Manganese and molybdenum dynamics in the water column and sediments of tidal flats
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Tidal flats and salt marshes are highly dynamic systems due to tidal and seasonal fluctuations of biological, chemical, and physical parameters. Especially redox-sensitive trace metals, which may act as micro-nutrients for phytoplankton, form promising candidates for characterization of such systems with respect to microbial activity and coupled redox reactions.
Concentrations of dissolved manganese (Mn) in the North Sea are more than one order of magnitude higher than in the North Atlantic (Shiller, 1997). These elevated Mn concentrations have generally been explained by benthic fluxes from sediments during early diagenesis in North Sea sediments and riverine input. However, first balance calculations in the backbarrier tidal flats of the islands of Spiekeroog and Sylt emphasize the source function of the Wadden Sea. These results are in agreement with balance calculations for other parameters, e.g. methane (Grunwald, et al., 2008) and dissolved inorganic carbon (DIC, Brasse et al., 1999). Generally, higher discharges take place in the summer months while a steady state is observed in winter. Nevertheless, more detailed investigations carried out since 2007 show a more complex behaviour of Mn, which is probably caused by temperature changes and related microbial activity. During 2002 and 2004 a first Mn-maximum occurred always after spring algae blooms. Afterwards, depletion appeared in summer followed by a second maximum with 2-fold higher values than in spring in late summer. While 2005 perhaps formed a transition phase since 2007 the highest values were already determined in spring. This phenomenon is likely caused by increasing winter temperatures which are assumed to affect microbial activity and thus the release of Mn from the surface sediments. 
A further important element indicating redox-changes is molybdenum (Mo). Mo generally behaves conservative in the oxygenated water column following salinity. However, non-conservative behaviour of Mo could be observed repeatedly in the water column of both study areas showing a decrease of Mo concentrations of more than 50%. The explanation of this phenomenon requires a tight coupling of geochemical, biological, and sedimentological processes (Dellwig et al., 2007). In the observation period Mo depletion always occurred during breakdown of algae blooms which points towards a response of Mo dynamics to biological activity in the water column. Subsequently, Mo enrichments in the pore waters of the surface sediments are observed, possibly due to decomposition of Mo-rich aggregates which were deposited and incorporated into the sediment.
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