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Sediment resuspension in coastal environments is classically seen as a process which entrains
deposited organic material and porewater into the overlying water. The alteration of sediment
diagenesis due to this transfer is largely understudied. Models representing water column oxygen
budgets have usually relied on simplifying assumptions for sediment oxygen demand such as
instant remineralization of detritus at the seabed. Model estimates of oxygen concentrations in the
Gulf of Mexico, however, have been shown to be very sensitive to parameterizations of sediment
oxygen demand. Meanwhile, diagenetic models tend to calculate sediment oxygen demand under
an assumption of steady accumulation of organic matter and sediment. Though most diagenetic
models neglect resuspension, observations from the Rhone River subaqueous delta indicate that
oxygen fluxes increased during resuspension events. To the best of our knowledge, however, no
model exists that directly couples diagenetic processes, water column biogeochemistry, and
sediment erosion and deposition, and therefore tools for comparing the significance of these
processes are lacking.

To evaluate the role of resuspension on sediment oxygen consumption, we implemented a version
of the Regional Ocean Modelling System (ROMS) that couples hydrodynamic, sediment transport,
and biogeochemical processes. To link the resuspension and biogeochemical modules, a diagenetic
model was added to the seabed (Fig. 1). Here, we present a one-dimensional (vertical) version of the
coupled model and apply it to the Rhone River subaqueous delta. Preliminary results indicate that
resuspension of organic material and reduced porewater constituents produce pulses of oxygen
consumption and increase overall sediment oxygen demand.

Model description

The coupled model was developed within the ROMS hydrodynamic model (Haidvogel et al., 2000)
and utilized the Community Sediment Transport Modeling System (CSTMS; Warner et al., 2008) and
a water column NPZD (nutrient-phytoplankton-zooplankton-detritus) biogeochemical module (Fennel
et al., 2006) because this framework is community-based and well-utilized. This study adapted the
ROMS-CSTMS-Fennel model by coupling it to a diagenetic model based on Soetaert et al. (1996). We
also adapted the ROMS-CSTMS seabed layering scheme to resolve millimetre scale features near the
seabed surface while maintaining computational efficiency.

This coupled model accounts for processes including diffusive vertical mixing, resuspension,
deposition, and burial of particles and dissolved species. Detrital material, created by the water
column biogeochemical model, becomes associated and transported with suspended sediment
classes, undergoing advection, diffusion, deposition, and erosion. Dissolved constituents (Oz, NO_,
NH,*, etc.) from the biogeochemical model may be exchanged with the seabed through deposition,
erosion, and diffusion across the sediment - water interface. Seabed organic material and porewater
constituents are subject to diagenetic processes including aerobic, nitrate and anoxic
mineralization, and biodiffusion may mix sediment, organic material, and porewater in the seabed.

Implementation for the Rhone River sub-aqueous delta and future work

This coupled one-dimensional vertical model is being implemented for a high-depositional, organic-
rich, sub-aqueous delta offshore of the Rhone River (Fig. 2). Model results are being validated using
a time series of water column and seabed oxygen profiles described in Toussaint et al. (2014).
These observations were collected from an in-situ benthic station and indicate that increased
oxygen consumption in the seabed by a factor of 3 occurs during wave resuspension events
compared to quiescent periods. Preliminary results indicate that resuspension events increase
oxygen consumption by re-introducing organic matter and reduced porewater species into the
water column. Resuspension also erodes the more oxygenated surface sediment from the seabed,
exposing the typically-anoxic subsurface to oxygen. Ongoing work includes evaluating the response
of seabed-water column fluxes to resuspension events (e.g., frequency and duration), and to less-
constrained model parameters (e.g. diffusion and remineralization rates).
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Fig. 1. Schematic illustrating links between the diagenetic, biogeochemistry, and sediment transport modules.
Green, brown, and purple outlines indicate for which module (biogeochemistry, sediment transport,
and/or the diagenetic model) the process or variable is used. White boxes indicate variables, and
coloured boxes indicate processes.
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Fig. 2. Profiles of (a) particulate organic material (dry weight, DW), (b) oxygen, (c) nitrate and ammonium, and (d)
oxygen demand units (ODUs) for the Rhone River shelf. Lines are preliminary results from a model that
neglected resuspension; ‘X’ shows observations from Pastor et al. (2011).
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