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Supplementary Note 1: Forces that influence the experiment
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Fig. S1. Forces and currents that influence the experiments.

1. The rotation of the current leads to a superelevated surfacel. In the natural environment, the
Earth’s rotation causing the Coriolis effect has a similar effect on the current?. The circular
current in the flume tank has a higher speed away from the vortex center and becomes zero
in the center of the vortex. Thus the current speed is higher near the slope and decreases
over the terrace.

2. The superelevated surface causes an inward directed pressure gradient. The depth decreases
above the slope and thus, the centrifugated and thinned water mass needs to increase its
velocity in order to preserve centrifugal vorticity. Thus, the centripetal pressure gradient
depends on the slope angle and current speed.

3. This centripetal pressure gradient is barotropic (constant in depth), but the velocity
decreases towards the bed due to bed friction?.

4. The slow flowing particles near the bed are accelerated inwards, while the fast flowing
particles higher up in the water column are flowing outwards, resulting in a secondary flow
near the bottom.

5. Conservation of volume is achieved by the downward and upward water exchanges between
the lateral flows.



Supplementary Information to Wilckens et al., 2023

Supplementary Note 2: Sediment dynamics

The experiments were conducted with walnut shells with a grain size range of 200 — 450 pum
and a density of 1350 kg/m®. We used walnut shells due to their lower density compared to
siliciclastic sediment. This allows the transport of walnut shells at lower velocities than
siliciclastic sediment with the same grain size (Table S1). The bottom shear stress or bed shear
stress 1 to erode sediment depends on the velocity?®:

T = peu? (1)

with seawater density p; = 1000 kg/m? and friction velocity u,. The friction velocity can be
calculated assuming a logarithmic relation between the friction velocity and the variation of
velocity with height, a von Karméan constant k = 0.4 and z, = 0.0035 m as bottom roughness
length*:

In - (2)

where z = 20 cm is the distance from the bottom where the current velocity u(z) is measured.
Sediment motion can be initiated when the maximum Shield parameter is higher than the critical
bottom shear stresses®:
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with sediment density pg= 2650 kg/m? for silt and 1350 kg/m?® for walnut shells, diameter d,
dimensionless grain sizer D, and gravitational acceleration of g = 9.81 m/s. Dimensionless grain

size D, is calculated with:
1
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where n = 1.0526 10 kg/m*s is the viscosity of water at 18°C. For the 11 cm/s, 16 cm/s and
18 cml/s current, the Shield parameter is 0.11, 0.22 and 0.28, respectively. According to the
critical Shield parameter for motion initiation®, the bottom shear stresses reach critical shear
stresses (0.19 N/m? for silt and 0.05 N/m? for walnut shell) for the silt (sediment grain sizes
d =20 um) and walnut shells (sediment grain sizes d = 325 um) with a current velocity over
8 cm/s (measured 20 cm above the seafloor). Thus, we are using the walnut shell as an analog
for silt because they are transported as bedload with similar speeds. The advantage of the coarse
walnut shell over the fine silt is that it settles faster because according to Stokes' law the grain
size goes into the settling velocity quadratic and the density only linear. This allows us to run
the experiments in a smaller setup. The settling velocity is calculated with Stoke’s law:
bs — pfdz

W = 187 g (5)
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For silt with a diameter d = 20 um and a density p =
2650 kg/m? the settling velocity is only 0.034 cm/s. For
walnut shells with a diameter d = 325 um and a density
ps = 1350 kg/m® the settling velocity is 1.914 cm/s.
Stoke’s law assumes spherical particles and the walnut
shells are only roughly spherical (Fig. S2). Thus the
calculation only gives a very rough estimate of the

Fig. S2. Microscope photo of settling velocity.
crushed walnut shells.

Table S1: Summary of calculated sediment dynamics parameters.

Current velocity | Current velocity Current velocity
11lcm/s 16cm/s 18cm/s
Sediment settling velocity (ws) | 1.9 cm/s 1.9 cm/s 1.9 cm/s
Friction velocity or flow shear | 1.1 cm/s 1.6 cm/s 1.8 cm/s
velocity (u,)
Shields Parameter or non- 0.11 0.22 0.28
dimensional bed shear stress
Critical threshold 0.05 0.05 0.05

With d50 = 325 pm, density 1000 kg/m? for water and 1350 kg/m? for walnut shell.

Supplementary Note 3: Comparison of the natural environment and flume

tank moat-drift systems

The parameters of the moat-drift system in the flume tank are in a comparable order as those
from the natural system. However, they are more similar to the maximum slope angle, aspect
ratio and drift angle. These higher slope angles are found around topographic obstacles like
seamounts®. But also at continental sedimentary margins, slope angles of 15° have been
measured.

Table S2: Comparison of the natural environment and flume tank moat-drift systems.
Values for the natural environment are taken from®

Slope angle [°] Moat aspect ratio Drift angle [°]
Flume tank | Ocean Flume tank | Ocean Flume tank | Ocean
Minimum 18 0.3 0.02 0.001 4 0.2
Average 22 6 0.06 0.022 94 3
Maximum 26 25 0.09 0.1 15 17
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