeds are accelerated, possibly by the obstacle 

of the mound itself (Dorschel et al., 2007). 

Siliciclastic sediments in the PS emanate mainly from the Irish shelf with some 

influence from the PB (Rice et al., 1991). Besides the carbonate mounds the PS 

is characterised by the occurrence of hemipelagic sediments with glacial sections 

containing some IRD as well (De Mol et al., 2002; Dorschel et al., 2005a; Wallace 

et al., 1988). 
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Carbonate Mound Provinces 

The carbonate mounds of the PS are clustered into three distinct mound 

provinces, each with its particular properties (Wheeler et al., 2007). The Magellan 

Mound Province is the northernmost of the three provinces. Most of the small 

Magellan Mounds are buried by hemipelagic sediment and do not reach the 

present-day seabed (Huvenne et al., 2007; 2003). The Hovland Mound Province 

occurs to the south of the Magellan Mounds and is characterised by conical or 

elongated giant carbonate mounds, which are at present largely covered by 

moderately developed cold-water coral thickets (De Mol et al., 2002; Huvenne et 

al., 2005; Wheeler et al., 2007). The Belgica Mound Province (including Galway 

Mound) is situated on the eastern flank of the PS (Fig. 2.1.). The Belgica Mounds 

have conical shapes and occur as single mounds or in elongated clusters. They 

reach heights of up to 150 m above the seafloor, several kilometres of lateral 

extension and are asymmetrically buried (Beyer et al., 2003; Van Rooij et al., 

2003). Nowadays, these mounds are colonized by the densest and best 

developed coral thickets found in the PS (Beyer et al., 2003; De Mol et al., 2007; 

Foubert et al., 2005; Van Rooij et al., 2003). 

The latest geological development in the Belgica Mound Province is described 

in detail by (Van Rooij et al., 2007; 2003). Sedimentation since the Early Miocene 

seems to have taken place in three phases separated by two discontinuities. The 

first phase is characterised by sigmoidal features pointing to a vigorous current 

regime and is clearly separated from the second phase by a discontinuity. The 

second phase shows homogeneous sedimentation and is incised by a severe 

erosive discontinuity. The ridges emerging from this process were the base for 

initial coral settlement (De Mol et al., 2002), albeit mounds also base on 

sediments from the first phase. 

 

2.1.2.b) Galway Mound 

Galway Mound is part of the Belgica Mound Province and has its base in 870 m 

water depth. It stretches over about 2 km in latitudinal and 1 km in longitudinal 

direction and has an elevation of ~100 m (Fig. 2.1. B) (De Mol et al., 2002). The 

present facies distribution on Galway Mound displays a distinct pattern (Dorschel 

et al., 2007; Foubert et al., 2005). On the western flank of Galway Mound, dense 

and well developed coral thickets overgrow dead coral framework and coral 

rubble. The eastern flank is mostly covered by sediment clogged coral rubble, 

which changes gradually with increasing distance from the mound to small 
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patches of live and dead corals on rippled sand. A high abundance of dropstones 

was only detected from locations west of the mound. 

Galway Mound is affected by the northward flowing contour currents. In 

addition, distinct diurnal tides interacting with the local topography play an 

important role within the hydrographic regime of Galway Mound. Current speeds 

are variable at different mound locations with measured mean current speeds 

ranging from 16 cm s-1 at the mound's summit to 6-8 cm s-1 at its lower flanks 

(Dorschel et al., 2007). On the eastern side of Galway Mound, bedload transport 

is directed to the NNW, following the cyclonical contour currents, whereas on the 

western flank bedform asymmetry suggests bedload transport to the W 

(Kozachenko, 2005; Wheeler et al., 2005b), here strongly influenced by tidal 

currents (Dorschel et al., 2007). 

 

2.1.3. Materials & Methods 

2.1.3.a) Sediment sampling 

This study is based on three gravity cores collected during cruise M61/3 with 

the German R/V Meteor in June 2004. The cores were retrieved from the top 

(GeoB 9213-1) and the southern (GeoB 9223-1) and western (GeoB 9214-1) 

flanks of Galway Mound with recoveries between ~460 and 515 cm (Table 2.1.). 

The sediments are composed of coral rubble (L. pertusa and M. oculata) 

embedded in fine-grained hemipelagic sediments. The cores were opened on 

board R/V Meteor while frozen using a diamond bladed circular saw. The cores 

were cleaned from cutting fluid and the uppermost surface was removed. Thus 

most of the internal structures of the core including position and orientation of 

corals were preserved and an excellent surface for scanning analyses was 

created. The cores were divided into working and archive halves. The working 

halves were sampled every 5 cm for stable oxygen isotope analysis and in 

different depths for absolute age determinations. The archive halves were used 

for core description, XRF-scans and magnetic susceptibility measurements 

(solely core GeoB 9213-1). 
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Table 2.1. Meta information for the sediment cores from Galway Mound used in this 

 study  

 

2.1.3.b) Element analyses and magnetic susceptibility 

The elemental distribution of all three sediment cores was analysed using a 

CORTEX XRF-Scanner (MARUM, University of Bremen, Germany). It is a 

system for the non-destructive logging of split sediment cores using X-Ray 

fluorescence (XRF) (Jansen et al., 1998). Element intensities were analysed at 2 

cm intervals with each measurement taken over an area of 1 cm² and a count 

time of 30 seconds, with an X-Ray current of 0.087 mA and an X-Ray tube 

voltage of 20 kV. The measured XRF spectra were processed using the 

KEVEXTM software package Toolbox© containing procedures for all mathematical 

handlings. Background subtraction, sum-peak and escape-peak correction, 

deconvolution and peak integration were successfully applied. The resulting data 

are elements in counts per second (cps) (Jansen et al., 1998). Elements 

measured were K, Ca, Ti, Mn, Fe, Cu and Sr. In this study the focus was set on 

Ca and Fe, or more precisely on the Ca/(Ca+Fe)-ratio, as these two elements 

together amount to >90% of all XRF-counts in all three cores. In addition, on core 

GeoB 9213-1 the magnetic susceptibility was measured with a resolution of 1 cm 

using a Bartington point sensor (MS2B) in the GEOTEK Multi Sensor Core 

Logger (MSCL) (MARUM, University of Bremen, Germany). The values are 

unitless and were determined in the SI-system. 

 

2.1.3.c) Stable oxygen isotope analyses 

Stable oxygen isotope analyses (�18O) were carried out on 5 to 6 well-

preserved and clean individuals of the benthic foraminifera species Cibicidoides 

wuellerstorfi or Planulina ariminensis which were hand-picked from the >150 μm 

fraction. The lack of either species in specific parts of the cores made it 

necessary, to analyse both species, however, with some overlaps where the 

Core Latitude Longitude Water 
Depth 

[m] 

Core 
Recovery 

[cm] 

Position on 
Galway 
Mound 

GeoB 
9213-1 

51°27.09'N 11°45.16’W 793 515 Top 

GeoB 
9214-1 

51°27.06’N 11°45.28’W 852 489 W-flank 

GeoB 
9223-1 

51°26.90’N 11°45.10’W 839 463 S-flank 
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dominance shifted from the one species to the other. Where both records overlap 

it becomes obvious that no systematic offset between these two species (i.e. a 

vital effect) exists. The stable oxygen isotope composition was measured with a 

Finnigan MAT 251 mass spectrometer at the MARUM Isotope Laboratory at the 

University of Bremen, Germany. A working standard (Burgbrohl CO2 gas) was 

used, which was calibrated against PDB by using the NBS 18, 19 and 20 

standards. All �18O-data given here are relative to the PDB standard. Analytical 

standard deviation was about ± 0.07‰ PDB. 

 

2.1.3.d) Age determination 

Age determinations on the investigated sediment cores were carried out using 

the 14C- and the U/Th-methods. For the 14C absolute age determinations multi-

species samples (~8 mg) of planktonic foraminifera were analysed with an 

accelerator mass spectrometer (AMS) at the Leibniz Laboratory for Age 

Determinations and Isotope Research at the University of Kiel (Nadeau et al., 

1997). The data were corrected for 13C and the calibration to calendar years was 

done with the program Calib 5.0.1 (Stuiver and Reimer, 1993) using the 

Marine04 dataset (Hughen et al., 2004). All ages are given in 1000 calendar 

years before present (cal kyr BP) (Table 2.2.). 

In addition, fragments of the scleractinian cold-water coral species L. pertusa 

and M. oculata were used to determine additional absolute ages using the U/Th 

ratio of the aragonite skeleton. Samples were taken at two different core depths 

of the cores GeoB 9213-1 and GeoB 9214-1 (Table 2.3.). All samples were first 

ultrasonically cleaned and scrubbed with dental tools to remove exterior 

contaminants (iron-manganese crusts and coatings) from the fossil coral 

fragments (Cheng et al., 2000). All samples were checked for the cleanness of 

the aragonite and then measured using an AXIOM multi-collector inductively-

coupled-plasma mass-spectrometer (MC-ICP-MS) at the IFM-GEOMAR Kiel with 

the multi ion counting method after Fietzke et al. (2005). 
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Labcode Core Core depth 

[cm] 
Raw 14C age 
[kyr BP] 

Error 
[yr] 

Calibrated 14C 
age 
[cal kyr BP] 

KIA 
31267 

GeoB 
9213-1 

143 7.820 ±45 8.344 

KIA 
31263 

GeoB 
9213-1 

448 >46.190 - - 

KIA 
31264 

GeoB 
9214-1 

178 6.690 ±40 7.274 

KIA 
31261 

GeoB 
9214-1 

213 8.130 ±45 8.668 

KIA 
31260 

GeoB 
9214-1 

313 >46.550 - - 

KIA 
31259 

GeoB 
9214-1 

363 51.060 ±4305 - 

KIA 
31257 

GeoB 
9214-1 

433 >48.920  - 

KIA 
31266 

GeoB 
9223-1 

168 5.200 ±35 5.564 

Table 2.2. Details of the AMS 14C age determinations carried out on three sediment 

cores from Galway Mound.  

 
 

Core Core 
Depth 

Age 
 

U238 Th232 
 

Th230 
 

Th230/ 
Th232 

U238/ 
Th232 

U234/ 
U238 

 (cm) (kyr) (ppm) (ppb) (ppt) (dpm/dpm) (dpm/dpm) (dpm/dpm) 

GeoB 
9213-1  

150cm 
9.17 
±0.15 

3.5269 
±0.0036 

62.60 
±0.20 

5.607 
±0.028 

16.72 
±0.10 

174.39 
±0.59 

1.1455 
±0.0019 

GeoB 
9213-1  

462cm 
299.3 
±11.7 

3.1572 
±0.0035 

35.51 
±0.11 

53.44 
±0.25 

281.99 
±1.54 

275.21 
±0.87 

1.0678 
±0.0019 

GeoB 
9214-1  

180cm 
8.68 
±0.16 

4.5409 
±0.0046 

95.94 
±0.20 

6.908 
±0.027 

13.44 
±0.06 

146.51 
±0.33 

1.1452 
±0.0018 

GeoB 
9214-1  

378cm 
268.7 
±8.8 

3.4103 
±0.0031 

22.74 
±0.09 

56.96 
±0.27 

467.69 
±2.84 

464.20 
±1.80 

1.0775 
±0.0016 

Table 2.3. Details on the U/Th age determinations carried out on two sediment cores 

from Galway Mound. 

 

2.1.3.e) Sediment colour 

Immediately after opening of the cores, the hue and chroma attributes of colour 

were determined by comparison with the Munsell soil colour charts and are given 

in Figures 2.2.-2.5. in Munsell notation. 

 

2.1.4. Results 

2.1.4.a) Core descriptions 

The sediments in the cores consist mainly of silty/ sandy hemipelagic mud (Fig. 

2.2.). In general, there is only little variability in the sediment composition. The 
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cores are coral bearing (Lophelia pertusa, Madrepora oculata) throughout, albeit 

with varying abundances. Dropstones are only very rare components. 

Remarkable is at least one colour change in all three cores. 

 

Fig. 2.2. Core description and photographs of sediment cores GeoB 9213-1, GeoB 

9214-1, and GeoB 9223-1.  

Overall, sediment core GeoB 9213-1 reveals a total recovery of 515 cm of 

hemipelagic sediments containing varying contents of scleractinian coral 

fragments (mainly Lophelia pertusa and Madrepora oculata) throughout the entire 

core length. Going into detail, a slight change in sediment composition becomes 

obvious. The sediment column of core GeoB 9213-1 is composed of sandy mud 

in the upper 200 cm, becoming finer (muddy clay) between 200 and 330 cm, 

before its getting coarser again (mud) in the lowermost part of the core. The 

content of coral fragments is more or less constantly high, except between 70 

and 220 cm core length the content decreases. Moreover, the coral fragments 

are accompanied by other shell fragments comprising echinoid spines and 
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molluscs. Remarkable are some abrupt colour changes in the lower parts of the 

sediment core: one at 475 cm core depth from light to dark grey (5Y 6/1) to very 

dark greyish brown (2.5Y 3/2), a second one at 425 cm back to light grey (5Y 6/1) 

sediment upwards and another one at 375 cm again to darker sediments (very 

dark greyish brown; 2.5Y 3/2) (Figs. 2.2., 2.3.). 

In contrast, sediment core GeoB 9214-1 is composed of in general coarser 

sediments with muddy sand in the upper 200 cm of the core changing to mud 

(Fig. 2.2.). Again the content of coral fragments is rather high with only between 

200 and 280 cm core length being slightly decreased. Other shell fragments 

comprise echinoid spines, molluscs and brachiopods. One characteristic of the 

lowermost part (400-489 cm) is the occurrence of dropstones increasing towards 

the core base and corresponding with a decrease in coral fragments. A colour 

change at 280 cm core depth divides light sediments (greyish brown (2.5Y 5/2)) 

at the core base from darker ones (dark greyish brown (2.5Y 4/2)) above (Figs. 

2.2., 2.4.). 

Sediment core GeoB 9223-1 is composed of sandy mud in the upper first core 

metre changing to muddy sand in the middle core and mud from 300 cm core 

length towards the base. The coral content is constantly high throughout the 

entire core again accompanied by echinoid spines, molluscs and brachiopods. 

The colour changes from mainly greyish brown (2.5Y 5/2) in the upper 300 cm of 

the core to slightly darker sediments (dark greyish brown; 2.5Y 4/2). Finally, very 

light sediments (light brownish grey; 5Y 6/2) were determined for the lowermost 

30 cm (Figs. 2.2., 2.5.). 

 

2.1.4.b) Geochemical and geophysical properties 

Core GeoB 9213-1 

In sediment core GeoB 9213-1, as well as in the two other cores, Ca and Fe 

amount to >90% of all XRF-counts, therefore in all three cores the Ca/(Ca+Fe)-

ratio is treated as a benchmark for the contents of Ca and Fe in the core. At the 

base of core GeoB 9213-1 (515 cm), the Ca/(Ca+Fe) ratio is high (0.8) (Fig. 2.3.). 

From 425 to 375 cm the ratio decreases down to 0.6. At 375 cm core depth the 

Ca/(Ca+Fe)-ratio shows a small positive peak followed upwards by rather low 

and rather constant values of 0.6. Only around 250 cm core depth the values 

increase to ~0.7. In the uppermost metre of the core the Ca/(Ca+Fe)-ratio 

increases back to the initial level of 0.8 (Fig 2.3.). 
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Fig. 2.3. The downcore records of �18O-values (crosses mark data measured on P. 

ariminensis, rhombs mark C. wuellerstorfi), magnetic susceptibility (MagSus) 

and Ca/(Ca+Fe)-ratios of sediment core GeoB 9213-1 from Galway Mound. 
14C ages in cal kyr BP are displayed in grey (14C-ages >46 kyr are indefinite 

and not used for further analyses), U/Th ages in cal kyr B.P. are given in 

black. The wavy line indicates the hiatus discussed in the text. The bar to 

the right shows the colour of the sediments in the core with a distinct colour 

change at the hiatus horizon. The colour codes refer to the Munsell soil 

colour charts. 

At the core base, �18O-values vary around 1.6‰ PDB with a distinct peak at 

460 cm (1.2‰ PDB) (Fig. 2.3.). Further up in the core the values become 

heavier, reaching 2.4‰ PDB at 385 cm. At 375 cm core depth the �18O-values 

return to lighter values. The average value for the upper three metres is ~1.5‰ 

PDB. 

Magnetic susceptibility in the lowermost sediments is close to 0. Between 425 

and 375 cm core depth the magnetic susceptibility increases to 6 and fluctuates 

between 3 and 12 from this core depth upwards. In the uppermost 50 cm of the 

core the values drop back to 0 (Fig. 2.3.). 

One AMS 14C dating from the lower part of the core (448 cm core depth) 

yielded an infinite age, i.e. these sediments were deposited before ~46 kyr BP. 

Another AMS 14C dating conducted at 143 cm core depth revealed an age of 8.3 

cal kyr BP. An U/Th dating on a coral (L. pertusa) right below the �18O-peak at 
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462 cm revealed an age of around 300 cal kyr BP. And finally another coral (L. 

pertusa) sampled at 150 cm core depth, is 9.2 cal kyr old. 

 

Core GeoB 9214-1 

Also in sediment core GeoB 9214-1 more than 90% of the XRF counts are 

made up by Ca and Fe. Although the Ca/(Ca+Fe)-ratio starts with a peak of 0.8 

at the core base (488 cm) it is generally low with 0.6 between 480 and 450 cm 

core depth, pointing to a relatively high content of Fe (Fig. 2.4.). After a steady 

increase the Ca/(Ca+Fe) ratio reaches a value of 0.8 at 380 cm core depth. 

Between 325 and 300 cm core depth the values decrease to <0.7 followed by a 

small distinct peak (0.8) at 280 cm. Between 250 cm and 100 cm values vary 

around 0.6 and only in the uppermost metre the Ca/(Ca+Fe)-ratio returns to 0.8. 

The �18O-values at the core base are relatively heavy with values of 2.3‰ PDB. 

Up to 290 cm core depth the �18O-values are slightly lighter ranging between 1.6 

and 1.8‰ PDB with only one distinct peak at 378 cm (1.2‰ PDB). At 280 cm 

core depth the values jump to 1.5‰ PDB. This remains the average �18O-value 

up to the core top. 

In the upper part of the core two AMS 14C datings (at 213 and 178 cm) revealed 

ages of 8.7 and 7.3 cal kyr BP, respectively. Below 280 cm core depth, the AMS 
14C ages of three dated samples exceed ~45 kyr BP. A coral sample (L. pertusa), 

taken for U/Th dating right on the �18O-peak at 378 cm, revealed an age of 268.7 

cal kyr BP. The U/Th-dating of a coral (M. oculata) sampled at 180 cm core depth 

gives an age of 8.7 cal kyr BP. 
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Fig. 2.4. The downcore records of �18O-values (crosses mark data measured on P. 

ariminensis, rhombs mark C. wuellerstorfi) and Ca/(Ca+Fe)-ratios of 

sediment core GeoB 9214-1 from Galway Mound. 14C ages in cal kyr BP are 

displayed in grey (14C-ages >46 kyr are indefinite and not used for further 

analyses), U/Th ages in cal kyr BP are given in black. The wavy line 

indicates the hiatus discussed in the text. The bar to the right shows the 

colour of the sediments in the core with a distinct colour change at the hiatus 

horizon. The colour codes refer to the Munsell soil colour charts. 

 

Core GeoB 9223-1 

The Ca/(Ca+Fe)-ratio of sediment core GeoB 9223-1 displays high values 

(>0.8) at its base (465 cm) rapidly decreasing upwards to values of 0.6 at 430 cm 

core depth (Fig. 2.5.). After some variation with values as high as 0.75 the 

Ca/(Ca+Fe) ratio remains rather constant at 0.6 from 375 to 185 cm core depth. 

A steep increase to values around 0.8 can be observed at 185 cm core depth. 

Following some variability values of >0.8 are reached again in the uppermost 70 

cm of the core. 

�18O-values could only be obtained in the upper three metres of the core. 

Below 313 cm core depth there is a conspicuous increase in the content of IRD, 

going along with the decrease in abundance of foraminifera inhibiting the picking 

of sufficient foraminifera tests for isotope analyses. Above 313 cm core depth the 

�18O-values fluctuate around 1.7‰ PDB, whereas in the uppermost 250 cm of 
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the core the �18O-values are slightly lighter ranging around 1.5‰ PDB (Fig. 2.5.). 

One AMS 14C dating yielding an age of 5.7 kyr BP was obtained from 168 cm 

core depth. 

 

 

Fig. 2.5. The downcore records of �18O-values (measured on P. ariminensis) and 

Ca/(Ca+Fe)-ratios of sediment core GeoB 9223-1 from Galway Mound. A 
14C age (in grey) is given in cal kyr BP The wavy line indicates the hiatus 

discussed in the text. The bar to the right shows the colour of the sediments 

in the core with an admittedly less clear colour change at the hiatus horizon. 

The colour codes refer to the Munsell soil colour charts. 

 

2.1.5. Discussion 

2.1.5.a) Correlation of the downcore records 

The downcore records of the cores GeoB 9213-1 and GeoB 9214-1 reveal very 

similar patterns, which were also detected, although less clear, in the records of 

core GeoB 9223-1 (Fig. 2.6.). The �18O-records of these cores can be easily 

divided in two units. The lower unit is marked by relatively heavy values (i.e. 

reflecting relatively cold conditions) ranging mainly between 2.3 and 1.6‰ PDB. 

Remarkable is one distinct peak of ~1.4‰ PDB at 460 cm core depth in core 

GeoB 9213-1 and at 380 cm in core GeoB 9214-1. The upper unit reveals lighter 

values mainly fluctuating between 1.2 and 1.6‰ PDB (reflecting relatively warm 



2. Manuscripts: Growth history of a cold-water coral covered carbonate mound 50 

conditions). Although for core GeoB 9223-1 �18O-values are only available for the 

upper part of the core, they fit nicely to the upper units in the two other cores, 

showing values between 1.2 and 1.7‰ PDB. 

 

 

Fig. 2.6. The Galway Mound downcore records of �18O-values (crosses mark data 

measured on P. ariminensis, rhombs mark C. wuellerstorfi) and Ca/(Ca+Fe)-

ratios. 14C ages are displayed in grey, U/Th ages in black, both in cal kyr BP 

The wavy line indicates the hiatus discussed in the text. Obviously there are 

high variations in the sedimentation rates at different sites on Galway 

Mound. Nevertheless all the cores seem to contain the same sediment 

sequence. 

 

The Ca/(Ca+Fe)-ratios, available for all three cores over their entire length, 

reveal very similar patterns as well (Fig. 2.6.). These records can be divided into 

three units. The lower unit is characterised by rather high ratios ranging between 

0.7 and >0.8 in all three cores (below 375 cm core depth in cores GeoB 9213-1 

and GeoB 9223-1 and below 280 cm core depth in core GeoB 9214-1) pointing to 

a relatively higher Ca content compared to the Fe content within these cores 

sections. However, at the base of core GeoB 9214-1 a higher content of Fe 

(<0.7) points to older sediments not reached in the other cores as also indicated 

by the �18O-records. Within the middle unit the Ca/(Ca+Fe)-ratios decrease 

remarkably down to values of ~0.55 in all three cores implying an increase in the 

Fe content, whereas the uppermost unit is again marked by a high content of Ca 
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(in GeoB 9214-1 above 90 cm, in GeoB 9213-1 from 70 cm upwards and in 

GeoB 9223-1 above 185 cm). 

 

2.1.5.b) The stratigraphic framework 

Besides the absolute datings mentioned above, further, however indirect, 

stratigraphic information can be drawn from the stable oxygen isotope data. The 

upper core sections characterised by rather light �18O-values were dated by AMS 
14C revealing Holocene ages with individual data points ranging between 5.6 and 

8.7 cal kyr BP. Two additional U/Th datings on coral fragments from these upper 

core sections yielded Holocene ages as well (8.7 and 9.2 cal kyr BP). These 

ages are well in line with the relatively light �18O-values, indicating interglacial 

conditions.  

A detailed correlation of the three cores based on �18O-values and XRF data 

(Fig. 2.6.) reveals that the 14C ages in the three cores line up in perfect 

stratigraphic order. However, this correlation also shows that the sedimentation 

rates at the different sites vary significantly. Assuming that the core tops are of 

present-day age and using the AMS 14C ages, estimated minimum Holocene 

sedimentation rates are ~17 cm/kyr for core GeoB 9213-1, ~24 cm/kyr for core 

GeoB 9214-1, and even ~29 cm/kyr for core GeoB 9223-1 (any sediment loss at 

the core tops due to the coring process even would increase these numbers). 

These data indicate a rather fast mound growth during the Holocene in 

comparison to the net sedimentation rate calculated over the full length of the 

cores (~1.5 cm/kyr). The observed scatter in the data (17-29 cm/kyr) as well as 

the different sedimentation rates obvious in Fig. 2.6. probably reflect the different 

specific settings of the cores. The local sedimentation was most likely controlled 

by the small scale mound topography and its impact on the local current regime. 

Interestingly, there appears to be an offset of ~1-1.5 kyr between nearby 14C 

and U/Th datings in the Holocene sections in core GeoB 9213-1 and in core 

GeoB 9214-1. Video observations from living cold-water coral settings off Ireland 

show that coral thickets can reach several decimetres (or more) in height 

(Dorschel et al., 2007; Foubert et al., 2005). Thus, hemipelagic sediments (the 

source for the foraminifera-based 14C measurements) filling up the (partly 

collapsed) coral framework can be considerably younger than corals from the 

same core level. 

From the lower core sections that are marked by relatively heavy �18O-values 

several AMS 14C datings only yielded infinite ages i.e. these samples are older 

than ~45 kyr BP. To assess the ages of this lower unit two coral fragments were 
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selected for U/Th-analyses from those core levels in GeoB 9213-1 (460 cm) and 

GeoB 9214-1 (380 cm) which are characterised by light �18O peaks and that are 

assumed to be of similar age. The resulting ages of 269 and 299 kyr BP relate to 

early marine isotope stage (MIS) 8. This glacial stage fits well with the relatively 

heavy �18O-values of this unit. 

The infinite AMS 14C ages further downcore and the U/Th datings revealing 

ages of 269 to 299 kyr BP at 378 cm (GeoB 9213-1) and 460 cm (GeoB 9214-1) 

core depth show that the high Holocene growth rates of Galway Mound cannot 

simply be extrapolated further back in time. Although all three records appear to 

contain the same sedimentary sequence, it becomes obvious that these records 

show a discontinuous sediment record. The age determinations clearly point to a 

hiatus comprising ~250 kyr derived from absolute ages and Holocene mound 

growth rates. A distinct colour change from light to dark grey sediments 

correlating with shifts in the �18O-data and the Ca/(Ca+Fe)-ratios most likely 

marks this hiatus in the three sedimentary records (marked in Figs. 2.3. to 2.6. by 

the wavy line). 

 

2.1.5.c) Origin of the hiatus: three scenarios 

The observation that the same disturbed sediment sequence is found at 

different settings on Galway Mound (two sites at its flanks, one at its top) allows 

for some thoughts regarding the origin of this hiatus. Looking at the downcore 

records the hiatus on Galway Mound seems to stretch over the whole structure 

representing a time gap of ~250 kyr. In all cores, it was identified between the 

same units, and apparently it covers more or less the same period of time. Thus, 

the question arises, how the observed sedimentary records have formed. In the 

following, three hypotheses will be discussed.  

The first scenario involves no net sedimentation over the whole mound during 

the period represented by the hiatus because of strong currents that inhibited 

sedimentation or instantly eroded newly deposited material. However, such 

strong currents are also a major forcing mechanism for the formation of early 

diagenetic hardgrounds (Noé et al., 2006). Thereby cementation is supported by 

current-enhanced pumping of ion-rich pore fluids, high alkalinity of the pore fluids, 

supersaturation with calcite and poverty in phosphate and dissolved organic 

matter. But hardgrounds were found neither in the discussed cores nor during 

ROV facies mapping at Galway Mound (Dorschel et al., 2007; Foubert et al., 

2005). Furthermore, even if strong currents would have prevented any typical 

hemipelagic sedimentation, over several glacial-interglacial cycles (MIS 8 to 2) a 
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significant amount of coarse IRD should have been deposited at these sites. 

Thus, the missing hardgrounds and the missing IRD layers make scenario 1 

unlikely. 

The second scenario would only need very vigorous currents for a defined 

period of time and not over the full period of time represented by the hiatus. 

During this time interval such strong currents might have eroded an existing 

sediment package. Studies on e.g. Propeller Mound in the northern PS revealed 

hiatuses that have their origin in strong currents (Dorschel et al., 2005b). 

However, the lateral extension of these hiatuses is very limited, their occurrence 

is not isochronical and they are not correlateable at all. This is due to the nature 

of erosion by currents, affecting a substrate in close dependence to the mound’s 

symmetry (Dorschel et al., 2007). The records created thereby are completely 

different from the ones on Galway Mound. Moreover, as described above, also 

from such a winnowing event some coarse relict sediments (e.g. IRD) have to be 

expected. Thus, there is also no evidence for scenario 2.  

The third scenario invokes mass wasting over major parts of the mound. To 

erode a sediment package of several metres (assuming an average 

sedimentation rate of 20 cm/kyr as derived from Holocene sedimentation rates in 

interplay with periods of non-sedimentation and/ or erosion) exactly above a 

certain stratigraphic unit requires a slip plane e.g. in the form of an instable 

sediment unit (e.g. a clay layer), that also must have been eroded during the 

mass wasting event. Such an event would also remove any coarse ice-rafted 

particles. Oversteepening of the mound flanks might have been a trigger causing 

the mass wasting. However, the occurrence of this event at ~10 cal. kyr B.P., 

close to the end of the post-glacial sea level rise, points to changes in the pore 

pressure in the slip horizon as the most likely trigger. The increased sediment 

load in combination with a rapid sea level rise probably resulted in passing a pore 

pressure threshold initiating the mass wasting. Another mechanism could have 

been undercutting of the mound flanks and thus destabilisation of the overlying 

material with the onset of vigorous currents at the beginning of the Holocene. 

Although no remains of this slip plane have been found so far, seismic transects 

taken slightly WNW of Galway Mound show sub-recent (MIS 1-2) slump-like 

deposits of about 7 m thickness covering an area of at least 1.5 x 1.5 nautical 

miles (D. Van Rooij, pers. comm.). Although these deposits are not necessarily 

originated from “the” mass wasting event discussed here for Galway Mound, they 

make clear that mass wasting is a regional feature. Thus, this scenario appears 
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to be the most likely explanation for the pattern observed in the downcore 

records from Galway Mound. 

 

2.1.5.d) The long term history of Galway Mound 

Mound growth model 

Based on the observations described above, the following growth model is 

proposed for the youngest history of Galway Mound (Fig. 2.7.). Precondition for 

the proposed mass wasting event is the deposition of an instable horizon on the 

mound. This horizon must have consisted of fine-grained sediments and did not 

contain any corals. Such sediments may have been deposited during glacial 

periods, when coral growth is restricted and low current speeds allow the 

deposition of fine-grained material on the mound (Dorschel et al., 2005b; Roberts 

et al., 2006). Such a clay layer has already been observed on Challenger Mound, 

also located in the BMP (Foubert et al., 2007). In the following 250 kyr alternating 

fine-grained coral-free glacial layers and coarser-grained coral-bearing 

interglacial layers (Dorschel et al., 2005b) probably have been deposited (and 

probably partly eroded) on Galway Mound – possibly with a thickness of some 

tens of metres. 
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Fig. 2.7. Growth model for the latest development of Galway Mound. 

A Deposition of a very fine-grained, probably coral-free instable horizon (m) 

during a glacial stage some 260 kyr ago. 

B Moderate mound growth, controlled by an interplay of sedimentation and 

erosion without affecting the instable horizon. 

C Slumping of most of the western mound surface at the onset of the 

Holocene, including parts of the m-horizon, that serves as slip plane.  

D Intense coral settlement. Sedimentation rates on the mound can reach 

almost 30 cm/kyr 

 

It is assumed that the entire younger sediment package was removed in one 

major mass wasting event. During the Holocene intense coral settlement due to 

favourable conditions like strong currents and sufficient food supply, caused a 

fast overgrowth of the hiatus. Slight discrepancies in the after-hiatus records are 

supposed to be dependent on time-shifted onsets of favourable conditions for 

coral growth as a result of the mound asymmetry. 

This scenario for the youngest history of Galway Mound also contributes to the 

reconstruction of its long-term development. Based on the two U/Th datings on 

corals in the lower core sections an average net mound growth of ~1.5 cm/kyr 

over the last ~300 kyr can be calculated. Compared with typical hemipelagic 

sedimentation rates in the PS in settings not affected by carbonate mounds (5 to 

60 cm/kyr over the last ~50 kyr; (Dorschel et al., 2005a; Wallace et al., 1988) it 

appears that Galway Mound is actually shrinking with respect to the surrounding 

seafloor. A similar observation has been reported from Propeller Mound in the 

Hovland Mound Province (Dorschel et al., 2005b). Nevertheless, nowadays, 

Galway Mound is colonised by dense and vital coral thickets (Foubert et al., 

2005) and is actively accumulating sediment. Thus, it is classified to be in the 

coral bank stage (Henriet, 2002), whereas Propeller Mound was classified to be 

already in the burial stage due to the low occurrence of living corals and low net 

sedimentation rates on the mound (Dorschel et al., 2005b). Thérèse Mound, 

which is located immediately south of Galway Mound, shows high similarities to 

its neighbour regarding its present-day appearance (De Mol et al., 2007). As on 

Galway Mound, the coral thickets are dense with a high amount of living corals, 

but exposed dead coral framework also points to limited erosion. In contrast, 

Challenger Mound, another carbonate mound within the Belgica Mound Province, 

also appears to be in the burial stage (Foubert et al., 2007). Mound 

Perseverance located in the Magellan Mound Province instead shows highly 
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impressive sedimentation rates on the mound of up to 85 cm/kyr for the Holocene 

(Foubert et al., 2007). 

Until now, the cause for the variations in the present-day appearance of Irish 

margin carbonate mounds could not clearly be determined, even not for 

immediately neighbouring mounds. Differences in the current regime around the 

mounds, hydrography, nutrient supply, suitable substrates for coral settlement or 

background sedimentation definitely play a major role in controlling mound 

growth (Freiwald, 2002; Mortensen et al., 1996; Roberts et al., 2006; White et al., 

2005). But so far we are not able to distinguish, to which extent regional or local 

steering mechanisms contribute to mound development. Thus, we still face a 

significant knowledge gap regarding the mechanisms responsible for healthy 

coral growth, coral retreat or burial on these mounds. 

 

2.1.6. Conclusions 

The XRF- and �18O-records of sediment cores collected from the cold-water 

coral covered Galway Mound show some significant correlation. Absolute age 

determinations revealed Holocene ages for the uppermost parts of the cores, 

supported by the �18O-values. The lower parts of the cores show ages of up to 

300 kyr. Sedimentation rates for the Holocene derived from 14C- and U/Th-ages 

reach up to 30 cm/kyr. Furthermore, a major hiatus, comprising a time frame of 

~250 kyr, which was identified in all cores, points to a very similar sedimentation 

history over the entire mound. It is most likely that this hiatus has its origin in a 

major mass wasting event or a series of slump events. 

Comparing Galway Mound with other mounds in the Porcupine Seabight, and 

in the Belgica Mound Province in particular, it becomes obvious that every 

mound has its own particular growth history. Even Challenger Mound situated in 

the direct vicinity of Galway Mound shows major differences regarding its growth 

history as well as its present-day appearance. These differences originate from 

local settings (like e.g. mound morphology, local current regime, sedimentation 

rates etc.), although the overall forcing mechanisms for mound growth 

correspond widely on all sites (e.g. climate, basin-wide currents, ice coverage of 

the hinterland and the related sediment input, etc.). The investigation of the long-

term development of carbonate mounds and cold-water coral ecosystems in 

particular therefore requires thorough insight into regional and local settings as 

these expose an exceptionally high influence on carbonate mound growth 

dynamics. 
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Abstract 

Here, the potential for rapid and accurate U–Th dating technique of marine 
aragonite skeletons (deep-sea corals, Lophelia pertusa) and secondary calcite 
deposits (speleothems and stalagmites) has been explored using inductively 
coupled plasma-quadrupole mass spectrometry (ICP-QMS). The analytical 
procedure includes a largely simplified chemical separation technique for 
uranium (U) and thorium (Th) using UTEVA resin. The developed technique 
permits simultaneous quantification of uranium [238U] and thorium [232Th] 
concentrations and their respective isotopic composition, required for U-series 
disequilibrium dating. Up to 50 U–Th dates per day can be achieved through 
ICP-QMS with �234U and �230Th reproducibility (2�) of 3– 4‰ and 1%, 
respectively. The high sensitivity (>3.0×105 cps/ppb) together with low 
background (<0.5 cps) on each mass between 228 and 236 amu allowed U–Th 
dating of ancient deep-water corals (15–260 kyr) and stalagmites (30–85 kyr) at 
precision levels of less than 2%. Consequently, the combination of simplified 
chemistry using UTEVA with state-of-the-art ICP-QMS isotopic measurements 
that do not require a U–Th separation step now provides an extremely rapid and 
low-cost U-series dating technology. The level of precision is most convenient 
for numerous geochronological applications, such as the determination of 
climatic influences on ecosystem development and carbonate precipitation. As a 
first-example application we present ICP-QMS U–Th dates of North Atlantic 
deep-water coral fragments retrieved in the southeastern Porcupine Seabight 
(MD01-2463G, Mound Thérèse), indicating a purely interglacial growth of deep-
water corals on so-called carbonate mounds over several climate cycles. 
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2.2.1. Introduction 

U and Th are key elements in geochronology. Radioactive disequilibria 

between 238U and its radioactive daughter products 234U and 230Th in natural 

sedimentary deposits are useful particularly in U-series dating (Bourdon et al., 

2003). This technique has become a key tool in geochronology with widespread 

applications such as the reconstruction of sea level variations from tropical corals 

(Bard et al., 1996; Fairbanks, 1989; Waelbroeck et al., 2007), calibration of the 

radiocarbon time scale (Fairbanks et al., 2005; Hughen et al., 2006), and the 

determination of precise time scales of other carbonate deposits such as 

stalagmites, travertines, and tropical or deep-water corals (Adkins et al., 1998; 

Cheng et al., 2006; Frank et al., 2004; Frank et al., 2006; Genty et al., 2003; 

Mallick and Frank, 2002; Smith et al., 1997). Moreover, U and Th isotopes are 

powerful tracers of geochemical processes in the ocean (Henderson and 

Anderson, 2003). Over the past two decades, research has mainly focused on 

further developments of analytical techniques such as thermal ionization mass 

spectrometry (TIMS) and in particular multi-collector inductively coupled plasma 

mass spectrometry (MC-ICPMS) reaching sub-‰ of precision for both U and Th 

isotopes (Andersen et al., 2004; Andersen et al., 2008; Fietzke et al., 2005; 

Goldstein and Stirling, 2003; Hoffmann et al., 2009; Makishima et al., 2007; 

Mortlock et al., 2005). First, in most studies, relatively lengthy chemical 

separation techniques are applied that were initially developed two decades ago 

for TIMS. They make use of successive steps of iron co-precipitation and several 

ion exchange columns based mainly on the widely-used resin Dowex 1x8 (Biorad 

AG1x8). Today, a combination of iron coprecipitation, TRU and UTEVA resins is 

used for MC-ICPMS or TIMS, most frequently with preparation of two separated 

fractions of Th and U (Andersen et al., 2008; Pons-Branchu et al., 2005). 

Second, TIMS is relatively expensive and time-consuming and U and Th isotopic 

measurements are performed separately using MC-ICPMS and TIMS. Third, 

while Th/U ratio precisions of about 1‰or less are theoretically attainable (using 

MC-ICPMS instruments, for example), natural carbonate deposits are frequently 

subject to diagenesis and noncarbonated contamination that largely limit the 

quality and accuracy of U-series ages (Frank et al., 2006; Robinson et al., 2006) 

at levels far higher than analytical precisions recently reached (Andersen et al., 

2008). Thus, for many chronological studies, rapid and accurate age data 

collection at precision levels of 1–2% and, by implication, less cost-intensive 

technologies is needed. This demand is shown in the recent development of 

rapid microanalysis technologies (Bischoff et al., 2005; Hoffmann et al., 2009; 
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Potter et al., 2005). However, there is also a need to produce far more precise U-

series ages (implying a need for improvement in MC-ICPMS technology), 

depending on the scientific question to be addressed. Recently, several 

applications have demonstrated the huge progress in ICP-QMS technology, 

allowing measurement of uranium isotopes at percent level of precision in natural 

samples (Halicz et al., 2000; Pointurier et al., 2008; Shen et al., 2006), and 

previous studies have mentioned the great potential of ICP-QMS as an age-

screening tool (Adkins and Boyle, 1999; Godoy et al., 2006). Furthermore, the 

use of ICP-QMS for U and Th isotope analyses from only one fraction provides 

extremely rapid results when compared to conventional TIMS or the standard use 

of MCICPMS. Consequently, rapid and simplified chemical procedures need to 

be developed which would allow production of a large number of samples. Here, 

we present first a simplified technique of extraction and purification for U and Th 

for marine and continental secondary carbonates based on a commercially 

available resin, Eichrom UTEVA. The resulting protocol allows for an extremely 

rapid U–Th purification from 100 to 1000 mg of carbonate on a micro-column. 

Second, after different analytical tests were run on standards, the resulting 

solutions were introduced into ICP-QMS in order to evaluate the analytical 

possibilities to “quasi”-simultaneously detect and precisely quantify U and Th 

isotopes. �234U and �230Th results discussed here correspond to relative 

deviations of measured 234U/238U and 230Th/ 238U isotopic ratios from a secular 

radioactive equilibrium (Cheng et al., 2000). Several deep-sea coral and 

stalagmite samples were analysed by both ICP-QMS and TIMS, the reference 

technique for U-series dating, in order to compare both mass spectrometric 

technologies. Finally, ICP-QMS U-series ages of deep-water corals from a coral 

carbonate mound (Mound Thérèse — southeastern Porcupine Seabight) are 

presented and discussed as examples of applications allowing quick access to 

the geochronological nature of coral mound development through past climate 

cycles. 

 

2.2.2. Experimental 

2.2.2.a) Materials and samples 

Biogenic aragonites (deep-sea corals) 

For this study, we selected constructional deep-water coral species (Lophelia 

pertusa and Madrepora oculata) from two sediment cores, POS346-69-2 

(unnamed Mound of the Mauritanian slope, 440 m water depth) and MD01-



2. Manuscripts: Rapid and accurate U–Th dating of ancient carbonates 63 

2463G (Mound Thérèse, Porcupine Seabight, 880 m depth). Core length is ~5 m 

and ~10 m, respectively, and coral fragments are embedded in hemipelagic 

sediments. From the hundreds of coral fragments present in both cores, only well 

preserved biogenic aragonite fragments free of ferromanganese deposits and 

having at most minor traces of bioerosion (boring holes) were selected. Those 

particular sediment cores were selected because deep coral reef areas in the 

eastern north and temperate Atlantic are presently under intense investigation to 

elucidate the temporal evolution of coral reef development (Frank et al., 

submitted for publication). Consequently, numerous conventional TIMS U-series 

ages from aliquot samples or closely related individuals are available for 

comparison with the technology developed here. For core MD01- 2463G, U-

series ages range from 0 to 9.73±0.35 kyr for the topmost section and at 3 m 

core depth a U-series age of 247.4±5.6 kyr has been previously published (Frank 

et al., 2005). In addition, numerous investigated cores in nearby mound areas 

reveal ages spanning the past 300 kyr with a predominant growth of corals 

throughout climate warm periods (Dorschel et al., 2005; Frank et al., 2009; 

Rüggeberg et al., 2007). For core POS346-69-2 no previous dating results have 

been available, such that TIMS U-series ages were determined according to 

published procedures (Frank et al., 2004). However, in this temperate Atlantic 

region, we suspect that coral ages are likely to reflect reef development during 

climate cold phases (glacial stages) as previously stated for both the western 

temperate Atlantic (Robinson et al., 2007) and for the eastern temperate Atlantic 

(Schröder-Ritzrau et al., 2005; Wienberg et al., 2009). Thus, both cores should 

likely contain coral fragments spanning in age from approximately a few hundred 

to a few hundred thousand years, covering the entire dating range of U-series 

dating. Coral fragments were physically and chemically cleaned of surface 

contamination by applying previously published procedures (Frank et al., 2005; 

Frank et al., 2004; Frank et al., 2009). About 100 to 400 mg of cleaned coral 

fragments were powdered, dissolved, and spiked with a mixed 233U, 236U and 
229Th solution before further chemistry and mass spectrometry. Aliquots of 

powder were usually passed through X-ray diffraction to ensure that the selected 

material was pure aragonite.  

 

Inorganic calcite deposits (stalagmites) 

Two stalagmites were selected from the Chauvet Cave (CHAUstm6, 44.23°N; 

4.26°E) and the Clamousse Cave (Cla4, 43.42°N; 3.33°E) in the South of France. 

Both stalagmites had been subject to previous dating efforts using TIMS U-series 
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dating methodology. The first stalagmite, referenced Chau-stm6, is 67.2 cm long 

and has no visible hiatuses. Previous dating yielded ages ranging between 32.9± 

0.6 kyr and 11.5±0.2 kyr (Genty et al., 2006). Two aliquots of about 1 g of 

relatively pure calcite at ~0.4 ppm of U and <1 ppb of Th were collected between 

two levels already dated using TIMS at 32.9± 0.6 kyr (Chau-stm6—1 cm) and 

28.9±1.4 kyr (Chau-stm6—17.5 cm). The second stalagmite is the 67 cm long 

Cla4 stalagmite, composed of calcite, with a diameter ranging from 12 cm at the 

base to 8 cm at the top, and has ages ranging between 74.5±0.3 kyr and 187±7 

kyr (Plagnes et al., 2002). The level collected here for Cla4 was previously dated 

between 82.4±0.3 kyr (Cla4—8 cm) and 83.3±0.3 kyr (Cla4— 26.3 cm). Two 

samples here of 2 g were sampled for precise U–Th dating because Cla4 

stalagmite calcite is characterized by a low U concentration of 0.1 ppm.  

 

2.2.2.b) U and Th separation and purification on UTEVA 

To achieve accurate mass spectrometric analyses of U and Th isotopes, it is 

mandatory to extract and purify both elements from the carbonate matrix in order 

to pre-concentrate U and Th in small volumes and avoid the influence of major 

(Ca) and trace metals during thermal ionization (TIMS) or to avoid matrix effects 

and isobaric interferences on ICP-QMS. The combined chemistry currently used 

requires more than four days due to co-precipitation steps and two or three 

different columns requiring total evaporation between each column. Here, the 

simple change of acid (HNO3 and HCl) or their normality using one single resin 

column causes a change in the retention coefficient and consequently the elution 

of Th and/or U successively after alkalis, earth alkalis, transition metals or trace 

elements like REE. Modern chromatographic resins are able to preferentially 

retain one particular element over another. Such a resin for U is the one called 

UTEVA (Horwitz et al., 1992) or UTEVA, here provided from EICHROM 

Technologies, U.S.A. Previous studies have already shown the usefulness of 

UTEVA resin for coral or sediment core U–Th dating by using alpha spectrometry 

or ICPMS with a precision greater than 5% (Carter et al., 1999; Godoy et al., 

2006). UTEVA resin was packed into a 500-μl column and retained by a frit. First, 

the empty column is bottled in a solution of 5% detergent, so it is washed and 

rinsed with MilliQ water and diluted several times with nitric acid. Then the 

column is packed with ~500 μl UTEVA. The resin is wetted and rinsed with MilliQ 

water, then conditioned with 3 N HNO3 to clean and charge the resin. The 

extracting component of the resin (diamyl amylphosphonate) forms nitrato 

complexes with actinides and their formation depends on the strength of the nitric 
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acid (HNO3) or hydrochloric acid (HCl). The column resin highly retains U (VI) but 

also Th (IV) if the resin is charged with >3 N HNO3 (Horwitz et al., 1992). In 

contrast, most other major elements (earth alkalis) are not retained under those 

conditions. In a second step, U and Th elution is provoked simply by changing 

3 N HNO3 to 3 N HCl. However, under such conditions the retention coefficient of 

Th in HCl is less than that of U, which therefore allows separation. This point can 

be useful in the case where U and Th isotopes must be collected separately for 

measurements using TIMS or MC-ICPMS. In order to collect both Th and U in a 

single, small fraction and to reduce the elution time for U, HCl normality is 

changed finally from 3 N to 1 N. Resulting solutions are evaporated to dryness 

and the U–Th residue is then dissolved in a 3 ml nitric solution for ICP-QMS 

analysis at 100 μl/min. For the youngest samples having low levels of 230Th, 

volume of the nitric solution can be drastically reduced four-fold and the solution 

can be introduced at 50 μl/min in order to increase the signal-to-noise ratio on 

mass 230 and thus the accuracy of U–Th dating. Examples of elution profiles are 

plotted in Fig. 2.8. for two different initial weights of coral samples dissolved in 

1 ml (N°1116, 180mg) or 2 ml (N°1117, 750 mg) of nitric acid. Major and trace 

components of carbonates including earth alkalis (Ca, Mg, Sr, Ba), transition 

metals like Mn or rare earth elements (La, Nd and Yb) were also quantified using 

ICP-QMS to verify efficiency of the purification. Chemical yields for U and Th are 

about 100% and higher than 90% respectively with negligible chemical blanks 

(ultrapure Merck's acids) determined using TIMS or ICP-QMS measurements. 

Earth alkalis (especially Ca), Mn or rare earth elements were drastically reduced. 

As an example for sample N°1116 (180 mgof carbonate), about 0.3‰of initial Ca 

remains present in the U–Th fraction before ICP-QMS analysis. No mass 

fractionation was measured on the 236U–233U isotopic ratio at this level, 

resulting in a Ca concentration of about 10 ppm. For U-poor calcite involving 

larger material weights (1 or 2 g), chemistry on UTEVA resin was replicated to 

keep both a low level of residual Ca and high U and Th intensities. 

 
2.2.2.c) Instrumentation ICP-QMS 

Ancient carbonate 230Th/U ages were determined from U and Th isotope 

measurements using a Thermo Fisher Scientific XseriesII ICPQMS CCT installed 

at the Laboratory for Climate and Environment Sciences, Gif-sur-Yvette, France. 

This quadrupole mass spectrometer is equipped with a supplementary pump 

(option S) favouring the primary vacuum at interface in order to double the signal 

for heavy elements (In–U), which is useful for smallest samples (Table 2.4.). 
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Fig. 2.8. Elution profiles showing the efficiency of the UTEVA resin and chemical 

protocol the U and Th from earth alkalines (Ca, Sr, Mg) or trace elements (Mn, 

REE) for both A) 180 mg. and B) 750 mg of aragonite. Each fraction volume 

was about 0.25 ml and peak integration yielded 100% and>90% for U and Th 

respectively. 
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Parameters ICP-QMS XseriesII 

Power 1400W 

Gas flows Cool gas: 13 l/min 

 Auxiliary gas ~0.83 l/min 

 Sample gas: ~0.90 l/min 

Sensitivity (238U) Standard: >300000 cps/ppb 

 Option S: >600000 cps/ppb 

Backgrounds with 0.5 N HNO3 228Bkg; 230Th; 234U: �0.5 cps 

Oxides (Ce) and double charge ions (Ba) <3% 

Spray chamber Corps Impact Bead Peltier 

Spray and flow rate Self-aspirating PFA nebuliser: 100 μl/min 

Cones Ni sample and skimmer cones (Xs) 

Detector Electron multiplier ETP (discrete dynodes) 

Signals Gaussian picks 

Standard resolution 0.7 amu 

Abundance sensitivity M+1/M <2×10�5 

Rinsing time HNO3
-2 N+HF-0.01 N~3 min 

Typical blank contribution on 230Th and 234U <1% and <1‰ respectively 

Table 2.4. Analytical parameters and settings of ICP-QMS XseriesII 

 

Except for uranium hydride (U–H) formation, masses between 228– 236 amu are 

free of critical interference. Here, the most abundant measured uranium isotope 

was mass 235 in order to guarantee the “pulse counting” acquisition mode. 

Analytical parameters and settings are summarized in Table 2.4.. Backgrounds 

measured at m/z 228, 230 and 234 were systematically lower than 0.5 cps with 

average values of about 0.25 cps. Such low background of ICP-QMS associated 

with a good sensitivity in standard conditions (>300,000 cps/1 ppb-U) and the low 

abundance sensitivity of about 0.1 ppm (Pointurier et al., 2008) allow isotopic 

measurements of both U and Th in one single purified solution introduced at 100 

or 50 μl/min without desolvation systems (Shen et al., 2006). Such solution 

uptake conditions simplify analytical settings and limit memory effects and signal 

instability, particularly for Th isotopes. The level of the 230Th must be higher than 
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50 cps in order to retain an analytical precision of about 1% for Th. Isotopic 

measurements were performed in standard resolution mode with peak width 

ranging between 0.65 and 0.75 amu, in agreement with previous studies on ICP-

QMS (Shen et al., 2006). The intensity of each peak was systematically kept 

below 2 Mcps (235U) in order to always maintain data acquisition in “pulse 

counting” mode and to avoid additional corrections and uncertainty propagation 

associated with detector dead-time, here close to 40 ns (Pointurier et al., 2008). 

Each peak was scanned in peak jumping mode with conditions detailed in Table 

2.5.. According to our results and those previously obtained (Shen et al., 2006), 

potential correction laws for mass bias (linear, exponential, power) do not 

strongly increase the quality of U isotope measurements. Here, we have 

arbitrarily applied a linear mass fractionation law using the 233U/236U mass bias. 

However, it is most important to adjust and set the ICP-QMS so that the 233U/236U 

mass bias is kept at less than 0.5%, in order to limit the effect of mass bias and 

thus correction (less than 1.3‰ per amu). Isotopes 233U and 236U were also 

measured here to check peak sampling, to monitor ICP-QMS stability for each 

sample and standard, and to accurately calculate U concentrations. Finally, to 

calculate U–Th ages, measured isotopic ratios for carbonate samples are 

additionally bracketed by isotopic measurements of a Harwell Uraninite (HU-1) 

standard solution. Bracketing methods significantly improve isotopic ratio drifting 

and discrepancy between different analytical sequences as previously shown 

(Makishima et al., 2007; Shen et al., 2006). The excellent stability of the 

instrument allowed the measurement of a HU-1 standard solution after only four 

to five samples to verify the validity of U and Th isotope measurements, which 

greatly optimised time consumption for U-series dating. 
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Typical signals (cps) 
 

Symbol Dwell 
(ms) 

Channels Integration
times (ms) 

Separation
amu 

0.5 N 
HNO3 

(blank) 

N°1336 
27.9 

±0.8 kyr 

N°1252 
247 ±13 

kyr 

N°1181 
(HU-1) 

(spiked) 
 

228Bkg 2 1 150 0.02 <0.25 0.17 <0.10 <0.10 
229Th 20 5 7500 0.01 5 7170 12700 4790 
230Th 20 5 7500 0.01 0.5 68.6 445 511 
232Th 20 5 7500 0.01 5 65500 8300 1960 
233U 8 3 1800 0.02 0.5 78400 95300 31200 
234U 15 3 3375 0.02 0.5 2230 2490 1980 
235U 8 3 1800 0.02 2 457000 249000 242000 
236U 8 3 1800 0.02 0.5 80000 98900 32100 

 
Table 2.5. Acquisition conditions of U–Th isotope measurements using ICP-QMS. 

Stalagmite calcite (N°1336), coral aragonite (N°1252) or standard HU-1 (N°1181) isotopic 

analyses were composed of 30 main runs of 75 sweeps (~15 min) and blank analysis of 

10 main runs (~5 min). 

 

2.2.3. Results and discussion 

2.2.3.a). Isotopic measurements of U and Th using ICP-QMS 

In order to qualify the 230Th/U ages obtained in this work and define an analytical 

procedure, different performance tests were conducted in order to evaluate the 

potential of ICP-QMS. We also took into account previous studies on isotopic 

measurements of U using ICP-QMS (Halicz et al., 2000; Pointurier et al., 2008; 

Shen et al., 2006), particularly with respect to peak width, mass bias or dead-time 

corrections. The first test was to verify accuracy and linearity of the detector 

response from three U isotopic standards SRM U500, SRM U010 and HU-1. Fig. 

2.9. illustrates the good accuracy and linearity obtained from raw results without 

mass bias correction or bracketing methods. All measured isotopic ratios were in 

good agreement with expected reference values within uncertainty of ±0.5%, 

strengthening the assumption of the good linearity of the discrete dynode 

secondary electron multipliers (SEM) over more than two orders of magnitude. 

Moreover, our linearity uncertainty agrees with those determined on the linearity 

of most recent SEM detectors under conditions of adapted setting of dead-time 

and linearity verification for each new detector using appropriate standards 

(Pointurier et al., 2008; Richter et al., 2009, 2001). Reproducibility on U isotope 

measurements was evaluated using a 100 ppb-U standard HU-1 solution with an 

added triple 233U, 236U, and 229Th spike (Fig. 2.10.). The spiked standard solution 

was introduced into the ICP-QMS at 1 ml/min. Subsequently, standards were 
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introduced into ICP-QMS at 100 μl/min in order to minimize consumed solution 

volumes (Fig. 2.11.). 

 

 

 

Fig. 2.9. Evaluation of the accuracy and the linearity of the ICP-QMS detector for U 

isotope measurement from standard solutions HU-1, SRM U010 and SRM 

U500. Presented results are blank corrected values of isotopic measurements. 
234U/238U ratios are calculated considering the known 235U/238U ratio for each 

standard (e.g., 0.007253 for HU-1). Expected 236U/235U ratios are deduced for 

the standard HU-1, considering formation of 235U–H of about 50 ppm. Blue lines 

correspond to the reference values for each isotopic ratio. Values in brackets 

highlight the difference from expected isotopic ratios. (For interpretation of the 

references to colour in this figure legend, the reader is referred to the web 

version of this article.). 

 

Last values obtained during April 2008 were automatically acquired by coupling 

ICP-QMS introduction with a micro-sampler CETAC ASX-110FR. No difference 

from previous results was observed. Standard solutions were measured for 235U 

intensities ranging between 50,000 and 1,600,000 cps in order to evaluate any 

potential effect of U concentration, detector dead-time, or mass abundance. For 

both introduction conditions, deduced �234U reproducibility was similar and lower 

than 4‰ at 2� (Figs. 2.10. and 2.11.) attesting again to the adapted dead-time 

setting of the SEM. Taking into account analytical errors, isotopic composition of 

U was apparently not affected by the intensity of 235U peak for HU-1 standard 

solutions (Fig. 2.12.). Under these last conditions, reproducibility for 230Th was 

about ±1% (2�) or better in the case of most concentrated U–Th solutions. 
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Results given in Figs. 2.10.-2.12. are not corrected using a bracketing method to 

illustrate the excellent external reproducibility obtained for U–Th isotopic 

measurements using our ICP-QMS. 

 

 

 

Fig. 2.10. Reproducibility of ICP-QMS isotopic measurements of uranium for a 100 ppb-U 

HU-1 standard solution introduced at 1 ml/min. 234U/238U ratios are 

calculated considering a 235U/238U ratio of 0.007253 for the standard HU-1. 

Linear mass fractionation law using the 233U/236U mass bias was applied. Blue 

line and shaded area: ICP-QMS average value and associated analytical 

uncertainties of 4‰. (For interpretation of the references to colour in this figure 

legend, the reader is referred to the web version of this article.) 

 

2.2.3.b) Matrix effects 

The presence of major elements in solution can strongly affect the analytical 

quality of elemental or isotopic measurements by ICP-QMS, especially for light 

elements (B, Li). This matrix effect can also affect measurements of heavy 

elements such as U and Th, particularly for the determination of their 

concentration. Thus, the single UTEVA resin was used to eliminate the major 

elements constituting carbonates like Ca (40%), Sr, Mg, and trace elements such 

as transition metals (Mn) or rare earth elements. Tests on standard U010 

solutions with added Ca concentrations (1, 10, 100 and 1000 ppm) revealed that 

below 1000 ppm, added Ca did not cause a mass bias effect on the isotopic 

composition, but U and Th signal intensity dropped by 30% (Fig. 2.13.). In 

addition, throughout the analysis of carbonate samples and standard solutions 
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having residual amounts of Ca (less than 10 ppm), a mass bias effect on 
233U/236U was not found. However, ionization efficiencies and signal stability can 

be largely affected through the presence of Ca at a level greater than 100 ppm. 

Thus, U-poor calcite samples of, for example, 2 g have been treated twice 

through chemistry to achieve levels of 10 ppm or less of Ca prior to isotopic 

measurements. 

 

 
Fig. 2.11. Reproducibility of ICP-QMS isotopic measurements of uranium and 

thorium for HU-1 standard solutions introduced at 100 μl/min. Linear mass fractionation 

law using the 233U/236U mass bias was applied. Blue line and shaded area: ICP-QMS 

average value and associated analytical uncertainties of 4‰ for U and 1% for Th. Dashed 

red line: TIMS average values (±3.2‰ for U and ±4.4‰ for Th). A) Concentrations of 
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[238U] and [232Th]; B) isotopic compositions of �234U and �230Th representing the relative 

deviation of measured 234U/238U and 230Th/238U ratios from secular radioactive equilibrium, 

expressed as: �234U (‰) = (234U/238Usample/234U/238Ueq)�1)×1000 where234U/238Ueq = 

5.4887×10�5 �230Th (‰) = (230Th/238Usample/230Th/238Ueq)�1)×1000 and 230Th/238Ueq = 

1.6939×10�5 (Cheng et al., 2000). (For interpretation of the references to colour in this 

figure legend, the reader is referred to the web version of this article.) 

 

 

Fig. 2.12. Potential influence of U (and Th) concentrations in HU-1 standard solutions 

on their isotopic measurements using ICP-QMS. Linear mass fractionation 

law using the 233U/236U mass bias was applied. A) Uranium: isotopic 

compositions of �234U and concentrations of [238U]; B) thorium: isotopic ratios 

of 230Th/238U and 230Th/232Th. Blue line and shaded area: ICP-QMS average 

value and associated analytical uncertainties of 4‰ for U and 1% for Th. (For 

interpretation of the references to colour in this figure legend, the reader is 

referred to the web version of this article.) 
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2.2.3.c) Memory effects and blank contribution 

A major difficulty of U–Th dating by ICP-QMS is the memory effect associated 

with the element Th. The presence of HCl or HF strongly increases the efficiency 

of removal of Th by a rinse step and thereby improves the background of Th 

isotopes. Thus, acid washout composed of a mixed solution HCl-3 N and HNO3-3 

N in first applications and HNO3-0.5 N and HF-0.01 N used subsequently reduces 
235U and 230Th background signals to <0.1‰ and 1% of the sample signal, 

respectively, with 3 min of rinse time between each measurement. Blank levels 

measured at m/z 230 and 234 amu for a 0.5 N HNO3 solution are close to ICP-

QMS backgrounds of ~0.5 cps (Table 2.5.). However, the remaining blank on 
230Th limits the analytical range for U-series dating of very young carbonates 

(less than 1000 years old) that contain extremely small amounts of 230Th. In 

comparison to TIMS, background levels of 230Th on a TIMS instrument are on the 

order of 0.01 cps and memory effects are often considered negligible, enabling 

far smaller quantities of Th to be analysed. TIMS instruments therefore allow 

determining U-series ages of even recently formed secondary carbonates 

containing only femtogram amounts of 230Th. Moreover, the blank level including 

chemistry strongly contributes to the uncertainties of age calculation using 

ICPQMS and must be well quantified and monitored to obtain accurate ages 

using this technology. Here, we have limited exploration of U-series dating to 

samples that yield at least >50 cps signal (<1% signal-to-noise ratio) on mass 
230Th using ICP-QMS, which ensures that U-series ages are barely affected by 

memory effects of close-to background 230Th signals. Significantly higher blank 

levels were measured at m/z 229, 232 and 235 amu, but values always 

contributed less than 1‰to the sample signals (Table 2.5.). This allows the 

achievement of counting statistics similar to standard runs and thus provides the 

best age estimates possible using this technology. However, ICP-QMS can also 

be used to date younger ages (up to the last millennium), but uncertainties 

largely increase with counting statistics following Poisson's law (Pointurier et al., 

2008) and through noise and blank corrections. The main restrictions for U–Th 

dating using ICP-QMS are counting statistics associated with Gaussian peaks 

and the significant background levels driven by memory effects and the dark 

noise of the instrument. 
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Fig. 2.13. Measured 234U/235U ratios for different U010 standard solutions doped by 

various Ca-concentrations; no influence on U isotopic measurements was 

observed for Ca-concentrations lower than 1000 ppm despite a drop in the 

global U-signal due to the matrix effect. 

 

2.2.3.d) Abundance sensitivity and U hydride (U–H) contribution 

A major point of interest for the ICP-QMS is its abundance sensitivity, which is 

low and stable enough for accurate U–Th dating. For example, our different 

isotopic measurements of U for natural samples such as Evian water showed a 

contribution for masses M�2, M�1, M+1 and M+2 of about 0.1, 0.1, 50 and 2 

ppm, respectively, considering a central mass of 238 amu. Such results agree 

with previous observations (Pointurier et al., 2008). For comparison, the 

abundance sensitivity for mass M�1 is about 0.5 ppm using the most recent MC-

ICPMS equipped with an energy filter that increases signal to- noise ratio and 

ameliorates abundance sensitivity by a factor of ten. Due to U–H formation, 

abundance sensitivity for M+1 was estimated at 0.1 ppm considering a U–H/U 

ratio of 50 ppm. Consequently, in view of the relative level of U and Th intensities 

described in Table 2.5., the production of U-hydrides does not affect the quality of 

U and Th isotope measurements as its impact is several orders of magnitude 

smaller under the limit condition of a relatively low addition of spike solution (233U, 
236U, 229Th). 

A final point concerns the overall amount of Th (232Th) in carbonate samples. 

Here we have analysed samples that present very low quantities of 232Th, 

commonly <2 ppb for stalagmite calcite and <6 ppb for coral aragonite, 

corresponding to 232Th of less than 50,000 cps. For Th (232Th)-rich samples such 
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as “contaminated” sedimentary carbonates further analytical difficulties may 

appear through increasing memory effects (as discussed before) and peak 

tailing. In summary, the use of secondary carbonates having only minor amounts 

of 232Th and significant amounts of 230Th provides us with the opportunity to 

determine Th and U isotopic ratios at the ±1% and ±0.4% precision level needed 

for U-series dating. 

 

2.2.3.e) Comparison of ICP-QMS and TIMS U-series dating 

To test the quality of U-series ages obtained using ICP-QMS we have 

investigated numerous samples (deep-sea corals and stalagmites) using both 

ICP-QMS and conventional TIMS (Table 2.6.). Fig. 2.14. shows the concordia 

plot, which exhibits excellent agreement between both methodologies for an age 

range of 15–85 kyr. Slight offsets between both techniques are visible within 

uncertainty whenever real aliquots had to be taken to perform both analyses, 

which is not surprising as those samples (corals or stalagmites) are 

heterogeneous and variable amounts of non-carbonate contamination may cause 

variable mean ages. 

 

 

Fig. 2.14. Comparison of ICP-QMS U–Th dating of six deep-sea coral samples and 

three stalagmite samples with conventional results obtained by TIMS (see 

Table 2.6.). 

 

In fact, for most geochemical applications the accuracy of U–Th dating is often 

limited by “non-carbonate” sample contamination, alteration and post-

depositional diagenetic processes. This can be nicely illustrated in an evolution 
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diagram of �234U and �230Th, in which modifications of the initial U-series system 

(open-system behaviour) result in more-or-less systematic deviations from the 

theoretical evolution line (Fig. 2.15.). As an example, surface corals are well 

known for their open-system behaviour (Frank et al., 2006; Robinson et al., 

2006). Consequently, deviations from the theoretical line are frequently observed 

and need to be taken into account for precise dating (Fig. 2.15.). This last figure 

clearly points out that the analytical precision and accuracy of ICP-QMS are 

largely sufficient for U–Th dating as deviations from closed-system evolution are 

similar or even less than those of MCICPMS and TIMS analyses. On several 

corals a combined TIMS and ICPQMS chemistry was performed and here mean 

values were identical within precision. Consequently, U-series dating by ICP-

QMS yield just as accurate U-series ages as the ones obtained by TIMS, but 

analytical uncertainties are higher as is expected from the lower analytical 

precision of ICP-QMS compared to TIMS. 

 

 

Fig. 2.15. Theoretical isotopic U–Th evolution of a closed system starting with 234U/238U 

ratios of 148‰ (solid line), 138 or 158‰ (dashed lines) and a 230Th/238U ratio 

of zero. Deviations from those evolution lines are symptomatic of diagenetic 

alteration from a closed system. Data set sources: (a): Robinson et al. 

(2006), Fig. 2.8.; (b): Cabioch et al. (2008); Frank et al.(2006). 
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Table 2.6. Comparison of ICP-QMS versus TIMS, using the database of the uranium and thorium isotopic composition and deduced U–Th ages for deep-sea 

corals (core POS346-69-2) and stalagmites (Chauvet and Clamouse Caves). (d): ICP-QMS duplicate; (*) trouble with weight of the added spike solution. 

No. 
LSCE 

Sample level Depth [238U] 
ppm 

[232Th] 
ppb 

�234UM 
(‰) 

(230Th/238U) (230Th/232Th) �234UT 
(‰) 

Age (ka) Method and 
duplicates 

Aragonite : 

deep-sea coral Lophelia 

pertusa 

                

Gif-1187 1 L 10/16 cm 1.658* ±0.001 0.991 ±0.002 135.5 ±2.2 0.1391 ±0.0017 712 ±9 141.1 ±2.2 14.24 ±0.22 ICP-QMS 
Gif-1222  1 L 10/16 cm 3.542 0.009 1.0515 0.0047 155.8 6.1 0.1362 0.001 1401.9 12.2 162 6.3 13.7 0.2 TIMS 
Gif-1199  3 L 40/41 cm 7.606* ±0.009 3.834 ±0.013 132.4 ±3.5 0.2916 ±0.0066 1768 ±40 145.1 ±3.5 32.33 ±0.96 ICP-QMS 
Gif-1199 3 L 40/41 cm 7.630* ±0.041 3.839 ±0.028 132.2 ±35.6 0.2893 ±0.0032 1757 ±23 144.7 ±35.6 32.09 ±1.62 ICP-QMSd 
Gif-1223 3 L 40/41 cm 3.329 0.013 3.5404 0.0052 143.2 6 0.3189 0.0013 916.3 4 158.3 6.6 35.5 0.4 TIMS 
Gif-1200 4 L 51/52 cm 2.92 ±0.003 2.688 ±0.008 130.8 ±3.5 0.3506 ±0.0098 1164 ±33 146.5 ±3.5 40.23 ±1.50 ICP-QMS 
Gif-1200  4 L 51/52 cm 2.92 ±0.005 2.68 ±0.006 132.3 ±5.7 0.3458 ±0.0095 1151 ±32 147.9 ±5.7 39.5 ±1.55 ICP-QMSd 
Gif-1224 4L 51/52 cm 3.214 0.007 5.4929 0.0158 140.7 6.4 0.3349 0.0019 598.9 3.7 156.5 7.1 37.7 0.5 TIMS 
Gif-1201 5L 73 cm 3.008 ±0.002 6.151 ±0.013 138.1 ±2.1 0.3053 ±0.0051 456 ±8 152 ±2.1 33.89 ±0.73 ICP-QMS 
Gif-1201 5L 73 cm 3.023 0.001 6.1841 0.0099 135.4 1.7 0.3077 0.0025 459.7 3.8 149.2 1.8 34.3 0.4 TIMS 

(sol.ICP-QMS) 
Gif-1205 14L 219/221 cm 2.907 ±0.002 2.035 ±0.004 124.3 ±2.2 0.4636 ±0.0049 2024 ±22 146.2 ±2.2 57.4 ±0.95 ICP-QMS 
Gif-1205 14L 219/221 cm 2.923 0.003 2.213 0.0076 119.3 3.4 0.4722 0.0093 1906.1 38.3 141.1 4 59.2 1.8 TIMS 

(sol.ICP-QMS) 
Gif-1226 14L 219/221 cm 2.808 0.003 1.6717 0.0028 121.7 2.6 0.4563 0.0017 2342.9 9.4 142.8 3.1 56.4 0.4 TIMS 
Gif-1208 25L 440.5 cm 3.173 ±0.002 3.818 ±0.011 115.4 ±2.7 0.4668 ±0.0076 1186 ±20 136.2 ±2.7 58.58 ±1.44 ICP-QMS 
Gif-1208 25L 440.5 cm 3.185 0.003 3.8669 0.0057 126.2 3.1 0.4707 0.0022 1184.8 5.9 148.9 3.7 58.4 0.6 TIMS 

(sol.ICP-QMS) 
Calcite: 

Chauvet and Clamousse 

stalagmites 

                

Gif-1334 Chau6 4.4 cm 
-1 

 0.391 ±0.001 0.372 ±0.001 -469.3 ±3.0 0.1201 ±0.0016 386 ±5 -510 ±3.0 29.2 ±0.7 ICP-QMS 

Gif-1336 Chau6 4.4 cm 
-2 

 0.371 ±0.001 0.722 ±0.001 -468.9 ±3.1 0.1155 ±0.0021 181 ±3 -507 ±3.1 27.9 ±0.8 ICP-QMS 

Gif-1327 Cla 4-9 cm-A  0.132 ±0.000 0.251 ±0.001 2172.4 ±2.1 1.8221 ±0.0162 2932 ±27 2749 ±2.1 83.3 ±1.1 ICP-QMS 
Gif-1616 Cla 4-9 cm-B  0.126 ±0.000 0.425 ±0.001 2180.9 ±1.8 1.8396 ±0.0168 16,670 ±173 2766 ±1.8 84.1 ±1.1 ICP-QMS 



2. Manuscripts: Rapid and accurate U–Th dating of ancient carbonates 79 

It can be noted that chemical preparation time and analytical measurement time 

needed for U-series dating are roughly five to ten times faster using ICP-QMS 

than when using TIMS or MC-ICPMS. About 2 h was generally necessary when 

using MC-ICPMS with separate U and Th runs with a bracketing protocol (12 

samples per day), while 20 min including a rinse step was sufficient when using 

ICPQMS (up to 50 samples+10 standards HU-1 per day). To illustrate the 

usefulness of ICP-QMS, more than 100 U–Th datings of deep-sea corals were 

recently performed (Fig. 2.15.) in less than a few months (about 20 full days) 

including time-consuming preparative steps such as sample selection, 

mechanical and chemical cleaning, followed by a few days of chemistry and 

mass spectrometric measurements. Please note that the rapid chemistry requires 

an additional purification step for Th in order to perform measurements when 

using thermal ionization mass spectrometry, as the ionization is extremely 

sensitive to chemical residues. We have not tested the chemistry for MC-ICPMS 

runs, but it seems logical that MCICPMS will work just as well as ICP-QMS given 

almost identical ion sources. Overall, these results demonstrate the great 

potential of a rapid chemistry composed of a single elution step coupled to rapid 

ICP-QMS isotopic measurements to obtain accurate and numerous U-series 

ages. 

 

2.2.3.f). ICP-QMS U–Th dating of deep-sea corals from a carbonate 

mound

In the following, we present and discuss the first coral age data set obtained on 

deep-water corals via ICP-QMS. Deep-water corals have been taken from North 

Atlantic coral carbonate mound Thérèse off Porcupine Seabight (core MD01-

2463G) which has been previously analysed for its core top section using U-

series dating via TIMS and AMS 14C dating. Here, we have sampled and dated 

corals from underneath a well known hiatus ( 200 cm depth) (Frank et al., 2005), 

to test whether corals are derived from one or several interglacial periods prior to 

the Holocene. Fig. 2.16. shows U-series ages and 14C ages determined through 

TIMS, AMS, and now ICP-QMS for the entire core together with the core 

description. The hiatus at around 200 cm depth is a feature that has been 

observed on nearby Galway Mound (Eisele et al., 2008). It is marked by a recent 

growth period during the Holocene (Mound top sections) with an underlying 

ancient coral reef reflecting coral growth throughout prior interglacial periods 

(MIS 5 or 7) (Eisele et al., 2008; Frank et al., 2005). In between both coral growth 

intervals, on-mound sedimentation is either absent or glacial sediments are 
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removed through erosion. In core MD01-2463G we could not find any visible 

indication of further coral growth interruptions or core disturbances and thus the 

question needs to be answered as to whether coral development prior to the past 

200 kyr was potentially continuous. Rapid ICP-QMS U-series age dating provides 

an excellent tool to respond quickly to such a geochronological question. 

 

 

Fig. 2.16. Results of ICP-QMS U–Th dating for 11 deep-sea coral samples from the 

Top Carbonate Mound Thérèse off Porcupine Seabight (core MD01-2463G). 

On the left hand site of the graph a description of the core MD01-2463G is 

given, with an initial coral rich sediment sequence reaching 1.8 m core depth. 

Next a thin sediment section follows that is free of coral fragments, but 

contains glacial lack deposits such as a drop stone. The third section, from 

2 m to the core base, again reflects a coral-rich matrix with no visible 

indication of any interruption of coral carbonate mound growth. 

 

Our results reveal that in fact coral growth was not continuous. Coral ages 

clearly confirm active coral growth during MIS 7 (Fig. 2.16.). However, deeper in 

core MD01-2463G the corals are of older ages and reflect coral growth during 

MIS 9 and likely even beyond. Thus, coral growth conditions on this mound have 

been favourable only throughout interglacial periods, indicating i) a largely 

discontinuous character of coral carbonate mound evolution, driven by 

interglacial colonisation of corals leading to high vertical mound evolution rates of 

several tens of cm per kyr (Frank et al., 2009), and lacking sedimentation or even 

mound erosion during northern hemisphere cooling; and ii) that the absence of 

visible sediment disturbances between corals of MIS 9 and 7 is clearly different 

compared to the frequent hiatuses present for sediments derived from the most 
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recent climate cycles (MIS7–MIS1). Consequently, many other sediment cores 

investigated on coral mounds off Porcupine Seabight may contain similar coral 

abundance variations throughout the past climate cycles without significant 

indications of the discontinuous character of sediment deposition. Rapid and 

accurate dating tools such as the one presented here are needed to better 

constrain the temporal framework of coral growth on mounds. Many other 

scientific questions can be explored through this technology, allowing 

researchers to efficiently scan the geochronological history of secondary 

carbonate precipitation in the marine realm and on continents. Numerous further 

results have been obtained on the climate-driven history of deep-water coral reef 

developments along the 6000 km-long European margin, implying this rapid 

dating technology will be applied elsewhere (Frank et al., submitted). 

 

2.2.4. Conclusions 

Here, we presented an advanced technique of U–Th dating applicable to 

carbonates, including a simplified preparative chemistry on a single UTEVA 

column associated with an isotopic measurement of U and Th using ICP-QMS. In 

addition to being timesaving, the single-column method dramatically reduces the 

risk of manipulation error and loss of yield when compared to current protocols 

that require the use of several columns. Moreover, this first U–Th separation step 

can be easily combined with more complex chemistries specific to other paleo-

proxy studies while requiring only a single unique sample. For example, this 

protocol dedicated to U–Th dating was recently combined in our laboratory with a 

second one adapted to Nd isotopes in deep-sea corals, which are promising 

tracers in paleoceanography for deep and intermediate waters. Thus, more than 

50 ancient coral or stalagmite samples (100–2000 mg) can be potentially dated in 

less than 24 h (including the chemistry) at a precision of percent, and done at low 

cost. The stability and the signal/ noise ratio of recent ICP-QMS generations 

allow reaching 4‰ and 1% reproducibility of U and Th isotopic measurements, 

respectively. For example, dating of deep-sea corals from core MD01-2463G on 

the eastern North Atlantic margin has revealed three phases of development of 

Mound Thérèse around 340 and 250 calendar kyr and during the Holocene. Such 

technical development concerning U and Th isotopes can also be applied to 

other natural samples like water and sediments under the simple condition that 
232Th is not too abundant. Finally, the goal of developing these techniques is to 

make reasonably accurate geochronological results more easily accessible for 

the earth sciences, climate science and archaeology, while awaiting further 
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advances in ultra-high precision dating (using TIMS and MC-ICPMS) and micro-

scale measurements of U and Th isotopes (laser ablation MC-ICPMS, SHRIMP 

RG ion-microprobe mass spectrometer). 
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Abstract 

Cold-water corals are widely distributed along the Atlantic continental margin 
with strongly varying growth patterns in relation to their specific environment. 
Here we investigate the long-term development of cold-water corals that thrived 
on a low-latitude (17°40'N) cold-water coral mound in the Banda Mound Province 
off Mauritania during the last glacial-interglacial cycle. U/Th dates obtained from 
20 specimens of the cold-water coral Lophelia pertusa, reveal three distinct 
periods of coral growth during the last glacial at 65 to 57 kyr BP, 45 to 32 kyr BP 
and at 14 kyr BP, thus comprising Marine Isotopic Stages (MIS) 2-4. These coral 
growth periods occur during periods of increased productivity in the region, 
emphasizing that productivity seems to be the major steering factor for coral 
growth off Mauritania. This pattern differs from the well studied coral mounds 
off Ireland, where the current regime dominantly influences the prosperity of the 
cold-water corals. Moreover, coral growth off Ireland takes place during rather 
warm interglacial and interstadial periods, whereas off Mauritania coral growth 
is restricted to glacial and stadial periods. However, the on-mound 
sedimentation patterns off Mauritania largely resemble the observations 
reported from the Irish mounds. The bulk of the preserved sediments derives 
from periods of coral growth, whereas during periods of coral absence hardly 
any net sedimentation and therewith no mound growth takes place. 
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2.3.1. Introduction 

Cold-water corals show a high biodiversity, species richness and a worldwide 

distribution which makes them an unique ecosystem of the global bathyal zone 

(Roberts et al., 2006; Weaver et al., 2009). Over a few of million years, successive 

coral growth can form large cold-water coral carbonate mounds (Kano et al., 

2007). Especially in the Atlantic Ocean, coral mounds are well-known features 

along the continental margins. In the eastern Atlantic they have been discovered 

off Ireland (De Mol et al., 2002; Wheeler et al., 2007), on Hatton Bank (Roberts et 

al., 2008), off Morocco (Foubert et al., 2008; Wienberg et al., 2009), and off 

Angola (Le Guilloux et al., 2009). In the western Atlantic coral mounds are 

common in the Florida Strait (Grasmueck et al., 2006)(Grasmueck et al., 2006), 

along the West Florida Slope (Grasmueck et al., 2006; Newton et al., 1987), in 

the Gulf of Mexico (Davies et al., 2010), off Colombia (Reyes et al., 2005), and 

off Brazil (Sumida et al., 2004; Viana et al., 1998).  

 

Coral mounds along the Irish continental margin have been intensely studied 

during the past years. The Irish mounds are concentrated in a depth range of 

500-1,200 m along the continental slope (De Mol et al., 2007; Dorschel et al., 

2007; Foubert et al., 2005; Mienis et al., 2006). They occur as elongated clusters 

or single mounds and even numerous buried mounds have been discovered 

(Huvenne et al., 2007; Huvenne et al., 2003; Van Rooij et al., 2003). Exposed 

mounds vary in height between a few meters (e.g. Moira Mounds, Porcupine 

Seabight; Wheeler et al., 2005) and >300 m (e.g. Logachev Mounds, SW-Rockall 

Trough; Mienis et al., 2007) and show a maximum lateral extension of 5 km (De 

Mol et al., 2002). Today several Irish mounds are covered by live cold-water 

corals with the framework-building species Lophelia pertusa and Madrepora 

oculata being most common (Freiwald, 2002). These mounds coincide with water 

mass boundaries where (food-) particles accumulate and form a nepheloid layer 

(Mienis et al., 2007; Mienis et al., 2006). The food particles concentrated within 

this depth interval are transported towards the corals by tidal currents and 

internal waves (White, 2007).  

 

Cold-water corals are known to baffle fine (silty) sediments that remain in 

suspension during high-current events and inhibit re-erosion by trapping these 

fine sediments within their skeletal framework (Huvenne et al., 2009). Along the 

Irish margin this process resulted in the development of giant coral mounds 

(Kenyon et al., 2003; van Weering et al., 2003) that experienced rapid vertical 
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growth while the surrounding seabed lacked deposition of sediments (Huvenne et 

al., 2009). Estimated mound growth rates vary between 15-30 cm kyr-1, locally 

even 220 cm  kyr-1 (de Haas et al., 2009; Eisele et al., 2008; Frank et al., 2009). 

The Irish mounds reveal a periodic growth pattern with sustained coral growth 

being related to interglacial periods (MIS 7, MIS 5, Holocene) whereas during 

glacial periods coral growth is largely reduced or even absent (de Haas et al., 

2009; Dorschel et al., 2005; Eisele et al., 2008; Frank et al., 2005; Frank et al., 

2009; Kano et al., 2007; Mienis et al., 2009; Rüggeberg et al., 2007). In addition, 

no glacial sediments are preserved on the Irish mounds. This has been attributed 

to (1) weak bottom currents that prevailed during glacials and led to the slow 

deposition of very fine sediments and/or to (2) strong bottom currents that started 

to re-establish with the onset of interglacials and easily eroded the 

unconsolidated sediments (Dorschel et al., 2005). Overall, all studies revealed 

the importance of bottom currents as the main controlling factor for mound 

growth along the Irish margin. 

 

This study is dealing with cold-water coral mounds situated off Mauritania (Fig. 

1), thus representing an example for coral mound development in the subtropical 

latitudes of the eastern Atlantic Ocean. The Mauritanian coral mounds show 

some distinct similarities to their Irish counterparts. They are aligned parallel to 

the slope and are restricted to water depths between 450 and 550 m (Colman et 

al., 2005). They occur as elongated clusters with the largest mounds reaching a 

height of 100 m and a lateral extension of 500 m. In addition to these exposed 

mounds, numerous buried mounds were discovered further upslope (Colman et 

al., 2005). Video footage and sediment samples revealed the presence of mainly 

fossil cold-water corals (Lophelia pertusa, Madrepora oculata, Solenosmilia 

variabilis, solitary corals), whereas live corals are the exception (Colman et al., 

2005; Westphal et al., 2007). Thus it appears that the modern environmental and 

oceanographic conditions off Mauritania are not optimal for sustained coral 

growth. However, so far no detailed analyses have been conducted in this area in 

terms of coral vitality and diversity, and even more important, nothing is known 

about the long-term development of the Mauritanian coral mounds. The present 

study presents the first high-resolution record of a coral mound situated in the 

Banda Mound Province (17°40’N, 016°40’W; Fig. 1). The main aim of this study 

is to identify periods of mound growth off Mauritania and to identify the main 

oceanographic and environmental factors that steer coral mound growth in the 

subtropical eastern Atlantic Ocean. 
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Fig. 2.17. 

Map of the working area on the 

NW-African continental margin. 

The grey oval marks the Banda 

Mound Province off Mauritania in 

~450 m water depth. Sediment 

cores GeoB 11569-2 (On-mound) 

and ODP 108-658C are indicated 

with a black dot. The black star on 

the overview map marks the 

working area.  

 

 

 

 

 

 

 

 

2.3.2. Oceanographic setting 

The upper water column off Mauritania is composed of warm and saline 

Tropical Surface Water (TSW) (Stramma and Schott, 1999). It is underlain by low 

saline, oxygen depleted, nutrient-rich northward flowing South Atlantic Central 

Water (SACW) reaching down to 600 m water depth (Mittelstaedt, 1991; Pastor 

et al., 2008). Below the SACW follows the cooler and fresher Antarctic 

Intermediate Water (AAIW) (Stramma and Schott, 1999). 

The Mauritanian shelf is influenced by one of the world’s major coastal 

upwelling systems. Wind-driven upwelling takes place in a 20-30 km wide strip 

along the coast bringing up cold, nutrient rich SACW from depths of ~300 m 

(Mittelstaedt, 1991). The effects of the upwelling are restricted to the shelf waters 

and the upper slope. The upwelling-intensity off Mauritania is controlled by the 

strength and direction of local trade winds (Fischer et al., 1996; Martinez et al., 

1999). During periods dominated by strong winds the coastal currents associated 
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with the upwelling system spread over the entire shelf and even beyond the shelf 

break, whereas during periods of low wind intensity even the outer shelf is 

influenced by the offshore regime (Mittelstaedt, 1991). During summer upwelling 

can be inhibited seasonally by warm TSW (down to 100 m below the surface) 

overlaying the subsurface water masses. 

The current regime in the vicinity of the coral mounds has not been investigated 

so far. However, video footage from mounds and nearby sea floor did not show 

any bedforms (as ripples or sand waves) that would indicate a high current 

regime. Current meter data from off mound sites show mean bottom current 

velocities between 8.2 and 10 cm s-2 (Colman et al., 2005). 

 

2.3.3. Materials and Methods 
2.3.3.a) Core Material 

During RV Poseidon cruise POS 346 sediment core GeoB 11569-2 (Station 

no.: Pos 346 69 2) was collected from a cold-water coral mound (016°40.33'W, 

17°40.01'N, 444 m water depth) in the Banda Mound Province. This gravity core 

has a total recovery of 509 cm, albeit the top ~35 cm were lost (overpenetration) 

during coring operations. The core consists of coral fragments embedded in a 

hemipelagic sediment matrix. The main coral species is Lophelia pertusa. Two 

distinct layers of coral debris and bivalve shell hash occur at ~170 and ~35 cm 

core depth.  

 
2.3.3.b) U/Th age determination on cold-water corals 

From sediment core GeoB 11569-2, 20 fragments of the cold-water coral 

Lophelia pertusa were dated using the 230Th/U method (Table 2.7.). Septa, 

centres of calcification, and the fine outer rim altered by bioeroders were 

mechanically removed. Exclusively the theca of pristine calyxes were used and 

primary aragonite preservation was confirmed with x-ray diffractometry (XRD). 

Measurements were carried out at the Laboratoire des Sciences du Climat et 

l'Environnement (LSCE) (Gif-sur-Yvette, France) on a plasma source quadrupole 

mass spectrometer (ThermoFisher X-Series) as described in detail by Douville et 

al. (2010). The accuracy of the analyses was tested through replicate 

measurements and by comparison with conventional thermal-ionization mass 

spectrometry (TIMS). The subsequent TIMS measurements were carried out 

using the methods described by Frank et al. (2005; 2004). 

U-series concentrations and isotope ratios of standards are reproducible and 

consistent at less than 5‰ for U and 8-10‰ for Th (Douville et al., 2010). U-
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series measurements on corals provided similar precision for U-isotopes, while 

the uncertainty of 230Th measurements was on average higher due to the lower 
230Th levels leading to age uncertainties ranging from 0.8% to 7% (2 sigma). 

However, largely sufficient precision and accuracy of ±220 - 4000 yrs age was 

achieved to clearly distinguish coral growth intervals during the past 70 to 14 

kyrs. Please note that analytical procedures such as sample selection and 

cleaning followed closely the ones published previously (Frank et al., 2004). 

 

2.3.3.c) Age model for core ODP 108-658C 

To relate coral growth phases off Mauritania to distinct palaeoenvironmental 

settings, the obtained U-series coral ages (i.e. times of coral prosperity) were 

compared to the palaeoceanographic records of core ODP 108-658C (20°45’N, 

18°35’W, 2263 m water depth) from the same region 300 km to the northeast 

(Fig. 2.17.). To allow for a detailed correlation with the coral age data set, the age 

model of this core as proposed by Zhao et al. (2006) was partly revised. The 

AMS 14C based stratigraphy of the upper part of ODP core 108-658C (core top to 

4.1 m core depth), that comprises the past 22.9 kyr BP (deMenocal et al., 2000), 

has not been changed. The �18O/magnetic susceptibility based composite age 

model suggests that the lower core portion between 4.1 m and 22.4 m covers the 

period between 22.9 ka BP and 147 kyrs BP as suggested by Zhao et al. (2006) 

However, for this lower part of the core, which comprises the period prior to the 

Last Glacial Maximum (LGM), the age model of Zhao et al. (2006) has been 

revised (Fig. 2.18.). The conspicuous sea-surface temperature (SST) drops in 

ODP 108-658C, reconstructed from the Uk
37’ alkenone record (Zhao et al., 1993), 

were correlated to Heinrich Stadials (HS). The SST record unambiguously traces 

the HS (Zhao et al., 1995) although the radiocarbon ages of deMenocal (2000) 

imply that HS 2 is not represented by the extreme negative peak in the SST 

record at ~23 kyr BP. We suggest that HS 2 is displayed in a smaller temperature 

decrease (to 17.9°C) at ~4.4 m core depth (~26 kyr BP). The ages for HS 2 and 

HS 3 are taken from the NGRIP-�18O ice-core record (NGRIP Members, 2004). 

For HS 4 to 6 the ages provided by Sanchez Goñi and Harrison (In Press) have 

been assigned to the matching HS in core ODP 108-658C based on the SST 

record. In the revised age model (older than 22.9 kyr) ages in between the HS 

have been linearly interpolated. 
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2.3.4. Results 

The total of 20 U-series dates conducted on Lophelia pertusa fragments from 

sediment core GeoB 11569-2 reveal three distinct clusters of coral ages (i.e. 

growth periods) during the past 65 to 14 kyr BP (Table 2.7., Fig. 2.18.). The coral 

ages (n=11) from the lower part of the core (core base at 509 cm to 170 cm core 

depth) cluster between 65 and 57 kyr BP. The coral ages (n=8) from the central 

part of the core (170 to 35 cm core depth) range from 45 to 32 kyr BP (MIS 3), 

with the bulk of the coral ages clustering between 38 and ~32 kyr BP. The 

uppermost dated coral fragment at 13 cm core depth reveals the youngest age 

with 14.2 kyr BP (Table 2.7., Fig. 2.18.). 

The first growth period (65-57 kyr BP) shows the highest vertical mound growth 

rate observed in the core (~28 cm kyr-1 on average), albeit with some age 

reversals in the record. The second growth period (45-32 kyr BP) shows lower 

vertical growth rates (~10 cm kyr-1 on average) than the first one; again age 

reversals are common. The third growth period is represented by only one single 

coral age (14.2 kyr BP). 

The sedimentary boundaries between these growth periods at 170 cm and 35 

cm core depth are marked by layers of shell hash indicating hiatuses comprising 

approximately 12 kyr and 18 kyr, respectively. As both hiatuses exhibit an 

identically inclined orientation within the sediment core, we assume that the core 

is obtained from the mound flank. Since the coral ages are not linearly 

decreasing upcore (Table 2.7., Fig. 2.18.), we suppose that the core represents 

either collapsed in situ coral framework or accumulations of coral rubble 

deposited at the mound's flank. 

The �234U-values (Table 2.7.) for most dated specimen fall within the commonly 

stated reliability interval of 149.6±10‰ (e.g. Robinson et al., 2006). Corals from 

the first period between 65 and 57 kyr BP range between 133.4 and 147.5 ‰, 

corals from the second period between 45 and 32 kyr BP range between 140.8 

and 152.6 ‰, and the coral at 14.2 kyr BP shows a value of 141.1 ‰ for �234U. 

Five corals from the first growth period fall below the reliability interval. But since 

their coral material was pristine aragonite, we consider this pattern as a reflection 

of changing seawater composition and hence the reported ages as reliable. 
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Table 2.7. Details on the 
U/Th age determinations 
carried out on core GeoB 
11569-2, the different 
shadings mark the 
different age clusters. 

 

Lab code sample
 

Core 
depth 
(cm) 

[238U] 
ppm 

[232Th] 
ppb 

�234UM 
(‰)� (230Th/238U) (230Th/232Th) Age (kyr) �234UT 

(‰)�

Gif- 1187 1L 13 1.658 ±0.001 0.991 ±0.002 135.5 ±2.2 0.1391 ±0.0017 712 ±9 14.24 ±0.22 141.1 ±2.2 

Gif- 1199 3L 40.5 7.606 ±0.009 3.834 ±0.013 132.4 ±3.5 0.2916 ±0.0066 1,768 ±40 32.33 ±0.96 145.1 ±3.5 

Gif- 1200 4L 51.5 2.920 ±0.003 2.688 ±0.008 130.8 ±3.5 0.3506 ±0.0098 1,164 ±33 40.23 ±1.50 146.5 ±3.5 

Gif- 1201 5L 73 3.008 ±0.002 6.151 ±0.013 138.1 ±2.1 0.3053 ±0.0051 456 ±8 33.89 ±0.73 152.0 ±2.1 

Gif- 1188 6L 88.5 3.405 ±0.003 10.127 ±0.037 133.0 ±3.5 0.3230 ±0.0081 332 ±8 36.40 ±1.21 147.4 ±3.5 

Gif- 1189 7L 103 3.019 ±0.004 13.156 ±0.108 131.9 ±4.2 0.3347 ±0.0102 235 ±7 38.02 ±1.55 146.9 ±4.2 

Gif- 1202 8L 116.5 3.218 ±0.011 3.899 ±0.100 134.3 ±4.9 0.3867 ±0.0146 976 ±44 45.15 ±2.34 152.6 ±4.9 

Gif- 1203 9L 145 3.454 ±0.006 1.584 ±0.005 130.4 ±5.8 0.2928 ±0.0072 1,952 ±48 32.55 ±1.12 143.0 ±5.8 

Gif- 1204 10L 154 3.056 ±0.002 6.344 ±0.014 125.9 ±2.4 0.3442 ±0.0050 507 ±7 39.56 ±0.80 140.8 ±2.4 

Gif- 1190 12L 175 3.069 ±0.005 1.946 ±0.067 113.4 ±5.0 0.4669 ±0.0226 2,251 ±134 58.83 ±4.10 133.9 ±5.0 

Gif- 1205 14L 220 2.907 ±0.002 2.035 ±0.004 124.3 ±2.2 0.4636 ±0.0049 2,024 ±22 57.40 ±0.95 146.2 ±2.2 

Gif- 1193 17L 305.5 3.803 ±0.003 2.233 ±0.048 120.2 ±3.0 0.4667 ±0.0187 2,429 ±110 58.25 ±3.27 141.7 ±3.0 

Gif- 1206 19L 330 3.106 ±0.002 4.439 ±0.006 113.9 ±1.9 0.5062 ±0.0028 1,082 ±6 65.36 ±0.65 137.0 ±1.9 

Gif- 1194 21L 369 3.187 ±0.003 3.683 ±0.023 117.5 ±4.4 0.4832 ±0.0161 1,278 ±43 61.18 ±3.05 139.6 ±4.4 

Gif- 1207 22L 381 2.890 ±0.002 6.420 ±0.013 115.3 ±2.0 0.4736 ±0.0020 652 ±3 59.71 ±0.49 136.4 ±2.0 

Gif- 1195 23L 400 3.452 ±0.003 7.594 ±0.044 122.1 ±4.1 0.4904 ±0.0103 681 ±15 62.00 ±2.07 145.5 ±4.1 

Gif- 1196 24L 424.5 3.373 ±0.004 2.874 ±0.027 120.4 ±3.8 0.4745 ±0.0147 1,702 ±55 59.50 ±2.71 142.4 ±3.8 

Gif- 1208 25L 440.5 3.173 ±0.002 3.818 ±0.011 115.4 ±2.7 0.4668 ±0.0076 1,186 ±20 58.58 ±1.44 136.2 ±2.7 

Gif- 1209 26L 457 3.202 ±0.002 1.832 ±0.002 112.7 ±1.8 0.4731 ±0.0024 2,527 ±13 59.80 ±0.53 133.4 ±1.8 

Gif- 1197 28L 500.5 2.552 ±0.002 6.287 ±0.012 124.0 ±2.8 0.4874 ±0.0077 605 ±10 61.34 ±1.51 147.5 ±2.8 
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2.3.5. Discussion 

2.3.5.a) Periods of cold-water coral growth off Mauritania 

Stratigraphic studies concerning the long-term development of cold-water 

corals in the NE Atlantic revealed different major coral growth phases for the high 

(>50°N) and for the temperate latitudes. Off Norway, Lophelia-reefs established 

directly after the retreat of the glaciers and developed throughout the Holocene 

(Freiwald et al., 1999). Along the Irish margin coral growth is also related to 

moderate (i.e. interstadial) and warm (i.e. interglacial) climate conditions (de 

Haas et al., 2009; De Mol et al., 2007; Dorschel et al., 2005; Eisele et al., 2008; 

Frank et al., 2005; Frank et al., 2009; Roberts et al., 2006; Rüggeberg et al., 

2007). In contrast, coral growth in the temperate NE Atlantic, stretching from the 

Bay of Biscay as far south as the Moroccan margin, prevailed during the last 

glacial (Schröder-Ritzrau et al., 2003; Wienberg et al., 2009). The coral ages 

obtained from the Banda Mound Province fit well into this pattern of 

predominantly glacial coral growth in the temperate latitudes of the NE Atlantic 

Ocean. Moreover, coral growth off Mauritania seems to be restricted to specific 

time intervals within this cold climate period (Fig. 2.18.). 
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Fig. 2.18. a) Relative palaeo-sea level (Lambeck and Chappell, 2001; Waelbroeck et al., 

2002) b) �18O record of the NGRIP ice core (NGRIP Members, 2004); c) Uk
37’ SST record 

of ODP core 108 658C modified after Zhao et al. (1993) d) TOC-mass accumulation rate 

(MAR) (solid line) and TOC content (dashed line) of ODP-core 108-658C modified after 

Zhao et al. (2006); e) Coral ages vs. core depth of core GeoB 11569-2. The light grey 

bars mark periods of coral growth. The dark grey bar displays the sea-level range 

favourable for coral growth. On the upper x-axis, the Younger Dryas (YD), the Bølling-

Allerød interstadial (BA), Heinrich Stadials (HS) and Marine Isotopic stages (MIS) are 

indicated as summarised by Lisiecki and Raymo (2005). 

 

The cold-water coral growth periods along the Mauritanian margin during MIS 

4, 3 and 2 coincide with palaeo-sea level variations within the narrow range of 

50–80 m below modern sea level (Fig. 2.18.) (Lambeck and Chappell, 2001; 
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Waelbroeck et al., 2002). One most likely consequence of the changing sea-level 

in the region has been a narrowing of the high productivity zone over the shelf 

and shelf-break as well as the displacement of this zone towards the open ocean 

(Bertrand et al., 1996). Thus, by moving the high productivity zone towards the 

cold-water coral habitats, the food supply for the corals would have been 

increased, and hence promoted the onset of prosperous coral growth episodes. 

The coral growth periods identified for the Banda Mound Province off 

Mauritania indeed correlate well with periods of enhanced primary productivity in 

the region as traced by the total organic carbon (TOC) mass accumulation rate of 

ODP core 108-658C (Fig. 2.18.; Zhao et al. 2006). As this core has been taken 

from an area further offshore and ~300 km northeast of the Banda Mound coral 

record, it might not directly reflect the palaeoproductivity conditions for the Banda 

Mound region. Nevertheless, it provides a reliable record for the general 

palaeoproductivity pattern along the NW African upwelling region (e.g. Itambi et 

al., 2009). 

The first period of coral growth (65–57 kyr BP) is tied to two major peaks in the 

palaeoproductivity record that occurred between 65-62 and 59-57 kyr BP. The 

second coral growth phase (45-32 kyr BP) coincides again with conditions of 

increased productivity that lasted rather stable from 47 until 27 kyr BP, albeit less 

pronounced compared to the previous period. However, at ODP site 658 

conditions of high productivity persisted for 5 kyr beyond the end of the second 

coral growth phase. The abrupt decline of the corals at ~31 kyr BP coincides with 

a drastic drop in sea level from -70 m to -120 m (Fig. 2.18.; Lambeck and 

Chappell, 2001). By shifting the coast line in the Banda Mound region during the 

LGM almost to the shelf break (varying off Mauritania between 110 m (Hanebuth 

and Lantzsch, 2008) and 200 m water depth (Colman et al., 2005)), the local 

upwelling regime probably collapsed which resulted in reduced food supply 

(Bertrand et al., 1996; Martinez et al., 1999), and subsequently in the demise of 

the corals. The youngest coral age (14.2 kyr BP) coincides with the Bølling-

Allerød interstadial (14.7–12.7 kyr BP). During this time, the sea level 

experienced a rapid rise and productivity once more increased after the 

pronounced productivity minimum associated with the LGM (Fig. 2.18.).  

 

A high productivity regime is indicated for the entire Holocene (Fig. 2.18.). 

However this period is not documented in core GeoB 11569-2 due to coring 

disturbances (overpenetration). Nevertheless, by considering the two prior glacial 

coral growth periods with vertical growth rates varying between 10 and 
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28 cm kyr-1, the missing 35 cm of the core most likely would not cover the last 14 

kyr. In combination with the sparse present occurrence of living cold-water corals 

in the Banda Mound region (Colman et al., 2005; Westphal et al., 2007), these 

observations indicate that coral growth was not persistent throughout the 

Holocene. Although recent temperature (11°C) and salinity (35.3 ‰) conditions at 

the intermediate depth interval occupied by the Banda Mounds (Westphal et al., 

2007) fit the ecological requirements of the main reef-forming coral Lophelia 

pertusa described in present-day settings (Davies et al., 2008; Roberts et al., 

2006), it can be speculated that under very high sea-level settings (less than ~40 

m below present sea level) productivity is mainly restricted to the shelf. This 

would imply a reduced seaward advection of organic particles, and thus, inhibit 

sustained coral growth at the upper continental slope. 

 

2.3.5.b) Coral mound accretion patterns 

The long-term development of coral mounds has been intensely studied along 

the Irish margins, where available data indicate a tight coupling between vertical 

mound growth and a vigorous current regime (e.g. Dorschel et al., 2005). Strong 

bottom currents are crucial for a sustained prosperity of cold-water corals, by 

definition an indispensable compound of coral mounds. On the one hand, strong 

bottom currents supply food particles to the suspension feeding corals and 

prevent them from burial by hemipelagic sediments (Roberts et al., 2006). 

Overall, coral growth and sedimentation rates need to be balanced to guarantee 

a sustained development of cold-water corals. On the other hand, cold-water 

corals are known to (1) baffle fine silty sediments that usually remain in 

suspension under high current velocities and (2) inhibit re-erosion by trapping 

these fine sediments within their skeletal framework (Huvenne et al., 2009). 

Along the Irish margin these processes resulted in the development of coral 

mounds that reach heights of >300 m (Kenyon et al., 2003; Mienis et al., 2007). 

However, detailed stratigraphic and sedimentological analyses revealed a rather 

periodic mound growth pattern that is strongly related to the Late Quaternary 

climate cycles (de Haas et al., 2009; Dorschel et al., 2005; Frank et al., 2005; 

Kano et al., 2007). On the Irish mounds mainly interglacial/interstadial sediment 

sections interspersed with corals are preserved. These consistent sequences are 

bordered by hiatuses comprising largely glacial/stadial times (de Haas et al., 

2009; Dorschel et al., 2005). It is assumed that these hiatuses result from the 

erosion of the glacial/stadial sediments that were not stabilised by coral 

framework. The timing of erosion is linked to the re-establishment of a vigorous 
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interglacial bottom current regime that is connected with the recurring presence 

of Mediterranean Outflow Water along the Irish margin (Dorschel et al., 2005). 

 

To our knowledge the data presented here provide the first long-term record 

from a large coral mound outside the Irish margin in the eastern North Atlantic. 

Interestingly, this Mauritanian record resembles the general growth pattern 

observed off Ireland. The records of both major growth periods in core GeoB 

11569-2 are marked by several age reversals (Fig. 2.18., Table 2.7.), indicating 

that the coral sequence rather represents accumulations of coral rubble 

(produced by short-distance downslope transport or by collapsed in situ-

frameworks). With the end of coral growth and no further deposition of baffled 

sediments in between the coral rubble, either a non-depositional setting has been 

established or non-stabilised sediments have been deposited and subsequently 

eroded. The only remains of these periods are the shell hash layers marking the 

two major hiatuses in the core. Thus, it is assumed that the same basic 

processes control mound growth off Mauritania and off Ireland. Finally, the 

mound heights (Mauritania: up to 100 m, (Colman et al., 2005); Ireland: >300 m, 

(Kenyon et al., 2003; Mienis et al., 2007)) and the mound growth rates 

(Mauritania: ~14 cm kyr-1 comprising both growth periods and the hiatus, this 

study; Ireland: ~13 cm kyr-1 long-term average comprising several growth periods 

and hiatuses (Kano et al., 2007)) are also rather similar along the Mauritanian 

and Irish margins. 

 
2.3.6. Conclusions 

In summary for the Late Quaternary the growth patterns of large coral mounds 

off Ireland and off Mauritania are very similar showing a periodic growth 

characterised by sequences of coral bearing hemipelagic sediments marked by 

numerous hiatuses that comprise periods without coral growth on the mounds. 

Thus, prosperous coral growth and sufficient background sedimentation appear 

to be the prime factors allowing for vertical mound growth, with the consequence 

that coral mound growth is ultimately linked to coral growth. Periods without coral 

growth are not preserved in sedimentary mound records. However, the most 

prominent local forcing for sustained coral growth off Ireland (� bottom currents) 

differs from that off Mauritania (� surface ocean productivity) as does the 

stratigraphic pattern for coral growth at both sites. The new data from Mauritania 

presented here provide further support for a cold-water coral see-saw in the NE 

Atlantic with sustained coral growth south of 50°N (as far south as Mauritania) 
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bound to glacial/stadial climate settings in contrast to flourishing corals north of 

50°N during interglacials.  
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3. Synthesis 

The aim of this study was to unravel the processes and steering factors that 

influence growth and erosion patterns of cold-water coral mounds. For this 

purpose the long-term development of two cold-water coral mounds in different 

latitudes (i.e. under different climatic conditions) was investigated. On Galway 

Mound off Ireland coral growth occurs solely during the relatively warm periods of 

the Holocene and MIS 7, whereas periods without any corals are represented by 

a major hiatus comprising ~250 kyr. This pattern has been observed in all three 

investigated sediment cores, indicating a consistent sedimentation over the 

whole mound. Three scenarios, erosion, no net-sedimentation and mass wasting, 

have been discussed as the possible cause of the hiatus, with mass wasting as 

the most probable scenario. Mass wasting could have been induced by an 

oversteepening or undercutting of the mound flanks with the onset of vigorous 

currents at the beginning of the Holocene. These currents on the other hand are 

also favouring prosperous coral growth by providing sufficient food particles. 

Hiatuses appear to be a common feature on cold-water coral mounds, 

hindering the establishment of a reliable stratigraphy with classical methods (e.g. 

�18O-stratigraphy). This makes absolute age determinations indispensable for 

investigations on the development of cold-water coral mounds. Therefore, a new, 

faster method for U-series age determination on carbonates was developed 

using an Inductively Coupled Plasma Quadrupole Mass Spectrometer (ICP-

QMS). ,Additionally, this new method provides a larger amount of absolute age 

determinations which are required for long-term studies on cold-water coral 

mounds. 

The method described above was developed using cold-water coral samples 

from a coral mound in the Banda Mound Province off Mauritania. The results 

from these analyses show three distinct coral growth periods during MIS 2-4. 

These growth periods coincide with periods of a high primary productivity in the 

region and with a palaeo sea-level of 50-80 m below present day sea-level. It 

appears that high surface ocean productivity, possibly triggered by sea-level 

changes supplied the corals with sufficient food and thus triggered mound 

growth. 

In conclusion, prolific coral growth is strongly depending on food supply. 

However, on the Irish margin, food supply is limited by currents transporting the 

food towards the corals, whereas off Mauritania the amount of food produced 

seems to steer coral vitality. Mound growth shows – albeit temporally shifted: 
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Ireland MIS 1, 5 and 7, Mauritania MIS 2-4 – high similarities between high and 

low latitudes. On both sites mound growth occurs in periods with thriving coral 

thickets. These thickets create a low energy milieu in between their branches and 

baffle sediment allowing mound growth rates of ~15 cm kyr-1. In turn, from 

periods of coral absence no sediments are preserved. This is due to either 

removal by erosion through currents or mass wasting or to low net sedimentation 

rates. The sedimentation pattern observed in the Banda Mounds thereby mirrors 

the well-known Irish mounds. 

These results imply a migration of the cold-water corals depending on the 

actual climatic setting, with coral growth in low latitudes during relatively cool 

periods and the retreat of the corals to the North with the onset of warm stages 

and vice versa. In times of global warming this certainly raises the question if 

corals will retreat further to the north with increasing temperatures. Ocean 

acidification or changes in ocean water circulation are potential side-effects of 

man made global warming that could severely affect cold-water corals. To take 

measures against this threat, it is therefore crucial to gather deeper insight into 

the impact of long-term climate change on cold-water coral ecosystems. 

 

4. Outlook 

To get a deeper insight into the long-term development of cold-water coral 

mounds, a shipboard expedition to the Irish margin with R/V Poseidon is 

scheduled for 2010. The aim of this cruise is to investigate the influence of 

changes in the water mass structure on the development of Irish cold-water coral 

mounds. The working area will be the Belgica Mound Province in the Porcupine 

Seabight. This province comprises mostly conical shaped coral mounds arranged 

as single structures or in elongated mound chains (Van Rooij et al., 2003). Three 

of these mound chains extend along the slope from N to S in water depths of 

700, 800 and 900 m, some of them even over several kilometres (Beyer et al., 

2003). The mounds reach heights of up to 150 m above the seafloor and are on 

their eastern flanks covered by sediments (Beyer et al., 2003; Van Rooij et al., 

2003). 

The mound chains of the Belgica Mound Province show conspicuous 

differences concerning coral coverage and vitality. For example, Galway Mound 

and Thérèse Mound, which are both part of the lowest (800–900 m water depth) 

westerly mound chain, belong to the most vital cold-water coral occurrences 

along the Irish margin (De Mol et al., 2007; Dorschel et al., 2007; Foubert et al., 
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2005). In contrast, from the mounds of the shallow mound chain (700-800 m 

water depth) solely dead to fossil corals have been reported so far (Foubert et al., 

2005; Wheeler et al., 2005). 

 

 
Fig. 4.1. a) Present location of ENAW/ MOW water mass boundary at ~800 m water 

depth (Pollard et al., 1996). The summit of Galway Mound (lower mound chain), covered 

with dense and well developed coral thickets (Foubert et al., 2005) lies within this 

boundary. b) Hypothetic location of the ENAW/ MOW water mass boundary at ~700 m 

water depth. It is proposed that during the Holocene the vital coral thickets migrated 

downslope from mound chain to mound chain with this water mass boundary. 
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It is hypothesised that the recent distribution of live and fossil corals on the 

mound chains is linked to the water depth and thus to the water mass structure 

favouring coral growth in the deeper habitats. The aim of the cruise and the 

following post-doc project (a proposal for a post doc-position was recently 

granted) is to explore to what degree changes of the regional oceanography or 

other environmental factors during the late glacial and the Holocene have 

influenced the vitality of cold-water coral thickets on the carbonate mounds in the 

Belgica Mound Province. Former studies showed that the onset of an interglacial 

current regime has favoured the re-settlement of cold-water corals in the 

Porcupine Seabight. Nevertheless, there is hardly anything else known about the 

dynamic development of these mounds e.g. in millennial timescales in the course 

of the Holocene. 

In comparison to large-scale changes of the hydrography on the Irish 

continental margin, as they are presumed for glacial/ interglacial timescales (e.g. 

shift of MOW), small-scale changes of the regional water mass structure (e.g. 

dislocation of the ENAW/ MOW pycnocline) can cause a shift of the optimal 

habitat for cold-water corals from the shallower to the deeper mound chain. 

Thereby the depth of the so called nepheloid layer that is formed at the 

pycnocline between the water masses of ENAW and MOW could have a steering 

influence. This development would lead to the pattern which is found in the 

Belgica Mound Province today: thriving cold-water coral thickets on the lower 

carbonate mounds and merely dead coral skeletons, probably of Holocene age 

on the shallower mounds. Using different techniques such as dating corals and 

performing geochemical analyses on sediment cores – supplemented by ROV-

based facies analyses – which will be extracted from the carbonate mounds from 

the different mound chains of the Belgica Mound Province, this mechanism will 

be investigated in detail for the first time. 
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