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Carbon burial on river-dominated continental shelves: Impact of
historical changes in sediment loading adjacent to the Mississippi River
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[1] Seabed cores collected on the continental shelf
adjacent to the Mississippi River show a direct temporal
correlation between decreases in mass accumulation rate
(factor of 2—3) and suspended sediment loads in the river.
This mid 20th century decline is not apparent shelf-wide
due to sediment focusing and biological seabed mixing.
Total organic carbon diagenetic loss rate across this
sediment age interval is relatively uninterrupted when
corrected for the non-steady state mass flux. This suggests
that organic carbon burial rates in oxic bottom water
settings on river-dominated continental margins are directly
proportional to lithogenic flux. Variations in OM
remineralization rates due to changes in the composition
(marine vs. terrestrial) of the particulate OM flux at the
sediment surface are a second-order effect that cannot be
distinguished in the bulk carbon sediment record at these
oxic sites; although they may significantly alter the OM
degradation-induced CO, flux to the overlying water
column. Citation: Allison, M. A., T. S. Bianchi, B. A.
McKee, and T. P. Sampere (2007), Carbon burial on river-
dominated continental shelves: Impact of historical changes in
sediment loading adjacent to the Mississippi River, Geophys. Res.
Lett., 34, L0O1606, doi:10.1029/2006GL028362.

1. Introduction

[2] Recent climate change models [Infergovernmental
Panel on Climate Change, 1996] suggest that continued
global warming will likely induce latitudinal changes in
precipitation and storm intensity, with associated alterations
in continental weathering rates. These models also predict
runoff will increase for 75% of the world’s major rivers but
decrease for some low latitude systems [Miller and Russell,
1992], which will likely result in changes to oceanic inputs
of mineral particles and dissolved and particulate organic
matter (OM). Large rivers are particularly important in this
scenario as they carry an inordinate percentage of freshwa-
ter and particulates to the oceans (the top 25 rivers supply
approximately 50% of the freshwater and 40% of the fluvial
sediment [Milliman and Meade, 1983; Meade, 1996]) and
changes in loading will be more readily recognizable in
large drainage basins that integrate precipitation and weath-
ering on a continental scale. Large point source inputs of
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water and sediment to continental margins are also impor-
tant loci for carbon production, remineralization and burial
(continental margins are the site for 80—85% of global
carbon burial [Berner, 1982; Hedges and Keil, 1997]),
although their net effect on the global carbon budget
remains unresolved [McKee, 2003]. The uncertainties about
carbon cycling on these margins presently do not allow us
to adequately predict their response to climate-induced
changes in carbon loading and quantities of mineral par-
ticles that are responsible for particulate organic carbon
(POC) burial. One avenue to examine this issue and gain
further insight into carbon cycling on river-dominated
continental margins is to document the effect of historical
changes in river water and sediment (mineral and POC)
input. In particular, anthropogenic effects such as drainage
basin land use changes and damming have had dramatic,
and sometimes opposing, impacts on suspended sediment
load in many rivers in the past 1 to 2 centuries. In this study
we examine the effects of declining Mississippi River (3rd
largest drainage basin on Earth) sediment discharge on
burial rates and carbon cycling on the adjacent Gulf of
Mexico continental margin. The timing and magnitude of
changes in suspended sediment load carried by the
Mississippi are relatively well-constrained over the last
~150 years [Keown et al., 1986; Kesel, 1988] and the
spatial geometry of the modern margin depocenter has been
defined [Corbett et al., 2006]. The Mississippi, like many
other river basins in the last half century, has also experi-
enced huge increases in dissolved nitrogen and phosphorous
flux associated with agricultural development and the use of
artificial fertilizers that fuels coastal eutrophication. The
present study examines the interplay between these two
influences on the bulk carbon signal.

2. Materials and Methods

[3] Field and laboratory methods are outlined in the
auxiliary materials and methods section.'

3. Mineral and Carbon Burial Rates

[4] Box and gravity cores from two (of 7) sites (95 m,
Mid at 50m) along shelf transects adjacent to the main
Southwest Pass distributary of the Mississippi deltaic mouth
(Figure 1) exhibit a sharp decrease in exponential decay rate
with depth (Figure 2 and Table 1) of the particle-reactive
radiotracer >'°Pb (T, = 22.3 yr). We interpret this as a
decline in mass accumulation rate (MAR in g/cm*/yr) of
235 and 273% at the two sites. The linear regression age
model for these two sites, which are at an intermediate

'Auxiliary materials are available in the HTML. doi:10.1029/
2006GL028362.
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