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Organic matter budget in the Southeast

Atlantic continental margin close to the Congo Canyon: In situ measurements of sediment oxygen consumption

Introduction

The transfer of carbon from land to sea has been recognized as an important pathway in the global carbon cycle (Degens et al., 1991;Spitzy and Ittekot, 1991;Schlünz and Schneider, 2000). Along the continent-ocean continuum, rivers play a major role and transport most of the ~500 Tg y -1 of organic carbon carried from land to the global ocean [START_REF] Spitzy | Dissolved and particulate organic matter in rivers[END_REF]. The coastal ocean plays a key role in the continent-ocean transfer by mediating the carbon and nutrient brought by the rivers, promoting large primary production and allowing the mixing of terrestrial and marine organic carbon. [START_REF] Dagg | Transformation of dissolved and particulate materials on continental shelves influenced by large rivers: plume processes[END_REF][START_REF] Mckee | Transport and transformation of dissolved and particulate materials on continental margins influenced by major rivers: benthic boundary layer and seabed processes[END_REF]. One critical term in the ocean carbon budget is the particulate export flux from the coastal to the open ocean [START_REF] Walsh | On the nature of continental shelves[END_REF][START_REF] Wollast | Interactions of carbon and nitrogen cycles in the coastal zone[END_REF][START_REF] Wollast | Evaluation and comparison of the global carbon cycle in the coastal zone and in the open ocean[END_REF][START_REF] Ver | Carbon cycle in the coastal zone: effects of global perturbations and change in the past three centuries[END_REF]Rabouille et al., 2001a;[START_REF] Andersson | Shallow-water oceans: a source or sink of atmospheric CO2? Front[END_REF]. Large multidisciplinary science programmes have addressed this question on different margin types (SEEP; [START_REF] Biscaye | Fluxes of particulate matter on the slope of the southern Middle Atlantic Bight: SEEP-II[END_REF], OMEX (McCave et al., 2001;[START_REF] Wollast | Ocean Margin EXchange in the Northern Gulf of Biscay: OMEX I. An introduction[END_REF], MASFLEX, [START_REF] Tsunogai | Biogeochemical cycles in the East China Sea: MASFLEX program[END_REF] and have shown the diversity of the modes of transfer (i) in nature with terrestrial versus marine carbon [START_REF] Goni | Sources and contribution of terrigenous organic carbon to surface sediments in the Gulf of Mexico[END_REF][START_REF] Hedges | What happens to terrestrial organic matter in the ocean?[END_REF], dissolved versus particulate carbon transfer, (ii) in space with canyons playing a major role in channelling the particulate flux in some places, (iii) in time with storms, instabilities, current surge playing a significant role in transporting particles and carbon from the shelf to the slope and open ocean. The Congo-Angola margin is unique to study the processes of carbon exchange through the margin. Indeed, near the river mouth, the transfers are dominated by the Congo River input which is the second largest river in the world by its water discharge [START_REF] Milliman | Flux and fate of fluvial sediment and water in coastal seas[END_REF], but also displays one of the largest submarine channel that is connected to the river bed through the continental shelf (Babonneau et al., 2002a). This allows a peculiar mode of transfer with canyon and channel processes being effective in the transfer of river and shelf particles to the slope and open ocean. Yet, the budget of carbon transfer by the submarine channel and the lateral extension of the Congo channel influence over the Congo-Angola slope and rise are still poorly documented. For this reason, we investigated the deposition, remineralization and burial of particulate organic carbon in the Congo-Angola continental margin sediments (from the shelf to the abyssal plain) in the region of the Congo channel. We used in situ and on board measurement systems coupling benthic chamber and oxygen microprofiler in order to estimate carbon recycling. We also performed long term sediment trap measurements to estimate vertical particle input, and short-live radionuclide profiles with sediment content of organic matter to calculate organic carbon burial. We compare deposition/mineralization/burial near the Congo channel and in locations 200 km south in order to assess the influence of the channel transfer on carbon fluxes on this margin. Using data from the canyon head and deep-sea fan, we investigate more directly the transport mechanisms and associated fluxes.

Materials and methods

Background

The mean annual discharge of the Congo River is 42,800 m 3 s -1 (Kinga- [START_REF] Kinga-Mouzeo | Transport particulaire actuel du fleuve Congo et de quelques affluents; enregistrement quaternaire dans l'éventail détritique profond (sédimentologie, minéralogie et géochimie[END_REF]) and it ranks second in the world by the water discharge after the Amazon River (200,000 m 3 s -1 ). However, the annual suspended discharge is low in comparison with the Amazon River: the Congo sediment discharge is estimated to be 55×10 6 ton y -1 [START_REF] Wetzel | The transfer of river load to deep-sea fans: a quantitative approach[END_REF], whereas the Amazon sediment discharge is 17 times greater. This relatively low value is essentially the result of the low average elevation of the downstream watershed and trapping of most of the alluvial deposits in lakes [START_REF] Bongo-Passi | Contribution à l'étude lithostratigraphique, minéralogique et géochimiques du delta sous-marin profond du fleuve Congo[END_REF][START_REF] Seylers | Organic carbon transported by the equatorial rivers: Example of Congo-Zaire and Amazon basins[END_REF]. However the discharge of terrestrial materials can be significant during floods. The Congo Submarine Canyon and Channel is described in Vangriesheim et al. (2009). Briefly, The Congo canyon and channel-levee system connect the estuary and the abyssal plain (>5100m) and extends over 760 km offshore, covering an estimated area of 300,000 km 2 (Babonneau et al., 2002b). The present connection between the river and the abyssal plain via the channel is one of the original characteristics of the Congo system and explains the size of the deep sea fan which is one of the largest in the world still affected by turbidity sedimentation [START_REF] Savoye | Structure et évolution récente de l'éventail turbiditique du Zaïre: Premier résultats scientifiques des missions d'exploration ZaiAngo 1 and 2 (Marge Congo-Angola)[END_REF]. The present day activity of the Congo deep-sea fan was documented by cable breaks near the canyon between 500 and 2300 m [START_REF] Heezen | Congo Submarine Canyon[END_REF], which were attributed to turbidities initiated by river floods. Recently, the occurrence of one episodic feature observed in 2001 [START_REF] Khripounoff | Direct observation of intense turbidity current activity in the Zaire submarine valley at 4000 m water depth[END_REF] shows the link between turbidity currents and enriched particulate material transport from the channel.

Station locations

To understand organic material cycling in superficial sediments of the Congo-Angola margin in relation with the presence of the Congo channel, a set of stations was investigated in 2001 (Biozaire 2) and in December 2003and January 2004(Biozaire 3, thereafter labelled 2003). Four stations were located along the channel from 330 m to 4800 m (Fig. 1). All these stations were on the border (levee) of the channel except for the deepest station (Lobe), which was positioned into the channel. These stations were located in areas potentially affected by the turbidite activities. Two others south-westward stations located respectively on the top (1300 m) and at the bottom of the margin (4000 m) were chosen, as references, far from the channel (more than 200 km). The main characteristics of the stations are summarized in Table 1. Complete description of the hydrodymic condition in the Golf of Guinea is proposed in Vangriesheim et al. (2005Vangriesheim et al. ( , 2009)). Briefly, the residual current was towards the south-east at A, R and C. and towards the north-east at D. The mean velocity of the current was 7.3 cm s -1 at A and always low (1.9 to 4.1 cms -1 ) at the other stations. No relationship was observed between the current intensity and the particle flux.

In situ measurements of oxygen fluxes and distribution: the RAP-Profilo structure

The RAP 2 platform was used as a deep-sea lander to link two different types of in situ devices: a benthic chamber incubation system and an oxygen microprofiler (Fig. 2). This is the first report of combined deployment of these two equipments at the same time and at a distance less than 1 m apart.

Benthic chamber-RAP2

The principle of the benthic chambers of the RAP 2 (for a detailed description of the lander see [START_REF] Khripounoff | Geochemical and biological recovery of the disturbed seafloor in polymetallic nodule fields of the Clipperton-Clarion Fracture Zone (CCFZ) at 5000m depth[END_REF] is to isolate and incubate a known volume of seawater in close contact with a predetermined sediment surface area. It is an autonomous lander equipped with three cylindric benthic chambers (30 cm in diameter). Three sampling cells, positioned within the chambers, enable water subsample collection (100 mL) at pre-determined intervals for later calculation of fluxes. The cells of the RAP2 were constructed with internal glass lining in order to prevent oxygen exchange with the outer sea water. The upper and lower plates that seal the cells are made of PVDF (polyvinylidene fluoride) plastic which proved to be the type of plastic, least permeable to oxygen. The position of the cells inside the chamber and their closure mechanism preclude any suction of water into the chamber. Each chamber also was equipped with O 2 optode probes that continuously recorded the O 2 concentration in the chamber water. Immediately after lander recovery, the sampling cells are removed from the chambers. The water samples are then collected by gravity flow directly in various vials. Two methods were used to measure O 2 consumption under the chambers of the respirometer: Dissolved oxygen concentration was analyzed in 10-mL water samples using the modified Winkler titration method [START_REF] Carritt | Comparison and evaluation of currently employed modifications of the Winkler method for determining dissolved oxygen in sea water. A NASCO Report[END_REF], which is the reference method performed in the laboratory. On duplicate aliquots, the end point is detected by potentiometry with combined platinum electrodes (Metrohm 6-048-100). The standard error of the measurements is 2 µmol L -1 . To obtain in situ data with a better temporal resolution, the electrochemical sensor optode (Aanderaa) was used under each chamber. The principal attributes of this probe are its accuracy and long-term stability; its absence of stirring sensitivity (no oxygen consumption) and its low and predictable pressure response [START_REF] Tengberg | Evaluation of a lifetime-based optode to measure oxygen in aquatic systems[END_REF]. Total oxygen fluxes (TOU) were estimated from linear regression of the concentration versus time curve in the benthic chambers. The sediment oxygen consumption was calculated at each station from the results of chemical analysis of water samples (Winkler titration) and from the optode probe records. The oxygen exchange rate was obtained from the slope of the linear regression fitted to data points recorded while the O 2 concentration was >85% of the in situ value. An average flux was then calculated for each deployment from the different techniques and the three chambers using incubation times and chamber water volumes.

Profilo-oxygen and resistivity microprofiles

A microprofiler manufactured by Unisense ® was integrated into the RAP 2 platform and used simultaneously with the benthic chambers. A complete description is given in [START_REF] Rabouille | Oxygen demand in coastal marine sediments: comparing in situ microelectrodes and laboratory core incubations[END_REF] and [START_REF] Dedieu | Benthic O2 distribution and dynamics in a Mediterranen lagoon (Thau, France): An in-situ microelectrode study[END_REF]. It consists of an autonomous micromanipulator that is coupled to microsensors of oxygen and pH. These are lowered stepwise in the sediment and record the porewater oxygen concentration and pH. Dissolved oxygen concentration were measured by Clark-type oxygen microelectrodes provided with a built-in reference and an internal guard cathode [START_REF] De Gioux | The 4000m silicate anomalie origin: study of biogenic silica in bottom water and at water-sediment interface[END_REF]. The O 2 microsensor had a tip outer diameter of 100 µm, a stirring sensitivity of < 1 %, a 90 % response time < 10 s and a current drift less than 2 % per hour. The electrode signals were recorded in the overlying water both before and after the profile to assess the stability of measurements. A threshold of 10 % for this variation was used and profiles displaying larger variations were not considered in this study. Linear calibration of microelectrodes was achieved between bottom water oxygenation estimated by Winkler titration and the anoxic zone of the sediment. The vertical resolution of measurements was variable from 100 or 200 µm near the sediment-water interface to 500 µm deeper in the sediment. The position of the sediment-water interface (SWI) relative to the in-situ oxygen profiles was determined using a modified version of the technique of [START_REF] Sweerts | Microelectrode measurements of nitrate in the littoral and profundal sediments of a meso-eutrophic lake (lake Vechten, the Netherlands)[END_REF] which defined the SWI as the first point in the oxygen gradient, after the initial linear oxygen decrease in the DBL, with a slope increase of more than 20%. The diffusive oxygen uptake (DOU) was calculated using two different methods:

1) from the oxygen gradient obtained with the in situ profiler and the core profile by applying a simple1-dimensional Fick's first law of diffusion approach:

  dz dC D DOU / 0 
, where DOU (mmolO2 m-2 d-1) is the diffusive oxygen uptake at the sediment-water interface, D0 (cm2 s-1) is the O2 diffusion coefficient in sea-water at in situ temperature, C (µmol l-1) is the O 2 concentration and z (cm) is the depth in the sediment. 2) by using the Profile software [START_REF] Berg | Interpretation of measured concentration profiles in sediment pore water[END_REF]. This software consists of a 1D diffusionreaction model that recalculates oxygen consumption by matching profile curvature over depth slices. It has the advantage of accounting for the entire profile and being more robust than a single evaluation using Fick's first law. In our set of measurements, these two methods agree within 10-20%. Resistivity measurements were made with an electrode similar to that described by [START_REF] Andrews | Measurements of diffusivity near the sediment-water interface with a fine-scale resistivity probe[END_REF]. The probe consisted of a narrow strip of epoxy (45 x 15 x 5 mm) in which four thin parallel wires were embedded 4 mm apart, with only their tips in electrical contact with sea-water. Recordings were made at 100 or 200 µm as for the oxygen but the actual resolution is lower. Laboratory tests showed that the resistivity signal in water overlying a flat sediment surface increases at a distance of 4-5 mm, which is the limit of the vertical resolution in detecting the sediment-water interface. Nevertheless, in the sediment, the electrical field between the measuring wires decreases because of the presence of mud and the resolution increase and becomes better than 4-5 mm in sediment although difficult to estimate accurately [START_REF] Andrews | Measurements of diffusivity near the sediment-water interface with a fine-scale resistivity probe[END_REF]. We estimate the vertical depth resolution of the resistivity signal in the sediment to be 1 or 2 mm. Voltage output were first calibrated to resistivity using measurements in standards solutions made of KCl. Resistivity recordings were then converted to inverse formation factor (F -1 ) values [START_REF] Berner | Early Diagenesis: A Theoretical Approach[END_REF]:

F -1 = R bw /R z
where R bw is the average resistivity in bottom water and R z the mean resistivity at a given depth z. The inverse formation factor has been translated into porosity values using the empirical Archie relation: F -1 =  m where m is determined experimentally depending on sediment type [START_REF] Ullman | Diffusion coefficients in nearshore sediments[END_REF]. Different values of m were tested and porosities recalculated from resistivity compared to the measured porosity profiles.

Core measurements

Sediment were sampled with a multicorer equipped with Plexiglas tubes of internal diameter of 10-cm diameter, 60-cm long [START_REF] Barnett | A multiple corer for taking virtually undisturbed samples from shelf, bathyal and abyssal sediments[END_REF]. Total core length was between 25 and 32 cm. Sediment cores were stored in a cold room at 4°C just after recovery.

2.4.1. On board oxygen profiles Undisturbed sediment cores were kept in the cold room at 4°C until brought to the measurement lab at room temperature (20°C). After this transfer, micro-profiles were quickly performed (within 1 h) with O2 microelectrodes mounted on a motor-driven micromanipulator interfaced to a computer [START_REF] Revsbech | Microelectrodes: their use in microbial ecology[END_REF]. The O2 microelectrodes were of Clark type, with an internal reference and an outer tip diameter of 40 to 60 µm (Unisense). Calibration was performed using the same methods as in situ electrodes.

Elemental analysis of the solid phase

The analysis of the sediment composition was made on core which was sectioned into 0.5cm slices down to 5 cm, followed by 1-cm slices from 5 to 10 cm and finally 2-cm slices below 10-cm depth. Sediment samples were packed in pre-weighed plastic bags and frozen on board. In the laboratory, slices of wet sediment in each bag were weighed, and then were freeze dried and weighed again to calculate the water content of samples. Micro-profiles of porosity were also performed on microcores subsampled using sharpened 50-ml syringes. This provided porosity profiles at a 2-mm resolution in the first 5 cm. Total nitrogen and total carbon were determined in duplicate with a Leco CNS-2000 auto-analyzer. Organic carbon concentration was directly measured with a Leco WR12 elemental analyzer after removing carbonates with a 2 N HCl solution without rinsing. Inorganic carbon content was calculated by difference. Analysis of the chemical composition of particles was undertaken by EDAX l DX-4i X-ray spectrometry. Standards were prepared in the laboratory from pure chemical compounds. Particles and standards were strongly compressed (5 tons) to obtain a pellet of 3 mm in diameter with a very flat surface. The analytic accuracy was 5 % for the elements with a concentration > 1%. The element concentrations are reported in terms of weight percentage of dry particles or sediment (wt%).

Radionuclides measurements

Sediment samples for radionuclide investigations were vertically sliced at 0.5 and 1-cm intervals aboard the ship and then stored in polyethylene bags. Back in the laboratory, sediment samples were dried at 110°C and ground in an agate mortar prior to sealing in polyethylene tubes, ready for gamma counting. The activities of 234 Th, 228 Th, 210 Pb, 226 Ra, 228 Ra, 137 Cs and 238 U were measured on 2-4 g of dried sediment using the specific gamma rays [START_REF] Legeleux | Particle mixing rates in sediments of the northeast tropical Atlantic: Evidence from 210Pbxs, 137Cs, 228Thxs and 234Thxs downcore distributions[END_REF]. Counting was conducted using three high-efficiency, lowbackground Well-type Ge detectors (active volume 215, 430 and 980 cm 3 ) at the Laboratoire Souterrain de Modane (LSM) in the French Alps [START_REF] Reyss | Large low background well-type detectors for measurements of environmental radioactivity[END_REF]. The standards used to calibrate the gamma detectors are several IAEA standards: RGU-1, RGTh-1 and a mock-up of sediment with U and Th standards from the NBS at 1000 ppm. The counting of small samples considerably reduces the self-absorption effects for the detection of low-energy gamma ray such as the 46.5 keV for 210 Pb. For the very top 0 to 2 cm depth in the cores two counting stages were conducted, the first as soon as possible after sampling (less than six weeks) for the determination of the short half-lived 234 Th xs (T 1/2 =24.1d) [START_REF] Schmidt | Seasonal deposition and reworking at the sediment-water interface on the north western Iberian margin[END_REF] and a second one later for the other radionuclides of interest.

Vertical particles fluxes

The settling particles were collected using cone-shaped traps with 24 collection bottles (Technicap®). These traps have a sampling aperture of 1 m 2 covered with a honeycomb baffle of 1 cm diameter and 10-cm-deep cells. Prior to deployment, the sampling bottles were filled with filtered sea water containing sodium borate buffered formalin to give a final concentration of 3% in order to prevent in situ microbial decomposition [START_REF] Lee | Effectiveness of various treatments in retarding microbial activity in sediment trap material and their effects on the collection of swimmers[END_REF]. On recovery, samples were stored in the dark at 4°C pending analyses. The particles were collected by time-series sediment traps attached 30 and 400 m above the bottom (a.b.) on the stations A, C and D. The traps were placed on a single mooring deployed four consecutive times from March 2000 to January 2005. At the station R, one sediment trap at 400 m a.b. was deployed only between February and May 2005. The sampling interval was 10 or 15 days. Current meters were attached 10 m above each trap and recorded current velocities for the whole duration of particle collection. The position and depth of the moorings are given in Tables 1 and2.

Results

Sediment composition

Porosity of the superficial sediment (0-0.5 cm) varied from 0.91 at Lobe station to 0.97 at C station (Fig. 3). It decreases rapidly down to 5-7 cm and then remains constant under this limit at an average porosity of 0.90. Station Lobe displays a different profile and does not present any decrease of porosity until 17 cm. High-resolution porosity profiles measured on small subcores were combined with in situ resistivity measurements (Fig. 4). Recalculated inverse formation factors (F -1 ) display sharp gradients at the sediment-water interface and decrease down to 0.6 to 0.7. Profiles of F -1 also displays some decrease in the water column above the sediment, which is a known artefact previously described in [START_REF] Andrews | Measurements of diffusivity near the sediment-water interface with a fine-scale resistivity probe[END_REF]). Archie's law (F -1 =  m ) was used to recalculate porosity from the inverse formation factor by trying different m values to find the best fit to the observed porosity. In most instances, the reported value for muddy sediment (m=3; [START_REF] Ullman | Diffusion coefficients in nearshore sediments[END_REF] was inadequate to fit the observed porosity (Fig. 4). When a higher value of m was used (m=4), the fit with the observed porosity was better indicating that higher values than that reported in [START_REF] Ullman | Diffusion coefficients in nearshore sediments[END_REF] can apply for deep-sea muds. The organic carbon content is quite high in this margin's sediments and varied from 3.45 % (station Lobe) to 1.3 % (station C) of dry sediment at the surface. According to sediment traps (see below), organic debris carried down with siliceous skeletons of radiolaria and diatoms and zooplankton faecal pellets were the main sources of organic carbon in the sediment [START_REF] Marchig | Compositional changes of surface sediments and variability of manganese nodules in the Peru basin[END_REF]. The organic carbon concentration does not decrease with depth in the sediment as it is generally observed in the deep-sea. On the contrary, the general trend demonstrates a slight increase of organic carbon with a maximum around 10 cm depth. Total nitrogen profiles are similar to the organic carbon variations into the sediment (Fig. 3). The organic C: N ratio (Fig. 3) depends of the station location and the origin of the organic matter redeposited. The higher C: N ratio at the surface sediment is observed at the stations R, D and Lobe (respectively,10.6,11.3 and 13.8). The lower C/N is measured at the stations Tete, A and C (respectively, 8.9, 7.8 and 8.5), more influenced by the marine organic matter. Inorganic carbon concentration in the solid phase is particularly low with a maximum of 0.9% (7.5% CaCO 3 ) at the shallow station (Tete) and a minimum at the station C (0.3% C; 2.5% CaCO 3 ). The particularity of this last station was the large increase of carbonate content from 7 to 27 cm depth.

Particle flux

Daily mass fluxes at 400 m a.b. calculated from the 4-year dataset are 123.2, 67.2 and 80.7 mg m -2 d -1 , respectively, at stations A, C and D (Table 3). At station R, the total flux is 141.3 mg m -2 d -1 measured during only four months. Close to the bottom (30 m a.b.), the average total flux is higher than at 400 m a.b. due to sediment resuspension close to the nepheloid layer at station A, C and D. Concerning trapping efficiency, deep current speed was weak in the investigated area during the four years of measurement and did not interfere significantly with the catching efficiency of the sediment trap. Indeed, current speed <15 cm s -1 represents 99% of the total record at the deepest stations C and D and 92% at station A (Vangriesheim et al., 2009). Figure 5 shows the temporal variations of the mass and POC flux at the four stations. Large inter-annual variations were noticeable at the shallow station A. For example, the total flux was twice as high in 2002 (167.5 mg m -2 d -1 ) than in 2001 (83.9 mg m -2 d -1 ). This difference was the result of 3 large inputs of material (maximum flux above 400 mg m -2 d -1 ) in January, June and October 2002. In contrast, only one peak was measured in July 2003. During the 4 years of measurement, the channel overflow was observed once at station D in March 2001 [START_REF] Khripounoff | Direct observation of intense turbidity current activity in the Zaire submarine valley at 4000 m water depth[END_REF]. At this period, the particle flux increased suddenly from 54 to 3300 mg m -2 d -1 in the sediment trap positioned at 30 m a.b.. However, this flux increase was not observed at 400 m a.b. The total flux shows less variation at station C. When compared to station A, the variation of mass fluxes at station C is damped with maximum values below 150 mg m -2 d -1 , whereas maximum values at station A exceeds 400 mg m -2 d -1 . A power density spectrum analysis of the periodicity of flux temporal fluctuations at this station indicates the existence of a periodicity of 1 year for the flux variation with a maximum in summer and a minimum in winter. The importance of silicate in settling particles is the main particularity of the Angola margin particles (Fig. 6) with the presence of numerous diatoms and radiolarian skeletons. Together with alumino-silicate and carbonate (around 25-40% carbonate d.w. 3-5% inorganic carbon), they represent 80% of the vertical flux with organic matter being around 20% in the trap material: organic carbon average concentration from 8.1 % at station A to 6.1 % at station D. In the sediment, as it is generally observed, a large shift towards alumino-silicate is observed with a decrease of organic and inorganic carbon at all stations when compared to trapped particles, indicating organic matter remineralization and carbonate dissolution.

Oxygen profiles measured in situ and on board

Figure 7 shows the vertical oxygen distribution measured in the porewaters using both the onboard and in situ micro profiler for station A, C, D and R and with the onboard microprofiler only for station Tete and Lobe (Fig. 7). Station A is characterized by an unusually high heterogeneity which might be due to the occurrence of a large burrow at the measurement spot. Some profiles show a sharp gradient at the sediment-water interface with a subsurface increase in concentration which is typical of a profile through a diagonal burrow with organicrich faeces at the sediment surface (Wenzhöfer and Glud, 2004). The in situ profiles that look less affected by this burrow structure display an oxygen penetration depth (OPD) of 2.5-3 cm. On board profiles performed on cores look similar to these last profiles with a large heterogeneity and show penetration ranging from 1.2 to 2.6 cm. This oxygen penetration falls in the range reported by [START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF] for this water depth on this margin. Further calculations of diffusive oxygen uptake were obtained from the profiles which look unaffected by the burrow. Station C shows more homogeneity and a deeper OPD, although this can not be fully assessed due to a technical lack of data between 6 and 8 cm. The oxygen profiles obtained in situ penetrate down to 6 cm with a low gradient at the sediment-water interface. The onboard profiles display steeper gradients but did not reach full penetration of O 2 due to the restricted depth range in our on board setting. For station D, a better homogeneity of profiles is observed with lower OPD compared to station C. Indeed, penetration ranges between 2.8 and 3.8 cm. On board profiles are similar in shape to in situ profiles. Station R shows a lower oxygen penetration than station C and D since it is restricted to 1.7 to 2.3 cm. In situ profile displays a fair homogeneity and are clearly different from the on board profile which show deeper penetrations (>2.5 cm) and smaller gradients. For the Tete and Lobe stations, a set of three on board profiles is available for each station. Tete station is located near the shelf break (334 m) in the oxygen minimum zone. It thus displays a low oxygen concentration in the overlying water (79 µmol l -1 ) and a low oxygen penetration depth (6-8 mm). More surprising is the low OPD measured at the Lobe station located at 4800 m depth. All three oxygen profiles measured on the same core penetrate to the same depth (1.5-2 mm) which indicates large oxygen consumption at this site.

Total oxygen uptake measured in situ

Figure 8 presents examples of chemical oxygen analysis and optode records of water isolated under a benthic chamber of the RAP2 at each station. We find a good agreement between these two analytical methods. The curve slope on these graphs indicates the in situ consumption rate and must be corrected by the precise volume of water incubated in each chamber. At station D, the consumption slope was not linear after 30 h. The reason of this observation could be related to the final oxygen concentration which was lower than 80% of the initial value during this experiment at D.

Comparison of total and diffusive oxygen fluxes in the area

Oxygen fluxes estimated from the in situ measurements performed during the Biozaire 3 campaigns are plotted on Fig. 9. Both DOU and TOU display a bathymetric decrease from larger values measured at 1300 (A) and 3150 m (R) to lower fluxes measured at 4000 m (C and D). Total fluxes are, in all cases, larger than diffusive fluxes as total fluxes include processes such as bio-irrigation or non diffusive uptake which can be very active in continental margin [START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF]. All estimations of O 2 fluxes are reported in Table 4, with DOU calculated from in situ and on board profiles and TOU measured on two different field campaigns (2001 and 2003) on the same set of stations except station R. On board DOU differs from in situ DOU for only one station (C, 4000 m). All the other stations display a fair comparison between in situ and onboard DOU. Except for station C, TOU measured on two different years show a good agreement (i.e. at station A, for p<0.05), which indicates that the system is stable over time and that spatial variability at the station level is captured by the RAP2 benthic chamber measurements. Station C shows an increase by 50% between 2002 and 2003 (student test valid with n=5 and p<0.01). At the Tete station, the oxygen demand is low due to the oxygen minimum in the water column at this depth. Lobe station shows a very large oxygen demand, which agrees with the sharp gradient observed on the vertical distributions. TOU/DOU ratios are quite constant over the stations with a value of 1.5 typical of deep-sea values except for station C which shows a value of 3.

Radionuclides and sedimentation rates in the area

Profiles of 226 Ra, 228 Ra, 210 Pb xs and 228 Th xs versus depth in the cores are plotted in Figure 10. 234 Th (data not shown) and 228 Th excesses of several dpm g -1 (disintegration per minute per gram) were detected at the top 0-1.5 cm of all the different cores providing evidence for a good recovery of the interface sample. 228 Ra xs show a large increase with depth at station A and D with peaks around 5 cm, whereas 226 Ra xs displays the same feature at station C and D. The top 10 cm of the cores are affected by several processes such as bioturbation, diagenesis, compaction that disturbs the radionuclide distribution and therefore omitted in the calculation of sedimentation rates using radionuclide distributions. Net linear sedimentation rates calculated from 210 Pb xs profiles for station A, C, D, R and Tete, respectively 0.95, 1.0, 1.2, 2.0 and 1.0 mm y -1 , can be considered as very similar. When combined using porosity reported in Fig. 3 and a density of 2.65 g cm -3 commonly measured for alumino-silicate, values of sediment accumulation rates of 0.045, 0.026, 0.018, 0.069, 0.066 g cm -2 y -1 are calculated for the same stations. The Lobe station shows a very different 210 Pb xs activity profile which is almost constant over the top 20 cm pointing towards a higher sedimentation rate. If we use the profile of the shorter half-lived 228 Th xs as resulting from radioactive decay with time, a sedimentation rate of 19 mm y -1 is calculated. The equivalent accumulation rate is 0.45 g cm -2 y -1 .

Discussion

Sediment oxygen fluxes in the vicinity of the Congo channel and the Angola margin

Before this study, a restricted number of in situ measurements of sediment oxygen fluxes had been performed on the Congo fan area and the margins north and south. Only one in situ station is reported in [START_REF] Glud | Diffusive and total oxygen uptake of deep-sea sediments in the eastern South Atlantic Ocean: in situ and laboratory measurements[END_REF] and [START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF] at 3100 m (station 1702) and three stations at 1300 m (station 4909, 4913 and 4917). These latter stations are located on the northern side of the Congo channel at a distance of 400 and 50 km from the channel for stations 4909 and 4913, respectively, and on the southern side at 600 km for station 4917 (see Fig. 1 for stations 1702 and 4913). A compilation of TOU and DOU results from this study and former values with trends observed for different Atlantic and Pacific margins is proposed in Figure 11. The different curves represent regressions on TOU calculated by [START_REF] Jahnke | Role of sea floor organisms in oxygen consumption in the deep North Pacific Ocean[END_REF] for the western Atlantic and eastern Pacific, whereas the [START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF] regression relies on DOU for the eastern Atlantic. This graph clearly shows that the non-upwelling margin regression does not apply to the data for the Angola margin. Indeed, the section of the margin studied during this work encompasses the Congo plume and the Angola upwelling zone, which create large primary production in their vicinity and larger deposition of organic matter in the sediment [START_REF] Antoine | Oceanic primary production-2. Estimation at global scale from satellite (coastal zone colour scanner) chlorophyll[END_REF]. This is well illustrated at 1300 m depth where total oxygen fluxes (TOU) are higher than the regression for the overall margin. They show a large scatter with values ranging from 3 to 5.1 mmol m -2 d -1 in historical data and compare well with station A (3.2 to 4 mmol m -2 d -1 ). For deeper stations, total oxygen fluxes fall closer to the regression calculated for upwelling margins either the eastern Pacific or eastern Atlantic. The results from this study at intermediate depths (3000 m) are still higher than these regressions. Indeed, values of 1.6-1.8 mmol m -2 d -1 are reported for TOU at station 1702 located at 3100 m and agree with the regression for this margin [START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF]. The oxygen demand at station R (3.6 mmol m -2 d -1 ) is significantly higher than this value. This could be due to lateral heterogeneity or due to the location of station R in the vicinity of the Congo channel. which is prone to receive turbidites overflowing the channel. Indeed, the wall's height falls below 250 m at 3000 m depth allowing local channel overflow in case of large turbidite. Additionally, station R is located near a giant cold-seep site (Regab; Olu-Le [START_REF] Roy | Cold-seep assemblages on a giant pockmark off West Africa: spatial patterns and environmental control[END_REF], which is known as an ecosystem producing a large quantity of fresh organic material, but the input of this material to site R is still uncertain. Station 1702 is located 80 km south of the Congo channel and away from the cold-seep zone and does not receive such inputs. The TOU measured at 4000 agrees with the regression of [START_REF] Jahnke | Role of sea floor organisms in oxygen consumption in the deep North Pacific Ocean[END_REF] for the upwelling Pacific and with the values found by [START_REF] Jahnke | Intensification of recycling of organic matter at the sea floor near ocean margins[END_REF] in the eastern Pacific margin, with increased mineralization rates found in sediments located at the base of the continental slope. Surprisingly, station D, which is located near the channel levee and receives substantial amount of particles from turbidite flows (Fig. 5, March 2001), does not display a larger oxygen demand than station C located 200 km south of the Congo channel. This indicates that station C receives an equivalent input of organic matter presumably by downslope transport as has been proposed by [START_REF] Jahnke | Intensification of recycling of organic matter at the sea floor near ocean margins[END_REF] for the eastern Pacific margin. A first clue is found in the fluxes at 30 m high, which are twice those at 400 m high. Large episodic inputs of organic matter at this site are indicated by an increase in TOU between 2001 and 2003 (Table 4) and by the doubling during the same period of macrofaunal population density driven by food supply as reported in Galéron et al. (2009). In addition, the shape of the oxygen profiles at station C with a sharp gradient at the sediment-water interface and a deep penetration (down to 7-8 cm, Fig. 7) suggest a recent input of fresh organic carbon [START_REF] Rabouille | Recycling of organic matter in Antarctic sediments: A transect through the Polar front in the Southern Ocean (Indian Sector)[END_REF](Rabouille et al., , 2001b)). These arguments suggest that Station C located at the bottom of the slope away from the channel receives episodically substantial inputs of labile organic matter, as, for example, between 2001 and 2003. It is noteworthy that these inputs are poorly recorded in 300-m-high sediment traps and must be related to lateral transport close to the bottom (<400 m).

Organic carbon mass balance : vertical flux versus lateral inputs

In order to elaborate on the driving processes affecting particulate organic carbon in the sediment of this margin (mode of input, relative magnitude of mineralization versus burial), we calculate mass balances for organic carbon at each station. Fluxes of organic carbon from the sediment traps deployed in the vicinity of the channel or on the Angola margin are compared to mineralization rates calculated from benthic oxygen fluxes (TOU) and burial rates obtained from net sedimentation rates, porosity and organic carbon content of the sediments (Table 5). Vertical POC fluxes were estimated from long-term series of sediment traps deployed in the area (Table 2). Except for station R (4-month deployment), most stations were investigated for four years at two different depths (30 and 400 m.a.b. Table 3). We chose trap fluxes at 400 m to reflect vertical fluxes from the surface ocean and avoid resuspension events that are known to be caught in sediments traps deployed closer to the sediment [START_REF] Khripounoff | Vertical an temporal variations of particle fluxes in the deep tropical atlantic[END_REF]. The calculated average organic carbon fluxes at station C and D are comparable with trap measurements made at these depths in the mesotrophic Atlantic [START_REF] Lampitt | Particle flux in deep seas: regional characteristics and temporal variability[END_REF][START_REF] Bory | Downward particle fluxes within different productivity regimes off the Mauritanian upwelling zone (EUMELI program)[END_REF]. They are also in the same magnitude than those measured by [START_REF] Fischer | Organic carbon fluxes in the Atlantic and the SOuthern Ocean: relationship to primary production compiled from satellite radiometer data[END_REF] and [START_REF] Wefer | Seasonal patterns of vertical particle flux in equatorial and coastal upwelling areas of the eastern Atlantic[END_REF] at similar depths in the same region. The mean total flux measured on the station A is also comparable with the South Atlantic model proposed by [START_REF] Seiter | Benthic carbon mineralization on a global scale[END_REF]. Our results indicate the importance of long-term measurements to obtain a thorough estimation of the material input in continental slope area. Long-term measurement also allows assessing in more detail the possible periodical amount of material reaching the bottom. At station C, seasonality in organic carbon input is found with a maximum in boreal summer. This result is in agreement with the compilation of primary production values proposed by [START_REF] Antoine | Oceanic primary production-2. Estimation at global scale from satellite (coastal zone colour scanner) chlorophyll[END_REF]. Mineralization rates were estimated from total oxygen uptake averaged over the two years of measurements (Table 4). A stoechiometric coefficient (O 2 :C) of 1.2 was used to calculate organic carbon mineralization from O 2 fluxes as the C:N ratio was between 8 and 10 (O 2 :C = 1 + 2/C:N; [START_REF] Froelich | Early oxidation of organic matter in pelagic sediments of the eastern equatorial Atlantic: suboxic diagenesis[END_REF]. The anoxic mineralization is not explicitly taken into account as (i) anoxic mineralization is minimal in this type of sediments (<10 %; [START_REF] Bender | Fate of organic carbon reaching the sea-floor: a status report[END_REF] and (ii) oxygen fluxes at the sediment-water interface include re-oxidation of anoxic mineralization [START_REF] Canfield | Pathways of organic carbon oxidation in three continental margin sediments[END_REF] by products and thus partly account for anoxic mineralization. Burial rates were calculated using net sedimentation rates estimated by 210 Pb xs below the bioturbation zone (Fig. 10). The following formula was applied Accu =  (1-)  s OrgC/MM with Accu the burial rate of OC in mol m -2 y -1 ,  the linear sedimentation rate in m y -1 ,  the porosity,  s the density of the solids in gm -3 , OrgC the organic carbon content in dry weight gC g -1 , and MM the molar mass of carbon 12 g mol -1 . Except for the Lobe station, sedimentation rates measured in the present work, about 1 mm y -1 are similar to those reported for other continental margin deposits like for instance Peru-Chile [START_REF] Munoz | Recent sedimentation and mass accumulation rates based on 210Pb along the Peru-Chile continent margin[END_REF] or Iberian Margin [START_REF] Jouanneau | Recent sedimentation and sedimentary budgets on the Western Iberian Shelf[END_REF]. Porosity and organic carbon content were averaged over the depth 15-20 cm to calculate burial fluxes. Sediment dry density was assumed to be equal to the quartz density (2.65 g cm -3 ). From these estimations of annual fluxes, we calculated an unsupported flux by subtracting the vertical input flux to the sum of mineralization plus burial: Unsupported flux = (Mineralization + Burial) -POC vertical flux For all stations this unsupported flux is much larger than the input flux (Table 5). This is quite a common feature in the deep-sea for short-term trap measurements, but fluxes and sediment mineralization can be reconciled in some cases with longer trap measurements [START_REF] Smith | Food energy supply and demand: A discrepency between particulate organic carbon flux and sediment community oxygen consumtion in the deep ocean[END_REF][START_REF] Smith | Reconciling particulate organic carbon flux and sediment community oxygen consumption in the deep North Pacific[END_REF][START_REF] Smith | Long-term discrepency between food supply and demand in the deep eastern Pacific ocean[END_REF]. The large values of unsupported flux and the ratio of this flux to the vertical flux of 5 to 8 indicate that other substantial sources of inputs are needed to explain the observed mineralization and burial rates at each station which is much larger than the vertical flux. Mass balances of biogenic silica at the same sites displayed similar ratio (Regaudie de Gioux et al., 2009). In the context of a margin slope and furthermore in the vicinity of a canyon, dwnslope inputs are definitely a mode of transfer to consider. Some fractions of this flux are captured by sediment traps at 30 m since the flux at this depth is consistently twice as much as the flux at 400 m. However, the flux recorded at 30 m a.b. does not bridge the gap and other processes occurring closer to the sediment must effectively transfer organic carbon through the slope. The transfer from the channel is quite obvious for station D with the event of March 2001 (Fig. 5, and[START_REF] Khripounoff | Direct observation of intense turbidity current activity in the Zaire submarine valley at 4000 m water depth[END_REF]. The effect of the channel overflow at station D was well marked by an increase of organic matter in surface sediments which was still observable 9 months after the event but disappeared 2 years later [START_REF] Treignier | Terrestrial and marine n-alcohol inputs and degradation processes relating to a sudden turbidity current in the Zaire canyon[END_REF]. For station C and A, the transfer mechanisms are less clear and may involve down slope transport in the bottom boundary layer over the whole slope from 1300 m down to 4000 m. This downslope transport relate to the conclusion of the previous section which showed the intensification of organic matter recycling at the base of the slope near the Angola margin. More evidence of the lateral input of material can be found in the comparison of the mass flux of particles with sedimentation rates in the core. Indeed, the total solid accumulating should be lower than the solid input by particle flux, knowing that organic matter will be degraded, and calcium carbonates and opal dissolved at the sea floor (Fig. 6). The calculation can be made using the following MaxAccu = Mass flux/(1-)  s where MaxAccu is burial without dissolution or mineralization,  is the sediment porosity, and  s is the solid dry density. Calculations for Station C, D and A with porosities from Fig. 3 at 15 cm depth, mass fluxes at 400 m and a dry density of 2.65 g cm -3 provide MaxAccu values of 0.12, 0.08, 0.09 and 0.16 mm/yr, respectively. These values represent less than 10 to 15% of the net sedimentation rate observed for these sites (around 1mm y -1 ; Fig. 10). Since this estimate does not take into account the loss of opal and calcite by dissolution thus constituting a potential accumulation rate, the input of solid through downslope transport must definitely be very large to bridge the gap. It is, again, noteworthy that the flux at 30meters although larger than the flux at 400 m does not close the budget. The partitioning between mineralization and burial of the organic input is quite atypical for sediments from this depth, with burial accounting for 30-50% of the total input of organic carbon due to very large sedimentation rates on the whole margin (1mm y -1 ). This is quite different from overall burial yield (1-5%) at other sites especially at 4000 m [START_REF] Berger | Ocean Productivity and Paleoproductivity -An overview[END_REF][START_REF] Canfield | Factors influencing organic carbon preservation in marine sediments[END_REF][START_REF] Jahnke | The global ocean flux of particulate organic carbon: Areal distribution and magnitude[END_REF]. In this regard, a clear distinction can be made between stations located near the channel (R and D) which show a burial/mineralization ratio of 1 and the stations located on the slope away from the channel (A and C), which display a ratio of 0.5. This might be due to the quality (labile vs. refractory) of the organic matter transported to the sites near the channel which contains more terrestrial organic carbon than at the sites on the margin [START_REF] Treignier | Terrestrial and marine n-alcohol inputs and degradation processes relating to a sudden turbidity current in the Zaire canyon[END_REF]. The larger terrestrial fraction at station D (and possibly R) would induce larger burial at these sites relative to slope sites.

Transfer of organic carbon through the channel

One striking feature of the Congo canyon system is the depth of the channel trench and its ability to carry material through turbidity currents down to the abyssal plain [START_REF] Khripounoff | Direct observation of intense turbidity current activity in the Zaire submarine valley at 4000 m water depth[END_REF]. These turbidity currents channel the transfer of organic matter from the Congo River and shelf to the abyss. One issue which this transfer raises is the quantity, quality and fate of this organic carbon carried by turbidity currents. Is the transferred organic carbon labile or refractory? Is it buried in sediments, in the abyssal plain or is it mineralized by fauna and bacteria at the deep-sea floor where it gets deposited? Although we have only a limited set of data relying uniquely on onboard oxygen profiles, we can approach this question. Figure 11 shows that station Lobe oxygen fluxes are much larger than other oxygen fluxes for the margin and even larger than fluxes generally reported for this depth (4800 m). This station is located at the outflow of the submarine channel where turbidites originating from the canyon are deposited in lobes. As has been shown before for on board set ups, these measurements can be biased by a factor of 1.5 to 2 compared to in situ results at 4800 m depth as reported by [START_REF] Glud | Diffusive and total oxygen uptake of deep-sea sediments in the eastern South Atlantic Ocean: in situ and laboratory measurements[END_REF], with onboard DOU being generally larger than in situ DOU due to compaction during coring or core warming and decompression during recovery. This is the case in our study where on board and in situ DOUs agree within 50% (Table 4) with the exception of Station C. Even if the calculated DOU is overestimated, it represents a much larger oxygen demand than any other location at this depth. A mineralization rate of 6 mol C m -2 y -1 is calculated for these sediments using 20 mmol m -2 d -1 as oxygen demand and 1.2 as O 2 :C ratio. This large value indicates that a substantial proportion of the carbon carried down through the channel is mineralized in the abyssal plain sediments after deposition. Other parameters argue in favour of a very active site at the Lobe station. Organic carbon contents and sedimentation rates are very high indicating large inputs of organic material. The ROV video survey showed the presence of large terrestrial detritus on the sediment surface and explains its richness in organic material together with a large megafaunal density and bacterial mats indicative of large biological activity (M-C. Fabri, personnal communication). At the Lobe site, which has a very high recent sedimentation rate (>1 cm y -1 ) and a large concentration of organic carbon (>3% d.w.), burial is also a large component of the mass balance. The occurrence of very large C/N in the Lobe core (13.8) points towards a large fraction of terrestrial organic carbon in the sediment. Organic markers such as linear alcohols measured by [START_REF] Treignier | Apports en matière organique marine et terrigène sur la marge équatoriale ouest africaine : rôle joué par le canyon sous-marin du Zaïre: Approche par les biomarqueurs lipidiques[END_REF] show a large dominance of terrestrial markers over marine markers at this station. Indeed, the burial flux calculated for station Lobe is larger than the mineralization rate (13 mol C m -2 y -1 versus 6 mol C m -2 y -1 ). This is unique in the deep-sea and equivalent to burial rates of organic carbon in river deltas [START_REF] Hedges | Sedimentary organic matter preservation: an assessment and speculative synthesis[END_REF][START_REF] Mckee | Transport and transformation of dissolved and particulate materials on continental margins influenced by major rivers: benthic boundary layer and seabed processes[END_REF] and references therein). The 228 Th xs data allow estimating burial rates over around 10 years (five periods). The values provided by (Dennielou and Jouanneau, accepted) show that such large sedimentation rates occur over the 100-yr timescale.

Furthermore, the spatial coverage of the Lobe station in this study is more representative (five sites) and show consistently large sedimentation rates (0.5 to 1.2 cm y -1 ). If our Lobe cores are representative of the Lobe system, it could thus constitute a megaburial center in the deep-sea. With a reported surface area of 3000 km 2 (Savoye, personal communication), this Lobe region could account for an accumulation of 0.4 Tg y -1 (1Tg=10 12 g), a significant fraction of total carbon burial in the South Atlantic (1.8 Tg y -1 ; [START_REF] Mollenhauer | Organic carbon accumulation in the South Atlantic Ocean: its modern, mid-Holocene and last glacial distribution[END_REF] and of total deep-sea burial (10-20 Tg y -1 ; [START_REF] Berner | Biogeochemical cycles of carbon and sulfur and their effect on atmospheric oxygen over phanearozoic time[END_REF][START_REF] Hedges | Sedimentary organic matter preservation: an assessment and speculative synthesis[END_REF] A total of 19 mol C m -2 y -1 could be deposited at the Lobe site mostly from the channel inputs. With the spatial extension of the Lobe system, this deposition could represent as much as 0.7 Tg y -1 around a third of reported particulate organic carbon input from the Congo River (1.9 Tg y -1 ; [START_REF] Seylers | Organic carbon transported by the equatorial rivers: Example of Congo-Zaire and Amazon basins[END_REF].

Conclusion

Using a combination of techniques, we investigated the particulate organic carbon fluxes and recycling in the sediments from the Congo-Angola margin in the vicinity of the Congo channel and 200 km away. Vertical fluxes were measured using long-term sediment trap measurements and accumulation rates were derived from sedimentation rates estimated by short-live radioisotopes ( 210 Pb xs and 228 Th xs ) and organic carbon content of the sediment. Organic carbon recycling was estimated using a new combination of in situ techniques on a single platform (benthic chambers, microprofiler) and on board measurements of oxygen microprofiles. Results show a decreasing recycling of organic carbon when moving offshore and towards deeper waters, except for the Lobe site where recycling is 5-6 times larger.

From the results of this study, we conclude that, except for the Lobe zone situated in the abyssal plain at the outlet of the Congo channel, transfer processes across the margin are dominated by downslope transport and occasional channel overflow during turbidity currents. Downslope transport is largely superior to vertical input and contributes by 85% of the organic input at the slope rise. The lateral influence of the channel at a depth of 4000 m is minimal with mineralization/burial fluxes being equal at distances of 15 and 200 km from the channel (station C and D). The Congo channel is an efficient conduit for river and shelf particles. Indeed, the Lobe region which is situated at the outlet of the Congo channel shows very large carbon mineralization and burial rates according to our preliminary data and could receive a significant proportion of the particulate organic carbon delivery by the Congo River (up to 30%). This region is a significant site of organic carbon burial in the South Atlantic Ocean. 

Figures

Fig. 1: bathymetric map of the Congo Canyon and channel with the stations investigated during the Biozaire cruises (2001 and 2003). Stations 1702 and 4913 refer to the paper by [START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF]. Figure 11 (Rabouille et al.) 
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 2910 Fig.1: bathymetric map of the Congo Canyon and channel with the stations investigated during the Biozaire cruises(2001 and 2003). Stations 1702 and 4913 refer to the paper by[START_REF] Wenzhöfer | Benthic carbon mineralization in the Atlantic: A synthesis based on in situ data from the last decade[END_REF]. Fig.2: A schematic view of the RAP 2 platform with the benthic chamber and the microprofiler on the same Lander. 1: Radio beacon and flasher. 2: Acoustic releases. 3: Argos beacon. 4: Floatation. 5: Mechanical release. 6: Ballast. 7: Video camera. 8: Energy for camera. 9: Benthic chamber. 10: Lid closing. 11: Stirring. 12: Water sampler. 13: Main pushing mechanism. 14: Energy and electronic housings. 15: Main platform. 16: Parachute housing. 17: Profiler Fig.3: Distribution with depth of porosity, organic carbon, total nitrogen, inorganic carbon and C/N ratio in the sediments from the Congo area. Station A, C, D, R, Tete and Lobe. Fig.4: Microporosity (triangles) and inverse formation factor (dashed line) for the three stations A, C and D. Thin solid lines represent best fit using m=3 and thick solid lines are m=4 or 4.5 (see text). Fig. 5: Sediment trap fluxes measured over a period of 3-4 years in the Congo area. Mass fluxes and organic carbon fluxes are plotted separately. Biozaire 2 expedition occurred during December 2001 and Biozaire 3 in December 2003-January 2004. Most benthic chamber and microprofiler measurements were made during Biozaire 3. Fig. 6: Elemental composition of particles (a) and superficial sediment (b) for stations A, C and D Fig. 7: Oxygen profiles measured on the Congo margin sediments. Symbols represent in situ measured profiles using the Profilo on RAP2, full lines represent on board measurements performed on sediment cores from the multicorer. For the Lobe station, the inner graph represents a zoom of the first 2 mm below the sediment-water interface. Fig. 8: Chemical analysis and optode records during the RAP2 incubations at our different stations (square: chemical analysis; curve: optode record)

Table 2 :

 2 duration and interval of sampling of sediment traps. Each mooring except R contains a trap at 30 m.a.b. and a trap at 400 m.a.b. Mooring were positioned at the stations given in Table1.

	Station	Depth	Position	Temperature	Oxygen
		(m)			(°C)	(µmol/l)
	A	1304	S 07° 21; E 11° 30	4.21	202
	C	3994	S 07° 40; E 10° 00	2.31	220
	D	3964	S 05° 51; E 08° 21	2.36	229
	R	3174	S 05° 49; E 09° 43	2.57	240
	Tete	334	S 06° 00; E 11° 30	15.02	79.1
	Lobe	4788	S 06° 28; E 06° 02	2.30	229
	Station	Sampling duration	Sample interval	Number of samples
		(year)		(days)	
	A	2001-2002-2003	10-15		72
	C	2000-2002-2003-2004	10-15		96
	D	2000-2001-2002-2003-	10-15		120
		2004			
	R	2/2003-5/2003	12		8

Table 3 :

 3 Annual fluxes of mass and organic carbon in mg m -2 d -1 measured during four years in the Congo margin.

Table 4 :

 4 Diffusive and total oxygen uptake (DOU and TOU respectively) measured in situ by microprofiling and benthic chamber and on board by microprofiling (number of profiles or chambers between brackets). The ratio of TOU/DOU for in situ measurements performed in 2003 is also included.

			In situ DOU	On board DOU	In situ TOU	In situ TOU	
	Station	Depth (m)	2003 (Biozaire 3)	2003 (Biozaire 3)	2001 (Biozaire 2)	2003 (Biozaire 3)	TOU/DOU
			(mmol m -2 d -1 )	(mmol m -2 d -1 )	(mmol m -2 d -1 )	(mmol m -2 d -1 )	
	A	1302	2.8 ± 1.1 (3)	3.1 ± 0.6 (2)	3.2 ± 0.5	4.0 ± 0.6	1.4 ± 0.8
	C	4001	0.8 ± 0.3 (3)	3.3 ± 0.4 (2)	1.6 ± 0.3	2.4 ± 0.2	3.0 ± 1.5
	D	3962	1.2 ± 0.1 (4)	1.9 ± 0.5 (2)	2.0 ± 0.3	1.9 ± 0.3	1.6 ± 0.4
	R	3154	2.3 ± 0.8 (5)	2.3 ± 0.5 (2)		3.6 ± 0.5	1.5 ± 0.7
	Tete	334		1.50 ± 0.05 (3)			
	Lobe	4788		19.8 ± 1.8 (3)			

Table 5 :

 5 Mass balance for Org-C at 4 stations near the Congo channel and the Angola margin. All terms in mol m -2 y -1 except ratio unsupported/vertical flux. See text for details on calculation of each term.

		POC flux	Org-C	Org-C		
	Station	(400m)	Mineralization	Burial	Unsupported POC	Unsupported
		(mol m -2 y -1 )	(mol m -2 y -1 )	(mol m -2 y -1 )	flux (mol m -2 y -1 )	/Vertical flux
	A	0.28	1.10	0.62	1.44	5.1
	C	0.14	0.61	0.30	0.77	5.6
	D	0.14	0.59	0.56	1.01	7.1
	R	0.22	1.10	1.08	1.96	8.8

/d)Station R
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