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VORWORT 

Die vorliegende Arbeit entstand In dem seit Juli 2001 von der Deutschen 

Forschungsgemeinschaft der Universitat Bremen bewilligten "Forschungszentrum Ozeanrander". 

Fragestellung und Untersuchungsprogramm waren im Rahmen des Teilprojektes C2 mit dem 

Titel "Physical transport in high-production systems: Characterisation, age-dating, and 

balancing" angesiedelt. Dieses Teilprojekt richtete sich auf die Sedimenttransportprozesse am 

Kontinentalhang vor NW-Afrika, die mit Hilfe von seismo-akustischen, sedimentologischen und 

geochemischen Methoden untersucht wurden. Die vorliegende Studie konzentriert si ch auf den 

geochemischen Aspekt innerhalb des Teilprojektes und wurde von Professor Dr. Horst D. Schulz 

und Dr. Martin Kolling betreut. 

Ein groBer Teil del' gewonnenen geochemischen Ergebnisse wurde in Vier eigenstandigen 

englischsprachigen Manuskripten fur die Publikation in intemationalen Fachzeitschriften 

vorbereitet. Diese Manuskripte wurden zusammen mit einem einleitenden und einem 

abschlieBenden Kapitel zu del' hi er vorliegenden kumulativen Arbeit zusammengefasst und diese 

im Fachbereich Geowissenschaften an der Universitat Bremen als Dissertation eingereicht. Die 

einzelnen Manuskripte sind als separate Abschnitte mit unabhangiger Nummerierung del' 

Abbildungen und Tabellen zu betrachten. Die verwendete Literatur ist am Ende der vorliegenden 

Dissertationsschrift in einer Gesamt-Literaturliste aufgefuhrt. Alle im Rahmen diesel' Studie 

gewonnenen Daten konnen libel' die Pangaea-Datenbank abgerufen werden (http://www.wdc

mare.org/Panga Vista). 
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IV Kurzfassung 

KURZFASSUNG 

Kontinentalrander spielen eine groBe Rolle bei der Akkumulation von Sedimenten. Die normale 

Sedimentation in diesen Gebieten wird im wesentlichen durch das Wechselspiel von mariner 

Produktivitat und terrigenem Eintrag bestimmt. Besonders die Schelfgebiete und die oberen 

Kontinentalhange weisen hohe Sedimentationsraten auf, die zur Ubersteilung der Hange fUhren 

konnen. AusgelOst durch einen Trigger-Mechanismus, z.B. ein Erdbeben, werden Teile der 

akkumulierten Sedimentmassen episodisch in die tieferen Bereiche der Ozeane umgelagert. 

Dabei sind vor allem drei verschiedene gravitative Transportprozesse von groBer Bedeutung, das 

sind Rutschungen (engl. slides), Schuttstrome (engl. debris flows) und Trtibestrome (eng. 

turbidity currents). 

Mit dem Ziel, das Auftreten verschiedener Transportereignisse in der quartaren Vergangenheit 

zu datieren, sollte die Methode der Elementstratigraphie auf Sedimentabfolgen angewandt 

werden, in denen Ablagerungen solcher Ereignisse enthalten sind. Vor diesem Hintergrund lag 

ein Schwerpunkt der vorliegenden Arbeit auf der Entwicklung einer Methode, mit der 

Schwerelot-Sedimentkeme bereits an Bord des FS Meteor hochauflosend beprobt, diese Proben 

vorbereitet und mit der Rontgenfluoreszenzanalytik (RF A) auf ihre geochemische 

Zusammensetzung untersucht werden konnen. Dazu wurde zunachst die analytische Qualitat des 

RFA-Gerates Spectro Xepos unter stationaren Bedingungen im Labor an der Universitat Bremen 

durch Messungen von Standard-Referenzmaterial und einem bereits geochemisch untersuchten 

Schwerelotkeme bestimmt. Die Methode zur Beprobung und Analyse von Kemmaterial wurde 

anschlieBend an drei archivierten Schwerelotkeme entwickelt. Auf diese drei Sedimentkeme 

wurden Altersmodelle durch Korrelation mit datierten Referenzkemen tibertragen, was eine 

zeitliche Einordnung der Sedimente und somit die Nutzung der geochemischen Daten fUr 

Elementstratigraphie ermoglichte. 

Erstmals eingesetzt wurde die entwickelte RF A-Methode wahrend der FS Meteor-Ausfahrt 

M 57-1 in den ostlichen Stidatlantik. Zunachst wurde die Qualitat der Messungen unter den vor

Ort-Bedingungen an Bord im Vergleich zu den vorangegangenen Messungen unter ortsfesten 

Bedingungen an Land anhand von Standard-Referenzmaterial tiberprtift. Analysiert wurden 

weiterhin vier stratigraphisch ungestOrte Schwerelotkeme aus dem stidlichen Kapbecken sowie 

ein Schwerelotkem aus dem "Holocene Mudbelt" vor der Ktiste Stidafrikas. Die geochemischen 

Daten erlaubten bereits wahrend der Expedition die Alterseinstufung dieser Sedimentkeme durch 

Elementstratigraphie und damit Schlussfolgerungen beztiglich Anderungen des Klimas, der 

Umweltbedingungen und der Ozeanographie wahrend der Glazial-/lnterglazial-Wechsel des 

Quartars. 
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Wahrend der FS Meteor-Ausfahrt M 58-1 zum Kontinentalrand vor NW-Afrika erfolgte der 

Einsatz der RP A-Methode an Material aus Gebieten, die durch gravitative 

Sedimenttransportprozesse gekennzeichnet sind und in denen die stratigraphische Abfolge der 

Sedimente demzufolge gestOrt ist. Geochemisch untersucht wurden turbiditische Sedimentkerne 

aus dem wahrend der Expedition entdeckten Cap Timiris Canyon sowie Sedimentkerne aus dem 

Cape Blanc Debris Flow und dem Mauritania Slide Complex. Altersmodelle wurden von 

datierten Referenzkernen durch Elementstratigraphie zunachst auf die pelagischen Abschnitte 

dieser Sedimentkerne ubertragen und aus dies en Altersmodellen anschlieBend der Zeitpunkt der 

jeweiligen Transportereignisse (Trtibestr6me, Schuttstrom und Rutschung) abgelesen. Das 

Auftreten dieser Ereignisse steht in deutlichem Zusammenhang mit klimatisch bedingten 

Meeresspiegelschwankungen. 
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General introduction 

1. GENERAL INTRODUCTION 

Continental margins play an important role for the accumulation of sediments and their 

subsequent downslope transport and redistribution in the ocean basins. Normal sedimentation in 

these areas is basically controlled by an interplay of marine productivity and terrigenous input. 

Especially the upper continental slope and shelf regions are often characterised by high 

sedimentation rates as they result for instance from coastal upwelling and high eolianJfluvial 

input from the adjacent geological hinterland. As these high sedimentation rates continue the 

slope eventually oversteepens, and by some trigger such as an earthquake the accumulated 

sediments are subjected to gravity-driven downslope transport (Fig. 1). Various kinds of mass 

transport have been active during the Late Pleistocene and Holocene. 

& giant landslides 
on continental margins 

Fig. 1: Global distribution of major submarine gravity mass flow deposits on continental margins and location of 

hydrocarbon exploration areas. Note that these mass flow deposits coincide with today's exploration activity. From 

Mienert et al. (2003) 

Gravity mass flows are first-order processes in redistributing large amounts of sediment from the 

shelf and upper continental slope onto the deep-sea abyssal plains. However, their inaccessible 

nature and rare occurrence when compared to a human life span complicate the observation and 

study of these processes in operation. There is only indirect evidence for their occurrence, for 

instance from the damage of submarine communication cables on continental slopes and at the 

foot of submarine canyons caused by large and fast-moving turbidity currents (e.g. Heezen and 

Ewing, 1955; Pickering et al., 1989; Nichols, 1999; Einsele, 2000; Khripounoff et al., 2003). By 

now, the best documented event is the so-called "1929 Grand Banks turbidity current" which 

was generated by an earthquake in the Laurentian Channel off the coast of Newfoundland on 



2 General introduction 

18 November 1929 and which broke a succeSSIOn of submarine telegraph cables en route 

(Heezen and Ewing, 1952; Heezen et al., 1954). 

Although the factors controlling the stability of a slope are still not fully understood, it appears 

that rapid sedimentation, earthquake loading and gas hydrate dissociation are of major 

importance (e.g. Embley, 1982; Bugge et al., 1988; Einse1e et al., 1996; Nichols, 1999; Imbo 

et al., 2003; Mienert et al., 2003). In order to better understand the possible trigger mechanisms 

of slope failures and the role of climate-related sea-level changes, it is necessary to reliably age

date their deposits which in marine environments are often well preserved and interbedded with 

pelagic sediments. However, the more traditional age dating of the over- and underlying 

pelagites, based for instance on radiocarbon C4C) or oxygen isotope (8180) data, is rather time

consuming and the need for dating methods allowing quick and reliable age determination is 

obvious. 

Within this context, the present study was primarily aimed at the assessment of the emplacement 

times of gravity mass flow deposits which are embedded in pelagic sequences. Age-dating was 

to be attempted indirectly by element stratigraphy based on a core-to-core correlation of 

geochemical data on the bracketing pelagites with adequate parameters (e.g. colour, carbonate, 

elemental data) of dated reference cores. Starting from this point, a XRF technique had to be 

developed which can be easily applied aboard a research vessel and enables reliable high 

resolution geochemical analyses of sediment cores, thus allowing for high temporal and high 

spatial resolution. This technique was initially to be tested on strati graphically undisturbed 

pelagic sediment cores from the eastern South Atlantic to prove its general applicability, and 

then to be employed on continental margin sediments off NW Africa which are interrupted by a 

variety of redistributed sediments. Age estimates for the sediment transport processes bear 

valuable information regarding the instability of the NW African continental margin over the 

Quaternary glaciallinterg1acial cycles. Especially the studies on the gravity mass flow deposits 

were done in close cooperation with the seismics and sedimentology working groups at Bremen 

University. 

1.1 Continental margin sediments and element stratigraphy 

Sediments along the continental margins mainly consist of fine-grained terrigenous components 

and biogenic material from planktonic and benthonic organisms. Most abundant among the 

biogene producers is the calcareous plankton including coccolithophores, foraminifers and 

pteropods. Less abundant, yet also common in the oceans, are siliceous organisms such as 

radiolarians and diatoms. The geochemical composition of the terrigenous fraction is partly 

influenced by the mineralogy in the geological hinterland. Generally, with increasing water 

depth the marine component increases at the expense of the terrigenous component. The 
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contribution of terrigenous and biogenic material to the composition of the bulk sediment 

considerably varied in the geological past, depending especially on climate-related alternations 

of a system over glacial/interglacial cycles, for instance changes in wind intensity or water mass 

circulation. 

Such changes in the fluvial/eolian input and marine productivity as well as dissolution processes 

in the water column and diagenetic processes leave their signature in the geochemical record of 

marine sediments. This element signature can be used to characterise sediment columns, 

correlate them over long distances and make strati graphic inferences. This is termed element 

stratigraphy. Applying this method, the downcore elemental pattern of an age-dated reference 

core from one investigation area can be fitted to a variety of sediment cores from this area. 

Especially the contents of the major elements such as Ca, Si, AI, Fe and K are very useful for 

correlation purposes. 

Generally, the various elements in marine sediments may be divided into three major groups; 

terrigenous, marine/bioactive and diagenetically influenced elements. This classification, of 

course, is a simplification as no element can solely be confined to one of these categories and 

elements may also be supplied by other regimes (e.g. volcanogen, hydrothermal, cosmogen). The 

following paragraphs give a brief overview on the origin of selected elements (cf. Table 1). 

Terrigenous elements are for instance Si, AI, K, Fe, Ti, Mn and Rb. Major source are detrital 

particles derived from weathering of continental rocks which are transported into the ocean by 

rivers, wind and icebergs. Sand and silt fractions commonly consist of quartz and feldspars and 

thus, predominantly contribute Si, AI, K, Ca and Na. The clay fraction may comprise micas, 

kaolinite, illite, smectite and chlorite which, as they mainly derive from weathering of magmatic 

and metamorphic rocks, likewise contribute Si, AI, Mg, Ca, N a and K. Rb also is a component of 

the fine clay fraction, particularly illite. Fe is released from mafic silicates such as biotite, 

pyroxene, amphibole and olivine during weathering. To a minor degree it is incorporated into 

clay minerals (e.g. vermiculite), however, the major part forms iron oxides, especially goethite 

and hematite (e.g. Haese, 2000). Mafic silicates also contribute Mg, Ti, Mn and Ca. Less 

important, yet also significant in the elemental patterns of certain sediment columns and thus for 

element stratigraphy are volcanic layers such as siliceous ashes which often form distinct 

isochronous marker beds. 

The bioactive elements Ca and Si derive from manne calcareous and siliceous orgamsms, 

respectively, which grow calcitic, aragonitic or opaline shells and skeletons. Diverse kinetic and 

biological factors control variable incorporation of minor amounts for instance of Sr, Mg and Ba 

by carbonate producers (e.g. Lea and Boyle, 1990; de Villiers, 1999; Stoll et al., 1999; Stoll and 

Schrag, 2000; Henderson, 2002). Especially Ca and Sr often reveal a strong coherency in 

continental margin sediments, showing a typical marine signal. By contrast, the marine Si signal 
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here is superposed by terrigenous input. Marine Si may dominate in areas where siliceous 

organisms are the main producers (e.g. antarctic circumpolar diatom belt) and in sediments 

below the calcite compensation depth (cf. Kennett, 1982). Further bioactive elements are P and S 

which, for example, act as metabolic regulatory in sulfur bacteria (e.g. Schulz and Schulz, 2005). 

Biogenic barite may be used as indicator for paleoproductivity (e.g. Berger et ai., 1989; 

Elderfield, 1990). 

Table 1: Possible sources of selected elements which occur in marine sediments (for references see main text) 

Element Element group 

Ca 

Si 

Sr 

Mg 

Ba 

P 

S 

Al 

K 

Ti 

Rb 

Fe 

Mn 

marine/bioactive 

telTigenous 

marine/bioactive 

telTigenous 

marinelbioactive 

marine/bioactive 

terrigenous 

marinelbioactive 

diagenetically influenced 

telTigenous 

marine/bioactive 

diagenetically influenced 

marine/bioactive 

diagenetically influenced 

telTigenous 

terrigenous 

telTigenous 

telTigenous 

terrigenous 

diagenetically influenced 

terrigenous 

diagenetically influenced 

Possible SOUl'ces 

shells and skeletons of calcareous marine organims such as coccolithophores, 

foraminifers, pteropods; in shelf regions also shill-Iayers ofbivalves 

less abundant; detrital particles from mafic silicates, feldspars, rarely clay minerals 

shells and skeletons of siliceous marine organism such as radiolarians, diatoms, 

dinoflagellates 

mainly detrital paliicles from quartz, feldspars, clay minerals 

incorporation into calcareous shells and skeletons of marine organisms such as 

coccolithophores, foraminifers, corals 

incorporation into calcareous shells and skeletons of marine organisms such as 

foraminifers, corals 

mainly from weathering of mafic silicates 

incorporation into calcareous shells and skeletons of marine organisms such as 

foraminifers, corals 

precipitation slightly above the sulfate/methane transition zone 

main contribution by rivers (particulate, dissolved, incorporated in / adsorbed to 

alumosilicates) 

metabolic regulatOlY in suI fur bacteria 

adsorption to Fe/Mn-minerals 

in suI fur bacteria 

fixed as BaS04 at/above the suI fate/methane transition zone 

mainly detrital patiicles from feldspars, clay minerals 

mainly detrital paliicles from feldspars, clay minerals 

mainly from weathering of mafic silicates 

mainly in fine clay fraction, particularly illite 

mainly oxides from weathering of mafic minerals; less abundant in clay minerals 

oxydation fronts in redox-zones 

mainly from weathering of mafic minerals 

oxydation fronts in redox-zones 

The distribution of calcareous biogenic sediments in the oceans is largely determined by the 

calcite compensation depth (CCD). It is the level in the water column where the rate of calcite 

supply equals the rate of calcite dissolution (both in the water column and in the topmost 

sediment layer) and below which calcite does not accumulate. Dissolution starts at the lysocline, 

generally located 500-1000 m above the CCD. The solubility of calcite is largely influenced by 

deep water currents and, moreover, is favoured by increasing hydrostatic pressure, decreasing 

temperature and increase of dissolved CO2. Calcite dissolution recycles Ca as organisms 

precipitate more CaC03 than can be supported by terrigenous input of Ca into the oceans. 
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Approximately 70-80 % of the pelagic carbonate production are estimated to be dissolved in the 

deep ocean (e.g. Archer, 1996; Schneider et al., 2000). 

Postdepositional diagenetic processes either release elements into pore water and sea water or fix 

them in certain horizons in the sediment column. Mobility and reactivity of Fe and Mn, for 

example, are strongly influenced by their specific redox-boundaries. Above the respective 

boundary both elements are present as oxidised species, whereas they occur in their reduced 

forms below. The boundary is characterised by high pore water concentrations of Fe and Mn 

unless they are fixed in the solid phase along this boundary by precipitation or adsorption (e.g. 

Haese, 2000). Selective adsorptionldesorption and co-precipitationlrelease processes are of great 

relevance for the bounding of P and various trace metals (e.g. Cu, Zn, Pb, Mo, As) to Fe- and 

Mn-oxides/hydroxides, -sulfides (e.g. FeS) and other Fe-bearing minerals (e.g. Froehlich 

et al., 1982; Dietrich et al., 1992; Haese, 2000). Ba may diagenetically be fixed as barite (BaS04) 

slightly above the sulfate/methane transition zone owing to an upward migration of Ba2
+ from 

sulfate-depleted to sulfate-rich pore water. Dissolution of barite occurs below this zone under 

conditions of sulfate reduction (e.g. von Breymann et al., 1992; McManus et al., 1994; 1998; 

Torres et al., 1996; Dickens, 2001). 

Geochemical multi-element analysis and element stratigraphy have been frequently applied to 

strati graphically undisturbed sediments and are highly important for instance in studies of 

palaeoclimate, palaeoenvironment and palaeoceanography (e.g. Kuhlmann et al., 2004). 

However, especially on continental margins the sediments are subjected to a variety of gravity

driven transport processes which redistribute thousands of km3 of sediments. An originally intact 

stratigraphic column can thus be disturbed to various degrees either by addition or removal and 

by internal perturbance of the sediments, thus complicating element stratigraphy or making it 

even impossible. 

1.2 Gravity-driven sediment transport processes on continental margins and oceanic 

islands 

The numerous processes how sediments are transported downslope from source to sink can be 

classified into three principal groups (e.g. Mulder and Cochonat, 1996; Einsele, 2000; 

Figs. 2 and 3): 

1) gravitational transport (e.g. creeps, avalanches, slides, slumps) 

2) plastic flow (transport due to fluid but laminar motion; debris jlows,jluidized jlows, liquefied 

jlows) 

3) turbulent flow (turbidity currents). 

They distinguish mainly by flow velocity, motion (laminar or turbulent), internal architecture 

and shape of the failure surface. Once initiated, the mode of mass movement is not invariable but 
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may transform continuously in shape and dynamics between triggering and final deposition. The 

degree of disaggregation of the transported material thereby increases with flow velocity. 

The following text will focus only on slides, avalanches, debris flows and turbidity currents. 

Although flow velocities are as yet subject of speculation especially for slides and debris flows, 

they are agreed to be slowest ("creeping") for slides and increasing via debris flows and debris 

avalanches to turbidity currents (e.g. 10-15 m/s). The travel distance of the mass flows also 

varies significantly, being lowest (several tens of km) for debris avalanches and increasing via 

slides (tens to hundreds of km) and debris flows (several hundreds of km) to the long run-outs of 

turbidity currents (up to 1000 km) (Fig. 4; e.g. Mulder and Cochonat, 1996; Urgeles et aI., 1997; 

Nichols, 1999; Einsele, 2000). Emplacement times of recent mass flows may be determined from 

non-steady-state conditions in pore-water profiles as was done for a slide from the outer Zaire 

deep-sea fan which was deposited about 300 yr ago (Zabel and Schulz, 2001) and for 

sedimentary events in the western Argentine Basin on timescales between years and thousands of 

years (Hensen et aI., 2003). Some main characteristics of the above mentioned transport 

processes and the resulting sediment types are briefly outlined below. 

MUD DIAPIRS AND 
GROWTH FAULTS (CREEP) 

SHELF, DELTA PLATFORM 
(HIGH SEDIMENTATION RATE) WIND 

BLOWN 
SAND MUD FLOWS WITH OVER

LAPPING TOE LOBES 

SLOPE VALLEY (FEEDER 
CHANNEL FOR DELTA FAN) 

SLUMP 

DEEP-SEA 
DELTA FAN 
LARGE ACTIVE 
AND BURIED 
SAND-FILLED 
CHANNEL 
SYSTEMS, 
MAINLY MUD 
TURBIDITES, 
SOME MUD 
FLOWS 

UPPER FAN: SOME 
SLUMPS, FLOWS OF 
GRAINS, DEBRIS 
AND MUD, 
CHANNEL FILLS. 
LOWER FAN: MAINLY 
SAND TURBIDITES, 
SOME CHANNEL FILLS 

SLOPE APRON 
SLUMPS, MUD FLOWS 
PREDOMINANTLY 
MUD TURBIDITES 

SEDIMENT 
ACCUMU
LATION IN 
CANYON 
HEAD 

I 

TRANSITION 

SOFT AND SEMI
CONSOLIDATED 
SLOPE SEDIMENTS, 
MAINLY SLUMPS 
AND MUD FLOWS 

\ 
\ 

SHELF 
BREAK 
EROSION 
(STRONG 
RELIEF) 

ROCKFALL, 

TO HIGH AND LOW
DENSITY TURBIDITY 
CURRENTS, SAND 
AND MUD TURBIDITES 

SLUMPS, AND DEBRIS 
FLOWS (POL YMICT), 
UNDERCUTTING OF 
SLOPE BY CONTOUR 
CURRENTS 

Fig. 2: Overview of gravity-driven depositional environments on a passive continental margin. From Einsele (2000), 

modified 
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1.2.1 Slides and their deposits 

Slides are coherent masses of semi-consolidated sediment moving down a slope by gravity. They 

are bounded on all sides by failure planes which usually follow the stratification of the 

sediments. During transport the internal structure of the removed material remains largely 

undisturbed (cf. Fig. 3). Slides can be either simple or complex. In the first case, the main slide 

body does not generate other significant failures whereas in the second case, the motion of the 

main slide body causes instabilities in adjacent areas. Large-scale slides are for instance the 

Storegga Slide (Bugge et aI., 1988; Evans et aI, 1996; Haflidason et aI., 2004) and Tncnadjupet 

Slide offshore Norway (e.g. Laberg and Vorren, 2000; Laberg et aI., 2002), the Gebra Slide in 

the Antarctic (e.g. Imbo et aI., 2003) and slides on the Atlantic continental margin (e.g. 

Embley, 1982). 

1.2.2 Debris avalanches and their deposits 

A debris avalanche is a gravity-driven large-scale event generated by catastrophic failure when 

the flank of a volcano or mountain collapses. It leaves a well-defined escarpment or amphitheater 

at its head and is characterised by a hummocky topography in the lower parts. Debris avalanches 

often result from slope instabilities (cold avalanches) or from volcanic activity (e.g. volcanic 

earthquakes or injection of magma causing slope instability; hot avalanches). Debris avalanches 

may transfonn into debris flows (e.g. Voight et aI., 1983; Siebert, 1984; Moore et aI., 1989; 

Mulder and Cochonat, 1996; Urgeles et aI., 1997; HungI' and Evans, 2004). Large-scale debris 

avalanches are known from Augustine Volcano (Alaska; e.g. Siebeli et aI., 1995), Bandai-san 

(Japan; e.g. Sekiya and Kikuchi, 1889; Brantley and Glicken, 1986), Mount St. Helens 

(Washington; e.g. Brantley and G1icken, 1986) and the Canary Islands (e.g. Masson,1996; 

Urgeles et aI., 1997, 1999; Gee et aI., 2001; Krastel et aI., 2001; Watts and Masson, 2001). 

1.2.3 Debrisflows and debrites 

A debris flow is a dense, viscous mixture of sediment in water. It is characterised by patiial 

disaggregation of the transported material which may comprise the whole spectrum from clay

sized particles up to large boulders of several meters in diameter (cf. Fig. 3). Only little or no 

dynamic sorting into different sizes occurs en route, effecting a very poor sorting and 

conglomeratic appearance of the deposit. Debris flows are plastic flows and usually result from 

the gravitational movement of underconsolidated masses of sediments down a slope. They are 

frequent on continental slopes and commonly leave scarps in their source area which influence 

the shape of the margin. Once a debris flow has started a slope angle of approximately 10 is 

sufficient to overcome friction. By contrast, when the internal friction exceeds a critical value the 

flow freezes and the transported material is deposited as debrite (e.g. Mulder and 

Cochonat, 1996; Urgeles et aI., 1997; Nichols, 1999). Examples for large debris flows are the 

Saharan Debris Flow (e.g. Embley, 1976; Masson et aI., 1993; Gee et aI., 1999, 2001) and 

Canary Debris Flow off NW Africa (Simm and Kidd, 1983; Kidd et aI., 1985; Masson, 1996; 
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Masson et aI., 1997, 1998; Urge1es et aI., 1997) and debris flows related to the 1929 "Grand 

Banks" earthquake (Piper et aI., 1999). 

1.2.4 Turbidity currents and turbidites 

A turbidity current is the rapid influx of sediment-laden water into a larger water body down a 

slope (cf. Fig. 3). The suspended sediment effects a higher density of the turbidity current with 

respect to the surrounding clearer water into which it flows. Moving downslope, the turbidity 

current accelerates and forms a turbulent undercurrent transporting its load into deeper water. On 

arriving at the base of the continental slope and on the abyssal plain, the density contrast 

becomes insufficient to maintain momentum, causing the flow to decelerate. At lower velocities 

the capacity of the turbidity current to transport dense, coarse material decreases and the load is 

deposited as turbidite which can be preserved as Bouma sequence. The Bouma sequence results 

from different settling velocities of the transported particles and is characterised by graded 

bedding with coarse layers at the bottom gradually turning into finer laminae at the top. 

Turbidity currents commonly evolve from slope failures by an uptake of water and frequently 

occur on continental slopes of passive margins (e.g. Bouma, 1962, 2000; Bouma et aI., 1985; 

Mulder and Cochonat, 1996; Nichols, 1999; Einsele,2000). Large turbidite deposits are known 

for instance from the Madeira Abyssal Plain off NW Africa (e.g. Weaver and Kuijpers, 1983; 

Weaver and Rothwell, 1987; Rothwell et aI., 1992; Weaver et aI., 1992; Masson, 1994) and the 

Mediterranean Sea (e.g. Reeder et aI., 2000; Rothwell et aI., 1998,2000). 
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Fig. 3: Types of gravity-driven mass transport processes on continental margins. From McHugh et al. (2002) 
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Fig. 4: Schematic illustration of gravity-driven mass transport processes on continental margins, also with regard to 

their travel distance. From Mienert et al. (2003) 

All these gravity-driven transport processes occur widespread on the NW African continental 

margin (Fig. 5). Despite intensive research, however, the mechanisms of their initiation and the 

controls on the mode of failure are to date poorly understood. A variety of factors may generally 

contribute to the triggering of slope failures including sea-level change, oversteepening of the 

slope, underconsolidation of the sediment due to high accumulation rates, gas build-up or gas 

hydrate decomposition, external loading for instance by ealihquakes, wave loading, bottom 

currents and occurrence of slope-parallel weak layers within bedded sequences (e.g. Mulder and 

Cochonat, 1996; Masson et aI., 1998). Within this context, efforts to reliably age-date deposits of 

gravity-driven mass transport will therefore provide valuable information on the timing of slope 

instability in the geological past. 
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1.3 Outline of this thesis 

A main part of the results gathered during the PhD work at Bremen University is presented in 

four chapters of this thesis which correspond to manuscripts published in (manuscripts 1 and 2), 

accepted for publication in (manuscript 3) and submitted to (manuscript 4) international journals. 

A brief outline of each manuscript is given below. They are all based on own investigations and 

were composed by myself as first author. In addition, the abstracts of two publications as co

author (Abstracts 1 and 2) are likewise listed. 

Manuscript 1 

Fast application of X-ray fluorescence spectrometry aboard ship: how good is the new 

portable Spectro Xepos analyser? 

Katharina Wien, Dirk Wissmann, Martin Kolling and Horst D. Schulz 

A XRF technique which allows fast high-resolution analysis of sediments from gravity cores 

already aboard a research vessel was developed and tested. The sample preparation technique is 

described in detail along with instrument parameters. The quality of measurements performed in 

the non-stationary laboratory aboard ship is evaluated, as well as the consistency with more 

conventional measurements under stationary conditions onland. It is shown that the geochemical 

data can successfully be used for element stratigraphy. 

Manuscript 2 

Close correlation between Sr/Ca ratios in bulk sediments from the southern Cape Basin 

and the SPECMAP record 

Katharina Wien, Martin Kolling and Horst D. Schulz 

Sr/Ca ratios as obtained from XRF analyses on sediments from five gravity cores from the 

southern Cape Basin, South Atlantic Ocean, reveal close correlation with the SPECMAP record. 

Based on literature data, possible causes for the observed variations in the Sr/Ca patterns are 

suggested. It is shown that the relationship between SrlCa ratios and the SPECMAP record 

allows an easy fit of age models to all studied cores. 
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Manuscript 3 

Age models for pelagites and turbidites from the Cap Timiris Canyon off Mauritania 

Katharina Wien, Christine Holz, Martin Kolling and Horst D. Schulz 

Age models were fitted to turbiditc sediments from four gravity cores from the Cap Timiris 

Canyon offshore Mauritania by correlating downcore XRF data on the interbedded pelagic 

sequences to carbonate and elemental data on dated reference cores. The method for core-to-core 

correlation of stratigraphically disturbed sediment cores is introduced in detail. The age models 

allowed to determine the emplacement times of all turbidites in the study cores and allowed 

inferences regarding the relationship between turbidite activity in the canyon system and 

climate-related sea-level variations over the Quaternary glaciallinterglacial cycles. 

Manuscript 4 

Age models for the Cape Blanc Debris Flow and the Mauritania Slide Complex in the 

Atlantic Ocean off NW Africa 

Katharina Wien, Martin Kolling and Horst D. Schulz 

High-resolution XRF analyses were performed on sediments from altogether five gravity cores 

from the Cape Blanc Debris Flow, the Mauritania Slide Complex and a levee of the Mauritania 

Canyon. Age models for the emplacement of all mass flow deposits were obtained by element 

stratigraphy and allow the assessment of slope instability on the NW African continental margin 

with respect to climate-related sea-level variations during the Quaternary. It is shown that 

downslope sediment transport is frequently coupled to periods of climatic changes at stage 

boundaries. 
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Abstract 1 

Late Quaternary sedimentation within a submarine channel-levee system offshore Cap 

Timiris, Mauritania 

Christine Holz, Katharina Wien and Riidiger Henrich 

This study combines three sediment records of Cap Timiris Canyon, a submarine meandering 

system at the western African continental margin offshore Mauritania. Investigated sediment 

cores have been recovered from the proximal and distal levee as well as from the canyon itself 

and indicate superior sedimentary processes being active for the canyon and levee deposition. 

Late Pleistocene to Holocene sedimentation history and the variability in sediment supply related 

to the climatic situation of presently arid Saharan Africa are discussed on the results of detailed 

grain-size analysis of the silt fraction and geochemistry data. Dominant transport processes for 

the terrigenous input to the Atlantic Ocean have been modelled by grain-size distributions of the 

carbonate-free silt fraction. During the late Pleistocene hemipelagic sedimentation has been 

consistent through time, while the impact of the African continent was decreasing from the 

proximal to the distal part of Cap Timiris Canyon. Predominantly coarse-grained particles, which 

are interpreted as windborne dust, and an enhanced aeolian dust export characterise glacial dry 

climate conditions with a low sea level and extended sand seas that reach onto the exposed 

continental shelf of Mauritania. Principal particle fining and the abrupt decrease in terrigenous 

supply is attributed to humid climate conditions and dune stabilisation on the adjacent African 

continent with the onset of the Holocene warm period. 

Abstract 2 

Cap Timiris Canyon: A Newly Discovered Channel System offshore of Mauritania 

Sebastian Krastel, Till JJ Hanebuth, Andrew A. Antobreh, Riidiger Henrich, Christine Holz, 

Martin Kolling, Horst D. Schulz, Katharina Wien and Russell B. Wynn 

Intensive research over the past decades has greatly improved our understanding of processes 

operating in the deep ocean. There has been a particular focus on continental margins, as 

sediments deposited in these areas can provide a high-resolution record of past climatic changes, 

as well as serve to host some of the world's major hydrocarbon reservoirs. However, the 

exploration and understanding of the deep ocean remains one of the great challenges of the 21 st 

century [Stow and Mayall,2000], and many fascinating features still wait to be found. The 

potential for new deep-water discoveries was recently highlighted during Meteor cruise M5811 

(depmi Dakar, Senegal, 21 April 2003, return Las Palmas, Spain, 12 May 2003) of the Research 

Center Ocean Margins at the Universitat Bremen in Germany. A spectacular 400-krn-Iong 

submarine meandering channel system was discovered off Mauritania. In this article, the system 

is called the Cap Timiris Canyon (Figure 1). Although a series of incisional gullies at the shelf 
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break and uppermost slope have been described before [e.g., Rust and Wienecke, 1973], the 

enormous size and complex morphology of this submarine channel system were previously 

unknown. 

This discovery appears to be the first channel system of this scale - several hundreds of 

kilometers long and ~ 300 m deep - to be described from offshore of a desert region. Commonly, 

large-scale submarine channels occur offshore of major river mouths and form large fan 

complexes (e.g., the Amazon, Mississippi, Zaire and Indus Fans ),whereas the isolated Cap 

Timiris Canyon is located offshore of the Sahara Desert within an arid climatic zone. By 

studying how the morphology and sediment fill of Cap Timiris Canyon have evolved potentially 

in response to climatic variations, we may be able to better understand how the adjacent desert 

region has evolved through the past hundreds of thousands of years. 

An additional incentive for this study is that flow processes operating in deep-water meandering 

channels are poorly understood. Most previous studies have assumed that turbidity currents are 

the dominant means of transporting sediment through these long-distance conduits [Peakall 

et aI., 2000], although studies of distal sections of some meandering channels have revealed that 

debris flows may also be important [Schwab et aI., 1996]. This article uses geophysical imagery 

of Cap Timiris Canyon, illustrating plan form morphology and vertical evolution, as well as 

sediment information, to provide insights into the flow processes responsible for generating and 

maintaining the channel system. 
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Abstract 

A technique for onsite application of X-ray fluorescence (XRF) spectrometry to samples from sediment 

cores aboard a research vessel was developed and tested. The method is sufficiently simple, precise, and 

fast to be used routinely for high-resolution analyses of depth profiles as well as surface samples. 

Analyses were performed with the compact high-performance energy-dispersive polarisation X-ray 

fluorescence (EDPXRF) analyser Spectro Xepos. Contents of the elements Si, Ti, AI, Fe, Mn, Mg, Ca, K, 

Sr, Ba, Rb, Cu, Ni, Zn, P, S, Cl and Br were simultaneously determined on 200 to 225 samples of each 

core within 24 h of recovery. 

This study presents a description of the employed shipboard preparation and analysis technique, along 

with some example data. We show land-based datasets that support our decisions to use powder samples 

and to reduce the original measuring time for onboard analyses. We demonstrate how well the results 

from shipboard measurements for the various elements compare with the land-based fmdings. The 

onboard geochemical data enabled us to establish an element stratigraphy already during the cruise. 

Correlation of iron, calcium and silicon enrichment trends with an older reference core provided an age 

model for the newly retrieved cores. 

The Spectro Xepos instrument performed without any analytical and technical difficulties which could 

have been caused by rougher weather conditions or continuous movement and vibration of the research 

vessel. By now, this XRF technique has been applied during three RV Meteor cruises to approximately 

5000 Late Quaternary sediment samples from altogether 23 gravity cores, 25 multicorer cores and two 

box cores from the eastern South Atlantic off South Africa I Namibia and the eastern Atlantic off 

NW Africa. 

Introduction 

X-ray fluorescence (XRF) spectrometry is a common tool for highly accurate and reproducible 

non-destmctive element analyses. In land-based analytical laboratories, it is used routinely for 

investigation of a wide variety of materials such as minerals, rocks, slags, ceramics, metals, 

alloys, food, pharmaceuticals and fuels. Advantages include easy sample preparation and 

instmment operation, which make the technique also convenient for application onboard a 

research vessel. Thus, XRF analyses of marine sediment cores can provide data on the elemental 

composition of sediments which complement downcore colour scans or logs of sediment 

physico-chemical properties. 

Previous studies have already described shipboard application of XRF for various purposes on 

different research vessels, using different instruments. However, analyses were mostly limited to 

a few samples only. Onboard research vessels, XRF has been applied for assessment of metal 

contamination in marine sediments. For example, measurements were performed on RV Ecos on 

30 wet bulk samples from San Diego Bay using a Spectrace 9000 portable XRF spectrometer. 

These shipboard analyses allow quick onsite decisions for mapping strategies and detailed 
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assessments of contaminated areas (Stallard et al. 1995). However, the use of wet sediment 

samples has the disadvantage that enhanced matrix and particle size effects can reduce the 

quality of the analyses. 

XRF analyses for bulk composition of sediments and rocks have also been carried out for several 

years on the RV Joides Resolution using a fully automated ARL 8420 wavelength-dispersive 

spectrograph (Kastens et al. 1987; Detrick et al. 1988). Major and trace element contents were 

routinely determined on fused disks and pressed pellets respectively (e.g. Kastens et al. 1987; 

Detrick et al. 1988; Pettigrew et al. 1999; Barker et al. 1999; Dick et al. 1999; Coffin et al. 2000; 

Christie et al. 2001). For example, Barker et al. (1999) analysed trace elements (Nb, Zr, Y, Sr, 

Rb, Zn, Cu, Ni, Cr, V and Ba) on pressed pellets of 54 sediment samples during ODP (Ocean 

Drilling Program) Leg 178. The actual measurements were performed aboard ship. Dming ODP 

Leg 183, by contrast, Coffin et al. (2000) analysed 91 rock samples and, during ODP Leg 187, 

Christie et al. (2001) analysed 44 representative samples of major lithologic units. In both cases, 

major elements were determined from fused glass disks, trace elements from pressed powder 

pellets. On RV Sonne, sediment samples have been routinely analysed with the wavelength

dispersive XRF spectrometer Philips PW 1410 (Herzig and Pltiger 1988; Pliiger et al. 1988). 

This instrument is permanently installed on board. 

Two major problems arise from the preparation of pressed pellets. Sample preparation as such is 

rather time-consuming, needing roughly 5-10 min for a single sample. In addition, onboard the 

ship it is difficult to accurately correct sample weight for the effect of analytical additives such 

as wax. Even more complicated and time-consuming is the shipboard preparation of fused disks. 

In view of these limitations, the XRF scanner Cortex (Corescanner Texel) was developed for 

non-destructive analysis on wet split-core sections. Like other logging facilities, it can be used 

directly onboard the ship in its own container. Indeed, to date the Cortex is the only core scanner 

to have been applied onboard the ship. The instrument performs measurements of high resolution 

(maximum 1 mm), and produces reliable counts for K to Sr (Jansen et al. 1998). Together with 

other core scanners and, for that matter, other scanning tools such as colour spectrophotometry, 

however, the Cortex shares the disadvantage of assessing elemental levels only in relative 

(counts per second) rather than absolute terms. 

At the Geosciences Department of Bremen University there are two XRF core scanners, one 

similar to the Cortex in that it provides element intensities from K through Sr (R6hl and 

Abrams 2000). The other is a more sophisticated core scanner which measures from Al to Ba 

(http://www.avaatech.comlindex.htm). The two XRF core scanners at Bremen University have 

been used solely under stationary conditions onland. 
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An expedition with RV Meteor to the eastern South Atlantic was carried out during 

January/February 2003, focused on the reconstruction of the Late Quaternary climate history of 

the southern Benguela system, and the influence of the Agulhas warm water entrainment into the 

South Atlantic (Schneider and Cruise participants 2003). During cruise M 57-1, investigations of 

sediment cores from the shelf and continental slope off South Africa were performed with the 

portable energy-dispersive polarisation X-ray fluorescence (EDPXRF) analyser Spectro Xepos 

(Spectro Analytical Instruments, Kleve, Germany) for the first time on a large scale. One 

advantage of this system is that it produces absolute measures of elemental levels. 

Most XRF data presented in this study form a key component of a much larger dataset gathered 

during RV Meteor cruise M 57-1, one aim being to test and improve the new Spectro Xepos 

shipboard technique, the ultimate goal being to establish palaeoclimate links in the southern 

Benguela system. Thus, in order for the elemental information to be meaningfully interpreted, it 

is necessary to evaluate the quality of these measurements performed in a non-stationary 

laboratory, as well as their consistency with more conventional measurements under stationary 

conditions onland. Within this context, the aims of the present study are: 

1) To present a detailed description of sample preparation and XRF analysis technique for the 

EDPXRF Spectro Xepos instrument, 

2) To determine and compare the accuracy and reproducibility of shipboard and land-based 

measurements, 

3) To compare XRF analyses carried out onland with corresponding inductively coupled plasma 

atomic emission spectrometry (ICP-AES) measurements on the same material, and 

4) To compare shipboard with land-based measurements of absolute levels for some elements. 

In addition, we assessed the suitability of the shipboard core data for integration in an age model 

from a reference core. 

Study site 

During RV Meteor cruise M 57-1 from Cape Town to Walvis Bay in January/February 2003, 

five gravity cores were recovered from the eastern South Atlantic off South Africa for onboard 

XRF geochemical analyses (Table 1; Fig. 1). Four of these coring sites (GeoB 8301, GeoB 8307, 

GeoB 8310, GeoB 8315) are located in the southern Cape Basin, one (GeoB 8331) further to the 

north in the Holocene mud belt (Schneider and Cruise participants 2003). Also presented in this 

study are XRF analyses of three multicorer cores (MUCs) taken during RV Meteor cruises M 57-

1 (sites GeoB 8301 and GeoB 8303; Schneider and Cruise participants 2003) and M 58-1 (site 

GeoB 8501; Schulz and Cruise participants 2003). MUC GeoB 8303 is located in the southern 

Cape Basin, MUC GeoB 8501-1 in the eastern Atlantic off Mauritania (location not shown in 

Fig. 1). 
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Table 1: Cruise and core number, geographic position, water depth, gear type and recovery of all cores refetTed to in 

this study, along with available data. MUC multicorer, GC gravity corer, GPC giant piston corer 

Cruise Core no. Latitude Longitude Water Gear Recovery Available data 

depth (m) type (cm) 

M 57-1 GeoB 8301-5 34°46.48' S 17°41.92' E 1941 MUC 22 XRF; shipboard 

M 57-1 GeoB 8301-6 34°46.00' S 17°41.54' E 1952 GC 879 XRF; shipboard 

M 57-1 GeoB 8303-5 34°15.67' S 16°47.09' E 3447 MUC 21 XRF; shipboard 

M 57-1 GeoB 8307-6 33°50.43' S 16°31.99' E 2667 GC 843 XRF; shipboard 

M57-1 GeoB 8310-2 32°54.57' S 16°22.92' E 1993 GC 833 XRF; shipboard 

M 57-1 GeoB 8315-6 32°53.30' S 15°41.70' E 2995 GC 851 XRF; shipboard 

M 57-1 GeoB 8331-4 29°08.12' S 16°42.99' E 97 GC 887 XRF; shipboard 

M 58-1 GeoB 8501-1 18°30.26' N 18°45.51' W 2995 MUC 32 XRF; shipboard 

M 34-2 GeoB 3718-9 24°53.60' S 13°09.80' E 1312 GC 1371 ICP-AES a 

XRF; land-based 

M 23-1 GeoB 2004-3 30°52.10' S W20.50'E 2572 GC 966 XRF; land-based 

NAUSICAA MD 962085 29°42' S 12°56' E 3001 GPC 3540 colour reflectance b 

-IMAGES IT (5 180 age (planktonic)C 

a Extracted from Heuer (2003) 

b Extracted from Bertrand and Cruise participants (1997) 

C Extracted from Chen et al. (2002) 

12"10 14°E 16°E 18°( 200
( 

22'JS 22"S 

Fig. 1: Bathymetric map of the eastern South Atlantic showing locations of all cores referred to in this study, Closed 

circles indicate selected core positions during RV Meteor cruise M 57-1 (present study); the open circles indicate 

the positions ofreference cores GeoB 3718-9 (RV Meteor cruise M 34-2), MD 962085 (RV Mm'ion Dufresne cruise 

NAUSICAA-IMAGES II) and GeoB 2004-3 (RV Meteor cruise M 23-1), Source: GEBCO 
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Prior to cruise M 57-1, two archived gravity cores were analysed by means of the Spectro Xepos, 

these serving as reference cores. Gravity core GeoB 3718-9 was obtained during RV Meteor 

cruise M 34-2 in January/February 1996 from the continental slope off Namibia, south ofWalvis 

Bay (Schulz and Cruise participants 1996), GeoB 2004-3 during RV Meteor cruise M 23-1 in 

February 1993 in the northern part of the southern Cape Basin (SpieJ3 and Cruise 

participants 1993; Fig. 1). Data on a third reference core, the giant piston core MD 962085, were 

used to fit an age model to core GeoB 2004-3. MD 962085 is located northwestwards of our 

study area on the lower slope of the eastern South Atlantic, and was taken aboard RV Marion 

Dufresne during the NAUSICAA-IMAGES II cruise in OctoberlNovember 1996 (Bertrand and 

Cruise participants 1997; Table 1; Fig. 1). 

Materials and methods 

Land-based laboratory work 

Prior to cruise M 57-1, an appropriate XRF preparation and analysis technique was developed in 

the land-based laboratory. Besides analyses with the certified standard reference material MAG

I (e.g. Govindaraju 1994), the laboratory work involved analysis of the two archived reference 

cores GeoB 3718-9 and GeoB 2004-3. 

A set of 77 ICP-AES analyses of core GeoB 3718-9 from Heuer (2003) was used to control the 

quality of the land-based Spectro Xepos XRF analyses. Unfortunately, it was not possible to use 

aliquots of the original ICP-AES samples, because the amount of leftover material was too small. 

For this reason, GeoB 3718-9 was resampled at the same depths. This material was powdered, 

homogenised and, in each case, 4 g was weighed accurately (two decimal places) and analysed 

using the XRF method Turboquant (Schramm and Heckel 1998) which is generally used at a 

specified measuring time of 300 s per target and sample. 

In addition, MAG-l standard material was used to develop an XRF measuring technique better 

suited for onboard application. Three main aspects were assessed: (1) the suitability of using 

powdered material lightly compressed by hand, thereby saving in time and equipment needed for 

the more traditional usage of pressed pellets; (2) the suitability of estimating sample mass 

indirectly in terms of volume, thereby avoiding the problems associated with the deployment of a 

balance under non-stationary conditions aboard ship; and (3) the suitability of reducing 

measuring time from 300 to 100 s per target and sample, thereby increasing sample throughput. 

In the shore-based laboratory, element profiles were established for core GeoB 2004-3 using the 

reduced 100-s measuring option. In order to use this core for age-fitting purposes during cruise 

M 57-1, it was dated by correlation with the giant piston core MD 962085 which has an age 
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model based on Foraminifera oxygen isotope records (Chen et al. 2002). Thus, colour reflectance 

data (700 nm) for MD 962085 (Bertrand and Cruise participants 1997) were correlated with XRF 

Ca data for GeoB 2004-3. The main argument for using core GeoB 2004-3 as reference was that 

it allowed easily fitting age models to other study cores by means of a complete XRF element 

suite, in addition to the colour reflectance data of the dated reference core MD 962085. 

Shipboard sample preparation 

After recovery, I-m sections were cut from each 8-9 m gravity core, capped immediately, and 

divided lengthways by sawing through the core liner and sediment. Subsamples were obtained 

from each split-core section by using the U-channel sampling technique (Figs. 2 and 3). A plastic 

U-shaped channel ("conduit") with a cross section of 1.5x2 cm and 1 m in length was pressed 

into the interior part of the split-core section, this being the region least affected by the coring 

operation. This strip of sediment was subsequently separated from the core section by means of a 

plastic wire. These U-channel samples allowed continuous subsampling at a length resolution of 

4 cm. In this way, 200 to 225 discrete samples were taken from each gravity core. In the present 

case, a U-channel was preferred to sampling with syringes. Thus, although element contents 

were integrated over 4 cm, no information was lost as may occur when inserting syringes at 

discrete depths. MUCs were sampled at a resolution of 2 cm (GeoB 8301-5, GeoB 8303-5) or of 

1 cm for the top 10 cm, and a resolution of2 cm below this depth (GeoB 8501-1). 

40 44 48 52 56 60 64 

4. 

Fig. 2: Schematic illustration of sample preparation for shipboard XRF analyses. 

J U-channel sampling; 2 subsample transfer into crystallising dishes; 3 drying; 4 grinding; 5 transfer of sediment 

powder into sample cup; 6 compacting the powder; 7 capping the sample cups; 8 arrangement of sample cups on a 

l2-position rotating tray; 9 XRF analysis 

The sediment samples were transferred into crystallising dishes and subsequently dried in a 

laboratory oven at 200°C for 60 min. This procedure eliminates abundant pore water typical for 

muddy continental shelf sediments, which otherwise would have a negative impact on the quality 

of the analyses. After removing the samples from the oven and cooling to room temperature, the 

material was ground and homogenised manually by means of an agate or ceramic pestle and 

mortar. The powder was then poured into previously prepared sample cups. 
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Fig. 3: Photographs showing various steps ofXRF sample preparation. 

Left: cutting a sediment strip from the split-core section using the U-channel and plastic wire; centre: removing the 

sediment-filled U-channel; right: subsampling at a depth resolution of 4 cm 

Each sample cup consists of a top and a bottom ring, 4-11m prolene foil serving for the sides and 

the bottom. Spectro Analytical Instruments suggests a sample amount of 2-4 g dry sediment for 

XRF analysis. Since it is inconvenient to use highly accurate balances onboard the ship, sample 

dimensions had been predetermined in the land-based laboratory so that each cup, when filled to 

the brim with loose material, contained the desired mass for analysis. Note that this assumes a 

constant density for sediments in the study area. After filling, the material was compressed by 

means of a pestle so as to obtain a flat and even surface and to eliminate air in interstices. After 

capping, the cups were arranged on a 12-position rotating tray, which was then inserted into the 

measuring chamber of the Spectro Xepos analyser. 

Shipboard XRF analyses 

The compact benchtop EDPXRF analysis system Spectro Xepos used for the analyses is shown 

in Fig. 4. Its small size (31 x60x69 cm) and weight (~ 45 kg) allow easy use and transport outside 

a traditional land-based laboratory. Onboard ship, the instrument was immediately set up in 

standby mode to allow for adjustment. For one, thermic stabilisation is critical for the detector. 

The XRF was allowed to stabilise 2 h before being used for simultaneous measurements of 

elements from Mg (atomic number 12) through to U (atomic number 92). Elements important for 

this study are Si, Ti, AI, Fe, Mn, Mg, Ca, K, Sr, Ba, Rb, Cu, Ni, Zn, P, S, Cl and Br. All XRF 

datasets presented in this study are available on the Pangaea database http://www.wdc

mare. org/Panga Vista? query=@Ref2573 9. 

Spectro Xepos uses a Pd-target end window tube at a maximum power of 50 Wand a maximum 

voltage of 50 kV. The excitation radiation is optimised for three groups of elements, each with a 

specific target for modification in excitation energy and excitation energy distribution. The 

principle of this optimised excitation is already well known (Heckel et al. 1992). Targets, 

associated voltage values, and measured elements are listed in Table 2. Excitation conditions are 

not influenced by measuring time. The fluorescent radiation IS measured with a Si(Li) 

semiconductor detector (RONTEC-Xflash) which is operated at a temperature of -lOOC 
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(optimum temperature: -5 to -15°C). Cooling is accomplished thermoelectrically by integration 

of a Peltier element into the detector module (Spectro Xepos 2000). 

Fig. 4: Shipboard application of the XRF analyser 

Spectro Xepos 

Table 2: Excitation conditions used for the Spectro 

Xepos 

Target Voltage (kV) Elements 

Mo secondaIY target 45 Cr-Y, Hf-U 
Al20 3 polarisation target 49.5 Zr-Ce 
HO PG crystal 25 Mg-V 

The sample chamber is flushed with helium 

to avoid loss of energy caused by scattering 

in air. This improves the sensitivity for light 

elements such as Mg, Al and Si. A 50-1 

helium gas bottle (200 bar) is sufficient for 

approximately 1,000 analyses performed 

with the 100-s measuring time option. 

The instrument was operated by means of 

the software Spectro X-Lab Pro, version 2.4, 

using the so-called Turboquant method. This 

is a fundamental parameters method for 

fluorescence and scattering, and allows 

preliminary screening of samples (Schramm 

and Heckel 1998). The method is generally 

used at a specified measuring time of 300 s 

per target and sample. 

Readjustment of the multi-channel analyser (MCA) calibration of the XRF instrument was done 

weekly with a specially prepared glass disk. The calibration curves convert the MCA channel 

scale to a kiloelectronvolt (ke V) scale and thus, shift the peaks to the desired positions. Accuracy 

and reproducibility of the XRF instrument were assessed by daily analyses of the standard 

reference material MAG-1 (e.g. Govindaraju 1994). For this purpose, pressed pellets of the 

standard (4 g MAG-1 standard powder + 0.9 g Hoechst Wax) had been prepared in the land

based laboratory prior to the cruise. The standard pellets had been accurately weighed onland, 

thereby avoiding the problem of not being able to accurately correct for wax mass during 

difficult shipboard operations. To exclude errors due to sample preparation, however, 

reproducibility and accuracy were determined by repeated measurement of one and the same 

pellet whereas the remaining pressed pellets served as backups. 

Results 

Accuracy, reproducibility and detection limits (MAG-l standard reference material) 

A comparison of analyses perfonned on a single pressed pellet of certified standard reference 

material MAG-l allowed to assess the analytical quality of the Spectro Xepos instrument for the 

original 300-s method as well as for the time-reduced 100-s method, both onland and aboard. 
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Note that this pressed pellet had been prepared from the MAG-1 powder sample which had been 

analysed earlier with the 300-s measuring time option in the land-based laboratory. 

Pressed pellet 

Table 3 shows 300-s and 100-s accuracy and reproducibility data for both land-based and 

shipboard XRF analyses of a single pressed pellet ofMAG-1 standard reference material (cf. the 

standard deviation is an inverse measure of reproducibility). For the 300-s measuring time option 

under land-based laboratory conditions, reproducibility values are <5% for all listed elements 

except Ba, Cu, Ni, P and Cl, and :::;1 % for Si and AI. Thus, reproducibility is generally good. 

Accuracy is sometimes excellent (100±8% for Sr, Ba, Rb, Cu, Ni, Zn) but mostly biased towards 

overestimating element contents, except for Sr and Rb, which tend to be underestimated. 

Because reproducibility is generally good, this bias is consistent. 

Reduction of the measuring time to 100 s in the land-based laboratory leads to a decrease of 

accuracy and reproducibility, especially for Mn, Mg, Ba, Cu and Rb. Reproducibility values are 

>5% for Ti, Ba, Cu, Ni, P and Cl, :::;5% for Mn, Mg, Ca, Sr, Rb, Zn, S and Br, and :::;1 % for Si, 

AI, Fe and K. Accuracy remains similar to the 300-s measurements, showing excellent values 

(100±8%) for Ti, Sr, Ba, Rb, Cu, Ni and Zn but usually overestimating element contents, except 

for Sr. A comparison of these land-based data justifies our choice of the 100-s measuring time 

for the shipboard analyses. 

Shipboard 300-s measurements of the same pressed pellet of MAG-1 standard reference material 

even exceed the quality of land-based 300-s measurements in terms of reproducibility. Values 

are <5% except for Cu and Cl, and :::;1 % for Si, AI, Fe, Ca, K, Sr, S and Br. Accuracy decreases 

slightly by 1-2% for most elements but it is excellent (100±8%) for Sr, Ba, Rb, Cu, Ni and Zn. 

Again, there is a bias towards overestimating element contents, except for Sr. 

Although reproducibility of shipboard 100-s measurements decreases in comparison to both 

land-based and shipboard 300-s measurements, values are still :SI % for Si, Al and Fe, and <5% 

for the other elements, except Ti, Ba, Cu, Ni, P and Cl. Accuracy is excellent (100±8%) for Sr, 

Ba, Rb, Cu, Ni and Zn, but mostly element contents are overestimated, except for Sr. A 

comparison of the land-based 300-s and shipboard 100-s measurements of the MAG-1 pressed 

pellet shows a decrease of both accuracy and reproducibility for Mn and Mg. Standard deviations 

of Ba and P increase from 6.7 to 14.3, and 5.0 to 7.7% respectively. Overestimation of element 

contents is highest for P (131-150% relative accuracy) and Mg (130-141% relative accuracy) 

with all four methods. On the other hand, the accuracy of shipboard 100-s measurements of Ca, 

K and Sr exceeds that of land-based 300-s measurements. For most other elements, shipboard 

100-s data show either better reproducibility but lower accuracy than land-based 300-s data (Si, 

AI, Fe) or vice versa (Ti, Ba, Cu, Ni, Zn, P). 



Table 3: Compilation ofland-based and shipboard data, both for the original300-s and the time-reduced 100-s measuring times, for a pressed pellet ofMAG-1 standard reference 

material. SD standard deviation, n number of replicate analyses 

Element Si Ti AI Fe Mn Mg Ca K Sr Ba Rb Cu Ni Zn P S Cl Br 

Certified (mg/kg) 235600 4496 86800 47560 759 18090 9790 29470 150 480 150 30 53 130 698 

±4500 ±420 ± 1600 ± 4200 ±70 ±600 ± 710 ± 1410 ± 15 ±41 ±6 ±3 ±8 ±6 ±92 

Land-based, 300-s; n=91 
Measured mean (mg/kg) 285700 4950 10530 53430 887 23510 10810 32450 139.6 508 146.6 31.8 55.2 137.1 1045 3556 17950 226.2 
SD (mg/kg) 2800 225 1000 600 31 520 250 620 2.3 34 2.3 2.7 2.9 3.4 52 47 2840 3.7 
Relative SD (%) 1.0 4.6 0.9 1.1 3.5 2.2 2.3 1.9 1.7 6.7 1.6 8.4 5.2 2.5 5.0 1.3 15.8 1.6 

Relative accuracy (%) 121 110 121 112 117 130 110 110 93 106 98 106 104 105 150 
Detection limit (mglkg) 8400 675 3000 1800 93 1560 750 1860 6.9 102 6.9 8.1 8.7 10.2 156 141 8520 ILl 

Land-based, 100-s; n=99 

Measured mean (mg/kg) 289004 4814 10582 54056 907 24880 10825 32493 140.3 515 148.0 32.2 52.4 135.5 935 3472 13724 221.9 

SD (mg/kg) 2319 266 694 422 37 709 148 309 2.4 60 2.6 3.4 5.3 4.3 64 48 1567 4.1 

Relative SD (%) 0.8 5.5 0.7 0.8 4.0 2.9 1.4 1.0 1.7 11.7 1.8 10.6 10.1 3.2 6.9 1.4 11.4 1.8 

Relative accuracy (%) 123 107 122 114 120 138 111 110 94 107 99 107 99 104 134 

Detection limit (mg/kg) 6957 798 2082 1266 111 2127 444 927 7.2 180 7.8 10.2 15.9 12.9 192 144 4701 12.3 

Shillboard, 300-s; n=97 

Measured mean (mg/kg) 286600 5124 10580 53960 899 24490 11020 32950 140.5 507 147.7 31.3 55.9 135.6 970 3458 14040 225.1 

SD (mg/kg) 1700 119 600 160 23 550 90 270 1.4 24 1.8 2.9 2.5 2.5 26 29 890 2.2 

Relative SD (%) 0.6 2.3 0.5 0.3 2.5 2.2 0.8 0.8 1.0 4.8 Ll 9.3 4.4 1.9 2.7 0.8 6.3 1.0 

Relative accuracy (%) 122 114 122 113 118 135 113 112 94 106 99 104 106 105 139 

Detection limit (mg/kg) 5100 357 1800 480 69 1650 270 810 4.2 72 5.4 8.7 7.5 7.5 78 87 2670 6.6 

Shillboard, 100-s; n=80 

Measured mean (mg/kg) 288800 4872 10640 53810 893 25580 10780 32370 139.6 491 146.9 29.5 53.3 134.7 915 3387 11830 220.6 

SD (mg/kg) 1700 254 700 520 34 650 200 440 2.3 70 3.0 4.2 5.2 4.3 71 53 940 4.1 

Relative SD (%) 0.6 5.2 0.7 1.0 3.8 2.5 1.8 1.4 1.6 14.3 2.1 14.2 9.7 3.2 7.7 1.6 8.0 1.9 

Relative accuracy (%) 123 108 123 113 118 141 110 110 93 102 98 99 101 104 131 

Detection limit (mg/kg) 5100 762 2100 1560 102 1950 600 1320 6.9 210 9 12.6 15.6 12.9 213 159 2820 12.3 
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Powder sample 

Land-based 300-s measurements of a single powder sample of MAG-l standard reference 

material are shown in Table 4. Reproducibility values are <5% for all listed elements except Ba 

and Cu, and :::;1 % for Si, Ti, AI, Fe, Ca, K, Sr, S and Br. Among the major elements, only Mg 

and Mn show values of 2.0%, P of 2.4%. Accuracy exceeds that of the pressed pellet for the 

major elements, with excellent values for Si, Ti, Fe, Mn and Ca, and also for the trace element 

Ni. For the trace elements Sr, Ba, Rb, Cu and Zn, however, accuracy is lower in the powder 

sample than in the pressed pellet. Except for P, Mg and Si, there is a bias to underestimate 

element contents. This bias is most significant for Sr, Ba and Rb which are underestimated by 

15-19%. P shows the lowest accuracy, being overestimated by 30%. A comparison ofland-based 

300-s measurements of both the MAG-l pressed pellet and the powder sample justifies our 

choice to use powder samples aboard. 

Table 4: Compilation of land-based data for the original 300-s measuring time for a powder sample of MAG-l 

standard reference material. SD standard deviation, n number of replicate analyses 

Element Si Ti AI Fe Mn Mg Ca K Sr 

Celiified (mg/kg) 235600 4496 86800 47560 759 18090 9790 29470 150 

± 4500 ± 420 ± 1600 ± 4200 ±70 ± 600 ± 710 ± 1410 ± 15 

Land-based, 300-s; n=21 

Measured mean (mg/kg) 236262 4236 82296 45425 747 19564 9320 27510 122.0 
SD (mg/kg) 953 43 411 120 15 390 92 194 1 
Relative SD (%) 0.4 1.0 0.5 0.3 2.0 2.0 1.0 0.7 0.9 
Relative accuracy (%) 100 94 95 96 98 108 95 93 81 
Detection limit (mg/kg) 2859 129 1233 360 45 1170 276 582 3 

Element Ba Rb Cn Ni Zn P S Cl Br 

Celiified (mg/kg) 480 150 30 53 130 698 
±41 ±6 ±3 ±8 ±6 ±92 

Land-based, 300-s; n=21 
Measured mean (mg/kg) 391 127.7 26.8 45.5 117.1 908 3275 19839 196.1 
SD (mg/kg) 34 1.4 2.0 1.7 2.2 22 34 292 1.9 
Relative SD (%) 8.7 1.1 7.5 3.7 1.9 2.4 1.0 1.5 1.0 
Relative accuracy (%) 81 85 89 86 90 130 
Detection limit (mg/kg) 102 4.2 6 5.1 6.6 66 102 876 5.7 

The detection limit is defined as the element content corresponding to a signal three times the 

standard deviation. For measurements of both the powdered and pelleted MAG-l standard 

reference material with the four methods, detection limits are well below (factor> 10) certified 

levels for Si, AI, Fe, Mg, Ca, K, Sr, Rb, Zn, S and Br. Only for those elements with detection 

limits closer to certified levels, especially Ba, Ni and P, did instrument performance improve 

substantially with increasing measuring time. 
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Comparison of land-based XRF and ICP-AES analyses 

This is a comparison of two distinctly different methods, the XRF method being applied to the 

original solid phase samples, whereas the sediment samples used for ICP-AES analysis were 

fully digested. Results from linear regression analysis and statistical parameters are presented in 

Table 5 and Figs. 5 and 6. Element contents from ICP-AES analyses were set at 100%, and the 

relative accuracy represents the deviation of the XRF data from this reference level. Minimum 

and maximum values in relative accuracy represent the scattering of the data but note that, in the 

present case, this scatter can be attributed partly to resampling for XRF analyses and thus, to the 

inherent inhomogeneity of marine sediments. Outlier data are probably caused by the presence 

of, amongst others, larger shells or mineral grains. Outlier data for AI, Fe, Mg and K derive from 

sample 7, for Ti from samples 7, 15 and 63, and for Ni, Cu and Zn from samples 7, 8 and 9. 

Coefficients of determination are highest (zO.7) for Ca, Sr, K, AI, Fe, Ni and S, and lowest 

«0.7) for Ti, Mn, Mg, Cu and Zn. Ba shows a seemingly good correlation but this results largely 

from the wide range of Ba content (320-6,015 mg/kg) in core GeoB 3 7l8-9. Thus, a reduced Ba 

dataset (Fig. 6), comprising only those data points with lower element contents «1,000 mg/kg), 

shows a much poorer correlation. The mean relative accuracy of the XRF values is ± 100% for 

Ti, Mn, Mg, Ca, Cu and Zn but much lower (68%) for Ba. 

Table 5: Comparison of ICP-AES and land-based XRF analyses (powder samples; accurate sample weight; 300-s 

measuring time) of gravity core GeoB 3718-9 

Element ICP-AES; element content (mg/kg) a XRF; relative accuracy (%) 
Range Mean Min - max (outlier data in brackets b) 

Ti 870 - 2498 101 76 (53) - l36 (174) 
AI 15500 - 52500 81 69-100(104) 
Fe 9670 - 33290 92 78 - 117 (119) 
Mn 71-191 105 84 - 144 
Mg 6410 - 12800 97 85 - 123 (126) 
Ca 59430 - 274330 103 77 - 13 I (196) 
K 5260 - 15810 92 80 - 115 (116) 
SI' 279-1146 88 64-117(140) 
Ba 320 - 6015 68 47-111(125) 
Cu 48 - 106 100 78 - 118 (130) 
Ni 54 - 123 88 75-99(115) 
Zn 53 - 141 101 77 - 123 (134) 
S 4940 - 23413 84 72 - 103 

a ICP-AES analyses of core GeoB 3718-9 extracted from Heuer (2003) 

b Outlier data have been encircled in Figs. 5 and 6 

Comparison of shipboard and land-based XRF analyses 

R2 

0.40 
0.74 
0.74 
0.33 
0.48 
0.87 
0.71 
0.86 
0.98 
0.66 
0.73 
0.46 
0.89 

To assess the performance of the Spectro Xepos instrument aboard ship, 40 powder samples 

from three MUCs (GeoB 8301-5, GeoB 8303-5, GeoB 8501-1) were analysed with the 300-s and 

the time-reduced 100-s methods, both aboard and subsequently onland. For the post-cruise 

analyses, the samples were accurately weighed in order to estimate whether the quality of 

shipboard measurements had been impaired by the volume-based weighing procedure. 
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For both the shipboard and land-based datasets, the relationships between the 100-s and 300-s 

methods show regression lines all running through the origin. Correlations are excellent 

(R2 ;::::0.99) for Si, AI, Fe, Mn, Ca, K, Sr, S, Cl and Br, good for Ti, Mg, Rb and Zn (R2 =0.9 to 

0.99), whereas Cu, Ni, P and especially Ba show a higher scatter of data (R2 <0.9; Figs. 7-9). 

If shipboard and land-based measurements were to correspond perfectly, then a sample measured 

both aboard (triangles in Figs. 7, 8, 9) and onland (crosses in Figs. 7, 8, 9) would plot essentially 

as a single data point. A good correspondence exists between shipboard 100-s and land-based 

300-s measurements, with an average deviation of :::;5% for Si, AI, Fe, Ca, K, Sr and Br. For Rb, 

Zn, S and Cl, the average deviation is :::; 1 0%, whereas it is > 1 0% for Ti, Mn, Mg, Ba, Cu, Ni and 

P. The seemingly low scatter in the Mn plot in Fig. 7 results largely from the wide range of Mn 

content from approximately 0.1 to 4.0 g/kg. The onboard procedure of estimating sample weight 

relatively crudely in terms of sample volume generally has only a minor effect on data accuracy. 
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Instrument performance at sea 

After 2 h of stabilisation in the standby mode, necessaty to adjust instrument parameters, the 

Spectro Xepos showed no irregularities in functioning which could have been caused by 

transport. At a measuring time of 100 s per target and sample, a complete analysis of one sample 

with all three targets takes 5 min, and a 12-position rotating tray is analysed within 80 min, 

rather than 200 min at the original measuring time of 300 s. Geochemical information on several 

elements (18 in the present case) is available immediately after analysis. 

Spectro Xepos is generally capable of detecting all elements from Mg through U from powdered 

material in cups. For many elements (e.g. V, Cr, Co, As, Y, Zr, Mo, Ag, Cd, Sn, Pb, U) in the 

samples analysed, however, the detection limits of the instrument were above or close to 

naturally occurring levels at the study site. This is a core-specific result and not due to shipboard 

effects. The "missing" elements would not have been reliably detected onland either. 

Occasionally, single shipboard XRF analyses deviated from the general trend in the cores, for 

instance, for the elements Si, Ca, AI, Fe, K, Mg and S. Subsequent re-analyses of these samples 

often confirmed that the initial values were not erroneous. Presumably, the deviation from the 

general trend was caused by the inherent inhomogeneity of the sediments at the study site. 

However, 0.5% of the measurements performed during the three cruises M 57-1 (Schneider and 

Cruise participants 2003), M 58-1 (Schulz and Cruise participants 2003) and M 58-2a & b (Bleil 

and Cruise participants 2004) was found to be erroneous, the value being 0.6% for cruise M 57-1 

on its own. It is as yet not known whether this could have been due at least partly to 

unfavourable weather conditions. Dates of XRF analyses perfOlmed during cruise M 57-1 and 

prevailing weather conditions are listed in Table 6. The instrument certainly remained 

operational during heavy weather conditions, even at wind speed 8 to 9 B (19-22.5 mls) and 

swells of 3 to 4 m. 

Table 6: Dates ofXRF analyses during RV Meteor cruise M 57-1, dominating wind speed and swell during day of 

analysis, number of samples and enoneous measurements 

Core no. DateofXRF Wind speed Swell Number of Erroneous 
analysis (B) (m/s) (m) samples measurements 

GeoB 8301-5 21.01.2003 1-3 1.0-4.5 3 11 0 
GeoB 8301-6 22.01.2003 3-6 4.5-12.5 2-2.5 219 1 

23.01.2003 7-9 15.5-22.5 3 
GeoB 8303-5 22.01.2003 3-6 4.5-12.5 2-2.5 12 0 

24.01.2003 6-8 12.5-19.0 2.5-3 
GeoB 8307-6 26.01.2003 4-5 6.5-9.5 1.5-2 211 2 

27.01.2003 5-6 9.5-12.5 2 
GeoB 8310-2 28.01.2003 6 12.5 1.5-2.5 208 0 

29.01.2003 5-7 9.5-15.5 2.5 
GeoB 8315-6 31.01.2003 5 9.5 2.5-3 212 1 

01.02.2003 3-5 4.5-9.5 1.5-2 
GeoB 8331-4 02.02.2003 5 9.5 2.5-3 220 3 

03.02.2003 4-5 6.5-9.5 1.5 
04.02.2003 3-5 4.5-9.5 1-1.5 
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The shipboard data show typical XRF trends, commonly observed in continental margin 

sediments. Example spectra are presented in Figs. 10 and 11 for the Mo-target and HOPG-crystal 

excitation for two samples collected at 9- and 193-cm core length in GeoB 8301-6. Note that 

both figures show an expanded energy scale. There is an excellent differentiation in the 

measured intensities of common elements such as Fe, Br and Sr (Fig. 10), and also AI, Si, S, Cl, 

K and Ca (Fig. 11). In particular, note the good sensitivity for the Al and Si peaks, a potential 

problem when using benchtop XRF equipment. 
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Fig. 10: View of the ",6-15 keY region in spectra of 

two different samples from GeoB 8301-6 (9-cm core 

length, bold line; 193-cm core length, shaded line), 

using the Mo-target excitation (0-25 keY) 
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Fig. 11: View of the ",1-4.5 keY region in spectra of 

two different samples from GeoB 8301-6 (9-cm core 

length, bold line; 193-cm core length, shaded line), 

using the HOPG-crystal excitation (0-12.5 keY) 

Shipboard downcore elemental variations are illustrated on the basis of selected datasets for four 

cores collected in the southern Cape Basin during RV Meteor cruise M 57-1 (Schneider and 

Cruise participants 2003), combined with the age data for one reference core collected earlier 

during RV Meteor cruise M 23-1 (SpieB and Cruise participants 1993) and analysed onland. 

Fig. 12 a-c shows good correlation of the Fe, Si and Ca profiles between the dated reference core 

GeoB 2004-3 and the gravity cores GeoB 8315-6, GeoB 8307-6, GeoB 8310-2 and GeoB 8301-

6. Core GeoB 2004-3 allows age-depth correlation back to 300 ka. Cores GeoB 8310-2 and 

GeoB 8301-6 are younger than 300 ka, whereas cores GeoB 8315-6 and GeoB 8307-6 exceed 

this age. An age of approximately 190 ka is the oldest identified in all five gravity cores in the 

present study. 

A more complete dataset for core GeoB 8301-6 (Fig. 13) indicates that the elements showing 

lowest relative standard deviations are Si, AI, Fe, Ca, K, Sr, Rb, Zn, S, Cl and Br, evident in the 

rather smooth appearance of specific peaks in the graph (cf. relatively low standard deviations in 

Tables 3, 4). More "noisy" are the profiles for Ti, Mg, Cu, and especially Mn, Ba, Ni and P, 

reflecting the higher standard deviations (cf. Tables 3, 4). 
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Figure 12 (continued) 
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Fig. 12 a-c: Correlation of a Fe, b Si and c Ca profiles between the four study cores analysed onboard with the 100-

s method and the reference core GeoB 2004-3 analysed onland with the 100-s method. Peaks which are well 

correlated are indicated by dashed lines. The bold dashed line marks the oldest age (190 ka) identified in all five 

cores in the present study. Depth-integrated sedimentation rates in a were estimated up to 190 ka 
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Discussion and conclusions 

Shipboard measurements carried out by means of Spectro Xepos were integrated downcore at a 

resolution of 4 cm, using dry material which had been ground and compressed conveniently by 

hand. Together with instrument-specific timesaving steps, this enabled us to prepare and analyse 

more than 200 samples for various elements within 24 h only. By now, the XRF technique has 

been applied during three RV Meteor cruises to approximately 5000 Late Quaternary sediment 

samples from altogether 23 gravity cores, 25 multi corer cores and two box cores from the eastern 

South Atlantic off South Africa I Namibia and the eastern Atlantic off NW Africa. 

The findings of the present study convincingly demonstrate a generally excellent agreement 

between land-based and shipboard datasets. Reproducibility of XRF analyses is good for 

elements which commonly occur at high levels in marine sediments, such as Si, AI, Fe, Ca, K 

and Sr. Elements occurring at lower levels, such as Ba and Cu, however, show standard 

deviations exceeding 5% for both shipboard and land-based analyses. Thus, Spectro Xepos XRF 

analysis of marine sediments evidently yields the best results for major elements. The quality of 

the XRF data is only marginally affected by the problem of not being able to determine highly 

accurate sample weights aboard ship, as long as the amount of sample material is sufficient to fill 

at least half the sample cup. 

Analyses of a pressed pellet of the MAG-I standard show good accuracy for the minor elements, 

but major element contents are generally biased towards overestimation. This bias can not be 

explained by the duration of the measurement (300-s or IOO-s measuring time) or by the running 

of the instrument under stationary or non-stationary conditions. Analyses of a MAG-I powder 

sample are in the range of or close to certified values for major elements whereas trace elements 

tend to be underestimated. Land-based laboratory work with corresponding powder samples and 

pressed pellets, both of other standard reference materials (Asso, Nod-PI, PACS-I) and 

sediments from core GeoB 3718-9, showed element contents in pressed pellets to be almost 

always higher than those in the powder samples (Wien et aI., unpublished data). Especially for 

analysis of major elements, therefore, powder samples are to be preferred whereas analytical 

quality for minor elements increases by the usage of pressed pellets. Our focus of interest being 

the major elements as well as a much faster and easier sample preparation is the main argument 

for using powder samples for shipboard XRF analyses. It should be borne in mind that the 

absolute values for element contents are based on an internal calibration provided by the 

Turboquant method. The resulting bias towards over- or underestimating element contents can be 

easily reduced by subsequent external calibration with element-specific factors. 

One reason for the better quality (higher reproducibility) of shipboard 300-s vs. land-based 300-s 

measurements of the MAG-I pressed pellet may be linked to the essentially continuous operation 
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of the Spectro Xepos during the crUise aboard the RV Meteor. Shipboard analyses were 

perfonned every day and, if necessary, even overnight during the 3-week M 57-1 cruise 

(Schneider and Cruise participants 2003). The land-based analyses, on the other side, comprise a 

time span of 8 months during which the instrument was not operated that often. The high data 

quality resulting from a tight work schedule is also indicated by the comparison of shipboard 

300-s measurements of the MAG-1 pressed pellet with the land-based 300-s measurements of the 

MAG-1 powder sample. The MAG-1 powder sample was analysed 21 times during a time span 

of only 8 days, before being processed into the pressed pellet. Reproducibility values are similar 

for both datasets. 

The time-reduced 100-s measuring method is highly suitable for shipboard work because the 

duration of analysis of 100 samples is reduced from approximately 28 to 11 h. Thus, the method 

represents a substantial financial saving in tenns of manpower and ship costs. Evidently, the 

high-quality data obtained by onboard 100-s measurements can be used meaningfully for 

comparisons of elemental profiles between cores. Since data from 300-s and 100-s measurements 

correspond so well, we have now adopted the 100-s measuring time and the use of powder 

samples for routine work in our land-based laboratory at Bremen University. Only for more 

difficult analyses of Ba do we improve analytical quality by using the original 300-s measuring 

time option. Moreover, for long-tenn documentation of instrument accuracy and reproducibility, 

both during shipboard operations and in the land-based laboratory, it is more convenient to use 

standard reference material in fonn of pressed pellets rather than powder. 

Onboard application of the Spectro Xepos instrument was not limited by stonny weather 

conditions. During RV Meteor cruise M 57-1, wind speeds exceeded 6 B (12.5 m/s) during 

7 days, and swells were :::::2 m during 14 days and :::::3 m during 6 days. Erroneous values may 

have been caused by stronger than usual movement of the ship at the time of analysis. However, 

we did not observe an obvious link between outlier data and stonnier weather conditions and, 

besides, outlier data have been observed to a similar extent in the land-based analyses as well. 

There are several aspects which argue in favour of the Spectro Xepos analyser aboard a research 

vessel. The XRF technique can provide fast and reliable data on the elemental composition of 

sediment cores. It is possible, for instance, to gain immediate infonnation on the distribution of 

terrigenous versus marine material in continental shelf or margin sediments. These data can be 

qualitatively and quantitatively linked with terrigenous input, water mass chemistry, atmospheric 

circulation or ocean currents, and thus are highly important in studies of palaeoc1imate, 

palaeoenvironment and palaeoceanography. For example, onboard XRF measurements were 

perfonned during Meteor cruise M 58-1 for the first time on highly disrupted sediment cores 

retrieved from the continental slope off NW Africa (Schulz and Cruise participants 2003). These 

sediments are strongly influenced by transport processes such as slides, debris flows and 
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turbidity currents, one core from an intra-channel site comprising approximately 45% turbidite 

material. Downcore elemental profiles provided valuable stratigraphic information and thus, 

reliable age models for emplacement times of debris flows and turbidites, as has already been 

confirmed by subsequent radiocarbon dating (Wien et aI., unpublished data). Thus, XRF data 

help tremendously to support scientific discussion on processes governing changes in sediment 

composition, related either to climate or to local sedimentation processes, or both, and this 

already during the cruise. Since geochemical data are available within 24 h after recovering a 

sediment core, it is possible for scientists to react quickly to new results by intensifying 

investigations in the study area before the end of the cruise. Thus, the geochemical data obtained 

by XRF analysis can guide onsite decisions for mapping and more detailed sampling and, 

moreover, form a key element of post-cruise studies and perspectives. 

The most important advantage of the Spectro Xepos analyser over other well-established logging 

or scanning tools (e.g. multi-sensor core logger, colour spectrophotometry, XRF core scanner) is 

its capability to measure absolute element contents in sediments. These data allow interpretation 

both of absolute element values in a core and their downcore variations and thus, can be directly 

correlated with environmental processes on a quantitative basis. By contrast, various XRF core 

scanners provide data on element intensities which basically only mirror downcore variations. In 

order to use these data on a quantitative basis, they have to be calibrated for each region or suite 

of cores with reference material analysed with other techniques such as ICP-AES, ICP-MS or 

AAS. 

Elemental composition of the sediment is not affected by alteration due to atmospheric oxygen 

as, for example, is sediment colour, nor is infOlmation lost due to post-depositional reduction 

diagenesis, as is often observed for magnetic parameters. Moreover, sediment colour and 

physical properties are composite signals, with sediment colour, for example, depending on a 

variety of parameters such as mineral composition, species assemblage, organic matter content, 

bulk density, and also roughness of the scanned sediment surface. Although element content is 

not entirely unaffected either, interferences are less manifold and transport paths and processes 

are better known. 

Another key advantage of the Spectro Xepos is its small size which allows operation even if 

shipboard laboratory facilities are limited. Even on smaller vessels, onboard measurements 

performed immediately after core recovery avoid potential elemental changes, for instance, 

carbonate dissolution or translocation of Mn, which may be caused during transport and 

subsequent long-term storage in a core tank. 

In the present study, we have shown that shipboard Spectro Xepos XRF analyses can approach 

the quality of measurements performed under stationary conditions onland. Our future goal is 
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directed towards a considerable simplification of the sample preparation technique for onboard 

XRF analysis. 
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Abstract 

High-resolution records of Ca and Sr were obtained from shipboard XRF analyses of bulk sediments in 

five gravity cores from the southern Cape Basin, South Atlantic Ocean. Sr/Ca ratios display regular 

glacial/interglacial variations of 14-40% and reveal a close con-elation with the SPECMAP record, 

minimum Sr/Ca ratios appearing during glacial (8180) maxima, distinct increases during periods of 

deglaciation, and highest ratios in interstadials. Shifts in carbonate-producing phyto- and/or zooplankton 

assemblages over glacial/interglacial cycles are suggested to be the main cause for the observed variations 

in SrlCa patterns. Quick assessment of the relationship between Sr/Ca ratios and the SPECMAP record 

made it possible to easily transfer an age model to the newly collected cores already during the cruise. 

Introduction 

The oxygen isotope composition (8 180) of ocean water is determined by variations in the global 

ice volume, local temperature and salinity (Emiliani 1955; Shackleton and Opdyke 1973). 

Stacked foraminiferal 8180 records from low- and mid-latitudinal open ocean sites reveal strong 

coherency with orbital variations in precession (19 and 23 ka), obliquity (41 ka) and eccentricity 

(100 ka), and thus monitor oceanic responses to major changes in the global climate (Imbrie 

et al. 1984; Pisias et al. 1984; Martinson et al. 1987). These 8180 records have been compiled 

into the SPECMAP (Mapping Spectral Variability in Global Climate Project) datasets (Imbrie 

et al. 1984; Martinson et al. 1987), which are widely used to correlate the oxygen isotope profiles 

of marine sediment cores worldwide and to assign ages to these cores. 

In addition to being reflected in Foraminifera 8180 records, glaciallinterglacial sea-level cycles 

also influence the Sr budget of the ocean (Stoll and Schrag 1996). The amplitude of SrlCa 

variation in modem surface ocean water is less than 2% (de Villiers et al. 1994; de Villiers 

1999). By contrast, Sr/Ca variation over Quaternary glaciaVinterglacial cycles has been reported 

to be in the range of 1-3% (Stoll and Schrag 1998), and is attributed mainly to the 

recrystallisation of shelf aragonite into calcite, resulting in increased Sr/Ca ratios during glacial 

maxima (Schlanger 1988; Stoll and Schrag 1998). Variable incorporation of Sr by carbonate

producing marine organisms is, however, controlled by diverse factors other than only seawater 

Sr levels. For instance, Sr incorporation by foraminifers and coccolithophores (gold-brown 

algae) has been suggested to vary on a species-to-species basis (e.g. Elderfield et al. 2000), or 

with changes in growth and calcification rates (e.g. Stoll and Schrag 2000) respectively. Thus, 

marine carbonate production, composition and amount of ten-igenous components, and 

recrystallisation and dissolution of carbonate are all important in this context, making it difficult 

to unambiguously trace any single key cause of Sr/Ca variations in bulk sediments. Nevertheless, 

SrlCa patterns can give valuable insight into biogenic/hydrographic conditions in the geological 

past. 
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The southern Cape Basin, South Atlantic Ocean, lends itself well to investigating such aspects. 

The unique character of this basin results from its location at the southern extremity of the 

Benguela upwelling system, which is influenced by the intersection of several important water 

masses and current systems and, therefore, highly variable hydro graphic conditions (e.g. 

Lutjeharms 1996; Shannon and Nelson 1996; Gordon 2003). The complexity of the Bengue1a 

system, which interacts at its southern and northern boundaries with the warm water regimes of 

the Agulhas Current and the Angola Current respectively (e.g. Shannon and Nelson 1996), 

renders it highly susceptible to shifts in species ranges. Previous studies in this region indicate 

sometimes subtle responses of various nano- and microfossil groups to changes in productivity, 

water temperature and water circulation (e.g. Giraudeau 1993; Giraudeau and Rogers 1994; 

Schmiedl and Mackensen 1997; Gingele and Schmiedl 1999; Abrantes 2000). Since 1981, the 

interdisciplinary Benguela Ecology Programme (BEP) has been concerned with the shelf and 

adjacent offshore waters off southern Africa (e.g. Lutjeharms et al. 1995; Boyd and Nelson 1998; 

Gammelsf0d et al. 1998; Nelson et al. 1998; Skogen 1999; Steinke and Ward 2003; Demarcq 

et al. 2003), and the impacts of physicochemical variability on the shelf environment and its 

living resources (e.g. Crawford 1998; Mitchell-Innes et al. 1999; Griffiths 2003; Skogen 

et al. 2003). 

RV Meteor cruIse M 57-1 to the eastern South Atlantic Ocean was dedicated to the 

reconstruction of the Late Quaternary climate history of the southern Benguela system, and the 

influence of Agulhas warm water entrainment from the Indian Ocean into the South Atlantic 

Ocean (Schneider and Cruise Participants 2003). The primary objective of the present study was 

to assess any correspondence of SrlCa ratios in bulk sediments in the southern Cape Basin with 

the SPECMAP record (Imbrie et al. 1984, 1989; McIntyre et al. 1989). By correlating these data 

with a dated reference core, we also aimed to assign an age model to newly collected gravity 

cores, and this already during the cruise. Within this context, we performed shipboard XRF 

analyses on bulk sediments from the cores, using the new portable Spectro Xepos analyser (cf. 

Wien et al. 2005, this issue). 

Materials and methods 

During RV Meteor cruise M 57-1 in January/February 2003, altogether 19 gravity cores were 

recovered from the southern (and central) Cape Basin in the southern Benguela upwelling system 

(Schneider and Cruise Participants 2003). Onboard descriptions of cores from the southern Cape 

Basin provide evidence of the occurrence of foraminifer-bearing nanofossil ooze in several cases 

(cores GeoB 8303-6, GeoB 8307-6 and GeoB 8308-1) and, in one core (GeoB 8306-2), the 

sediment is described as foraminifer- and coccolith-bearing mud (Schneider and Cruise 

Participants 2003). 



42 Close con-elation between Sr/Ca ratios and SPECMAP record 

The present study is based on data from four of these cores (Table 1; Fig. 1). Core GeoB 8301-6 

is composed largely of mud and sand, core GeoB 8307-6 of foraminifer-bearing nanofossil ooze, 

core GeoB 8310-2 of mud and foraminifer-bearing sandy mud, and core GeoB 8315-6 of 

foraminifer-bearing mud. 
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Fig. 1: Locations of the gravity cores in the southern Cape Basin, Closed circles selected core positions during 

RV Meteor cruise M 57-1 (present study), open circle position of reference core GeoB 2004-3 (RV Meteor cruise 

M 23-1) 

Table 1: Core number, geographic position, water depth and recovery of the gravity cores in the southern Cape 

Basin 

Core no, Latitude Longitude Water depth (m) Recovery (m) 

GeoB 8301-6 34°46.00'S 17°41.54'E 1,952 879 
GeoB 8307-6 33°50.43 'S 16°31.99'E 2,667 843 
GeoB 8310-2 32°54.57'S 16°22.92'E 1,993 833 
GeoB 8315-6 32°53.30'S 15°41.70'E 2,995 851 
GeoB 2004-3 300 52.lO'S 14°20.50'E 2,572 950 

The gravity cores were sampled at regular depth intervals of 4 cm, and the aliquots dried at 

200aC in a laboratory oven and ground manually, For the shipboard elemental analyses, 

approximately 4 g of this material was poured into sample cups, firmly pressed to remove air 

from the interstices, and analysed using the compact benchtop energy-dispersive polarisation X

ray fluorescence (EDPXRF) analysis system Spectro Xepos (Wien et al. 2005, this issue), In all, 

18 elements were measured (Si, Ti, AI, Fe, Mn, Mg, Ca, K, Sr, Ba, Rb, Cu, Ni, Zn, P, S, Cl and 

Br), only the Sr and Ca data being reported in the present study, SrlCa ratios were calculated as 
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Sr (mg)/Ca (g). All XRF datasets presented here are available on the Pangaea database 

homepage http://www . wdc-mare. org/Panga Vista? query=@Ref25 740. 

Gravity core GeoB 2004-3, collected in the northern part of the southern Cape Basin in 

February 1993 during RV Meteor cruise M 23-1 (Spief3 and Cruise Participants 1993), had been 

analysed earlier in the laboratory at Bremen University, using the same analytical method as that 

aboard ship. In order to use this core as reference during the cruise, it was correlated with the 

giant piston core MD 962085 collected on the lower slope off Namibia during RV Marion 

Dufresnecruise NAUSICAA-IMAGES II in OctoberlNovember 1996 (Belirand and Cruise 

Participants 1997). This piston core has been dated based on Foraminifera 8180 records (Chen 

et al. 2002). The age model was fitted by comparing colour reflectance data (700 nm) of 

MD 962085 (Bertrand and Cruise Participants 1997) with XRF Ca data of GeoB 2004-3. Any 

correlations between the cores were assessed on the basis of linear interpolation between tie 

points, using the software AnalySeries, version 1.1 (Paillard et al. 1996). 

Results 

For the combined dataset comprising the five cores GeoB 8301-6, GeoB 8307-6, GeoB 8310-2, 

GeoB 8315-6 and GeoB 2004-3, average SrlCa ratios vary between 3.633 and 3.886 (Table 2). 

Core-specific variations in Sr/Ca range from 14 to 40%. 

The data also suggest a latitudinal gradient in SrlCa variations within the southern Cape Basin. 

Thus, the largest ranges in Sr/Ca ratios were documented in the SE of the study area, the smallest 

in the NW (cf. Fig. 1; Table 2). Additionally, these variations seem to decrease with increasing 

water depth (range 1,952-2,995 m for the five cores; Table 1). 

Table 2: Bulk sediment Sr/Ca data of all analysed gravity cores in the southem Cape Basin 

Core no. GeoB 8301-6 GeoB 8307-6 GeoB 8310-2 GeoB 8315-6 GeoB 2004-3 

Average SrlCa (mg/g) 3.633 3.716 3.688 3.751 3.886 
Minimum Sr/Ca (mg/g) 2.770 3.078 3.143 3.363 3.599 
Maximum Sr/Ca (mg/g) 4.227 4.350 4.128 4.084 4.148 
Range (%) 40 34 27 19 14 

The Sr/Ca profiles show a close correlation between all analysed cores (Fig. 2). A comparison of 

these profiles with the SPECMAP record (Imbrie et al. 1984, 1989; McIntyre et al. 1989) reveals 

good correspondence between the datasets. Thus, the Sr/Ca ratios of all cores correlate inversely 

with the 8180 values, this being most visible in core GeoB 8307-6 which goes furthest back in 

stratigraphy, postdating to approximately 450 ka. Minimum SrlCa ratios appear during glacial 

(8 180) maxima - for example, a Sr/Ca ratio of 3.2 during oxygen isotope stage (OIS) 2. By 

contrast, periods of deglaciation are characterised by distinct increases in Sr/Ca ratios, followed 



44 Close correlation between Sr/Ca ratios and SPECMAP record 

by interstadials which show the highest Sr/Ca values (e.g. Sr/Ca ratios of 3.9 during OISs 1, 5 

and 7). In core GeoB 8307-6 at ~50, 270-330, ~480 and ~650 cm, low Sr/Ca ratios correspond to 

maximum values in the stacked 8180 record of the SPECMAP profile at 19, 140-150, 250 and 

340 ka respectively. 
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Fig. 2: Correspondence of Sr/Ca ratios (mg/g) in bulk sediments with the SPECMAP record. a Core GeoB 2004-3 

was recovered during RV Meteor cruise M 23-1 (SpieJ3 and Cruise Participants 1993); the age model is by 

correlation with core MD 962085 (Chen et al. 2002). The profile for reference core GeoB 2004-3 shows the 

correspondence of the age model with the SPECMAP record. Dotted lines indicate well-correlated peaks. WD Water 

depth, OIS oxygen isotope stage 

Average sedimentation rates were hindcast to 190 ka, this being the oldest age identified in all 

five cores combined (Table 3). The values vary between 1.9 and 4.3 cm/103 year at the water 

depths investigated in the present study (cf. Fig. 1, Table 1), and decrease both downslope from 

the NE to the SW and alongslope from the NW to the SE at the study site. Sedimentation is 

slower at the deeper sites on the lower slope (1.9-2.7 cm/103 year; GeoB 8307-6 and GeoB 8315-

6, water depths 2,667 and 2,995 m respectively) than at the shallower sites (3.6-4.3 cm/103 year; 

GeoB 8301-6, GeoB 8310-2 and GeoB 2004-3, water depths 1,952, 1,993 and 2,572 m 

respectively). A south-eastward decrease of sedimentation rates is obvious when comparing 

cores from similar water depths but different latitudes alongslope. At water depths of 2,500-

3,000 m, values decrease south-eastwards from 3.6 (GeoB 2004-3) through 2.7 (GeoB 8315-6) to 
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1.9 cm/103 year (GeoB 8307-6), and at water depths of 1,950-2,000 m from 4.3 (GeoB 8310-2) 

to 3.6 cm/103 year (GeoB 8301-6). 

Table 3: Sedimentation rates for all gravity cores, estimated back to 190 ka 

Co,·e no. Sedimentation rate (cm/t03 year) 

GeoB 8301-6 3.6 
GeoB 8307-6 1.9 
GeoB 8310-2 4.3 
GeoB 8315-6 2.7 
GeoB 2004-3 3.6 

Discussion and conclusions 

The findings of the present study convincingly demonstrate inverse relationships between bulk 

sediment Sr/Ca ratios and 8180 values of the SPECMAP record documented in all study cores 

from the southern Cape Basin. As pointed out above, the main causes of Sr/Ca variations over 

glaciallinterglacial cycles are (1) fluctuations in the input and burial of biogenic carbonate 

particles of different Sr/Ca ratios, due either to shifts in species assemblages or to changes in 

growth and calcification rates; (2) selective dissolution of carbonate. Thus, Sr/Ca ratios 

ultimately preserved in bulk sediments represent a composite signature integrating all these 

effects. 

Variations in species assemblages o/biogenic carbonate producers 

The location of the southern Cape Basin in an oceanographic ally complex area (e.g. Shannon 

and Nelson 1996; Gordon 2003) is associated with biotic responses to surface hydrological 

variations which reflect global glaciallinterglacial cycles (Flores et al. 1999; Rau et al. 2002; 

Peeters et al. 2004) and additional pulses due to local (Agulhas Current) and regional 

(Subtropical Convergence and associated sub antarctic water masses) ocean dynamics (Rau 

et al. 2002). Bulk carbonate in the modern ocean is sequestered mainly in coccoliths, 

foraminifers and, at shallower sites, aragonitic pteropods (e.g. Schiebel 2002). According to 

onboard descriptions, the dominant carbonate producers in the study cores are coccoliths and 

foraminifers (Schneider and Cruise Paliicipants 2003). 

Fonner studies on cores recovered from the continental margin off Cape Town, South Africa, 

report fluctuations in bulk coccolith abundances over glacial/interglacial cycles, with higher 

values during interglacial OISs 1, 5 and 7, and lower values during glacial OISs 2-4 and 6 

(Flores et al. 1999; Boeckel 2003). Among the planktonic Foraminifera, especially the tropical

subtropical Agulhas fauna shows a distinct glaciallinterglacial periodicity, higher abundances 

having been recorded during interglacial periods (Peeters et al. 2004). These fluctuations are in 
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general agreement with the patterns in SrlCa variations documented in the bulk sediments of our 

cores from the southem Cape Basin. 

Variations in growth and calcification rates of biogenic carbonate producers 

For many carbonate producers, SrlCa variations of shells and skeletons considerably exceed the 

1-3 % global range proposed for ocean water over the last 100,000s of years (Stoll and Schrag 

1998). This results partially from changes in the growth and calcification rates of the different 

species. Generally, Sr/Ca ratios of coccolith carbonate significantly exceed those for most 

Foraminifera (Stoll et al. 1999; Stoll and Schrag 2000), nearly by factor 2 (Stoll et al. 2002). 

Moreover, in various time-series records Foraminifera show less Sr/Ca variability than do 

coccoliths (e.g. Martin et al. 1999; Stoll et al. 1999; Elderfield et al. 2000; Stoll and Schrag 

2000; Shen et al. 2001). 

For our study cores, there is some independent evidence that the SrlCa signal is affected by 

fluctuations in coccolith assemblages. Stoll and Schrag (2000) report Sr/Ca variations of nearly 

20% over the last 250 ka in the downcore fine "coccolith" fraction from the equatorial Pacific, 

with minimum Sr/Ca values corresponding to glacial (8 180) maxima in the composite benthic 

8180 curve of Martinson et al. (1987). These data agree with our findings, in tenns of both the 

range (15-40%) as well as the general trend of Sr/Ca variations (cf. Sr/Ca minima during glacial 

maxima) in bulk sediments from the southern Cape Basin. 

Carbonate dissolution 

Species-dependent dissolution of carbonate particles in the water column and on the seafloor 

(Berger 1970; Berger et al. 1982; Berger and Wefer 1996) may also bias the SrlCa ratios of 

sediments, as does selective dissolution due to different within-species reactivites (e.g. Lohmann 

1995; Brown and Elderfield 1996; Stoll et al. 1999). Hence, dissolution may cause sediments to 

become enriched with resistant species at the expense of more susceptible ones (Berger 1970). 

Carbonate dissolution is controlled mainly by the positions of the aragonite and calcite 

lysoclines, both of which varied over glaciallinterglacial cycles (e.g. Berger 1977). However, 

since all our study sites are located in relatively shallow water at ca. 2,000-3,000 m water depth, 

preservation of coccolith and foraminifer calcite is assumed to be generally good in this case (see 

also Flores et al. 1999; Boeckel2003). Pteropods, on the other hand, are known to be only rarely 

preserved in deep-sea sediments, and may only sporadically be present in deglaciation 

preservation spikes. In our study area in the southem Cape Basin, it is only during the intense 

carbonate dissolution event in the early OIS 6 (Bertrand et al. 2002) that the deeper sites 

GeoB 2004, GeoB 8307 and GeoB 8315 may possibly have been positioned at or below the 

calcite lysocline and, therefore, have been affected by enhanced carbonate dissolution. 
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Compared to the highly productive Benguela upwelling system off Namibia, upwelling in the 

southern Cape Basin is subdued and the region is subjected to incursions from the South Atlantic 

Current and eddies from the Agulhas retroflection. Moreover, nutrient concentrations decrease 

southwards in these thermocline waters (Berger et al. 2002). This is consistent with the results of 

the present study which show that sedimentation rates decrease from the NW to the SE in the 

study area. By contrast, Sr/Ca variations are highest in the south-eastern part of the southern 

Cape Basin, and decrease both north-westwards and with increasing water depth. This may 

reflect a changing influence especially of warm water entrainment from the Indian Ocean at the 

Agulhas retroflection, coupled with shifts in species assemblages over glaciallinterglacial cycles 

caused by extensions of species distributions beyond present-day wanner regions in the Indian 

Ocean off south-eastern Africa. 

In conclusion, the diversity of factors controlling Sr/Ca variations in bulk sediments in the 

southern Cape Basin is too complex to be fully deciphered by the data available to date. Further 

studies need to focus on the complete assemblage of calcareous organisms in this region, and to 

umavel individual Sr/Ca signals. The most obvious use of the preserved Sr/Ca signal is for 

correlating and age dating of cores from this region. 
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Abstract 

This study of sediments from the Cap Timiris Canyon demonstrates that geochemical data can provide 

reliable age-depth correlation even of highly turbiditic cores and attempts to improve our understanding 

of how turbidite emplacement is linked to climatic-related sea-level changes. The canyon incises the 

continental margin off NW Africa and is an active conduit for turbidity currents. In sediment cores from 

levee and intrachannel sites turbidites make up 6-42 % of sediment columns. Age models were fitted to 

all studied cores by correlating downcore element data to dated reference cores, once turbidite beds had 

been removed from the dataset. These age models enabled us to determine turbidite emplacement times. 

The Cap Timiris Canyon has been active at least over the last 245 kyr, with turbidite deposition 

seemingly linked to stage boundaries and glacial stages. The highly turbiditic core from the intrachannel 

site postdates to ;:::; 15 kyr and comprises Holocene and late Pleistocene sediments. Turbidite deposition at 

this site was associated especially with the rapid sea-level rise at the Pleistocene/Holocene transition. 

During the Holocene, turbidity current activity decreased but did not cease. 

Keywords: submarine canyons; turbidites; sea-level 

Introduction 

Submarine canyon systems are common on ocean margins and are conduits for channelised mass 

transport mainly in fonTI of turbidity currents. The resulting depositional pattern is characterised 

by pelagic sediments interbedded with turbidites (e.g. Bouma, 1962; 2000; Stow and 

Shanmugam, 1980; Bouma et al., 1985). Various types of turbidite deposition during the 

Pleistocene and Holocene can be observed along the NW African continental margin (e.g. Simm 

et al., 1991; Weaver et al., 1992; Masson, 1994; Wynn et al., 2000a; 2000b; 2002), along the 

NE Atlantic margin (e.g. Davies et al., 1997; Weaver et al., 2000), in the Meditenanean Sea (e.g. 

Rothwell et al., 1998; 2000; Reeder et al., 2000), or in large turbidite systems such as the 

Amazon Fan (e.g. Lopez, 2001), the Bengal Fan (e.g. Weber et al., 1997; 2003) and the Zaire 

Fan (e.g. Babonneau et al., 2002; Droz et al., 2003). 

Age dating of these sediments is necessary to obtain infonnation on depositional frequency and 

emplacement times of the turbidites. However, conventional methods such as oxygen isotope 

(8 180) analyses, radiocarbon dating or biostratigraphy are time-consuming and expensive, and 

indirect dating methods such as geochemical conelation are desirable as tools to fit age models. 

Pearce and Jarvis (1995), for example, used metre-thick turbidites from the Madeira Abyssal 

Plain off Morocco as geochemical marker beds and conelated them over distances of> 500 km. 

The intervening centimetre-thick pelagites were assigned to their corresponding oxygen isotope 

stages (OISs) based on biostratigraphy. 
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The main purpose of this paper is to show that geochemical con-elation of pelagic sequences can 

be applied to sediment cores which contain from 6-42 % turbidite layers, and that it is possible to 

fit age models to these cores by con-elation. Cores from the Cap Timiris Canyon in the Atlantic 

Ocean off Mauritania (Krastel et aI., 2004) are suitable to introduce this new method. The 

canyon was discovered during RV Meteor cruise M 58-1 in April/May 2003 and investigated by 

combined employment of seismo-acoustic, sedimentological and geochemical techniques 

(Schulz and Cruise Participants, 2003). In this study we primarily present geochemical data from 

four sites in the Cap Timiris Canyon, three of which are located on levee structures and one from 

the interior part of the channel, where sediment was accumulating. 

In our approach we created age models for the pelagic sequences in all cores based on their 

down core element variations. These were con-elated to well-dated variations of the carbonate 

content in two dated reference records obtained from literature. The age models provide 

information on frequency and emplacement times of turbidites and hence contribute to our 

understanding of, and quantify, the processes of turbidity-current generation. Main objectives of 

this paper are 

1) to introduce a method for core-to-core con-elation using geochemical data on turbidite

containing cores, and 

2) to determine turbidite emplacement times in the cores and assess emplacement to sea-level 

stand and climatic conditions. 

Study site 

The Cap Timiris Canyon is an example of an active canyon system off the Mauritanian coast 

which incises the NW African shelf and continental slope (Krastel et aI., 2004). The canyon head 

abuts the topography-deduced Tamanrasset River System which, although not discharging under 

present-day climatic conditions, ranks among the largest river systems worldwide. The mouth of 

this potential river system is located off Cap Timiris whereas its flow pathways, as postulated by 

V6r6smarty et al. (2000), are now covered by extensive Saharan sand dunes. For the western 

Sahara Desert in Mauritania, Lancaster et al. (2002) describe three main periods of dune 

generation from 25-15 kyr, 13-10 kyr and after 5 kyr. The dunes may relate to the 

Pleistocene/Holocene history of the Tamanrasset River System in that they covered its flow 

pathways (as is the case today) and accumulated considerable amounts of sand in dry river beds 

(wadis). This material may have been transported episodically into the ocean, and thereby into 

the Cap Timiris Canyon, during flash floods. 

Channelised gravity-driven mass transport processes deliver sediment from the shelf and upper 

continental slope to the deep-sea abyssal plain. Today sediment feeding into the canyon mainly 

derives from eolian dust from the sub-Sahara and Sahel region (Tetzlaff and Wolter, 1980; 
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Pye, 1987; Wefer and Fischer, 1993) and from intensive biomass production due to upwelling, 

especially in the proximal paris of the canyon (e.g. Fiitterer, 1983; Bertrand et aI., 1996; 

Martinez et aI., 1999). Upwelling activity is considered to generally have been most intense 

during glacial conditions (Diester-Haas and Chamley, 1982). Terrigenous input likewise 

increased during glacial periods, mainly due to enhanced availability of source material and 

strength of transporting winds (Matthewson et aI., 1995; deMenocal et aI., 2000). 

Materials 

In this study, geochemical analyses were performed onboard during RV Meteor cruise M 58-1 in 

April/May 2003 (Schulz and Cruise Participants,2003) on four gravity cores and their 

corresponding multicorer cores (MUCs) from the Cap Timiris Canyon (Fig. 1 and Table 1). 

Three of these coring sites are on levee structures (GeoB 8502, GeoB 8506, GeoB 8507) and one 

at an intrachannel location (GeoB 8509). GeoB 8502 is a pelagic site in the lower reaches of the 

canyon whereas sites GeoB 8506, GeoB 8507 and GeoB 8509 are under the marginal influence 

of the organic carbon-rich Cape Blanc depocenter (Bertrand et aI., 1996; Martinez et aI., 1999). 

The highly turbiditic core GeoB 8509-2 was recovered from the interior of the Cap Timiris 

Canyon directly opposite site GeoB 8507, where the channel widens into a NE-SW elongated 

basin of about 4 km width and 160 m depth relative to the levees. Incised into this basin is a 200-

300 m wide gUlly or thalweg which marks the most active part of the channel (Schulz and Cruise 

Participants, 2003). It is likely that on exiting the narrow channelised pathway and entering this 

basin, turbidity currents will lose flow energy, leading to deposition of pmi of their sediment 

load. The coarser fraction will settle out of suspension and will be deposited without major 

erosion of the substrate. This area with sediment accumulation was sampled to ensure 

intercalation of turbiditic material with pelagic sediments. A detailed bathymetric map of the 

Cap Timiris Canyon is published in Krastel et al. (2004). 

Gravity core GeoB 7919-5, obtained off Cape Blanc during RV Meteor cruIse M 53-1c in 

April/May 2002 (Meggers and Cruise Pmiicipants, 2003), was analysed geochemically prior to 

our cruise in order to provide a master record for use onboard. Its downcore Ca profile was 

correlated with detailed total carbonate data of core CD 53-30, retrieved from the Cape Verde 

Terrace, and well-dated back to ~ 290 kyr based on Foraminifera 8180 records (Matthewson 

et aI., 1995). Core from Ocean Drilling Program (ODP) Site 658C, recovered off Cape Blanc 

during Leg 108 (Ruddiman et aI., 1988), also served as a high resolution reference by supplying 

a radiocarbon age back to ~ 25 kyr and detailed biogenic carbonate data (deMenocal et aI., 2000; 

Fig. 1 and Table 1). 
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Table 1: Key parameters of cores discussed in this study including core number, geographic position, water depth, 

location in the canyon system, gear type, recovelY and available data. MUC = multi corer, GC = gravity corer 

Core no. Latitude Longitude 

eN) cW) 
Cores from the Cal1 Timiris Canyon 
GeoB 8502-4 19°13.21 18°56.05 
GeoB 8502-2 19°13.27 18°56.04 
GeoB 8506-1 19°42.56 17°42.94 
GeoB 8506-2 19°42.57 1r42.95 
GeoB 8507-1 19°28.49 18°05.97 
GeoB 8507-3 19°28.50 18°05.97 
GeoB 8509-3 19°27.01 18°05.34 
GeoB 8509-2 19°27.03 18°05.34 

Reference cores 
GeoB 7919-5 20°56.41 19°23.38 
CD 53-30 19°42.78 20°42.81 

ODP 658C 20°45 18°35 

a Extracted from Matthewson et al. (1995) 

b Extracted from deMenocal et al. (2000) 

Methods 

Water depth Location in 

(m) canyon system 

2952 levee 
2956 levee 
1828 levee 
1827 levee 
2414 levee 
2411 levee 
2584 intrachatmel 
2585 intrachmme1 

3420 -
3565 -

2263 -

Land-based and onboard geochemical analyses 

Gear Recovery Available data 

type (cm) 

MUC 24 XRF; shipboard 
GC 1478 XRF; shipboard 
MUC 30 XRF; shipboard 
GC 1008 XRF; shipboard 
MUC 34 XRF; shipboard 
GC 1000 XRF; shipboard 
MUC 20 XRF; shipboard 
GC 904 XRF; shipboard 

GC 1458 XRF; land-based 
total carbonate, 
oxygen isotope data a 

biogenic carbonate, 
radiocarbon data b 

Downcore element profiles were determined for the reference core GeoB 7919-5 prior to the 

cruise at Bremen University on syringe samples in 5 cm intervals. The four gravity cores and 

their corresponding MUCs from the Cap Timiris Canyon were analysed onboard ship. MUCs 

were sampled at a resolution of 1 cm for the upper 10 cm and a resolution of 2 cm below this 

depth. Continuous strips of sediment were collected from the gravity cores in plastic U-channels 

with a cross-section of 1.5 x 2 cm and the complete U-channel was sectioned in 4 cm 

increments. All samples were oven-dried at 200°C for 60 min and ground manually. Reliable 

contents for eighteen elements (Si, Ti, AI, Fe, Mn, Mg, Ca, K, Sr, Ba, Rb, Cu, Ni, Zn, P, S, Cl 

and Br) were determined by energy-dispersive polarisation X-ray fluorescence (EDPXRF) 

spectrometry using a Spectro Xepos instrument. Analytical quality was assessed by daily 

analyses of a pressed pellet of MAG-l standard reference material (4 g MAG-l standard powder 

+ 0.9 g Hoechst Wax; e.g. Govindaraju, 1994). The XRF analytical method employed IS 

described in detail elsewhere (Wien et al., 2005). All geochemical data presented in this study 

are available on the Pangaea database (www.wdc-mare.org/PangaVista?query=@Ref26537). 
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Distinction between turbidites and pelagites 

Sediments collected from the Cap Timiris Canyon mainly consist ofbioturbated pelagic mud and 

turbidite layers. Yet a visual distinction between the homogenous upper part of a turbidite and 

the overlying pelagite is often complicated, especially when there is a gradational transition due 

to bioturbation instead of a distinct discontinuity at the boundary. A multi-proxy approach was 

used to determine the limits of the turbidites as exactly as possible. Uncertain bed boundaries 

were fixed by combined visual investigation of the split core together with corresponding X-ray 

radiographs, and additional information obtained from grain size (Holz, 2005) and geochemical 

analyses. Several intercalated turbidites could be clearly distinguished from pelagites by their 

Si/AI or Si/Fe ratios (Fig.2a-d). Possible OCCUlTence of depositional lamination is commonly 

obscured by intense bioturbation especially if turbidites are thin (Weaver et aI., 1992). 

Lamination is a certain indicator for turbidite deposits whereas uniformly distributed 

foraminifera within a sediment interval are an indicator of pelagic sediments. 

Prior to geochemical correlation of the sediment cores it was necessary to remove from the 

dataset all analyses made on turbiditic material. Turbidite boundaries from visual 

sedimentological investigations (core description; X-ray radiographs) were read off with 0.5 cm 

accuracy whereas geochemical analyses were done in 4 cm increments. All XRF samples were 

taken continuously and therefore, sample breaks did not necessarily correspond exactly with 

observed boundaries between turbidite and pelagite beds. Whenever XRF was performed on a 

sample containing both sediment types (turbidite/pelagite), it remained within the dataset only if 

the amount ofturbidite material comprised less than half the sample « 2 cm). The resulting error 

had no direct influence on the correlation as it only affects the analyses immediately above and 

below the individual turbidite layers and not the pelagic sequences in between. Only sediments 

which had been unambiguously identified as turbidites were removed from the dataset whereas 

material which had neither clear pelagic nor turbiditic signature remained. Consequently, the 

reported amount of turbidite material is the minimum present. 

Core-to-core correlation 

The cores from the Cap Timiris Canyon were tied into a strati graphic framework by correlating 

their downcore Ca content profiles with carbonate data from the reference cores CD 53-30 

(Matthewson et aI., 1995) and ODP 658C (deMenocal et aI., 2000). Core GeoB 7919-5 was also 

included as its geochemical data allowed fit of age models for all analysed elements. Since this 

core was examined pre-cruise using XRF, its whole element suite supplemented carbonate data 

of the two reference cores. Prior to correlation, MUCs were tied to the tops of their 

corresponding gravity cores as the core tops of the latter were disturbed by the coring process. 

The overlapping section was determined on the absolute values of the major elements. The 

geochemical analyses of the top few centimetres of the gravity core were substituted by the 
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equivalent higher resolution analyses of the MUC. The MUC tops are defined to have an age of 

o kyr, representing the present sediment surface. 

Correlation and fitting of ages to the pelagic intervals of all cores were made by linear 

interpolation between tie points using the software "AnalySeries", version 1.1 (Paillard 

et aI., 1996). Each turbidite was numbered according to its position within the sedimentary 

sequence, with T 1 at the top (most recent) and T X at the base. In the following text turbidites 

will be referred to according to the notation T X-GeoB 85XX. Composite beds where two or 

more turbidites are deposited directly on top of each other without interbedded pelagites (e.g. 

T 3-GeoB 8506 in Fig. 2c; T 12-GeoB 8509 in Fig. 2d) are labelled using one number only as it 

was not possible to decide whether such multiple turbidites were deposited consecutively in the 

course of one event or during several subsequent events. Therefore, the labels neither reflect the 

actual number of turbidite events nor the actual number of turbidite layers. The geochemical age 

model for core GeoB 8509-2 was constrained using nine accelerator mass spectrometer (AMS) 

radiocarbon dates of monospecific samples of the planktonic foraminifer Globigerinoides ruber 

(Holz, 2005). 

Before applying the correlation technique it was necessaIY to make some assumptions and to 

assess possible sources of errors. It was assumed that in the study area pelagites and turbidites 

were and are still accumulating, and that turbidites caused little or nil erosion. Possible sources 

of error include uncertainties in precisely defming turbidite-pelagite boundaries, and unidentified 

turbidites (especially thin mud turbidites). Because of these uncertainties care must be taken with 

correlation of turbiditic cores. 

Results 

Geochemical analyses 

Turbidite position and selected geochemical data for each core from the Cap Timiris Canyon 

were plotted to assess downcore variations (Fig.2a-d). There is a clear contrast between the 

pelagite and turbidite distribution on the levees and at the intrachannel site. The three levee cores 

GeoB 8502-2, GeoB 8507-3 and GeoB 8506-2 contain relatively little turbidite sediment (~ 6-

8 % of the sediment column). Core GeoB 8509-2 taken from the interior of the canyon comprises 

approximately 42 % turbidite material (Table 4). The downcore Ca and Al profiles represent 

compositional variations in the time-series record and, in addition, indicate a frequent element 

enrichment or depletion in turbidite layers compared to the over- and underlying pelagites. The 

element ratios Si/Fe and Si/AI in contrast represent the amount of siliciclastic material in the 

turbidites with respect to the pelagic sediments. Note that turbidite layers are often, though not 

necessarily, characterised by element contents or element ratios which deviate from the general 
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Figure 2 (continued) 

c GeoS 8506-2 

T 112 T3 T4 

50 

40 Ol 
"'" § 

·30 < 
20 

il 

6 

4 ~ 
(f) 

2 

0 

o 100 200 300 400 500 600 700 800 900 1000 1100 

Depth [cm] 

d GeoS 8509-2 

T1 T2 T3 T4/5 T6 T7 T8·10 T'11·13T14T15·18 
240 

Ol 200 
"'" § 

160 

'" U 
120 

30 

20 

10 

o 10 

8 

6 ~ 
4 (ii 

2 

0 

o 100 200 300 400 500 600 700 800 900 1000 

Depth [cm] 

Fig. 2a-d: Ca, AI, Si/Fe and Si/AI downcore profiles in gravity cores from the Cap Timiris Canyon. Grey bars mark 

the positions of the turbidites. Turbidites have been coded by numbers with T I being the most recent. Closed 

circles in Fig. 2d indicate the depths selected for AMS 14C analyses in core GeoB 8509-2 (see Holz, 2005) 
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trend. This is best seen in turbidites T 1-3-GeoB 8509 and T 1, 7, 10, 11-GeoB 8502. 

Occasionally, Si/Fe and Si/AI ratios pretend the presence of turbidites but this may result from 

sand-filled burrows which can be distinguished from turbidites by core description and X-ray 

radiographs (e.g. Si/AI and Si/Fe peaks at 850-870 cm depth in GeoB 8502-2, at:::::; 110 cm depth 

in GeoB 8506-2). 

Age models for the pelagites 

An age model was initially fitted from the 0180 dated reference core CD 53-30 (Matthewson 

et al., 1995) via GeoB 7919-5 to GeoB 8502-2 by correlation of total carbonate and downcore Ca 

variation (Fig. 3). All three cores extend from the present to nearly 290 kyr. The geochemical 

data suggest a hiatus is present in the lower part of GeoB 8502-2 (indicated by a question mark 

in Fig. 3). This hiatus comprises nearly the entire OIS 7 and occurs at the same strati graphic 

position where a hiatus of approximately 37 kyr is recorded in core CD 53-30. The latter is 

probably due to an erosive event which deposited a thin turbidite layer (Matthewson 

et al., 1995). However, no mass gravity deposit is seen in core GeoB 8502-2. 

CD 53-30 GeoB 7919-5 GeoB 8502-2 015 
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1 Ca Ca 
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Fig. 3: Correlation of the cores CD 53-30 (Matthewson et al., 1995), GeoB 7919-5 and GeoB 8502-2 based on total 

carbonate and Ca data. T 1 to T 10 mark the downcore positions of turbidites present in core GeoB 8502-2. The 

question mark indicates the interval where part of the sediment in this core is presumed to be missing. A hiatus at 

the same stratigraphic position in reference core CD 53-30 is due to erosion by a mass gravity flow 
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The Ca record of the pelagites from the intrachannel core GeoB 8509-2 was correlated with ODP 

Core 658C, taking advantage of its detailed biogenic carbonate record for the last 25 kyr 

(deMenocal et aI., 2000; Fig. 4). Note that only the last 14.8 kyr ofODP 658C carbonate data are 

shown in Fig. 4 as there is a hiatus between 14.8 and 17.4 kyr. According to the correlation, 

GeoB 8509-2 dates back to ~ 15 kyr. This age model agrees with the radiocarbon data 

(Holz, 2005) for the last 5 kyr, however, discrepancies of up to 1.9 kyr between the radiocarbon 

data and the fitted age model are seen in the lower part of the core. Four radiocarbon ages are 

younger than would be predicted by the correlation and one is older (Table 2). 

The cores GeoB 8506-2 and GeoB 8507-3 were adjusted using their Ca and Al data (Figs. 5 and 

6), and fitted with age models by correlation with GeoB 8502-2. This correlation is reliable for 

the upper two distinct Ca peaks in cores GeoB 8506-2 and GeoB 8507-3 which date back to 

~ 20 kyr. Below these peaks, correlation up to ~ 55 kyr was more difficult as the Ca content 

profiles lack significant peaks. Lastly, Ca profiles from all cores from the Cap Timiris Canyon 

were plotted as shown in Fig. 6. 
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Fig. 4: Correlation of GeoB 8509-2 Ca data with biogenic carbonate data for the upper 3.3 m (the last 14.8 kyr) of 

the reference core from ODP Site 658C (deMenocal et aI., 2000). Also shown is the Al record of GeoB 8509-2 

which mirrors the Ca content profile. The positions of the AMS 14C analyses in core GeoB 8509-2 are indicated by 

arrows. Theses ages agree for the last 5 kyr, however, discrepancies can be observed at older time. AMS 14C data 

from Holz (2005) 
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Table 2: Discrepancies between radiocarbon data and 

fitted age model at five depths in core GeoB 8509-2 

Depth Radiocarbon Geochemical Discrepancy 

(cm) age (kyr) age model (kyr) (kyr) 

305 8.0 6.7 1.3 
460 10.0 10.4 0.4 
515 10.4 /10.7 12.2 1.8/ 1.5 
720 11.8/ 12.1 13.0 1.2/0.9 
881 12.7/ 12.9 14.3 1.6/1.4 

Turbidite emplacement times 

GeoB 8506·2 
AI (g/kg] 

30 3S 40 45 50 55 60 

30 35 40 45 50 55 60 

GaoB 8507-3 
AI [g/kgl 

Fig. 5: COlTelation of downcore Al data on the cores 

GeoB 8506-2 and GeoB 8507-3 

As can be seen in Figs. 3 and 6, turbidity currents delivered sediments predominantly at stage 

boundaries and during glacial periods. Turbidites at the levee sites GeoB 8502, GeoB 8507 and 

GeoB 8506 were emplaced at transitions from glacial to interglaciaVinterstadial, and at 

transitions from interglaciaVinterstadial to glacial. Eight turbidites are at mid-stage positions 

during glacial 01Ss 6 and 2. Only T 4-GeoB 8502 and T 4-GeoB 8506 were deposited during 

interglacial 01S 5 and interstadial 01S 3 respectively. 

A clear contrast can be seen at intrachannel site GeoB 8509 where most turbidites (T 18-8-

GeoB 8509) are linked to late glacial 01S 2 and the stage boundary 112 whereas the remainder 

(T 7-1-GeoB 8509) was deposited during Holocene time (OlS 1). The three most recent 

turbidites at this site were emplaced;::; 0.5, 1.7 and 2.5 kyr ago. Owing to the very different ages 

and thus, sedimentation rates of the four study cores, it was rarely possible to link intrachannel 

turbidites and overspill turbidites on the levees across the Cap Timiris Canyon. Only four 

examples where two or three deposits may be related to the same turbidite event were recognised 

at;::; 10 kyr, at;::; 14 kyr, at 17-18 kyr and at 24-25 kyr (Fig. 6 and Table 3). 
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Fig. 6: Age models for the four cores GeoB 8502-2, GeoB 8507-3, GeoB 8509-2 and GeoB 8506-2 from the Cap 

Timiris Canyon based on correlation of their downcore Ca content profiles. Dotted lines indicate well-correlated 

turbidite layers. The entire length of core GeoB 8502-2 is not shown but for illustration purposes only the interval 

back to an age of 100 kyr 

Pelagic and turbidite sedimentation rates 

Average sedimentation rates were determined from these age models for the pelagic and 

intercalated turbidite beds of all study cores (Table 4). Note that in this study all sedimentation 

rates have been calculated over the entire core lengths and not back to a certain age, owing to the 

very different time-resolutions of the cores. For the three levee sites, pelagic sedimentation rates 

vary significantly, being lowest (::;:, 7.0 cmlkyr) at the deepest site GeoB 8502 and increasing 

significantly upslope nearly three-fold to 17-18 cmlkyr at sites GeoB 8507 and GeoB 8506. The 

most prominent shift, however, occurs at the intrachannel site GeoB 8509 (::;:, 35 cm/kyr) where 

pelagic sedimentation rates are doubled compared to the directly adjacent levee site GeoB 8507. 

Turbidite sedimentation rates are low (between::;:, 0.7 and 1.2 cmlkyr) at the levee locations, but 

show much higher average values of ::;:, 25 cmlkyr at the intrachannel site. Owing to the 

temporally very different turbidite abundances at the latter location, sedimentation rates were 

calculated separately for the Holocene (0-12 kyr) and the late Pleistocene (12-15.2 kyr). The 

values indicate that the pre-Holocene turbidites at the intrachannel site had accumulated at an 

average rate of approximately 64 cmlkyr with an average recurrence interval of::;:, 300 years. In 
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contrast, average sedimentation rates for Holocene turbidites are much lower (~ 15 cm/kyr) with 

a recurrence interval of ~ 1.7 kyr in average (Fig. 4). 

Table 3: Core number, location in the canyon system, turbidite notation, turbidite depth and turbidite emplacement 

time in all study cores from the Cap Timiris Canyon as determined from the geochemical age models 

Core no. Location in Turbidite no. Turbidite depth Turbidite emplacement 
canyon system (cm) time (kyr) 

GeoB 8502-2 levee T1 25 -46 10.1 

T2 142 - 155 24 

T3 437.5 -445 60 

T4 722-727 105 
T5 892 - 898 138 

T6 1005 -1009 157 
T7 1034 - 1050 162 

T8 1096.5 - 1103 172 
T9 1184.5 - 1186.5 188 

TlO 1234.5 - 1254.5 243 
T11 1259 - 1271 243 

T 12 1282 - 1293 245 

GeoB 8506-2 levee T 1 172-182 17.3 
T2 211-216 18.9 
T3 350 - 397 25 
T4 918 - 919 50 

GeoB 8507-3 levee T 1 133 -151 14.4 
T2 217 -247 17.9 

GeoB 8509-2 intrachannel T I 8 -32 0.5 
T2 60 - 100 1.7 
T3 129 - 152.5 2.5 
T4 269 - 289 6.1 
T5 306-314 6.7 
T6 366 -409 9.3 
T7 438 -459 10.4 
T8 517 - 553 12.3 
T9 557.5 - 581.5 12.3 
TlO 598 - 605 12.5 
T 11 634 - 642 12.9 
T 12 649 -710 12.9 
T 13 717-719.5 13.0 
T 14 750 -752 13.4 
T 15 777 -780.5 14.0 

782 - 820 
T 16 833 - 844.5 14.3 
T 17 855 - 856.5 14.5 

857.5 - 861.5 
862.5 - 865 

T 18 868.5 - 871.5 14.6 
873.5 - 880 

Core GeoB 8509-2 from the interior part of the Cap Timiris Canyon shows a change in sediment 

geochemistry between ~ 5.2 and ~ 3.0 m depth which corresponds to the age between ~ 12.3 and 

~ 6.5 kyr. This change is clearly visible in the Ca and Al content profiles (Figs. 2d and 4) where 

Ca shows a shift to higher and Al a depletion to lower values between 5.2 and 3.0 m. 
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Table 4: Core number, location in the canyon system, percent of sediment column made up ofturbidites, maximum 

ages and average pelagic and turbiditic sedinlentation rates. Sedimentation rates were calculated fi'om the maximum 

age at the base of each core instead of a corresponding age for all cores. Average pelagic sedimentation rates for 

core CD 53-30 are fi'om Matthewson et al. (1995); for core ODP 658C from deMenocal et al. (2000) 

Core no. Location in 

canyon 

system 

CD 53-30 -
GeoB 7919-5 -
ODP 658C -
GeoB 8502-2- levee 

GeoB 8507-3 levee 

GeoB 8506-2 levee 

GeoB 8509-2 intrachannel 

a At '" 12 m core length 

b At", 14.8 m core length 

C From 0-12 kyr 

d From 12-15.2 kyr 

Discussion 

Percent of sediment Maximum age 

column made up of at base of core 

turbidites (%) (kyr) 

- '" 290 

- '" 290 

- '" 25 

8 '" 190
a 

(?280 b) 

6 '" 55 
6 '" 55 
42 '" 15 

Turbidite emplacement in the Cap Timiris Canyon 

Average pelagic Average turbidite 

sedimentation rates sedimentation 

(cmJkyr) rates (cm/kyr) 

2.4; variation between 1.5-5.6 -
4.6 -

18 -
............ 

0:"7" 7.0 a 

17 0.9 

18 1.2 

35 (28 c; 63 d) 25 (15 c; 64 d) 

Indirect dating has allowed ages of emplacement to be assigned to each turbidite unit and thus 

allows estimation of the frequency of turbidite emplacement in the Cap Timiris Canyon. 

Turbidites in the lower patt of core GeoB 8502-2 suggest that the Cap Timiris Canyon was 

active for at least the last 245 kyr. On this time scale, the data, especially on the three levee 

cores, suggest turbidite activity was controlled by sea-level fluctuations over the last glacial

interglacial cycles. Turbidity currents seem to have been preferentially triggered at stage 

boundaries at changes from one climatic regime to another, accompanied both by sea-level 

changes (cf. Weaver and Kuijpers, 1983; Weaver and Rothwell, 1987; Simm et aI., 1991; 

Rothwell et aI., 1992; Weaver et aI., 1992; Lopez, 2001; Wynn et aI., 2002) and perhaps changes 

in the ocean current system during sea-level low-stands (cf. Shanmugam and Moiola, 1982; 

1984; Stow et aI., 1984; Posamentier and Vail, 1988; Lopez, 2001). 

The most detailed record of turbidity current activity at the transition from the last glacial to the 

Holocene is preserved in the intrachannel core GeoB 8509-2. The Ca record of this core 

corresponds to the carbonate record of the reference core from ODP Site 658C where shifts in 

sediment composition indicate the onset and termination of the African Humid Period (14.8 and 

5.5 kyr) and the termination of the Younger Dryas cool period (12.3 kyr; deMenocal 
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et aI., 2000). Turbidites at site GeoB 8509 clearly accumulated during the end of the last glac~al 

period and occur with an average emplacement frequency of I event every 300 years from the 

beginning of the African Humid Period until the end of the Younger Dryas cool period. These 

events occured during the deglaciation and the rapid sea-level rise at the PleistocenelHolocene 

transition. Turbidity current activity in the Cap Timiris Canyon decreases, but does not cease, 

during the Holocene and therefore, provides an example for continued mass transport at a time of 

high sea-level, as has also been noted in other turbidite settings (e.g. Weber et aI., 1997; 2003; 

Babonneau et aI., 2002; Wynn et aI., 2002; Droz et aI., 2003). 

The correlation of core GeoB 8509-2 with ODP Site 658C highlights a discrepancy between the 

geochemical age model and the radiocarbon ages especially in the lower half of the core. The 

higher radiocarbon age of7.95 kyr (geochemical age model: 6.7 kyr) may possibly be explained 

by supply of older material from the upper slope through a turbidite event. This explanation, 

however, can not be applied to the radiocarbon ages which are younger than predicted by the 

correlation. However, for the purpose of correlation the ODP 658C carbonate data were the most 

appropriate choice because this site is located close to the Cap Timiris Canyon at a similar water 

depth as GeoB 8509. The high resolution carbonate profile of this reference core for the last 

25 kyr allowed the best fit of an age model to our study core GeoB 8509-2. 

Turbidity current activity in the Cap Timiris Canyon often coincides with other reported mass 

transport events along the NW African continental margin and in the Mediterranean Sea 

(Table 5). Deposition of turbidite T 2-GeoB 8502 at 24 kyr, for example, corresponds to the 

emplacement of the Balearic Basin Megaturbidite in the western Mediterranean Sea around 

22 kyr at the height of the last glacial maximum (Rothwell et aI., 2000). At this time, sea-level 

approached its lowest stand during the last 130 kyr, approximately -120 m relative to the present 

(Shackleton, 1987). Turbidite T 3-GeoB 8502 (60 kyr) occurs at approximately the same time as 

the Saharan Debris Flow (60 kyr; Gee et aI., 1999) and turbidites d on the Madeira Abyssal Plain 

(Rothwell et aI., 1992; Weaver et aI., 1992), AB5 in the Agadir Basin (Wynn et aI., 2002) and Se 

on the Seine Abyssal Plain (Davies et aI., 1997) which were emplaced 59 kyr ago at the stage 

boundary 3/4. Deposition of turbidite T 8-GeoB 8502 at 172 kyr is almost synchronous with a 

;::::: 170 kyr old slide that onlaps a distal part of the canyon (Krastel et aI., 2004). However, 

apparent synchronous emplacement of turbidites in the Cap Timiris Canyon with mass flow 

deposits from different source areas suggests temporal episodes of instability and deposition of 

separate events closely spaced in time. Mass flow deposits from other regions do not correlate 

with the turbidites in the Cap Timiris Canyon. 
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Sea-level control on turbidite emplacement 

Sea-level changes seem to be important driving forces for the advective sediment flux through a 

canyon. Our data support findings in this regard, and even though they do not furnish 

information on the underlying physical mechanisms, which are to date still poorly understood, 

we may speculate about these mechanisms. Relative sea-level changes control the 

accommodation space available for sediments (e.g. Posamentier et aI., 1988; Posamentier and 

Vail, 1988; Vail et aI., 1991), and within this context, several factors may possibly govern the 

stability of the accumulated sediment masses on a passive continental margin. Sea-level fall, for 

one, causes enhanced sediment transport to the shelf edge, thereby inducing depositional 

oversteepening of the slope. Once the sea-level falls below the shelf break a loss of buoyancy in 

the upper slope sediments may promote slope instability. Sea-level changes also influence the 

hydrostatic pressure on a sediment column. Excess pore water pressure in the near-surface 

sediments may, for example, result from low permeability of overlying sediments and/or high 

sedimentation rates (e.g. Einsele et aI., 1996). In addition, sea-level changes may induce changes 

in the circulation pattern and hydrological propelties of the bottom (e.g. contour) CUlTents which 

can undercut the foot of the slope and erode, mould, transport and redistribute sediments (cf. 

Simm et aI., 1991; Einsele, 1996; Weaver et aI., 2000; Imbo et aI., 2003). The magnitude of sea

level change has further been suggested to broadly cOlTelate with the volume of turbidites on the 

Madeira Abyssal Plain (Weaver and Rothwell, 1987). 

Sedimentation rates in the Cap Timiris Canyon 

The large range of average pelagic sedimentation rates recorded at the four core sites in the Cap 

Timiris Canyon reflects their different depositional environments and different response to 

factors such as terrigenous input, regional productivity, or dynamic settings within the canyon 

system. All sites receive high eolian input due to their positions below the African dust plume 

(Tetzlaff and Wolter, 1980; Pye, 1987; Wefer and Fischer, 1993). However, site GeoB 8502 is 

located in a deeper, more distal part of the canyon well outside the high-productivity upwelling 

region off Cape Blanc. Consequently, sediments here show less high pelagic sedimentation rates 

of ~ 7.0 cmlkyr which are similar to values of ~ 4.6 cmlkyr in core GeoB 7919-5 and ~ l.5-

5.6 cmlkyr in core CD 53-30 (Matthewson et aI., 1995). 

Higher sedimentation rates are seen at the levee sites GeoB 8506 and GeoB 8507. Both sites are 

positioned in the more proximal part of the canyon and receive higher aeolian input from the 

African dust plume. Additionally, they are under the marginal influence of the upper slope Cape 

Blanc depocenter which today extends northwards from approximately 20° to 22°N between 

lOOO and 2000 m water depth (Fiitterer, 1983; Bertrand et aI., 1996; Martinez et aI., 1999). For 

ODP Site 658C, which is located ~ 1 ° further to the north off Cape Blanc at a water depth of 

2263 m, an average sedimentation rate of ~ 18 cmlkyr is reported by deMenocal et al. (2000). 



Table 5: Compilation of mass gravity flows that coincide with turbidites in the Cap Timiris Canyon. Synchronous units may have been triggered at the same sea-IeveVclimatic 

conditions but they are not correlative with the turbidites in the Cap Timiris Canyon. AB = Agadir Basin, MAP = Madeira Abyssal Plain, SAP = Seine Abyssal Plain, LGM = Last 

Glacial Maximum 

Turbidite Emplace- Turbidite Emplace- Turbidite Emplace- Turbidite Emplace- Emplacement synchronous with ... Climate/sea-level changes 
no. in ment time no. in ment time no. in ment time no. in ment time 
GeoB (kyr) GeoB (kyr) GeoB (kyr) GeoB (kyr) 
8502-2 , 8506-2 8507-3 8509-2 , 

TI O.S Turbidite G, MAP « I kyr) a. b 

Turbidite AB 1, AB « I kyr) C 

T2 1.7 

T3 2.S 

T4 6.1 

TS 6.7 

T6 9.3 

T I 10.1 T7 10.4 
...... . ..... .. " ....... " .. ,.." ....... "" ........... _ ... ". . .......... "'.~ ...... 

T8 12.3 Turbidite b, MAP (12 kyr) d, b stage boundary 112 (12 kyr); 

T9 12.3 Turbidite AB2, AB (12 kyr) C Termination I; 

T 10 12.S Turbidite Se, SAP (12 kyr) h rapid sea-level rise at 

T 11 12.9 Mauritanian Slide Complex ('" 11-14 kyr) (own Pleistocene/Holocene transition 

TI2 12.9 unpublished data) 

Tl3 13.0 

T 14 13.4 

T 15 14.0 

TI 14.4 T 16 14.3 Canary Debris Flow (IS kyr) C 

TI7 14.S 

T 18 14.6 

(to be continued) 
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Table 5 (continued) 

T2 

T3 

T4 

T5 

T6 

T7 

T8 

24 

60 

138 

157 

162 

172 

243 

T2 17.9 

T4 50 

Balearic Basin Megaturbidite ('" 22 kyr) g 

Turbidite AB3, AB (24 kyr) C 

Turbidite Sd, SAP (24 kyr) h 

Herodotus Basin Megaturbiditc ('" 27 kyr) t, g 

Turbiditc d, MAP (59 kyr) d. a 

Turbidite AB5, AB (59 kyr) C 

Turbiditc Se, SAP (59 kyr) h 

Saharan Debris Flow (60 kyr) j 

TurbiditeAB13, AB (130-190 kyr) C 

Turbidite Si, SAP (130 kyr) h 

Cape Blanc Debris Flow (155 kyr) (own 

unpublished data) 

lowest sea-level (-120 m) during 

Weichselian glaciation r 

stage boundary 2/3 (24 kyr); 

rapid sca-Ievellowering to its 

lowest stand (-120 m) during 

Weichselian glaciation r 

stage boundary 3/4 (59 kyr) 

rapid sea-level lowering to its 

lowest stand (-150 m) during 

Saalian glaciation k 
.......................................................................................... 

major sedimcnt slide onlapping the levees of the 

distal Cap Timiris Canyon (170 kyr) I 
.................................................................. 1 ........ 

Turbidite i, MAP (245 kyr) d, a 

Turbidite SI', Ss, SAP (244 kyr) h 
................................................. 

stage boundary 7/8 (245 kyr); 

Termination III 

From a Weaver et a1. (1992); b Weaver and Thomson (1993); C Wynn et aL (2002); d RothweIl et aL (1992); e Masson (1996); f Shackleton (1987); g Rothwell et a1. (2000); 

h Davies et a1. (1997); i Reeder et aL (2000); j Gee et aL (1999); k Chappell and Shackleton (1986); I Krastel et a1. (2004) 
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This value agrees with our findings for sites GeoB 8506 and GeoB 8507. According to our age 

model, average pelagic sedimentation rates appear to be doubled at site GeoB 8509 with respect 

to the directly adjacent levee structure (site GeoB 8507). These high sedimentation rates at site 

GeoB 8509 provide a detailed temporal resolution for determining turbidite emplacement times. 

High productivity off Cape Blanc and the African dust plume principally account for the 

increased average pelagic sedimentation rates at the levee sites in the canyon system. High 

sedimentation may also be attributed to turbidite overspill which results from separation from a 

turbidite flow during downslope transport. The sandy bedload is restricted to the canyon pathway 

whereas the fine grained suspended fraction may be unconfined and can overspill onto the 

adjacent levee structures (Masson, 1994; Wynn et aI., 2002). This laterally dispersed mud on the 

levees cannot always be identified conclusively as individual turbidites (Dott 1983; Einsele 

et aI., 1996). It may dilute pelagites without actually forming distinct layers and thus is reflected 

in enhanced pelagic sedimentation rates. This dilution effect may also be the reason for the 

remarkably low amount of identifiable turbidite material at levee site GeoB 8507 (~6 %) in 

contrast to the directly adjacent highly turbiditic site GeoB 8509 (~42 %). 

Erosiveness of turbidites 

Significant intra-element con-elations are seen between total carbonate and the Ca data of cores 

CD 53-30 (Matthewson et aI., 1995), GeoB 7919-5 and the turbidite-bearing levee core 

GeoB 8502-2. Despite interbedded turbidites, the latter core does not show significant omission 

of pelagic material except for one sediment sequence in the lower part. We suggest this hiatus 

results from the same erosive event which deposited the thin turbidite layer in core CD 53-30 

(Matthewson et aI., 1995). Most likely this event was triggered at the time of sea-level lowering 

at the stage boundary 6/7 around 190 kyr (cf. Fig. 3). 

It is unlikely that even larger-volume turbidity cun-ents travelling channelised in the Cap Timiris 

Canyon eroded more than a few centimetres into the underlying substrate at the distal levee site 

GeoB 8502. The good con-espondence with the reference cores supports virtually non- or minor

erosive turbidity cun-ents at the low gradient slope off NW Africa (e.g. Weaver and 

Kuijpers, 1983; Masson, 1994; Weaver, 1994). This seems also to be true for the two other 

levee-cores GeoB 8506-2 and GeoB 8507-3 further upslope. 

Even at intrachannel site GeoB 8509 sedimentation has been accumulative at least over the last 

15 kyr. Groups of turbidite layers are frequently amalgamated to form thicker composite beds 

such as T 1, 6, 12, 15-GeoB 8509 (cf. Fig. 2d). This suggests that either one series of overlying 

turbidite layers was fed from several tributaries during the same event or in several, consecutive 

phases. Alternatively, originally subjacent pelagites may have been eroded and entrained into the 

turbidite flow during the next event (Weaver, 1994). 
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The young canyon fill at intrachanne1 site GeoB 8509 raises the question of how long this 

accumulative state can be maintained. Eventually, persistant high sedimentation rates in this part 

of the canyon will mean that it will become filled with sediments. Some large-scale turbidite 

events should be sufficient to clear the pathway, however. Although during the Holocene only 

small volume turbidites were emplaced, larger-volume turbidites were deposited during other 

times and apparently were erosive enough to remove the previous canyon fill and thus maintain 

the pathway (for instance such as those that deposited the distinctive layers on the levees 

especially during glacial OISs or at stage boundaries). We suggest highly erosive turbidite events 

at the stage boundary 2/3 (cf. T 2-GeoB 8502, T 3-GeoB 8507 and T 3-GeoB 8506 in Fig. 6) and 

within glacial OIS 2 around 17-18 kyr (cf. T 1-GeoB 8506 and T 2-GeoB 8507 in Fig. 6). 

Conclusions 

Application of core-to-core correlation to disturbed sedimentary sequences can be a reliable 

method of specifying ages for mass transport processes and can add to our knowledge of 

turbidity current processes and their relationship to sea-level/climatic changes. Element data 

together with appropriately developed age models can be used to 

1) estimate the emplacement times of turbidites, 

2) estimate the frequency ofturbidite emplacement with respect to climatic and sea-level 

changes, and 

3) provide information to quantify mass transport within canyon systems. 

The age models for pelagites and turbidites presented in this study provide data which are 

necessmy to create a mass balance for gravity-driven downs lope transport in the Cap Timiris 

Canyon. Although, of course, seismo-acoustic and sedimentological data are essential to 

determine the areal and spatial distribution of turbidite deposits and to understand and quantify 

the processes of turbidity current production. 
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Abstract 

Age models for the emplacement time of mass flow deposits from the Cape Blanc Debris Flow, the 

Mauritania Slide Complex and a levee of the Mauritania Canyon were obtained by offshore XRF element 

stratigraphy on five gravity cores, allowing the assessment of slope instability in this part of the 

NW African continental margin with respect to climate-related sea-level variations during the Quatemary. 

The Cape Blanc Debris Flow emplaced during the Saalian glaciation approximately 155 kyr ago whereas 

deposition of the Mauritania Slide Complex is linked to the rapid sea-level rise at the 

Pleistocene/Holocene boundary. Turbidites on a levee of the Mauritania Canyon close to the Mauritania 

Slide Complex occurred at stage boundaries. These findings agree with other studies which show that the 

NW African continental margin has been unstable over the last Quatemary cycles, and that downs lope 

sediment transport is frequently coupled to periods of climatic changes at stage boundaries. 

Keywords: mass transport; element stratigraphy; age model; sea-level 

1 Introduction 

Continental slope instabilities and resulting mass gravity flows mainly in form of slumps, slides, 

debris flows and turbidity currents play an important role along ocean margins. Slide and debris 

flow processes can affect volumes of tens to hundreds of cubic kilometres of marine sediments 

and transfer them several hundreds of kilometres across slopes with angles that are often < 1 ° 

(e.g. Embley, 1976, 1980; Jacobi, 1976; Mulder and Cochonat, 1996; Nichols, 1999; 

Einsele, 2000; Weaver et aI., 2000). A great variety of Quaternary slides and debris flows can be 

found along the NW African continental margin (Jacobi, 1976; Embley, 1980; Kidd et aI., 1987) 

where they cover a volume of approximately 130000 krn3 (Gee et aI., 2001). Among them are 

some large-scale deposits such as the Saharan Debris Flow (Embley, 1976; Masson et aI., 1993; 

Gee et aI., 2001) and the Canary Debris Flow (Masson et aI., 1997, 1998). Large mass flow 

deposits have also been found between 17° and 18°N in the region of the Cape Verde Islands 

(Jacobi, 1976; Kidd et aI., 1987). 

Rare and random OCCUlTence of downs lope transport processes, however, complicate their 

prediction and direct measurement. Age models for pelagic sediments embedding mass gravity 

deposits are therefore important to estimate when and how frequent such processes occulTed in 

the geological past, and to link them to their possible trigger mechanisms. There are several 

reasons why continental margin sediments are rendered prone to failure, including 

oversteepening of the slope by sedimentation processes, underconsolidation of sediments due to 

high sedimentation rates, undercutting of the slope, gas build-up or gas hydrate decomposition, 

ice-sheet cover in glacial areas and seismicity (e.g. Embley, 1982; Bugge et aI., 1988; Einsele 

et aI., 1996; Mulder and Cochonat, 1996; Nichols, 1999; Imbo et aI., 2003; Mienert et aI., 2003). 
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The RV Meteor cruise M 58-1 was conducted to investigate gravity-driven sediment transport 

processes along the NW African continental margin (Sc1mlz et aI., 2003). This paper primarily 

presents data on five gravity cores from the Cape Blanc Debris Flow and the Mauritania Slide 

Complex. Geochemical analyses especially of the pelagic units in these cores were performed by 

X-ray fluorescence (XRF) spectrometry. Our strategy was to indirectly determine the ages of the 

mass flow events based on a correlation of elemental data on the pelagites above the mass flow 

deposits with carbonate and elemental data on dated reference cores. We present age models for 

both mass flow deposits with suggestions for the controls on failure. Geochemical data on the 

gravity cores from the Mauritania Slide Complex give rise to speculations whether its deposition 

was a single or a multi-phase event. 

2 Regional setting 

Both mass flow deposits formed on the NW African continental margin (cf. Seibold and 

Hinz, 1974; Jacobi, 1976; Kidd et aI., 1987) where the slope angle generally ranges between 0.5° 

and 2° (Weaver et aI., 2000). The Cape Blanc Debris Flow is located at a pelagic site on the 

lower slope off Cape Blanc. The Mauritania Slide Complex on the lower slope off Cape Verde 

ranks among the largest mass gravity deposits known along the NW African continental margin 

and extends to a width of more than 120 km. To the southwest it borders on the channel-levee 

system of the Mauritania Canyon (Schulz et aI., 2003). 

Recent sedimentation in this area is influenced by the African dust plume which transports high 

quantities of terrigenous material from the sub-Sahara and Sahel regions into the Atlantic Ocean 

(Tetzlaff and Wolter, 1980; Pye, 1987; Wefer and Fischer, 1993), whereas permanent fluvial 

input can be excluded at present (Weaver et aI., 2000; Mienert et aI., 2003). Several upwelling 

cells (Sarnthein et aI., 1982) cause high accumulation rates along the upper slope and shelf edge 

(Weaver et aI., 2000), one depocenter for organic carbon occuring for example between 20° and 

22°N further upslope between 1000 and 2000 m water depth (Bertrand et aI., 1996; Martinez 

et aI., 1999). At the present, productivity on the NW African continental margin is highest 

between 16° and 25°N (Schemainda et aI., 1975). On a longer time-scale, productivity is 

reported to have been high especially during glacial periods (Diester-Haass and Chamley, 1982). 

Terrigenous input increased during glacial periods as well, mainly due to enhanced availability 

of source material and strength of transporting winds (cf. Matthewson et aI., 1995; deMenocal 

et aI., 2000). 

3 Materials 

Cape Blanc Debris Flow and Mauritania Slide Complex were both mapped and sampled during 

research cruise M 58-1 with RV Meteor in May/June 2003 (Schulz et aI., 2003). For this 

research, altogether five gravity cores and, if available, their corresponding multi corer cores 
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were selected for onboard geochemical analyses (table 1 and figure 1). Core GeoB 8504-3 was 

recovered from the Cape Blanc Debris Flow where the mass gravity deposit was recorded below 

approximately 8 m of pelagic sediments. 

"" ~1~ 
,. c,·~·(" 

o 
CD 53·30 0 

GeoB'~,. 
8502 ;-, 

'2)~~~ 

200N 

15"W 10"W 

Fig. 1: Locations of coring sites offshore NW Africa. Closed circles indicate selected core posItIons during 

RV Meteor cruise M 58-1 (present study), open circles indicate positions of the reference cores CD 53-30 

(Matthewson et aI., 1995), GeoB 7919-5 (RV Meteor cruise M 53-1c) and GeoB 8502-2 (RV Meteor cruise M 58-1) 

The Mauritania Slide Complex fmiher southward was sampled near its edge in order to obtain 

both the overlying and underlying pelagic horizons bracketing the slide. The present study of the 

Mauritania Slide Complex is based on data from four gravity cores obtained from two different 

parts of the deposit. Two sites (GeoB 8519, GeoB 8520) are located in an area where a small 

tongue protrudes from the main slide body and forms the southern part of the slide complex (cf. 

Krastel et aI., subm.). The uppermost unit of this tongue onlaps the base of a levee of the 

Mauritania Canyon and pinches out against it. This levee structure appears to have prevented 

spillover of the slide into the channel to the southwest. Core GeoB 8519-3 was recovered 

directly from the top of the levee structure just outside the slide and thus, was supposed to serve 

as a master record by supplying an age model for the pelagites in the direct vicinity of the slide 

complex. Intercalated into the pelagic unit at site GeoB 8519, however, are four turbidite layers 
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which are presumably related to transport processes in the Mauritania Canyon. Site GeoB 8520 

is directly adjacent to GeoB 8519 at the edge of the slide where its thickness approximates 7 m. 

Table 1: Key characteristics of all sediment cores presented in this study including core number, geographic 

position, water depth, gear type, recovery and available data. MUC = multicorer, GC = gravity corer 

Core no. Latitude C N) Longitude C w) 

Cores from the Caue Blanc Debris Flow 

GeoB 8504-1 20°35.09 19°10.03 

GeoB 8504-3 20°35.12 19°10.02 

Cores from the Mauritania Slide Comulex 

GeoB 8519-3 16°58.07 17°49.54 

GeoB 8520-3 16°58.58 17°49.58 

GeoB 8520-1 [6058.58 17°49.57 

GeoB 8522-3 17°15.09 18°22.14 

GeoB 8522-1 17°15.11 18°22.15 

GeoB 8523-1 17°14.74 18°22.12 

Reference cores 

CD 53-30 19°42.78 20°42.81 

GeoB 7919-5 20°56.41 19°23.38 

GeoB 8502-2 19°13.27 18°56.04 

a Extracted from Matthewson et al. (1995) 

b Extracted from Wien et al. (accpt.) 

Water depth (m) 

3246 

3209 

2676 

2689 

2687 

3097 

3098 

3092 

3565 

3420 

2956 

Gear type Recovery (cm) Available data 

MUC 26 XRF; offshore 

GC 980 XRF; shipboard 

GC 708 XRF; offshore 

MUC 30 XRF; offshore 

GC 1128 XRF; offshore 

MUC 28 XRF; offshore 

GC 561 XRF; offshore 

GC 612 XRF; offshore 

total carbonate, 

oxygen isotope data a 

GC 1458 XRF; onshore b 

GC 1478 XRF; offshore b 

Two other sites (GeoB 8522, GeoB 8523) in the Mauritania Slide Complex are closely spaced to 

each other approximately 65 km northwestward from sites GeoB 8519 and GeoB 8520, in an 

area where the;::; 1.5-3 m thick slide is closely associated with an overlying turbidite layer of 

;::; 40-80 cm in thickness. The boundary between slide and turbidite is fonned by a sharp 

erosional unconformity. Intercalated into the pelagites underlying the slide at these two 

northwestern sites are several small-scale turbidites. The turbidites in all study cores were 

numbered consecutively downcore, beginning with T l-GeoB 85XX at the top. Note that 

turbidites with the same number (e.g. T 1-GeoB 8519 and T 1-GeoB 8523) are not necessarily 

correlative as the numbering may suggest. The three cores which penetrated the Mauritania Slide 

Complex (GeoB 8520-1, GeoB 8522-1, GeoB 8523-1) found the mass gravity deposits (i.e. slide 

or slide + overlying turbidite) buried beneath an approximately 50 cm thick layer of pelagic 

sediments. 

The archived gravity core GeoB 7919-5, obtained off Cape Blanc during RV Meteor cruise 

M 53-1c in April/May 2002 (Meggers et aI., 2003), was analysed geochemically pre-cruise in 

order to serve as reference aboard (cf. Wien et aI., accpt.). Gravity core GeoB 8502-2 was 

recovered during RV Meteor cruise M 58-1 from a levee of the Cap Timiris Canyon (Schulz 

et aI., 2003) and also serves as reference. The downcore Ca variations of both cores were 
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cOlTelated to detailed total carbonate data of the core CD 53-30 which was retrieved from the 

Cape Verde TelTace and is well-dated back to :::::; 290 kyr based on Foraminifera 8180 records 

(Matthewson et aI., 1995). 

4 Methods 

We aimed to indirectly date the emplacement of all mass flow deposits in our study cores based 

on the correlation of downcore geochemical data on the pelagic units with total carbonate and 

elemental data on dated reference cores. 

4.1 Distinction between pelagic and mass flow deposits 

In order to accurately fit age models to our study cores it was prerequisite to clearly distinguish 

between pelagic sediments and mass flow deposits. The different facies, i.e. pelagic, debrite, 

slide and turbidite facies, were initially distinguished onboard ship based on visual core 

description (Schulz et aI., 2003) and controlled later on land by X -ray radiographs (cf. Henrich 

et aI., subm.). A clear identification of the depths of all facies boundaries was possible, except 

for the transition of the youngest turbidite units T 1-GeoB 8522 and T 1-GeoB 8523 into the 

topmost pelagic facies. As the upper fine-grained muddy parts of these turbidite units gradually 

turn into the pelagic facies, we were only able to indicate a depth range instead of a distinct 

boundary. 

4.2 Onshore and offshore geochemical analyses 

Downcore elemental variations were determined for the reference core GeoB 7919-5 prior to the 

research cruise in the laboratory at Bremen University, and for core GeoB 8502-2 from the Cap 

Timiris Canyon (cf. Wien et aI., accpt.) and the five gravity cores and three multicorer cores 

from the Cape Blanc Debris Flow and Mauritania Slide Complex aboard RV Meteor. Multicorer 

cores were sampled at a resolution of 1 cm for the upper 10 cm and a resolution of 2 cm below 

this depth. Core GeoB 7919-5 was sampled with syringes in 5 cm intervals. From all other 

gravity cores, sections of 1 m length were sampled using plastic U-channels with a cross-section 

of 1.5 x 2 cm (cf. Wien et aI., 2005). The elemental analysis focussed on both, the pelagic 

sediment sequences and the turbidites while only parts of the debris flow and slide deposits were 

analysed. 

All samples were dried at 200°C for 60 min and ground manually. Reliable contents of the 

elements Si, Ti, AI, Fe, Mn, Mg, Ca, K, Sr, Ba, Rb, Cu, Ni, Zn, P, S, Cl and Br were measured 

on a Spectro Xepos XRF spectrometer. Analytical quality was assessed by daily analyses of a 

pressed pellet of MAG-1 standard reference material (e.g. Govindaraju, 1994; 4 g MAG-1 

standard powder + 0.9 g Hoechst Wax). The XRF geochemical analyses were performed 
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following the method described in Wien et al. (2005). All elemental data presented in this study 

are stored in the Pangaea database (http://www.wdc-mare.org/PangaVista?query=@Ref). 

The mass flow deposits in the three gravity 

cores GeoB 8520-1, GeoB 8523-1 and 

GeoB 8522-1 from the Mauritania Slide 

Complex are capped by just :::; 50 cm of 

pelagic material and consequently, the 4 cm 

resolution analyses only allowed a relatively 

rough correlation of their downcore 

elemental patterns to the reference cores 

CD 53-30, GeoB 7919-5 and GeoB 8502-2. 

In order for the geochemical data to be 

Table 2: Resolution for post-cruise XRF re-analyses 

performed on the topmost units in the four gravity 

cores from the Mauritania Slide Complex 

Core no. Core length Resolution of XRF 

re-analyses 

GeoB 8519-3 0-100 cm lcm 

GeoB 8520-1 0-60 cm lcm 

GeoB 8522-1 0-60 cm lcm 

60-100 cm 2cm 

GeoB 8523-1 0-60 cm 1 cm 

60-130 cm 2cm 

correlated more accurately, post-cruise re-analyses at a higher resolution (1 cm and 2 cm) were 

performed on the upper sections of all gravity cores from the Mauritania Slide Complex, 

including the entire capping pelagic units, the turbidite deposits and the top parts of the slide 

(table 2). For the pelagic units overlying the Mauritania Slide Complex, each 4-cm subsample is 

equivalent to:::; 0.9-1.2 kyr, each I-cm subsample is equivalent to :::; 0.2-0.3 kyr, depending on the 

sedimentation rate. 

4.3 Core-to-core correlation 

When available, multicorer cores were virtually arranged as core tops of their corresponding 

gravity cores. For this purpose, the overlapping section (i.e. top centimetres of the gravity core 

and bottom centimetres of the multicorer core) was determined based on the absolute values of 

the major elements. The multicorer core tops represent the present sediment surface and are 

therefore defined to have an age of 0 kyr. 

An age model was initially fitted to the cores GeoB 7919-5 and GeoB 8502-2 by correlating their 

downcore Ca data (cf. Wien et al., accpt.) to total carbonate data on the dated core CD 53-30 

(Matthewson et al., 1995). The complete XRF element suites of both GeoB cores were available 

for correlation and supplemented total carbonate data on CD 53-30. The pelagic units of all study 

cores from the Cape Blanc Debris Flow and the Mauritania Slide Complex were then referenced 

to a stratigraphic framework by correlating their downcore elemental profiles with these three 

reference cores. Altogether eighteen elements aided the fit of age models with the elements Ca, 

Si, AI, Fe and K being most important. Correlation and age fitting were performed by linear 

interpolation between tie points with the software "AnalySeries", version 1.1 (Paillard 

et al., 1996). 
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5 Results 

5.1 Age model for the Cape Blanc Debris Flow 

We were able to establish a detailed correlation of the pelagites overlying the Cap Blanc Debtis 

Flow in core GeoB 8504-3, and the reference cores CD 53-30 and GeoB 7919-5 (figure 2). The 

downcore profiles of total carbonate and Ca content in these three cores match well and indicate 

debtis flow emplacement at approximately 155 kyr within glacial oxygen isotope stage (OIS) 6. 

CD 53-30 GeeB 7919·5 GeeB 8504·3 OIS 
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Fig. 2: C011'elation of the cores CD 53-30 (Matthewson et aI., 1995), GeoB 7919-5 (cf. Wien et aI., accpt.) and 

GeoB 8504-3 based on total carbonate and Ca data. According to this c011'elation, deposition of the Cape Blanc 

Debris Flow occu11'ed at"" 155 kyr within glacial oxygen isotope stage (OIS) 6 

5.2 Age models for the Mauritania Slide Complex 

The more detailed study of the Mauritania Slide Complex unravels a depositional history more 

difficult to interpret (figures 3 and 4). The pelagic master record at site GeoB 8519 postdates to 

approximately 165 kyr (cf. figure 4). Owing to the position of this site on a levee of the 

Mautitania Canyon, the pelagites are intenupted by four turbidite layers which occur at stage 

boundaties 5/6 (128 kyr; T 4, 3-GeoB 8519) and 4/5 (71 kyr; T 2, 1-GeoB 8519; table 3). 

Turbidite T 2-GeoB 8519 eroded into the underlying pelagic section, thereby causing a hiatus of 

;:::; 17 kyr coveting the upper unit of OIS 5. The topmost pelagic unit comptising OISs 1 to 4 is 

complete and allows detailed correlation with the pelagites capping the mass flow deposits at 

sites GeoB 8520, GeoB 8522 and GeoB 8523 (i.e. slide at site GeoB 8520; slide and overlying 

turbidite at sites GeoB 8522 and GeoB 8523). 
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Fig.3a-e: Selected geochemical data on the reference cores CD 53-30 (Matthewson et aI., 1995; only a), 

GeoB 7919-5 and GeoB 8502-2 (cf. Wien et aI., accpt.), and the four study cores from the Mauritania Slide 

Complex showing downcore elemental profiles on a Ca, bSi, c AI, d Fe and e K. Reference cores are plotted 

against age, study cores against depth. Note the well-colTelated elemental pattem of the turbidite units T 1-

GeoB 8522 and T 1-GeoB 8523 which proves them to result from the same turbidite event. The diagonal cross 

pattem on top of both turbidite layers denotes the transition zone between turbidite and pelagite 

The Mauritania Slide Complex is covered by pelagic sediments which predominantly 

accumulated during the present-day interglacial period (OlS 1). At sites GeoB 8522 and 

GeoB 8523, slide and pelagites are separated from each other by a turbidite layer (T 1-

GeoB 8522, T I-GeoB 8523), the well con-elated elemental pattern of which proves it to derive 

from the same turbidite event (cf. figure 3). Particular attention was paid to the onset of the 

pelagic sedimentation above the mass flow deposits at sites GeoB 8520, GeoB 8522 and 
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GeoB 8523 and thus, to the question of whether deposition of the slide took place synchronously 

in one phase or in a series of different phases (figure 5). Although XRF data furnish detailed 

infonnation on the pelagites, correlation proved to be complicated because the elemental patterns 

essentially plot as one peak (Ca) or depletion (K, Si, AI) only. The geochemical data support two 

different possibilities for the mode of slide emplacement which will be considered in the 

following subsections. 
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Fig. 4: Correlation of a Ca, bSi, c AI, d Fe and e K downcore profiles between the four study cores from the 

Mauritania Slide Complex and the reference cores CD 53-30 (Matthewson et aL, 1995; only a), GeoB 7919-5 and 

GeoB 8502-2 (cf. Wien et aL, accpt.). The diagonal cross pattern in GeoB 8523-1 and GeoB 8522-1 indicates the 

age range (13.7-14.3 kyr) during which turbidite emplacement occurred at one certain time 

Table 3: Core number, label, depth and emplacement tinle of the mass flow deposits in foUl" gravity cores from the 

Mauritania Slide Complex 

Core no. 

GeoB 8519-3 

GeoB 8520-1 
GeoB 8522-1 

GeoB 8523-1 

Slide; turbidite Slide/turbidite depth (cm) 

T I 210-225 
T 2 225 -260 
T 3 476 -483 
T4 
Slide 
T 1 
Slide 
Tl 
Slide 

492 -494 
49 -766 
(745) 50 - 95 
95 - 387 
(745) 50 - 125 
125 -278.5 

5.2.1 Multi-phase event? 

Slide/turbidite emplacement time (kyr) 

71 
> 71 
129 
130 
1l.4 
certain time between l3.7 - 14.3 
time-equivalent with or older than T I-GeoB 8522 
certain time between 13.7 - 14.3 
time-equivalent with or older than T I-GeoB 8523 

Our data indicate emplacement of the Mauritania Slide Complex to be a multi-phase event at the 

transition from glacial OIS 2 to interglacial OIS 1 (cf. figure 5). Assuming the onset of the 

pelagites immediately following slide/turbidite emplacement, it can be inferred that slide 

depositon occurred at ~ 11.4 kyr at site GeoB 8520, and that turbidite deposition occurred at a 

certain time between ~ 13.0-14.3 kyr at site GeoB 8523 and at a certain time between ~ 13.7-
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14.3 kyr at site GeoB 8522. The age ranges for the turbidite event at both northwestern sites 

result from the not exactly identified boundary between turbidite and overlying pelagites (cf. '4.1 

Distinction between pelagic and mass flow deposits'). As the turbidite units in both cores result 

from the same event (cf. figure 3), we suggest the discrepancy in the youngest possible ages (i.e. 

13.0 kyr at site GeoB 8523 vs. 13.7 kyr at site GeoB 8522) to result from the indistinct character 

of this boundaty which induced us to overrate the turbidite unit in T 1-GeoB 8523. We therefore 

presume the age of 13.7 kyr to be the youngest possible age for turbidite emplacement at both 

sites and exclude the age of 13.0 kyr from further discussion. 
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Fig. 5: Reduced dataset back to only 20 kyr showing the correlation of a Ca, bSi, c AI, d Fe and e K downcore 

profiles between the topmost pelagic units of the four study cores from the Mauritania Slide Complex. The diagonal 

cross pattem in GeoB 8523-1 and GeoB 8522-1 indicates the age range (13.7-14.3 kyr) during which turbidite 

emplacement occurred at one certain time 
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5.2.2 One-phase event? 

Alternatively, our cOlTelation may be slightly imprecise owing to a lack of significant 

cOlTelateable features in the downcore elemental records of the pelagites which cover the 

Mauritania Slide Complex. In this case it can be infelTed that the ages for an onset of the 

pelagites above the mass flow deposits at the southeastern (GeoB 8520) and the northwestern 

(GeoB 8522, GeoB 8523) sites are rough estimations which should be approximated to only one 

certain age between 11.4 and 14.3 kyr. Emplacement of the Mauritania Slide Complex may then 

be suggested to have occulTed in one single phase. In the following, however, we will continue 

to use the different age data which result from our cOlTelation. 

Fitting of age models to the pelagic units underlying the slide at sites GeoB 8520 and GeoB 8523 

proved to be much more complicated due to a lack of significant features in the elemental 

profiles which would resemble the patterns of the reference cores. This may possibly result from 

a distortion of the underlying sediments during the depositional event. We will introduce no 

cOlTelation and, for that reason, skip further discussion of these data. 

6 Discussion 

6.1 Emplacement times of the mass flow deposits 

The results of the present study are a confirmation of the traditional VIew of mass flow 

emplacement especially during sea-level low stands in glacial periods (cf. Shanmugam and 

Moiola, 1982; Vail et aI., 1991; Einsele, 1996) and at stage boundaries between different 

climatic regimes (cf. Weaver and Kuijpers, 1983; Weaver and Rothwell, 1987; Simm 

et aI., 1991). Turbidites on the levee of the Mauritania Canyon were deposited at stage 

boundaries as has also been repOlied for several turbidites on the Madeira Abyssal Plain 

(Rothwell et aI., 1992; Weaver et aI., 1992), the Agadir Basin (Wynn et aI., 2002), the Seine 

Abyssal Plain (Davies, 1997) and the Cap Timiris Canyon (Wien et aI., accpt.). 

Emplacement of the Cape Blanc Debris Flow at ~ 155 kyr occulTed during the Late Saalian 

glaciation (~ 160-140 kyr; OIS 6) when sea-level was lowered to approximately -150 m relative 

to the present (Chappell and Shackleton, 1986). Hence, possible mechanisms for initiation of this 

mass gravity flow may be the collapse of an oversteepened slope caused by enhanced sediment 

transport to the shelf edge (e.g. Vail et aI., 1991; Einsele et aI., 1996) or high sediment 

accumulation owing to increased upwelling during the glacial period (Weaver et aI., 2000) or a 

combination of both. 

Deposition of the Mauritania Slide Complex took place at the end of the last glacial period in this 

area. During this time, significant climatic changes were associated with a rapid sea-level rise 
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which started at the peak glacial maximum about 18 kyr ago at approximately -120 m relative to 

the present and since then, has continued to its present-day level (Shackleton, 1987; Lambeck 

and Chappell, 2001). Emplacement of the Mauritania Slide Complex is roughly time-equivalent 

to several other large-scale submarine slope instabilities which occurred around the 

Pleistocene/Holocene transition (12 kyr), for instance the Turbidite Mb on the Madeira Abyssal 

Plain (12 kyr; Rothwell et al., 1992; Weaver et al., 1992) and the Turbidite AB2 in the Agadir 

Basin (12 kyr; Wynn et al., 2002), the Canary Debris Flow (;::::: 15 kyr; Masson, 1994; 

Masson, 1996), the And0ya Slide (10 kyr; Laberg et al., 2000; Taylor et al., 2003; Haflidason 

et al., 2004) and Fugl0y Bank Slide on the Norwegian margin (?10 kyr; Taylor et al., 2003; 

Haflidason et al., 2004), failures on the Ulleung Basin slope in the Japan Sea (last glacial period 

until Pleistocene/Holocene boundary; Lee et al., 1996) and the Gebra Slide in the Antarctic 

(13.5-6.5 kyr; Imbo et al., 2003). 

6.2 Emplacement of the Mauritania Slide Complex 

6.2.1 Mode of emplacement 

The above presented geochemical data give no conclusive evidence whether emplacement of the 

Mauritania Slide Complex results from one single-phase event or at least two events spaced 

;::::: 2.3-2.9 kyr in time. An interpretation which may reasonably link the two different ages for 

slide emplacement to a one-phase event is that the deviation results from a diachronous onset of 

post-slide sedimentation in the different parts of the slide. This may be due to local differences in 

the bottom water circulation owing to the slide topography. Stronger currents and possible 

erosion may have delayed the onset of post-slide sedimentation in the southeastern part of the 

slide (cf. Laberg et al., 2002). 

A multi-phase event, by contrast, may explain the irregular shape of the Mauritania Slide 

Complex. Our data suggest that an older event in the northwestern part of the complex (sites 

GeoB 8522 and GeoB 8523) has formed the main slide body, whereas a younger event in the 

southeastern part (site GeoB 8520) seems to result from a subsequent collapse which formed the 

small protruding tongue (cf. Krastel et al., subm.). 

6.2.2 Co-genesis of slide and turbidite? 

Debris flows and slides on continental slopes sometimes are the precursors of turbidity currents 

(e.g. Simm et al., 1991; Mulder and Cochonat, 1996; Talling et al., 2004). Hence the succession 

of slide and turbidite deposits at sites GeoB 8522 and GeoB 8523 may be significant in terms of 

a genetic link between them. Assuming both events to be co-genetic and therefore time

equivalent, emplacement occurred at a certain time between;::::: 13.7-14.3 kyr. However, by the 

available dataset we cannot rule out the possibility of slide and turbidity current being two 

separate, consecutive events. Supposing this case, the age range of;::::: 13.7-14.3 kyr only applies 
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to turbidite emplacement whereas transpOli of the slide can only be stated to have occuned 

somewhat earlier. 

7 Conclusions 

Age models for the emplacement of debris flow, slide and turbidite deposits on the NW African 

continental margin were constmcted using element stratigraphy based on shipboard XRF 

geochemical analysis. The results of this study are in agreement with other findings which show 

the NW African continental margin has been very unstable over the last Quatematy cycles. 

TranspOli events are often linked to times of severe climatic changes as they occur at stage 

boundaries. And even though we cannot - by the available dataset - determine the exact trigger 

mechanisms for these transport events, it appears that the transport processes are often controlled 

by climate-related sea-level changes. 

To unravel the depositional history of the Mauritania Slide Complex more accurately, fmiher 

investigations should focus on sediment cores derived from other parts of the slide deposit. 

Additional seismo-acoustic and sedimentological data are essential to verify the results presented 

in this study. 
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3 SUMMARY AND GENERAL CONCLUSIONS 

This research arose out of our interest in the timing of gravity-driven sediment transport 

processes on the NW African continental margin, especially with respect to climate-related sea

level variations over the Quaternary glaciaVinterglacial cycles. Within this context, it was first 

aimed at the development and application of an onboard XRF technique for quick high

resolution geochemical analysis of gravity cores in order to fit age models by element 

stratigraphy. Element stratigraphy is based on the core-to-core correlation of elemental data on 

the pelagic units in newly recovered cores with age dated reference cores and allows an age 

assessment of the sediments. The results of this thesis demonstrate both, the quality of the high

resolution shipboard XRF analyses, and the suitability of the acquired core data for integration in 

age models from dated reference cores. Initially, the newly developed XRF technique was tested 

on strati graphically undisturbed cores from the Southern Cape Basin. The geochernical data 

allowed age control back to several 100 kyr and provided valuable information on palaeoclimate, 

palaeoenvironment and palaeoceanography during the Quaternary in this region. 

Element stratigraphy was then applied to strati graphically disturbed cores recovered from the 

NW African continental margin where the pelagic sediments are interrupted by deposits which 

result from gravity-driven mass transport. Three different types of mass flow deposits were in the 

scope of this research, i.e. turbidites in the Cap Timiris Canyon off Mauritania and in the 

Mauritania Canyon, the Mauritania Slide Complex and the Cape Blanc Debris Flow. Turbidite 

activity in the Cap Timiris Canyon was hindcast to 245 kyr and shown to be generally linked to 

oxygen isotope stage boundaries and to glacial periods. The most recent turbidites in this canyon 

are seemingly coupled to the last deglaciation and the rapid Holocene sea-level rise. In the 

Mauritania Canyon, turbidites are also associated with oxygen isotope stage boundaries. 

Emplacement of the Mauritania Slide Complex occurred in several phases during the rapid sea

level rise at the Pleistocene/Holocene boundary, whereas the Cape Blanc Debris Flow was 

deposited during the Late Saalian glaciation. In agreement with other studies, these findings 

indicate that the NW African continental margin has undergone periods of overall increased 

mass wasting activity, and that the timing of the different transport processes appears to be 

strongly controlled by climate-related sea-level changes. The age assessment of the transport 

events and an understanding of their timing and controls adds to endeavours aimed at the 

formulation of mass balances and thus, contributes to the understanding of mass transport in this 

area. 

In conclusion, element stratigraphy based on shipboard XRF analysis is shown to be a very 

promising approach to reconstruct the geological history of a study area. The elemental data 

provide a tool to date sediment columns as well as various events which leave their signature in 

the downcore profile, and they can also be qualitatively and quantitatively linked for instance 
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with marine productivity, tenigenous input, water mass chemistry, atmospheric circulation and 

ocean cunents. As geochemical data are available within a day after recovering a sediment core, 

they can guide onsite decisions for mapping and more detailed sampling and, moreover, fonn a 

key element of post-cruise studies and perspectives. 

While the present approach has shown shipboard application of the XRF technique to produce 

reliable geochemical data on sediment cores, future goals may be directed towards a 

simplification of the sample preparation technique in order to increase the sample throughput. 

This will allow core investigation at a higher resolution, possibly 2- or 1-cm, or enable analysis 

of a larger suite of cores within the same time-frame. The XRF technique may thus supply an 

enhanced dataset which may serve for highly accurate age detennination as well as very detailed 

characterisation of the study area. 
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