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5.1 Abstract 

Paleoceanographic studies strongly rely on proxies to reconstruct past environmental 

conditions. However, several factors influence the reliability of these proxies, particularly 

during sedimentation and burial. In this study, we measured δ
18

O and Mg/Ca on three species 

of planktonic foraminifera (G. ruber, G. trilobus and N. dutertrei) as well as organic '

37

kU and 

TEX86 from core top sediment taken across the Mozambique Channel. We contrast our 

findings with previously published modern time-series temperature proxy data from a 

sediment trap moored in the mid-channel. While 
234

Th data indicate a flux of fresh particulate 

matter to the bottom sediment, radiocarbon dating shows that the core top sediments are 

composed of material that is on average about 1000 years old. The fine organic carbon is 

consistently (even though only slightly) younger than the coarser foraminiferal calcite, which 

is likely caused by preferential downcore mixing of the fine fraction. Besides vertical mixing 

by bioturbation, stable lead isotope ratios from the time-series particle fluxes indicate episodic 

lateral transport of old particles from the shelf to the deep Mozambique Channel as an 

additional source of pre-aged material in core tops.  

On sub-millennial timescales, core top temperature proxies show warmer values close to 

coastal areas while colder values are found in the mid-channel. These are associated with 

higher maximum summer temperatures and salinities in modern coastal waters in contrast to 
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the mid-channel. Additionally, we find an offset in all foraminiferal proxies between core top 

samples and time-series data that corresponds to 1 – 3 °C, which includes the significant 

Indian Ocean warming by 0.7 °C over the past century together with natural climate 

variability in the range of 1 – 2 °C over the past ~2000 years. However, this temperature 

difference is not observed in the organic proxies '

37

kU and TEX86, which may result from 

current transport of unconsolidated organic matter that can homogenize the organic proxy 

signal prior to burial. 

 

5.2 Introduction 

In order to understand past ocean and climate systems, proxies are needed that accurately 

record environmental conditions (Elderfield, 2002; Lea, 2003). However, many factors can 

influence proxy signals during sedimentation and burial. One important aspect is the 

contribution of pre-aged material to the sedimentary record (Gardner and Sullivan, 1981; 

Laine et al., 1994) and the time-averaging effect of bioturbation (Keigwin and Guilderson, 

2009). Proxy parameters from core top sediments are frequently used for calibration purposes 

to modern oceanographic parameters in the absence of sediment trap series (Dekens et al., 

2002; Kim et al., 2008; Müller et al., 1998). Yet, calibration of pre-aged allochthonous and 

bioturbated sediment proxies to modern SST can potentially introduce uncertainties or biases. 

Furthermore, sedimentary records containing variable contributions of pre-aged material can 

result in pooled proxies that do not reflect the environmental conditions at their original place 

of deposition (Benthien and Müller, 2000).  

Upward bioturbation of older pre-aged sediment from the deeper core and downward 

bioturbation of fresh material from the top play an important role in time-averaging proxy-

temperature in sediments. Local variability in the intensity of bioturbation in deep-sea 

sediment may be as important as regional differences in sediment properties (de Master and 

Cochran, 1982). Bioturbation of sediment usually reaches as deep as 10 cm (Boudreau, 1998), 

which implies a potentially substantial age bias in proxy signals particularly in deep sea 

sediments where sedimentation rates are usually low. Other studies concluded that mixing 

depth is not constant on a global scale, but varies as a predictable function of particulate 

organic carbon flux (Smith and Rabouille, 2002; Trauth et al., 1997). Finally, Bard (2001) 
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argues that differential mixing between fine and coarse fractions can lead to age offsets for a 

given sediment horizon, potentially decoupling foraminiferal and organic proxy records.  

The relative importance of present-day fluxes of fresh and pre-aged (transported) material 

together with downcore mixing of sediment can be assessed using a suite of radionuclides 

with different half-lives (
234

Th, 
210

Pb, 
14

C) and stable lead isotope ratios (
206

Pb/
207

Pb). 
234

Th 

has the shortest half-life of 24.3 days which makes it the ideal tracer for short-time processes 

on time scales of about three months (Pope et al., 1996). In contrast, the half-lives of 
210

Pb 

(22.3 years) and 
14

C (5730 years) are longer and can be used for establishing sedimentation 

processes and age models for the past hundred years for 
210

Pb (Masque et al., 2003) and for 

the past ~50,000 years for 
14

C (Fairbanks et al., 2005; Hughen et al., 2004). Stable lead 

isotope ratios (
206

Pb/
207

Pb) trace natural and anthropogenic sources of Pb, with anthropogenic 

(pollutant) lead generally displaying lower 
206

Pb/
207

Pb (Reuer and Weiss, 2002; Weiss et al., 

1999). Hence, higher 
206

Pb/
207

Pb reflects input of older pre-industrial material. With 

radionuclides and stable lead isotope ratios modern and past sedimentation processes can thus 

be reconstructed.  

The Mozambique Channel forms a suitable area to study the effect of sedimentation and 

burial on temperature proxies as particle fluxes have been intensively monitored over the last 

years (Fallet et al., 2010; Fallet et al., subm.). Currently, research focuses on the Mozambique 

Channel as it contributes more than 30 % of the volume transport to the Agulhas Current (van 

der Werf et al., 2009) and therefore significantly influences the Indian-Atlantic exchange 

(Beal et al., 2011; de Ruijter et al., 1999). The variability of modern circulation in the 

Mozambique Channel is well known because it is monitored in the Long-term Ocean Climate 

Observation (LOCO) program since 2003 (Palastanga et al., 2006). Studies within this 

program have shown that the strong bottom water currents (Harlander et al., 2009) and 

presence of bottom water oxygen make it a good locality to study the potential effects of 

sediment transport and bioturbation.  

Previously, we have reported on the behavior of planktonic foraminiferal (δ
18

O and Mg/Ca: 

Fallet et al., 2010) and organic proxies ( '

37

kU  and TEX86: Fallet et al., 2011, subm.) in a 2.5 

years sediment trap time series which constrained the seasonal variability of vertical fluxes 

and the calibration and validation of temperature proxies in this area. In this study, we 

analyzed core top sediment taken across the Mozambique Channel for the same foraminiferal 

and organic temperature proxies together with the radionuclide evidence to determine the 
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burial history of these proxies and assess the importance of sediment transport and vertical 

mixing by bioturbation.  

 

5.3 Material and methods 

5.3.1 Sampling and preparation of core top sediment 

Across the Mozambique Channel, we took an ensemble of multi-cores during scientific 

cruises in 2003 (CD153), 2006 (D301), 2008 (M75-1b) and 2009 (64PE304), (Figure 5-1).  

 

   

Figure 5-1: a) Study area with schematic current pattern illustrating the fast rotating eddies 

that migrate through the channel every about 70 days before joining the Agulhas Current. 

The inset shows the location and depth of the multicores across the Mozambique Channel in 

greater detail. b) Bathymetry of the Mozambique Channel with core locations and trap 

mooring (November 2003 to March 2006, inverted triangle), multi-cores taken during cruise 

CD153 (crosses) and D301 (squares) were used for foraminiferal δ
18

O and Mg/Ca analyses 

and multi-cores taken during cruises M75 (rhombi) were used for organic matter '

37

kU  and 

TEX86 analyses. Location of the sediment trap deployed from is indicated by the triangle. 

 

For foraminiferal shell weights, δ
18

O and Mg/Ca analysis we used core tops obtained during 

cruises CD153 (Figure 5-1, crosses) and D301 (Figure 5-1, squares). Analysis of organic '

37

kU  

and TEX86 was performed on core top material from cruises M75-1b and PE304 (Figure 5-1, 

rhombi). The multi-cores from CD153, D301 and 64PE304 were sliced into 0–1cm slices and 

multi-cores from M75-1b into 0 – 0.25 cm and 0.25 – 0.5 cm slices. For proxy comparison 
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across the channel we averaged all measured proxy values from the same coring site. Core top 

sediments were wet-split using a binary Folsom splitter with a precision of > 95 % (Loncaric 

et al., 2007; Sell and Evans, 1982). Core top proxy temperatures were subsequently compared 

with modern satellite SST and average, flux-weighted proxy temperatures from a sediment 

trap deployed between November 2003 and March 2006 in the channel (Fallet et al., 2010). 

Flux-weighted proxy temperatures were calculated by multiplying each proxy value with its 

corresponding flux value, averaging the results and then dividing it by the total flux.   

 

 5.3.2 Satellite SST, in situ salinity and δ
18

Ow  

For the SST data, we obtained monthly averaged re-analyzed Reynolds SST from coastal 

waters (16.3 – 16.4 °S, 39.8 – 39.9 °E) and the mid-channel (16.3 – 16.4 °S, 42.0 – 42.1 °E) 

for the period January 1999 to October 2010 (http://gdata1.sci.gsfc.nasa.gov/daac-

bin/G3/gui.cgi?instance_id =ocean_month). The temperature data are from the 11 µm daytime 

MODIS Aqua satellite (Figure 5-3a) where 11 µm refers to the wavelength of the infrared 

emission used for SST estimation. We also produced maps for monthly-averaged SST data for 

austral summer (February 2004), fall (May 2004), winter (August 2004) and spring 

(November 2004) from the Giovanni database (http://gdata1.sci.gsfc.nasa.gov/daac-

bin/G3/gui.cgi?instance_id=ocean_month, Figure 5-3b). For the SST areal maps we also used 

the 11 µm daytime MODIS Aqua data with 9 km resolution for the area 35 °E – 50 °E and 10 

°S – 20 °S. 

Salinity was measured with conductivity-temperature-depth sensors (CTDs) in situ at the 

trapsite (40.8 °E, 16.8 °S) during scientific cruises to the Mozambique Channel in November 

2003 and March 2006 (Figure 5-4a). We also obtained monthly-averaged satellite sea surface 

salinity maps from the IRI/LDEO climate library (http://iridl.ldeo.columbia.edu/) for the area 

35 °E – 50 °E and 10 °S – 20 °S (Figure 5-4b). We used representative figures for the four 

seasons of austral summer (February 2004), fall (May 2004), winter (August 2004) and spring 

(November 2004).   

For sample preparation and analysis of seawater δ
18

O of the surface Mozambique Channel, 

see Fallet et al. (2010). From the global seawater databases (http://cchdo.ucsd.edu/ and 

http://data.giss.nasa.gov/o18data/), we generated a δ
18

Ow – salinity calibration for the SW 

Indian Ocean (Figure 5-2). For that we used δ
18

Ow data from the 5 – 100 m water depth in the 

area 10 – 40 °S and 30 – 80 °E. This depth range matches (sub-) surface waters in the Indian 
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Ocean with salinities of between 34.8 and 35.8 psu. The δ
18

Ow – salinity equation is similar to 

one obtained for the subtropical South Atlantic (Loncaric et al., 2006). 

 

Figure 5-2: Linear correlation between salinity (S) and δ
18

Ow at 5 – 100 m water depth in the 

SW Indian Ocean. Inset shows the geographic distribution of the data points in the SW Indian 

Ocean. The linear correlation is expressed as δ
18

Ow = 0.4989*S-17.1581 (r
2
 = 0.5). 

 

5.3.3 Age of core top sediment and age model of sediment core 

We applied 
14

C dating to foraminiferal calcite (G. trilobus / G. sacculifer > 315 µm fraction) 

and TOC from multicore D301–02 at 2250 m water depth taken at the trap-site (40.84 °E, 

16.58 °S), (Figure 5-5a, Table 5-1). The 
14

C-dating was done at the Poznan radiocarbon 

laboratory using Accelerator Mass Spectrometry. The radiocarbon ages were corrected with 

the program CALIB 6.0 (http://intcal.qub.ac.uk/calib/) applying a local reservoir age of 433 ± 

57 years as given for the region around the island Mayotte (Southon et al., 2002), the closest 

to the study area for which this information is available. Sedimentation rates were calculated 

by linear regression excluding outliers. 

 

5.3.4  Analysis of time-series lithogenic matter, 
210

Pb and 
206/207

Pb from sediment traps 

For comparison, we contrast the core top sediment with time-series data from two 

consecutively moored sediment traps deployed between November 2003 and March 2006 
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(Figure 5-6, Table 5-2). These Technicap PPS 5 sediment traps were positioned at 16.58 °S 

and 40.84 °E in the central Mozambique Channel at 2000 m and 2248 m water depth, 250 m 

(“upper trap”) and 2 m (“lower trap”) above the channel floor, respectively (Fallet et al., 

2010). However, the lower trap did not work during sampling period 1 (November 2003 to 

March 2005) which restricts our dataset to sampling period 2 (March 2005 to March 2006). 

Lithogenic matter content was taken as the residual mass after subtracting the CaCO3, organic 

matter and opaline silica. Time-series samples were taken from a 0.45 µm polycarbonate filter 

and subsequently frozen, freeze-dried, weighed and ground the sample into a homogeneous 

powder. Samples were analyzed for carbon, nitrogen and opaline silica separately before and 

after removal of the carbonate-carbon with 2M ultrapure hydrochloric acid applied directly on 

to the sample as described by Bonnin et al. (2002). Analysis with a Carlo/Erba-Flash EA-

1112 yielded total carbon (Ctot), organic carbon (Corg) and nitrogen, which were converted 

into weight percent organic matter (OM) by OM = Corg*2 (Romero et al., 2002). Opaline 

silica was obtained from about 14 mg of bulk material using the continuous alkaline leaching 

technique (Koning et al., 2002). Lithogenic matter content was taken as the residual mass 

after subtracting the CaCO3, organic matter and opaline silica.  

Samples were analyzed for 
210

Pb activity by means of α-spectrometry using 10 mg of material 

(Figure 5-5b). About 200 mg of sediment was spiked with 
209

Po and leached with 

concentrated HCl. For further details about sample preparation and analyses of 
210

Pb and 

234
Th see (Boer et al., 2006). Using the 

14
C sedimentation rate (section 2.3, Figure 5-5a) the 

210
Pb data were fitted with a mixing model (Soetaert et al., 1996) to estimate a 

210
Pb mixing 

rate and mixing depth (Figure 5-5b). For analysis of the bulk sediment 
206

Pb/
207

Pb ratio, we 

used the method and instruments described by Richter et al. (2009). 

 

5.3.5  Foraminiferal shell weights, δ
18

O and Mg/Ca analysis 

Core top samples were wet-split and foraminiferal shells cleaned as described by Fallet et al. 

(2009; 2010). Shells from G. ruber, white sensu strictu (d’Orbigny, 1839), G. trilobus (Reuss, 

1850) and N. dutertrei (d’Orbigny, 1839) were handpicked from the 250 – 315 µm fraction. 

The species G. ruber and G. trilobus have been shown to consistently live in the surface 

mixed layer whereas N. dutertrei lives at the bottom of or below the surface mixed layer 

(Fairbanks et al., 1982; Sautter and Thunell, 1991). Each species was analyzed for shell 

weight (Figure 5-7, Table 5-3), δ
18

O (Figure 5-8, Table 5-3) and Mg/Ca (Figure 5-9, Table 5-
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3). To minimize possible seasonal or size-dependant biases (e.g.: Barker et al., 2003), we 

weighed 20 shells in the 250 – 315 µm fraction to the nearest microgram on a high-precision 

micro-balance (section 4.5) for all paired δ
18

O and Mg/Ca measurements. Before weighing, 

foraminifera were gently cleaned by ultra-sonication in demi-water (3x) and ethanol (2x) for 

both core top and sediment trap specimens. After cleaning no broken shells were observed. 

Paired δ
18

O and Mg/Ca measurements were subsequently carried out on the same specimens, 

for details on sample preparation and analysis see Fallet et al. (2010). In order to derive 

proxy-based temperature estimates we used the species-specific calibrations developed for G. 

ruber and G. trilobus for the SW Indian Ocean (Fallet et al., 2010):  

 

SSTrub = -5.11 * (δ
18

Orub – δ
18

Ow) + 12.56                             

SSTtril = -6.26 * (δ
18

Otril – δ
18

Ow) + 10.33                              

 

SSTrub = 2.32 * Mg/Carub + 15.71                                 

SSTtril = 5.46 * Mg/Catril + 7.00,       

                             

where δ
18

Orub, δ
18

Otril, Mg/Carub and Mg/Catril are the oxygen isotope and the Mg/Ca 

composition of G. ruber and G. trilobus shells, respectively and δ
18

Ow is the oxygen isotope 

composition of the surrounding seawater. 

For N. dutertrei, we used the δ
18

O calibration developed by Epstein et al. (1953) as it is also 

applied by Thunell and Sautter (1992) for temperature estimates based on N. dutertrei. Other 

possible δ
18

O temperature calibrations  (e.g. Kim and O'Neill, 1997) yield similar results. For 

Mg/Ca, we chose the species-specific calibration developed by Anand et al. (2003) as it yields 

temperatures found at 50 – 70 m water depth in accordance with the preferential depth habitat 

of N. dutertrei (Dekens et al., 2002): 

 

SSTdut = 16.4 – 4.2 * (δ
18

Odut – δ
18

Ow) + 0.13 * (δ
18

Odut – δ
18

Ow)
2
                           

SSTdut = LN(Mg/Ca/0.342)/0.09 
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For direct comparison of the δ
18

O with Mg/Ca proxy SST, we corrected all δ
18

O data for δ
18

O 

of ambient seawater that was measured in surface waters across the channel (Fallet et al., 

2010). Additionally, we contrasted core top data with in situ measured SST and flux-weighted 

annual averages of modern δ
18

O (Figure 5-8) and Mg/Ca (Figure 5-8) of the same species 

obtained from time-series sediment traps moored at 2250 m water depth.  

 

5.3.6  '

37

kU and TEX86 analysis 

Aliquots of the bulk samples were freeze-dried and analyzed for alkenones (to determine '

37

kU  

temperatures) and glycerol dialkyl glycerol tetraethers (GDGTs) to determine HTEX 86  

temperatures (Figure 5-8, Table 5-4). These aliquots were ultrasonically extracted 4x using a 

solvent mixture of 2:1 dichloromethane (DCM) to methanol (MeOH). After extraction, excess 

solvent was removed from the total lipid extract (TLE) via rotary evaporation and sample 

extracts were run through a Na2SO4 pipette column. Known amounts of three internal 

standards were added to the TLE; squalane, 10-nonadecanone (C19 ketone), and a C46 GDGT. 

The TLE was next separated into apolar, ketone and polar fractions via alumina pipette 

column chromatography using solvent mixtures of 9:1 (vol:vol) hexane/DCM, 1:1 (vol:vol) 

hexane/DCM, and 1:1 (vol:vol) DCM/MeOH, respectively. The squalane internal standard 

eluted in the apolar fraction, the C19 ketone eluted in the ketone fraction and the C46 GDGT 

eluted in the polar fraction.   

For quantification of alkenones, the alkenone fractions were analyzed on an HP 6890 GC 

using a 50 m CP Sil-5 column (0.32 mm diameter, film thickness of 0.12 µm) and helium as 

the carrier gas. The oven program was initiated at 70 ºC, increased at a rate of 20 ºC/min to 

200 ºC then to 3 ºC/min until it reached 320 ºC. The final temperature of 320 ºC was held for 

25 minutes. Selected fractions were analyzed by a Thermo Finnigan Trace Gas 

Chromatograph (GC) Ultra coupled to Thermofinnigan DSQ mass spectrometer (MS) to 

confirm the  identification of the C37:2 and C37:3 alkenones. Compound concentrations were 

determined by relating chromatogram peak areas to the concentration of the internal standard. 

The '

37

kU  index (Prahl et al., 1988) was used to estimate SST and values were converted to 

temperature using the calibration Conte et al. (2006): 

SST = – 0.957 + 54.293*( '

37

kU ) – 52.894*( '

37

kU )
2 
+ 28.321*( '

37

kU )
3 
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The polar fractions, containing the GDGTs, were ultrasonically dissolved in a mixture of 99:1 

(vol:vol) hexane:proponol and filtered through 0.45 µm PTFE filters. GDGTs were analyzed 

on an Aglient 1100 series LC/MSD SL with an auto-injector and Chemstation software by 

High Pressure Liquid Chromatography – Mass Spectrometry (HPLC/MS) following the 

methods described by Hopmans et al. (2004), with minor modifications (Schouten et al., 

2007). TEX86 ratios were calculated according to Schouten et al. (2002) and converted to SST 

using the HTEX 86 global core top calibration of Kim et al. (2010): 

SST = (68.4* HTEX 86 ) + 38.6 

 

5.4  Results 

5.4.1 Satellite SST, in situ salinity and δ
18

Ow data 

Annual SST variation measured with satellites from November 2003 to March 2006 in coastal 

waters ranges between 24.6 °C and 31.8 °C and for the mid-channel between 25.0 °C and 

30.2 °C (Figure 5-3a).  

    

Figure 5-3: a) Annual SST variability across the Mozambique Channel between 16.3 – 16.4 

°S for coastal waters (39.8 – 39.9 °E) and the mid-channel (42.0 – 42.1 °E) from monthly 

satellite data. Note that coastal waters often have a larger temperature gradient than open 

ocean waters. b) Monthly-averaged SST data for summer (upper left), fall (upper right), 

winter (lower left) and spring (lower right), 

(http://gdata1.sci.gsfc.nasa.gov/daacbin/G3/gui.cgi?instance_id= ocean_month). We used 11 

µm daytime MODIS Aqua data with 9 km resolution for the area 35 °E – 50 °E and 10 °S – 

20 °S. The color bar is adjusted for SSTs from 23 °C – 30 °C. Note that the wider 

Madagascar shelf is often warmer than the smaller African shelf which is resolved even in 

monthly-averaged SST data. 
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Therefore, the typical annual SST range between 2003 and 2006 in the open Mozambique 

Channel is 5.2 °C but can be up to 7.2 °C in coastal waters. Annual mean SST derived from 

these monthly SST data are 27.8 °C in the mid-channel and 28.3 °C on the African shelf. Yet, 

even monthly-averaged SST show this across-channel gradient, particularly in austral summer 

when SST differences vary by up to 2 °C between the shelf and the open channel (Figure 5-

3b, upper left image).  

 

In situ measured salinity for the surface waters in the Mozambique Channel at the trap site 

shows variability of 0.4 between 34.8 to 35.2 at the beginning of the rain season (November 

2003) and the end of the rain season (March 2006, Figure 5-4a). Similarly to the area-

averaged monthly satellite SST, sea surface salinities range from maxima of 35.5 in austral 

winter (dry season) to minima of 34.5 psu in austral summer (wet season) across the 

Mozambique Channel (Figure 5-4b). It appears that especially the African shelf is strongly 

influenced by increased evaporation during summer as it shows higher salinity values than 

elsewhere in the channel.  

 

Figure 5-4: a) In situ salinity profiles from the end of the rain (March 2006) and dry season 

(November 2003) measured close to the trapsite in the middle of the Mozambique Channel. A 

0.4 psu increase in salinity is expressed as a 0.3 ‰ increase in δ
18

Ow using the  salinity – 

δ
18

Ow equation generated from surface water data (5 – 100 m) in the SW Indian Ocean 

(Figure 5-2). b) Monthly-averaged sea surface salinity data for summer (upper left), fall 

(upper right), winter (lower left) and spring (lower right) from the Giovanni database 

(http://gdata1.sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?instance_id=ocean_month). We used 11 

µm daytime MODIS Aqua data with 9 km resolution for the area 35 °E – 50 °E and 10 °S – 

20 °S. The color bar is adjusted for SSTs from 23 °C – 30 °C. 
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5.4.2 Radionuclides of sediment core 

The 
210

Pb(tot) profile from the core taken at the trap-site decreases from a core top (0–1 cm) 

activity of 743 ± 17 Bq kg
-1

 smoothly to background values of 50 Bq kg
-1 

at about 8 cm core 

depth (Figure 5-5a, Table 5-2). The 
210

Pb profile shows a diffusive mixing pattern with little 

non-local mixing as described by Soetaert et al. (1996). The 
14

C dates of foraminiferal calcite 

and TOC yield absolute core top ages of 977±35 yr BP and 887±30 yr BP, respectively and 

downcore sedimentation rates of about 5 cm/1000 yrs (Figure 5-5b, Table 5-2). We corrected 

for compaction of the sediment by calculating the cumulative dry mass (Figure 5-5b) which 

shows that linear sedimentation and accumulation has remained constant over the past ~8000 

years. We observed two outliers in the 
14

C of the TOC and the foraminiferal calcite profile 

which might have been caused by locally intensive bioturbation by e.g. feeding tubes.  

 

    

 

Figure 5-5: a) Reconstruction of core age from radiocarbon analysis of foraminiferal calcite 

(G. trilobus/G. sacculifer in the >315µm fraction – “forams”, rhomboids) and total organic 

carbon (“TOC”, circles) with error bars. Sedimentation rates of derived from dating of 

foraminifera is 4.2 and for TOC 5.0 cm/1000 years. Calculation of cumulative dry mass, 

which accounts for compaction of the sediment, indicates that sedimentation was relatively 

stable over the past ~8000 years. b) Profile of 
210

Pb for the core from the trapsite at 40.84 °E, 

16.8 °S and 2250 m water depth. For comparison, average 
210

Pb from the upper (250 mab) 

and bottom (2 mab) sediment trap are shown. Note that 
210

Pb values of the bottom trap are 

slightly higher than those from the upper trap which is probably caused by the increased 

lithogenic matter input in comparison with the upper trap (also see Figure 5-6). 
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Using the 
14

C sedimentation rate in the 
210

Pb model, we calculated a mixing coefficient of 0.1 

cm
2
 yr

-1
 and a mixed layer depth of about ten centimetres consistent with observations from a 

global dataset (Boudreau, 1998). The 
234

Thxs profile shows a high activity of 458 Bq kg
-1 

in 

the uppermost part of the core (0.25 – 0.5 cm) and is not detectable at intervals deeper than 1 

cm (Table 5-2). This indicates deposition and incipient burial of fresh material at the core 

sites within the last three months before sampling, without indications of significant non-local 

mixing by bioturbation.  

 

5.4.3 Time-series mass flux, lithogenic matter, 
210

Pb and 
206

Pb/
207

Pb 

Time-series lithogenic matter collected in the upper sediment trap varies between 21 % and 

almost 80 % over the 2.5 years deployment period from November 2003 to March 2006 

(Figure 5-6). As the lower trap started collecting material only in March 2005, we only 

directly compare values of the upper and lower trap of the second deployment period. These 

show that lithogenic matter in the lower trap is overall by about 10 % higher than the 

corresponding samples in the upper trap with the general pattern being similar (lower panel, 

Figure 5-6, Table 5-1). 

  

Total mass flux varies strongly between 30 and 600 mg m
-2

 day
-1

 with an annual average of 

110 mg m
-2

 day
-1

. The high total flux events are found in samples MOZ1-A06 and A11 

(Figure 5-6, circles), which also correspond to maxima in lithogenic matter. The total mass 

flux for the lower trap is about 2.5 times higher than for the upper trap with an annual average 

of 250 mg m
-2

 day
-1

.   

 

Average 
210

Pb activities recorded in the upper and lower trap are about 4000 Bq kg
-1 

with 

minima around 2000 Bq kg
-1 

(middle panel, Figure 5-6, Table 5-1) that indicate the episodic 

input of older sediments. The ratio 
206

Pb/
207

Pb, measured in the deployment period November 

2003 to March 2005, varies between 1.15 and 1.22 (upper panel, Figure 5-6, Table 5-1). The 

upper values of 1.22 correspond to samples MOZ1-A06 and MOZ1-A11 which also show 

highest lithogenic matter and total mass fluxes as well as lowest 
210

Pb values. 
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Figure 5-6: Time-series total mass flux, lithogenic matter, 
210

Pb and the 
206

Pb/
207

Pb ratio for 

the upper (open circles) and bottom (closed squares) sediment trap at 250 and 2 meters above 

the bottom (mab), respectively. The 
206

Pb/
207

Pb ratio is a measure for anthropogenic lead 

pollution in the southern hemisphere since pre-industrial times (prior to 1880 AD). Samples 

containing old material (ratio ~1.22) where lead pollution is absent are indicated with 

circles. 
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5.4.4 Shell weights, δ
18

O and Mg/Ca of core top foraminifera 

Core top shell weights of G. ruber specimens average at 12.1 µg and for the time-series 

specimens at 11.8 µg, for G. trilobus at 17.2 µg and 16.8 µg and for N. dutertrei at 16.8 µg 

and 16.2 µg, respectively (Figure 5-7, Table 5-3). The shell weights for each individual 

foraminifera species are thus similar for core top and time-series specimens in the 250 – 315 

µm size fraction. 

 

Figure 5-7: Foraminiferal shell weights (SNW) for three species of planktonic foraminifera 

from 39 sediment trap (traps) and 10 core top samples (sed). The caps at the end of each box 

indicate the extreme values (minimum and maximum), the box is defined by the lower and 

upper quartiles, and the line in the center is the median. 

 

For the surface-dwelling G. ruber in the core top sediment we find δ
18

O values of -2.7 ‰ and 

–2.4 ‰ from cores taken closest to the Madagascan shelf and the island of Juan de Nova 

(Figure 5-8, Table 5-3). The lowest value of -2.0 ‰ is observed in the mid-channel. For 

Mg/Ca of G. ruber, highest values occur near the Madagascan shelf and the island of Juan de 

Nova (4.6 – 4.8 mmol/mol) but also in the core top sediment taken closest to the African shelf 

(Figure 5-9, Table 5-3). The lowest value of 4.1 mmol/mol is again found in the mid-channel. 

Modern flux-weighted values are with -2.5 ‰ for δ
18

O and 5.3 mmol/mol for Mg/Ca 

significantly more positive than coretop values (Fallet et al., 2010). The surface-dweller G. 

ruber seems to have a strong seasonal preference for austral summers (wet season) which, 

however, shifts its flux-weighted annual averages only by +0.5 °C to warmer proxy 

temperatures (Fallet et al., 2010). 
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Figure 5-8: Variation of foraminiferal δ
18

O in core top sediment taken across the 

Mozambique Channel. For comparison flux-weighted annual mean δ
18

O derived from 

sediment trap samples are also plotted (grey symbols, trap). On the right axis, the 

approximate temperature is indicated calculated with the G. ruber calibration developed by 

Fallet et al. (2010) and a measured δ
18

Ow of 0.56 ‰. 

 

The surface-dwelling species G. trilobus yields δ
18

O values across the channel ranging 

between –1.3 ‰ and -2.0 ‰ with no particular trend (Figure 5-8, Table 5-3). Mg/Ca values of 

G. trilobus are also quite homogeneously distributed across the channel ranging from a 

minimum of 3.3 mmol/mol in the mid-channel to a maximum of 3.5 mmol/mol near the 

African coast (Figure 5-9, Table 5-3). Similarly to δ
18

O  and Mg/Ca of G. ruber, modern flux-

weighted averages of G. trilobus are with -2.2 ‰ and 3.7 mmol/mol significantly more 

positive than the respective coretop values (Fallet et al., 2010). In contrast to G. ruber, G. 

trilobus preferentially calcifies in austral winter which shifts its proxy temperatures to –0.4 °C 

colder values (Fallet et al., 2010).  
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Figure 5-9: Variation of foraminiferal Mg/Ca in core top sediment taken across the 

Mozambique Channel. For comparison flux-weighted annual mean Mg/Ca derived from 

sediment trap samples are also plotted (grey symbols, trap). On the right axis, the 

approximate temperature is indicated calculated with the G. ruber calibration developed by 

Fallet et al., 2010. 

 

Coastal δ
18

O values of the subsurface-dweller N. dutertrei range between -1.2 ‰ and -0.9 ‰ 

and mid-channel values between -0.6 ‰ and -0.3 ‰ (Figure 5-8, Table 5-3). The Mg/Ca 

values for N. dutertrei range between 2.3 mmol/mol and 2.9 mmol/mol close to the coasts and 

the island Juan de Nova and between 2.0 mmol/mol and 2.2 mmol/mol in the open 

Mozambique Channel (Figure 5-9, Table 5-3). For N. dutertrei modern annually-averaged 

values for δ
18

O and Mg/Ca are also significantly more positive with -1.3 ‰ and 3.0 

mmol/mol, respectively, than observed in coretop specimens. For δ
18

O of all three analyzed 

species, the analytical error ranges between 0.01 ‰ and 0.17 ‰ and for Mg/Ca between 0.005 

and 0.69 mmol/mol (Table 5-3). 
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5.4.5  '

37

kU  and TEX86 of core top sediments    

The '

37

kU  values are homogeneously distributed mid channel (Figure 5-10, Table 5-4) but 

show scattered values close to the shores. The highest '

37

kU -values in the core top sediments 

are found in the mid-channel and range from 0.99 to 0.98 with an analytical error of 0.01. The 

lowest values between 0.94 and 0.95 are found close to the African and Madagascan shore. 

Modern flux-weighted averages of '

37

kU  are with 0.98 identical to core top values from the 

same location. Also TEX86 ratios are relatively homogeneously distributed across the 

Mozambique Channel (Figure 5-10, Table 5-4) but scattered near the shores. We found 

highest values of 0.70 and 0.71 again close to the African and Madagascan coast and the 

lowest value of 0.69 in the mid-channel with an analytical error of 0.004 (Table 5-4). Similar 

to '

37

kU , modern flux-weighted averages of TEX86 are with 0.70 alike to core top values from 

the same location. 

 

Figure 5-10: Variation of organic '

37

kU  and TEX86 in core top sediment taken across the 

Mozambique Channel. For comparison flux-weighted annual mean '

37

kU  and TEX86 derived 

from sediment trap samples are also plotted (grey symbols, trap). On the right axis, the sea 

surface temperature is indicated; calculated with the Conte et al., (2006) and Kim et al. 

(2010) calibrations for '

37

kU  and TEX86, respectively.  
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5.5 Discussion 

5.5.1 Age and proxy offsets between sediment traps and core top sediment 

Radiocarbon analysis of the core top sediment in the Mozambique Channel revealed an 

average age of about 1000 years (Figure 5-5b) and is thus partly not of modern 20
th

 century 

origin. The possible causes for this are (1) low accumulation rates combined with (2) 

continuous vertical mixing of sediment and (3) lateral transport of old particles. Additionally, 

we observed that the inorganic proxies from the core top sediment at the site of the sediment 

trap show a striking difference with the flux-weighted average of the time series and modern 

SST. For the surface- and the subsurface–dwelling foraminifera species, all δ
18

O– (Figure 5-

8) and Mg/Ca– based (Figure 5-9) inferred temperatures from modern time-series (Fallet et 

al., 2010) yield warmer temperatures than those from the core top sediments. For G. ruber, 

both coretop proxy values are around 1 – 2 °C colder than the time-series average. Similar or 

larger offsets occur for surface-dwelling G. trilobus and the subsurface-dwelling species N. 

dutertrei. However, we do not observe any offset in '

37

kU  and TEX86 values between trap and 

the core top sediment (Figure 5-10). Below we discuss potential causes for this mismatch 

between inorganic and organic proxies. 

 

 

5.5.2 Bioturbation 

Our 
234

Thxs data imply that there is a flux of fresh sediment to the bottom of the Mozambique 

Channel
 
while the 

210
Pb

 
data suggest that both old and young sediments are continuously 

mixed downcore (Table 5-2). This is supported by the radiocarbon results of both TOC and 

foraminiferal calcite, which are respectively 887±30 yr BP and 977±35 yr BP old (Table 5-2). 

The admixture of old TOC and foraminiferal calcite could be caused by advection and 

transport of pre-aged matter. However, if this was the dominant mechanism in the 

Mozambique Channel, one would expect an older 
14

C age for the TOC than for the 

foraminifera as TOC is associated with the finer fraction and thus much more prone to 

advection (Mollenhauer et al., 2007; Ohkouchi et al., 2002). As this is not the case, it seems 

more likely that the 
14

C ages are mainly controlled by bioturbation which mixes deeper older 

sediment layers with surface layers for both TOC and the coarser foraminiferal calcite.  

If bioturbation and downcore mixing is taken into account with an average mixing depth of 

about 10 cm (Figure 5-5a) at a mean sedimentation rate of 5 cm/1000 years (Figure 5-5b), 
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changes in SST over the past 2000 years might cause the offset in proxy temperature between 

modern and coretop foraminifera. Part of the offset between modern and core top foraminifera 

could reflect the rapid recent warming that started with the onset of industrialization at the end 

of the 19
th

 century. For example, instrumental temperature data for the southern Equatorial 

Indian Ocean showed a significant warming trend of 0.7 °C for the period 1901 – 2002 

(Kothawale et al., 2008). However, natural climate variability over the past 2000 years such 

as the southern hemisphere analogue to the “Little Ice Age” and the “Medieval Climate 

Anomaly” also has to be considered. Studies on lacustrine and terrestrial temperature proxies 

from (sub-) tropical Africa spanning the past ca. 2000 years have shown that such a 

temperature offset would amount to about 2 °C (Holmgren et al., 1999; Powers et al., 2011; 

Tierney et al., 2010) and fall directly into the observed temperature offset of 1 – 3 °C we 

found between modern and core top foraminifera. Both, the anthropogenic warming trend and 

the natural climate variability may perhaps be less visible in the organic proxies in core top 

sediments because these can be more affected by downcore mixing than their foraminiferal 

counterparts. The observation that TOC-ages are systematically (even though only slightly) 

younger than foraminiferal calcite (Figure 5-5) indeed suggests preferential downcore mixing 

of the fine fraction (Bard, 2001).  

 

5.5.3 Sediment transport  

In addition to bioturbation and downcore mixing, the discrepancy between organic and 

inorganic proxies can also be caused by differential transport processes affecting both fresh 

and pre-aged sediments. Time-series mooring data show that in the Mozambique Channel 

strong rotational current velocities often exceed 1.5 m/s (Harlander et al., 2009). Such high 

current velocity could (re-) suspend and transport particles over long distances as shown for 

study areas with similarly high current speeds (McCave et al., 1980; Mollenhauer et al., 2003; 

Ohkouchi et al., 2002). Especially, organic proxies associated with the fine fraction of 

sediments can be transported over long distances in certain settings (Benthien and Müller, 

2000; Kim et al., 2009; Sicre et al., 2005). Lateral transport can induce substantial age offsets 

between fine and coarse fractions through resuspension of pre-aged particles by bottom 

currents in distal areas (Ohkouchi et al., 2002) or continuous cycles of resuspension and 

redeposition during cross-shelf transport (Mollenhauer et al., 2003, 2007). In other settings, it 

affects ‘fresh’ material within decades of particle formation, leading to no measurable age 
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offsets but still a potential temperature proxy bias (Mollenhauer et al., 2006; Kusch et al., 

2010). 

 

For the Mozambique Channel, the lack of a seasonal signal in the organic proxies from the 

sediment traps time-series (Fallet et al., 2011, subm.) and the relatively homogeneous 

distribution of values in coretop sediments suggest that organic proxies are substantially 

affected by current transport. Foraminifera are usually heavier than organic matter and rapidly 

sink to the ocean floor within days (Gyldenfeldt et al., 2000; Takahashi and Bé, 1984), 

although organic matter in ballasted ‘marine snow’ aggregates may attain sinking speeds 

approaching those of foraminifera (Wakeham et al., 2009). Strong current transport of 

(unconsolidated) pre-aged organic matter that causes a homogenization of the organic proxy 

signal would account for the lacking temperature offset as organic proxies in both sediment 

trap and core tops are probably time- and area-averaged.  

 

Further clues can be obtained from the stable lead isotope analysis of sediment trap samples. 

Most of the
 206

Pb/
207

Pb values fall between 1.15 and 1.18 but during several periods with 

elevated fluxes the 
206

Pb/
207

Pb ratio increased to ~ 1.22, suggesting input of pre-industrial 

material (Figure 5-6).  

 

Figure 5-11: Lithogenic matter flux from the upper sediment trap plotted against the 
206

Pb/
207

Pb ratio showing that younger sediment has lower lithogenic matter fluxes and that 

resupension events have by far the highest lithogenic matter fluxes.  
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Maximum 
206

Pb/
207

Pb in our study area is comparable to pre-industrial (prior to 1880 AD) 

ratios from Antarctic ice (Vallelonga et al., 2002; van de Velde et al., 2005) and to the 

average lead isotopic composition of upper continental crust (Hemming and McLennan, 2001; 

Millot et al., 2004). Most other values are intermediate between this tentative natural 

endmember and late 20th century urban aerosols from South Africa with 
206

Pb/
207

Pb values 

around 1.07 (Bollhöfer and Rosman, 2000), suggesting a mix of natural and anthropogenic 

sources of Pb. As the time-series 
206

Pb/
207

Pb isotope composition in the Mozambique Channel 

shows periodic events with values around 1.22 in combination with maxima in lithogenic 

fluxes (Figure 5-11), we can assume that pre-industrial sediment is intermittently re-

suspended from the upper margin and transported downslope to the deep channel.  

 

Comparable transport events have been described by Richter et al. (2009) for submarine 

canyons in the NE Atlantic Ocean. Two such re-suspension events in the Mozambique 

Channel were found in the upper trap that was moored 250 m above the bottom of the ocean 

(Figure 5-6) indicating the force of these events. This suggests intense sediment resuspension 

by strong (bottom) currents and/or frequent input of sediment originating from off-slope 

intermediate nepheloid layers. Similar transport events along continental slopes have been 

observed in many previous studies (e.g. Mollenhauer et al., 2003; Ransom et al., 1998; 

Thomsen and Gust, 2000).  

 

5.5.4 Across-channel variability in temperature and salinity  

So far, we discussed the observed proxy variance in the light of downcore mixing and 

transport of sediment. Yet, vertical fluxes of foraminifera from areas with a different 

temperature and salinity regime could also cause differences between inorganic and organic 

proxies. Our data show that there is a large variance in the δ
18

O (Figure 5-8) and Mg/Ca 

signal (Figure 5-9) between coastal and mid-channel foraminifera. Indeed, satellite SST can 

be almost 2 °C higher in coastal areas as opposed to the mid-channel during summer whereas 

for the rest of the year it is more homogeneous across the channel (Figure 5-3). In addition to 

the temperature effect in δ
18

O and Mg/Ca, salinity is known to affect foraminiferal δ
18

O 

(Shackleton and Vincent, 1978) and to some extent Mg/Ca (Arbuszewski et al., 2010; 

Ferguson et al., 2008; Mathien-Blard and Bassinot, 2009) but, as far as we know, does not 

impact '

37

kU  and TEX86 values for the range of salinities encountered in open ocean settings 

(Herbert, 2001 and references therein; Wuchter et al., 2004).  
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Long-term in situ observations for the Mozambique Channel show salinity variation between 

34.8 and 35.2 in offshore open-ocean waters (van der Werf et al., 2009). Additionally, salinity 

variation between the shelf and the mid-channel at the onset of the dry season ranges between 

35.2 and 36.0 (Zinke et al., 2008), which is consistent with our in situ shipboard 

measurements (Figure 5-4a) and supported by satellite imagery (Figure 5-4b). As (large-scale) 

salinity variation can potentially exert an influence on the analyzed foraminiferal temperature 

proxies, we subsequently discuss this effect for the Mozambique Channel. In order to account 

for the observed δ
18

O difference between core top and sediment trap foraminifera, seawater 

δ
18

Ow has to be raised by 0.2 ‰ to 0.5 ‰, corresponding to an increase in salinity of 0.6 using 

the salinity – δ
18

Ow calibration for the SW Indian Ocean (Figure 5-2). For Mg/Ca, salinity 

changes would also have to be around 1.0 in order to yield the observed offset between time-

series and core top specimens. It has been shown that a change of 1.0 in salinity can cause a 

20 % increase in the Mg/Ca content of a G. ruber shell (Ferguson et al., 2008; Mathien-Blard 

and Bassinot, 2009). As the highest foraminiferal δ
18

O (Figure 5-8) and Mg/Ca values (Figure 

5-9) were usually found in cores taken close to Mozambique shelf and the island Juan de 

Nova, we argue that higher salinities  in coastal regions can lead to heavier δ
18

O and higher 

Mg/Ca compared to open water sites. Consequently, both salinity and temperature variation 

across the Mozambique Channel may account for the observed across-channel variability in 

Mg/Ca and δ
18

O for core top foraminifera. However, the quantitative estimation of the salinity 

effect on the proxies is uncertain as the relationship between excess δ
18

O and Mg/Ca and 

salinity is variable with studies (culture, coretop) and in different oceanic regions. The 

exercise described here is mainly intended to illustrate that the large salinity variability in the 

Mozambique Channel can potentially have a substantial effect on foraminiferal temperature 

proxies.  

As both organic proxies are probably independent of (small-scale) salinity changes, more 

saline coastal waters would not affect their signature which leaves SST variation as the 

dominant controlling factor. However, SST variation across the channel shows, similarly to 

salinity, also a larger temperature gradient close to the shores in contrast to the mid-channel 

(Figure 5-4). Thus, organic proxies that are produced in coastal waters under more extreme 

temperature conditions (warmer in summer, rarely colder in winter) could record more 

variable proxy temperatures. In addition to more variable organic proxy-values, we also 

observed an opposite trend in '

37

kU  and TEX86 in coastal samples (Figure 5-10). This 

observation is intriguing but it should be noted that the temperature differences are well 
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within the instrumental and calibration errors of around 1.5 °C for '

37

kU (Conte et al., 2006; 

Prahl et al., 1988) and 2.5 °C for TEX86 (Kim et al., 2010).   

 

5.5.5  Effects of diagenesis on (in-) organic proxies 

Another potential cause for the discrepancy between organic and inorganic temperature 

proxies could be diagenetic effects on the foraminiferal shells, which would not affect the '

37

kU  

and TEX86. It has been repeatedly shown that calcite dissolution preferentially removes 
16

O 

and Mg
2+

 (Brown and Elderfield, 1996; Dekens et al., 2002) while secondary calcite 

precipitation adds those components (Hoogakker et al., 2009) thereby influencing proxy-

based temperature reconstruction. To ascertain whether diagenesis has affected the core top 

Mozambique Channel foraminifera, we determined their shell weight (Figure 5-7) and 

examined their wall-structure by SEM-microphotography (Figure 5-12). As shell weights of 

time-series and core top specimens for all three foraminifera species are statistically identical 

and SEM images do not show calcite dissolution nor precipitation, we assume that 

foraminifera shells have not been altered. Additionally, Tachikawa et al. (2008) showed that 

minor to moderate dissolution does not affect Mg/Ca of G. ruber in the western Indian Ocean. 

Moreover, the deep Mozambique Channel (2700 m maximum water depth) is too shallow to 

sustain a pressure and temperature regime where calcite is easily dissolved (above the calcite 

lysocline), which is also testified by the excellent preservation of fragile foraminiferal species 

such as Hastigerina pelagic. 

     

Figure 5-12: Close-ups of wall structures (taken before cleaning) for core top G. ruber and 

N. dutertrei showing that no calcite dissolution and precipitation took place.  
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Moreover, we observed no proxy-depth relationship for any of the six measured parameters 

(Table 5-3) that could hint at shallow depth dissolution (Brown and Elderfield, 1996; 

Regenberg et al., 2006) or the inorganic precipitation of bottom/deep-water carbonate (aged 

14
C, cold δ

18
O-Mg/Ca). Thus, it is unlikely that the lower proxy temperatures of the core top 

foraminifera are caused by diagenetic effects. 

 

5.5.6  Seasonal fluxes, interspecies effects, pH and carbonate ion   

It has been suggested that seasonal variation in foraminiferal shell fluxes might skew the 

sedimentary temperature signal and that it varies in different species (Berger and Wefer, 

1990; Curry et al., 1992; Deuser et al., 1981). For the Mozambique Channel, the two surface-

dwelling species G. ruber and G. trilobus have been shown to capture seasonal variation in 

satellite SST well with G. ruber predominantly calcifying during austral summer and G. 

trilobus during winter (Fallet et al., 2010). Therefore, the summer species G. ruber yields a 

slightly warmer (+ 0.5 °C) and the winter species G. trilobus a colder flux-weighted SST (– 

0.4 °C) than the annual average satellite SST of 27.6 °C (Figure 5-8 and 5-9, grey symbols). 

Yet, this temperature shift caused by seasonal variation in shell fluxes is well within the 

calibration error of about 1.3 °C for δ
18

O (e.g. Spero et al., 1997) and 1.2 °C for Mg/Ca 

(Dekens et al., 2002). In contrast, the organic fluxes and proxies '

37

kU  and TEX86 from the 

same sediment trap series show no seasonal signal but both return flux-weighted SST of 28.1 

°C and 28.3 °C, respectively (Fallet et al., 2011, subm.) that also correspond well with annual 

mean satellite SST (Figure 5-10, grey symbols). As modern flux-weighted SST should reflect 

the sedimentary signal, we would expect that flux-weighted SST from the sediment trap series 

and core top proxy temperatures return similar results for both foraminiferal and organic 

proxies. As this is only observed for the organic proxies, seasonal variation in fluxes cannot 

fully explain the observed discrepancy in temperature proxies between modern and core top 

foraminifera.     

Additionally, intra-species and ontogenetic-size variations that may affect the foraminiferal 

δ
18

O and Mg/Ca ratios (Elderfield et al., 2002) are minimized in the small size range of 250 – 

315 µm used in this study. We can also rule out ambient pH (Lea et al., 1999) and carbonate 

ion concentration (Russell et al., 2004) as factors affecting foraminiferal δ
18

O and Mg/Ca 

ratios as the surface-mixed-layer waters of the Mozambique Channel can be considered 

constant with respect to total alkalinity variation (Lee et al., 2006). As size-variation, pH, 
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carbonate-ion concentration and seasonal variation in shell fluxes do not seem to significantly 

affect the measured foraminiferal proxies, we conclude that transport of fresh and pre-aged 

material together with downcore mixing of sediment probably causes the observed offset 

between modern and coretop foraminiferal temperature proxies.  

 

5.6 Conclusion 

We measured a number of organic ( '

37

kU  and TEX86) and inorganic (δ
18

O and Mg/Ca in G. 

ruber, G. trilobus and N. dutertrei) proxies in core top sediments taken across the 

Mozambique Channel and contrasted these with the same temperature proxies from a 

sediment trap moored in the deep channel. Radionuclide analysis shows that core top 

sediments are a mixture of fresh and pre-aged particles contributed by offshore advection and 

down-slope transport combined with bioturbative vertical mixing of the accumulating 

sediment. The organic and inorganic temperature proxies from the core top sediment also give 

evidence that higher (and more variable) temperatures are recorded near shore and lower 

temperatures in the more open waters, consistent with higher modern maximum temperatures 

and salinities in coastal areas as compared to the central Mozambique Channel. Additionally, 

we observed a significant positive temperature offset of 1 – 3 °C between time-series and core 

top foraminifera, which is not seen in the organic temperature proxies. We suggest that part of 

this temperature offset in foraminifera is due to warming of the Indian Ocean over the past 

2000 years. Such a warming trend is not observed in the organic proxies, which is likely due 

to transport of fine sediments by strong currents together with bioturbative mixing of 

sediment downcore that might homogenize proxy signatures.     
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5.8 Supplementary data 

 

Table 5-1: Time-series 
210

Pb, total mass flux, opaline silica (BSi), organic matter (OM), 

calcium carbonate (CCaCO3), lithogenic matter (lith) and the ratio between 
206

Pb/
207

Pb for 

the upper (250 mab) and lower trap (2 mab) moored in the central Mozambique Channel.   

  



                                                

 

Table 5

organic matter (TOC) from core D301

with an assumed reservoir age of 4

 

Table 5

during cruise CD153 (Nov 2003) and D301 (April 2006). Annual, flux

from sediment traps and core top sample from trap

seawater 

Channel. 

 

 

 

                                                

5-2: Results are shown from 
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Table 5-4: Organic matter proxy results measured on core top sediment taken during cruise 

M75-1 (Jan 2008) and 64PE304 (Mar 2009). Annual, flux-weighted averages from sediment 

traps and core top sample from trap site are indicated in bold. 

 

 

 


