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GENERAL INTRODUCTION


Shelf morphology and local hydrodynamical conditions may significantly influence the partitioning of material (terrestrial or in situ production) between shelf sediments (0-200 m) and the deeper ocean margin sediments (200-2000 m). Submarine canyons are typical morphological features of the rather narrow Iberian shelf. They have been shown to trap and transport material from the shelf to the abyss. During the OMEX cruise in 1999 the relative contribution of canyons in off-shelf transport was studied by comparing sediment carbon budgets for the Nazaré Canyon and for ‘normal’ shelf-slope-abyssal transects. In this study, three different canyon-shelf systems were compared, Setubal and Nazaré Canyons on the Iberian Margin and Cap de Créus Canyon in the Gulf of Lyon.
Organic carbon deposited at the sea floor can either be mineralized or buried in the sediment. Thus, by estimating the rates of carbon mineralization and carbon burial, the input of organic carbon can be calculated by summing these quantities. 

The rate of carbon mineralization can be estimated from the rate of oxidant utilization (oxygen, nitrate, Mnox, Feox, sulphate) and/or from the production rate of end products (ammonium, inorganic carbon (CO2 and HCO3-)). These rates can be calculated from pore water profiles by estimating the downward flux of oxidants or the upward flux of metabolites, assuming one-dimensional Fickian diffusion:




,

where D0 is the temperature and salinity corrected free solution molecular diffusion coefficient, F is the sediment resistivity factor, and 

 is the concentration gradient of the the solute of interest. In addition fluxes can be measured directly by monitoring the concentration of solutes in a volume of water overlying a known area of sediment. 

The carbon burial rate, Fb, can be estimated from:





 where  denotes the sediment accumulation rate,  is the sediment porosity, s is the bulk sediment density, and Corg is the weight percentage of organic carbon.

Constructing a carbon budget requires the following parameters to be measured:

- porosity

- resistivity 

- organic carbon and total nitrogen content 

-depth profiles of:

- oxygen 

- nitrate\nitrite

- solid phase iron and manganese 

- sulphate 

- (CO2 

- ammonium 

- dissolved manganese and iron 

- phosphate

- silicate 

SAMPLING ACTIVITIES

Sampling

The benthic lander was deployed at 10 station distributed along the axes of the Nazaré, Setubal and Cap de Creus Canyons. Multicores (Barnett et al. 1983) were collected at these station plus an additional 11 stations located both in the canyon and at reference sites of comparable depths outside the canyons (see Table xxx.1). The corer retrieves four 10 cm (i.d.) cores and eight 6.5 cm (i.d.) cores. Only undisturbed sediment cores were used for pore water and solid phase chemistry at all stations.

Table xxx.1 Station position, depth, and acitivities carried out at the station.

	Station 
	water depth 
(m) 
	Latitude N
	Longitude 
	TROL lander
	MC pore water
	MC flux

	Setubal Canyon


	
	
	
	
	
	

	64PE225-01 canyon
	365
	38°31 
	09°16 W
	x
	x
	x

	64PE225-02 canyon
	1856
	38°20
	09°20 W
	x
	x
	x

	64PE225-03 canyon
	3170
	38°09
	09°35 W
	x
	x
	x

	64PE225-04 ref
	2945
	38°00
	09°59 W
	
	x
	x

	64PE225-05 canyon
	4445
	38°06
	10°00 W
	x
	x
	x

	64PE225-06 ref
	1742
	38°05
	09°35 W
	
	x
	x

	64PE225-15 ref
	400
	38°20
	09°12 W
	
	x
	x

	Nazaré Canyon


	
	
	
	
	
	

	64PE225-07 canyon
	4975
	39°54
	11°09 W
	x
	x
	x

	64PE225-08 canyon
	4810
	39°48
	10°38 W
	
	x
	x

	64PE225-09 ref
	4804
	39°46
	11°00 W
	
	x
	x

	64PE225-10 canyon
	1103
	39°36
	09°24 W
	x
	x
	x

	64PE225-11 ref
	1009
	39°34
	09°41 W
	
	x
	x

	64PE225-12 ref
	307
	39°39
	09°36 W
	
	x
	x

	64PE225-13 canyon
	313
	39°38
	09°09 W
	x
	x
	x

	64PE225-14 canyon
	2847
	39°31
	09°45 W
	
	x
	

	
	
	
	
	
	
	

	Cap de Creus Canyon


	
	
	
	
	
	

	64PE225-16 canyon
	1801
	42°10
	04°04 E
	x
	x
	x

	64PE225-17 canyon
	2112
	42°15
	04°21 E
	
	x
	x

	64PE225-18 canyon
	1215
	42°16
	03°40 E
	x
	x
	

	64PE225-19 ref
	1874
	42°07
	04°03 E
	
	x
	x

	64PE225-20 canyon
	21344
	42°23
	03°20 E
	x
	x
	

	64PE225-21 ref
	343
	42°14
	03°35 E
	
	x
	x


Secondary oxidants and end products of carbon mineralization

Except for oxygen, pore water profiles of oxidants and end products of carbon mineralization were measured by slicing multi cores in intervals as indicated below (Table xxx.2). The sediment was extruded from the multi cores by using a hydraulically operated core slicer which facilitated the simultaneous processing of 4 multicores. The pore water was separated from the sediment matrix by centrifugation. 

Table xxx.2. Sediment intervals for pore water extraction (mm)
	0.0-2.5
	10.0-15.0
	30.0-40.0
	70.0-90.0

	2.5-5.0
	15.0-20.0
	40.0-50.0
	90.0-110.0

	5.0-7.5
	20.0-25.0
	50.0-60.0
	110.0-130.0

	7.5-10.0
	25.0-30.0
	60.0-70.0
	130.0-150.0

	150.0-170.0
	170.0-190.0
	190-210.0
	210.0-230.0


Examples of pore water profiles at 4800m water depth are shown below (Fig. yyy.1).
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Figure yyy.1. Comparison of porewater profiles for stations st 4800m  in the canyon (closed symbols) and on the abyssal plain (open symbols) for dissolved nitrate (left panel) and dissolved silicate (right panel).

Shipboard sediment-water fluxes 

Sediment-water fluxes were estimated in by monitoring the concentration of solutes in the overlying water of 2-4 multicores. In order to preserve the microtopography of the sediment-water interface, the overlying water of the cores was not replaced by filtered bottom water. Instead, the bottom water overlying the core upon retrieval was monitored for concentration changes. The cores were incubated between 15 and 24 hours. Sediment-water fluxes of silicic acid plotted against waterdepth are shown in Figure yyy.2.
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Figure yyy.2. Sediment-water fluxes of silicic acid (measured shipboard) plotted against waterdepth.

IN SITU MEASUREMENTS

Oxygen 

The role of oxygen in organic carbon mineralisation changes from the regeneration of oxidants in areas of high organic carbon input, to being the dominant terminal electron acceptor in areas of low organic rain rates. Therefore, the oxygen consumption rate of the sediment, expressed as the sediment-water flux of oxygen, is a good indication for the carbon mineralisation rate. These fluxes can be measured directly by monitoring the change in oxygen concentration in the water overlying an enclosed area of sediment, or can be calculated from the oxygen concentration gradient across the sediment-water interface, using Fick’s first law of diffusion. Since shipboard measurements of oxygen largely overestimate the flux of oxygen it is mandatory to perform these measurements in situ.

The TROL (Temperature Resistivity and Oxygen Lander), is a free falling vehicle equipped with three incubation chambers and a profiling module. Malfunctioning of the profiling unit limited the application of TROL to benthic chamber incubations to measure the rates of solute exchange between the sediment and water. The benthic chambers, enclosing an area of 144 cm2 were equipped with custom built optical oxygen sensors for continuously monitoring the oxygen concentration in the overlying water. These sensors proved to give a very stable, low-noise signal, which allows the calculation of oxygen uptake rates of the sediment

[image: image3]
Figure y.y.y.3. The relative oxygen concentration in the sediment overlying water during TROL deployment as a function of incubation time at 1100 m water depth in de Nazaré Canyon.

Additionally, 5 pairs of syringes allowed the manipulation of the overlying water during the time course of incubation. Two chambers were configured to determine the fluxes of nutrients (ammonium, nitrate, nitrite, phosphate and silicate), dissolved inorganic carbon and oxidants across the sediment-water interface. The third module was configured to inject sodium bromide, a conservative tracer, to be used for the determination of the effective diffusion coefficient. After incubation in situ, the enclosed sediment was retrieved and sliced to collect the pore water for bromide analysis (NIOZ lab). 
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Figure y.y.y.4. In situ silicic acid fluxes at 1100 m water depth in Nazaré Canyon.
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