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part of a multidisciplinary study to investigate the fate ofs
iogeochemical materials (biogenic silica, carbon, and

nitrogen), the validity of one-dimensional particle sinking
models has been investigated. Measurements of biological
uptake were made in surface waters, particles sinking vertical-
ly were collected in sediment traps, and the particles reaching
the seabed were sampled by coring. Quantitative and qualita-
tive differences between the material collected at the various
locations has been used to evaluate the processes affecting its
fate. A particular concern has been that productivity in surface
waters may have little relevance to material at depth in the
water column or seabed, due to lateral advection by currents.

To investigate particle advection, instrumented moorings
were placed at three sites in the Ross Sea, and they collected
data for 1-year periods during 2 consecutive years
(1990-1992). Each mooring contained current meters and
transmissometers mounted 35 meters (rn) above the seabed
and current meters mounted 240 m below the water surface
(in water depths of 500-800 m). Sediment traps also were
mounted on the moorings, and associated water-column pro-
filing was done from ships during austral summers. Samples
from the ships and in the traps provided information about
particle size and settling velocity.

Current-meter observations indicated a significant tidal
component at all three sites. Particles settling through the
water column, however, would be affected by velocities aver.-
aged over time scales of several days to weeks (see next para-
graph regarding settling velocities). The lateral velocities
observed by the current meters ranged from 1.5 to 15 kilome-
ters per day (km d-'). At all three sites, speed and direction of
currents varied significantly with water depth, indicating a
shear in the water column (figure 1).

Generally, suspended-sediment concentrations meas-
ured by transmissometers were low [less than 0.5 milligrams
per liter (mg L')], but significant masses of material were col-
lected in the sediment traps (Dunbar and Leventer 1994),
indicating that sediment transport was primarily as large par-
ticles sinking vertically. Most of the material moving vertically
was biogenic in origin (for example, diatom frustules, fecal
pellets). The settling velocities for these particles range from 1
to 300 m d-' (Dunbar and Leventer 1994), requiring days to
months for particles to settle to the seabed if not advected off-
shelf.

To test the validity of one-dimensional particle sinking, a
computer model was developed using moored current-meter
data and particle-settling velocities. For the model, the water
column was divided into two vertical zones, because of shear
indicated by current-meter records. The two zones were

100-500 m and 500-800 m, with the boundary being roughly
the midpoint between the upper and lower instruments at the
three sites. Particles supplied from the surface were assumed
to originate at the bottom of the mixed layer (100 m thick) and
settle to a smooth bottom. For each time step (1 hour), a cur-
rent field was linearly interpolated from the moored current
meters (figure 1). Because of the large distances between
moorings and the irregularity of the natural bathymetry, how-
ever, the greatest accuracy is near the three moorings. The
model is run until the particle leaves the current field or inter-
sects the bottom. If a particle leaves the field, a mean of the last
day's velocity is used to resolve its final depositional location.

The results of the model strongly reflect the varying water
velocities at the three moorings. Particles at mooring A were
subject to the lowest velocities, resulting in deposition nearby
(figure 2). Stronger currents at both moorings B and C result-
ed in off-shelf transport of surface material (figure 3). The
magnitude and direction of the particle trajectories were also
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Figure 1. Interpolated mean currents based on field measurements
made from January 1990 to January 1991. (cm/s denotes centimeters
per second.)
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Figure 3. Model-estimated trajectories and depositional locations for three
different particle sizes during four different periods, mooring C. (m/d
denotes meters per day.)
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Figure 2. Model-estimated trajectories and depositional locations for three
different particle sizes during two different periods, mooring A. (m/d denotes
meters per day.)

seasonally dependent at all moorings (fig-
ures 2 and 3). The model results reflect the
nature of sediment accumulation at the
mooring locations. Ledford-Hoffman,
DeMaster, and Nittrouer (1986) found the
highest silica accumulation rates within
the Ross Sea in the southwestern area near
mooring A, reflecting the lack of significant
particle removal. The slow sediment accu-
mulation in the northwestern Ross Sea
near mooring C (DeMaster et al. 1992) is
supported by model results showing rapid
transport of particles offshelf.

Additional work is being undertaken
by running the transport model in reverse
to determine possible origins of particles
found at the seabed. An additional layer,
0-100 m, also will be incorporated to trace
a particle while near the surface.
Geostrophic currents in this layer will be
evaluated from conductivity-temperature-
depth transects taken during the mooring
deployments. The results are being inte-
grated with the other studies to provide
insight into the fate of biogeochemical
materials.
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