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Dissolved manganese (Mn) is a bioessential element and 

its oxidised form is involved in the removal of trace elements 
in the ocean. Recently, a large number of Mn measurements 
have been obtained in the Atlantic ocean as part of the 
GEOTRACES programme. While these measurements give 
new insights into the main sources of Mn, the processes that 
redistribute Mn throughout the ocean are less clear. We added 
the first manganese module to the biogeochemical model 
PISCES (as part of a global general circulation model) to 
examine the cycling of Mn at the global scale. Mn sources 
include atmospheric dust deposition, rivers, low oxygen 
sediments and hydrothermal vents. Redox and adsorption 
processes in the water column are included in the model via a 
first-order equilibration equation between dissolved and 
oxidised Mn that depends on irradiance. The aggregation and 
settling of oxidised Mn is also included. While biological 
uptake probably plays an important role in the removal of Mn, 
this is not yet taken into account by the model. 

The modelled Mn distribution is compared with a global 
dataset of measurements, with a focus on the Atlantic Ocean. 
Important features that are present in the dataset are 
reproduced by the model (figure): (1) the relatively 
homogeneous distribution in the deep ocean, (2) the high Mn 
concentration in the ocean surface waters due to a combination 
of dissolution of Mn from deposited dust and photoreduction, 
and (3) the strong, locally enhanced Mn concentrations near 
the Mid-Atlantic Ridge that arise from hydrothermal sources of 
reactive Mn. 
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