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Abstract. Submarine landslides always occur along gently inclined continental slopes, but the reasons for
such failure of low-angle submarine slopes are unclear and contentious. A short discussion is presented here
to some recent published papers including some inspirations about the low-angle failure of submarine slopes.
Because fluid overpressure could lead to steepening slopes before landslide, the inclination of the slopes at
failure may be underestimated. We offer a new perspective on low-angle failure of low-permeability slopes.

1 Introduction 100
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Hance (2003) [1] developed a database of submarine " //

landslides on published literature and 399 submarine
landslides in this database are cataloged with slope angle
data. The results (Figure 1) show that the 3 to 4 degree
slope angle interval has the highest frequency of
submarine landslide and that the minimum is 0.22 degree.
About 85 percent of these submarine landslides occurred
on seafloor slopes flatter than about 10 degrees (Figure
2). Such flat slope angles are much less than for most
subaerial landslides. Submarine landslides always occur
along gently inclined continental slopes, but the reasons 0 s w0 15 20 25 3 3 40 45
for such failure of low-angle submarine slopes are Average Slope Angle at Failure, B (deg)

unclear and contentious.
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gas hydrate dissociation was simulated by aeration in

Fig. 1. Frequency density distribution of the average angle of their experiments. Based on the experimental

the slope at failure for the seafloor slope failures[1].
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phenomena, they found some interesting results for the
pockmark formation. Though their physical model tests
were specifically designed for use in pockmarks, the
experimental phenomena (Figure 3) would help to solve
unsettled questions about the failure of low-angle
submarine slopes. Inspired by Yan et al. (2020) [2] and
some recent results, we present the possible reasons for
such failure of low-angle submarine slopes.

Fig. 3. The experimental phenomena in Yan et al. (2020)

Figure 3 shows that a cavity forms along the interface
between the overlying and underlying layers due to
aeration. Meanwhile, the clay overlying layer gradually
arches upward. Then, pockmark forms after gas
eruptions. Such seafloor deformation evolution has been
proven by the founding of a cluster of kilometer-wide

pockmarks and domes, as well as methane expulsion, in
the Barents Sea floor[3]. In Figure 4, Andreassen et al.
(2017) [4] proposed a conceptual model that links the
domes and pockmarks. Build up of overpressurized gas
below the gas hydrate zone leads to formation of a gas
hydrate pingo (dome). After gas eruptions, the craters
(pockmark) forms. Both the experimental and field
results show fluid overpressure leads to steepening
slopes before pockmark formation.
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Fig. 4. The conceptual model for pockmark formation in the
northern Barents [4]

If the original seafloor in Figure 3 or Figure 4 was
inclined at an angle (e.g. 5°), the final negative landform
could be regarded as a symbol of submarine landslide in
a certain sense. Then the angle of submarine slope at
failure is estimated as 5° based on the current method.
Because overpressure leads to steepening slopes before
landslide, the angle at failure is bigger than 5°. Once the
landslide is initiated, the trapped fluid leaks into
seawater and the overpressure dissipates. As a result, the
steepening slope forms negative landform. The
subsequent field survey cannot identify previously
tumefied seafloor and steepening slopes. Finally, the

inclination of the slopes at failure may be underestimated.

Just like Yan et al. (2020) [2], the most recent physical
model tests also show the steepening slope due to
overpressure [5-6].

Fig. 5. The experimental phenomena in Nian et al. (2020) [5]

As is shown in Figure 6 or Figure 7, seafloor slope
angles evolve over time, and the corresponding
landforms become more complex. If ignoring the
seafloor deformation evolution before slope failure, the
inclination of these slopes at failure may be
underestimated.
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Fig. 6. The slope angle evolution in Nian et al. (2020) [5]
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Fig. 7. The slope angle evolution in Zhu et al. (2020) [6]
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3 Conclusions

Based on Yan et al. (2020) [2] and some recent results[4-
6], we propose a new perspective on such low-angle
failure of submarine slopes (Figure 8, taking hydrate
dissociation for example). If the sediments are fine-
grained and have a low permeability, excess pore
pressures would be generated and act as a loading
mechanism on the overlying soil slope. The angle of
submarine slope at failure would be underestimated,
especially among those with overpressure under low-
permeability overlying layer.

(@]

Fig. 8. Overpressure, steepening slope and submarine landslide
during hydrate dissociation (Zhu et al., 2020)[6]

Not all the inclinations of the slopes at failure are
underestimated; however, the possibility of angle
underestimation cannot be ruled out. Because fluid
overpressure leads to steepening slopes before landslide,
the inclination of the slopes at failure may be
underestimated. We offer a new perspective on low-
angle failure of low-permeability slopes.
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