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Table 1 Statistics from large submarine landslides

i RER S R X JEAT T /km® HBYkm? SCHk
1 The Sahara Slide AR PE TR 48 000 600 Georgiopoulou et al.,2010; Li et al.,2017
2 The Storegga Slide PG JL i 2% 35000 3500 Bondevik et al.,2005 ; Haflidason et al., 2005
3 [EFaS-¢7 ] R AR I A 13 000 1035 Li et al.,2014;Sun et al.,2018a
4 The Mafia mega-slide e 2 B A 11 600 2500 Stagna et al.,2023
5 The Ruatoria Debris Avalanche Deposit BE 22 B Pa LRl 7000 3100 Collot et al.,2001 ; Moore et al.,2023
6 The Brunei Slide I R A 2 2 U P 2% 5500 6500 Gee et al.,2007
7 The Gorgon Slide SN AL 2 S 1760 500 Nugraha et al.,2020a; Nugraha et al.,2022
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Fig.1 Three—dimensional (3D) distribution model of submarine landslides (modified from Bull et al., 2009)
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Fig.2  Topographic map of large-scale submarine landslides on the Sigsbee cliff, gulf of Mexico (modified from Williams, 2016)
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Table 2 Types of negative space associated with the top surface of a submarine landslide
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Fig.3 Seismic profile of the Gorgon slide on the northwest margin of Australia (modified from Nugraha et al., 2022)
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Fig.4 (a) Topographic map of the headwall tension fault system of the Storegga slide, northwest continental margin of Norway
(modified from Micallef et al., 2016); (b) seismic profile of the head tension fault system of a submarine landslide along the

northwest continental margin of Australia
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Fig.5 (a) Seismic frequency attribute map of the top surface of toe compression faults from the Haya slide on southern Makassar

Strait, Indonesia; (b) seismic profile of the toe compression faults of the Haya slide (modified from Nugraha et al., 2020b)
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Fig.6

(a) Topographic map of longitudinal shear zone of the Gorgon landslide, northwest margin of Australia;

(b) seismic profile of the longitudinal shear zone of the Gorgon landslide (modified from Nugraha et al., 2020a)
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Fig.7 (a) 3D topographic map of the blocky area of a submarine landslide in Taranaki Basin, New Zealand;

(b) seismic profile of the blocky area of the submarine landslide from (a)
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Fig.8 (a) Evacuation zone of a submarine landslide in the northern Santos Basin, southeast Brazil, which provides a large accommo-

dation for subsequent turbidity sediment; (b) evacuation zone increases the transport rate of subsequent turbidity sediment, and the

fore-prograde complex develops a typical descending migration trajectory (modified from Buso et al., 2024)
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Fig.9 Schematic diagram of the Mafia Slide evacuation zone controlling turbidity channel system in the Somalia Basin, Tanzania

(modified from Stagna et al.,2023)
(a) pre-slide turhidity channel system; (b) landslide failure forming evacuation zone; (c) post-slide turbidity channel system
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Fig.10  Pooling of turbidity currents in the submarine landslide evacuation zone of Espirito Santo Basin (SE Brazil)

(modified from Qin et al.,2017)

(a) the negative accommodation of the evacuation zone makes it a priority catchment area; (b) the evacuation zone catches subsequent unrestricted turbidity currents and

turbidity channel A; (c) the sidewall fault of the landslide resisted turbidity channels 1 and 2; (d) formation of larger turbidity channel 3 in landslide scrap; D1, D2, D5,

and D6 indicate salt diapirs
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fault manifests as a significant steep slope on the profile; (c, d) schematic diagram illustrating the interaction between Dense Shelf

Water Cascade (DSWC) and the headwall fault of submarine landslide (modified from Wu et al. , 2024)
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Fig.12  (a) Series of step-shaped headwall faults (No. 1, 2, 3, 4 and 5) developed in submarine landslide in the Otway Basin, south-

east Australia; (b) the headwall faults of the submarine landslide are characterized by multi-steps steep slope in

cross-section; (c) the headwall faults of the submarine landslide empower the turbidity channel through continuous terrain

declines; thus, the confluence of turbidity channels 1, 2, and 3 forms a turbidity channel system with significantly increased width

and depth (modified from Wu et al. , 2022)
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water Taranaki Basin in western New Zealand, turbidity chan-

(a) In the submarine landslide blocky area of the deep-

nels are bifurcate around the blocks; (b) the turbidity channel
preferentially flows through the low-lying side of the block
(modified from Bull et al. , 2020)
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Fig.14  (a) Topographic map of submarine landslide top surface in Espirito Santo Basin, southeast Brazil; (b) the relatively
isolated negative accommodation of the top surface associated with the blocks in the submarine landslide can be used as the deposi-
tional centers of subsequent turbidity currents; (c) the well-connected negative accommodation of the top surface associated with the

internal blocks of submarine landslides can be used as preferential channel for subsequent turbidity currents

(modified from Ward et al., 2018)
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Fig.15 Model of interaction between turbidity channel and submarine landslide block in the Magdalena fan of
the Caribbean Sea, northern Colombia (modified from Ortiz-Karpf et al., 2015)
(a) bathymetric protrusions and the associated negative accommodations are formed on the top surface by blocks; (b) mud-rich levee deposits collapse along the sharp side edge of

the block, and form channel avulsion; (¢) sand-rich turbidity sediment enter the negative accommodation formed by the collapsed levee and form the avulsion lobe
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Fig.16  (a) Seismic stratigraphic framework of upper slope of Lower Congo Basin, offshore Angola; (b) SU2 sedimentary thickness

map, showing a large negative accommodation (red region in the eastern of figure) on the top surface of the submarine landslide

fault system and megaclasts; (b) SU3 sedimentary thickness map with a series of subcircular depositional centers (blue region in

the eastern of the figure); (¢c) SU4 sedimentary thickness map,

reduction in the number and area of sedimentary centers

(blue region in the southeast of the figure) (modified from Olafiranye et al., 2013)
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Top Surface Geomorphology of Submarine Landslides and Its Impact
on Turbidity Currents
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Abstract: [Objective ] The catastrophic failure of large submarine landslides can result in the deformation and de-
struction of thousands of square kilometers of seafloor, transporting hundreds to thousands of cubic kilometers of sub-
marine sediments. This process dramatically reconstructs the seafloor topography of the continental shelf-slope region
and has a profound impact on subsequent submarine sedimentation processes.[ Methods ] The topographic features of
different large submarine landslides were qualitatively described using multibeam bathymetric and seismic reflection
data, and the key geometric parameters of the submarine landslide top surface, such as area and volume, were quan-
titatively characterized. Based on the scale, morphological features, and formation mechanisms of the associated re-
liefs on the submarine landslide top surface, these landslides were separated into three categories: head evacuation
zone, locally negative accommodation associated with internal fault systems, and locally negative accommodation as-
sociated with internal deformation blocks. The mechanisms of the three types of negative accommodation on the subse-
quent turbidity current system are then discussed separately.[ Results] Firstly, the head evacuation zone is typically
associated with hundreds to thousands of square kilometers of negative accommodation, which acts as a "funnel" dur-
ing sediment transport along the continental margin, effectively capturing and concentrating subsequent turbidity cur-
rents while enhancing the transport efficiency of gravel and coarse sand and playing a crucial role in the accumulation
of marine organic matter. Secondly, the striped negative accommodation associated with internal fault systems and the
irregular negative accommodation associated with internal deformation blocks can regulate the sedimentation dynam-
ics of subsequent turbidity currents, such as constraining flow direction, enhancing erosion intensity, and forcing
channels to avulse. Finally, the negative accommodations associated with the submarine landslide top surface may
produce synergistic effects, influencing the sediment filling and evolution of sedimentary basins and the distribution
of sedimentary centers over millions of years.[ Conclusions] The investigation of the morphological characteristics of
submarine landslide top surfaces and their controlling effects on the subsequent turbidity currents sedimentary dynam-
ic process can provide key geological information for clarifying the transport process of marginal sediments, identify-
ing the distribution of sand-rich reservoirs in deep-sea sedimentary basins, and predicting the development range of
catastrophic turbidity currents.
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