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ABSTRACT 

Submarine landslides can be triggered by several processes and involve a variety of 
mechanisms. These phenomena are important sediment transport processes but also constitute a 
significant geohazard. Mapping of the southwestern Caribbean Sea using 3D seismic data has 
allowed the identification of several submarine landslides in the Colombian Margin in the area 
dominated by the Southern Sinú Fold Belt (SSFB). A post-tack depth-migrated seismic cube 
survey with a 12.5 m by 12.5 m bin spacing was used to identify landslides in an area covering 
5746 km2. Landslides were interpreted using: a seafloor morphologic parameter identification 
process; and the internal deformation of the slope forming material, as seen from seismic data. A 
total of 93 landslides were identified and classified based on their movement styles, as follows: 52 
rotational, 29 translational, and 12 complex landslides. In addition, 12 distinct deformational 
zones, and a zone of Mass Transport Complex (MTCs) were identified. Five different ground 
condition terrain were interpreted based on landslides type and distribution as well as in geological 
structures and seismic reflection analysis. Two main processes seem to influence landslides in the 
study area. First, the folding and faulting involved in the Southern Sinú Fold Belt (SSFB) 
evolution. This process results in oversteepened  slopes that starts as deformational zones and then 
fail as translational or rotational slides. Those individual landslides progressively become complex 
landslides zones that follow geological structural orientation. Second, the continental shelf break 
erosion by debris flows which fill in intra-slope subbasins and continental rise with several MTCs. 
According to the results, risk of damage by landslides increases in distances shorter than 4 km 
along structural ridges foothills in the whole study zone. 

INTRODUCTION 

Submarine and terrestrial landslides are mass movements occurring downslope due to a 
mechanical failure (Cruden and Varnes, 1996). Undersea, these phenomena play an important role 
shaping morphological features and transporting sediment on continental margins (McAdoo et al., 
2000; Masson et al., 2006). They are also important trigger mechanisms for tsunamis and 
avalanche generation (Nadim et al., 2006; Vanneste et al., 2013; Leslie and Mann, 2016; 
Heidarzadeh et al., 2019).  

The usual definition of landslide i.e. downward and outward movements of soil, rock or 
some combination of the two, which has clearly defined boundaries at top, bottom, sides and base, 
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can be enlarged for the submarine environment. In the marine environment, landslides classes 
include whether landslides are frontally constrained (namely the slide mass still sits at least 
partially within its boundaries) or frontally unconstrained (the sliding mass has completely vacated 
the landslide scar). A variety of classifications exist for subaerial and submarine landslides 
(Shanmugam and Wang, 2015). This study adopted the classification suggested by Cruden and 
Varnes, (1996) in which landslides processes include translational landslides, rotational landslides, 
and debris flows. Mass Transport Complex (MTCs) is used to describe deposits where the 
mechanism of emplacement is unclear (Moscardelli et al., 2006; Moscardelli and Wood, 2016).  
Additionally, the term Deformational zone is utilized to refer to potential landslide zones where a 
mass movement is ongoing, but where boundaries cannot be clearly defined and where there are 
no fully formed shear surfaces.  

Submarine landslides and MTCs have been studied worldwide in different geological 
settings (Hampton et al., 1996; McAdoo et al., 2000; Green and Uken, 2008; He et al., 2014; 
Lamarche et al., 2016; Shanmugam, 2016).  Consequences of submarine landslides can be 
significant in terms of loss of life (Tappin et al., 2001), damage to coastal infrastructure (Carter et 
al., 2012) and for the Oil and Gas industry where the costs can reach about US$ 400 million 
annually (Lamarche et al., 2016).  

In the Colombian Caribbean margin, research has been focused on landslide processes and 
MTCs mainly associated with the Magdalena fan (Romero-Otero, 2009; Ortiz-Karpf et al., 2017; 
Idárraga-García et al., 2019). Research has also highlighted the significance of submarine 
landslides as geohazards for offshore infrastructure (Alfaro and Holz, 2014a; Leslie and Mann, 
2016). However, research has addressed the geomorphological characterization of the sea floor in 
detail in order to identify potential submarine slopes instabilities. In this document the 
geomorphological mapping of landslides using high resolution 3D Seismic survey is described as 
are the descriptive statistics of those landslides. Geophysical data are used to identify both 
geomorphological features on seafloor and sub-surface internal pattern to define both the landslide 
morphology and deformation characteristics. This combination of observations has allowed the 
expected type and average size of future landslides in the study zone to be inferred and gives 
insights for landslides generation processes in the Colombian Caribbean margin. 

 

Regional setting 

The study area (Figure 1) is located in the south west of the South Caribbean Deformed 
Belt (SCDB), in a zone dominated by the Southern Sinú Fold Belt (SSFB) (Martinez et al., 2015) 
which is classified as an Accretionary Prism (Ruiz et al., 2000; Bernal-Olaya et al., 2015)  and 
extends from the Urabá Gulf, in the South, to the Santa Marta Offshore region in the North (Flinch 
et al., 2003).The SCDB is the product of the obliquely collision between the Caribbean plate and 
the North Andes Plate (Pindell, 1994; Martinez et al., 2015).  The Caribbean plate moves easterly 
and is subducted beneath the North Andes plate (Pindell, 1994; Symithe et al., 2015). This creates 
a stress field in the Southwest Caribbean resulting in a strike-slip faulting as well as compressional 
zones (Bird, 2003; Rodríguez et al., 2021). Moreover, the southern part of the study area is also 
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affected by the North-eastern Panama plate movement, which is forming the Panama Fold Belt 
(PFB) (Alfaro and Holz, 2014a) and the Uramita fault (Figure 1).  

Data collection and analysis 

The area under investigation covers a significant range of bathymetry and different 
geomorphological settings, i.e. from continental slope to continental rise. Intra-slope subbasins 
and structural ridges are most representative morphology in continental slope while MTCs, 
canyons and abandoned channel systems cover the continental rise (Rincón et al, 2021). The 
primary data used in this investigation was a post-tack depth-migrated seismic cube survey 
(PSDM) which covers an area of 5,743 km2. Sample rate was 2 milliseconds (ms) and the recording 
length was 15,000 ms with a receiver interval of 12.5m. Seismic cube has a bin spacing of 12.5 m 
by 12.5 m.  

 

Figure 1. a) Topographic and Bathymetric map of the Northwest of Colombia showing the study zone (red polygon) and main geological features 

(Rincón et al, 2021). The South Caribbean Deformed Belt is locally divided in the North Sinú Fold Belt (NSFB), Magdalena Fan River (MFR) and 

the South Sinú Fold Belt (SSFB) (Martinez et al., 2015). It is also included the Panama Fold Belt location (PFB) (Alfaro and Holz, 2014a) The 

Golf of Morrosquillo (MG) and the Urabá Golf (UG).  b) The red box shows the location of the enlarged information in panel A. Modified from 

Rincón et al, (2021) 
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First step for identifying submarine landslides on the study area was to obtain the sea floor 
surface based on the seismic cube. To accomplish this purpose, the first strong reflector was 
followed to generate a continuous surface. Then, seismic reflection changes on amplitude, dip and 
continuity as well as geomorphological features were used to identify landslides (Shanmugam and 
Wang, 2015; Shanmugam, 2016). The main characteristics that were used for slide identification 
were: the crown, significant scarps and the geometry of the displaced mass as outlined by He et 
al., (2014). Somewhat more challenging were features which had the geometry of landslides but 
the body of the landslide was absent indicating that the slide mass had vacated the landslide scar.  

Types of Landslides were defined based on its kinematics (Cruden and Varnes, 1996). 
Thus:  

1) Transitional slides, i.e. planar failure surface, for example along a planar bedding planes. 
2) Rotational slides characterized by circular slip surfaces and internal deformation. 3) Complex 
landslides in which a lateral or vertical superposition of more than one slide masses with different 
movement mechanisms were identified.  

TERRAIN CLASSIFICATION AND LANDSLIDE IDENTIFICATION  

On the basis of seafloor geomorphology, seismic reflection features and landslide 
occurrence, it was possible to define five terrain types (Figure 2a) with characteristics as 
summarises in Table 1. 

Landslides  

In total were identified 93 landslides, 12 deformational zones, and a zone controlled by 
Mass Transport Complexes (MTCs) besides several mud volcanos (Figure 3). Features were 
grouped in 52 rotational, 29 translational, and 12 complex landslides. This research took into 
account quantitative morphological parameters suggested by Clare et al., (2018) which include: 
total landslide length (Lt), scar perimeter length (Ls), scar width (Ws), total height drop (Ht), slope 
gradient (S), slope gradient of the heads carp (Ss), area and volume (Figure 4b-d). 

Rotational slides.  

Rotational slides are characterized by a circular slip surface which cut continuous seismic 
reflections from unaltered material. Highly-deformed, semi continuous to discontinuous seismic 
facies can be observed within displaced mass.  Most of the rotational slides identified are located 
on oversteepened slopes associated with imbricated thrusts and reverse faults. Figure 4 shows an 
example which is influenced by a Northeast - Southwest strike-slip fault and by a structural ridge 
which confine its displaced mass obliquely to the crown. Its horizontal extent (Lt) is 12.5 km and 
5.92 km scarp width. In general, minimum area covering rotational landslides is 0.24 km2 while 
maximum area is 52 km2. However, in 30 of the 52 rotational slides was not possible to estimate 
this parameter since the displaced mass was vacate.  
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Table 1. Summary of terrain type characteristics. 

Terrain 

Unit 

Name Seismic characteristics Geomorphological characteristics Landslide data 

T1 Magdalena fan 

deposits (MFD) 

Characterized by flat-

lying high-amplitude 

continuous coherent 

seismic reflections. 

Slope angle in this zone is normally 

less than 2 degrees and dominated by 

sedimentation by gravity. The buried 

channels in section without evidence 

of surface erosion.(Figure 2b) 

 

No evidence of landslides 

on this terrain unit. 

T2 Colombian basin, 

domain of MTCs (CB-

MTCs). 

Sub-horizontal low-

amplitude to steeply-

dipping chaotic 

reflections.  

Interplate zone showing little or no 

evidence of compressional tectonics. 

Superposition of mass transport 

deposits is evident. (Figure 2c) 

Only evidence of the 

deposits of landslide activity 

generated from zone 3. 

Occasional large blocks can 

emerge from MTCs and be 

carried into Zone 1. 

 

T3 Southern Sinú Fold 

Belt (SSFB) 

Parallel continuous to 

discontinuous high 

amplitude reflections  

Seafloor surface is characterized by 

imbricated folds and high angle 

reverse faulting which allow the 

filled of several intra-slope basins. 

(Figure 2d) 

 

The majority of landslides 

observed occur in this area. 

The oversteepening caused 

by reverse faulting is a 

significant trigger. 

T4 Urabá basin – domain 

of MTCs (UB-MTCs) 

Oblique to discontinuous 

low amplitude reflectors  

Smooth bathymetry with 

development of gullies and canyons 

and mud volcanos. Subsurface 

characterized by folds and high angle 

reverse faulting (Figure 2e) 

 

Rotational Landslide and 

slide scar are observed on 

canyon wall  

T5 Southern Sinú Fold 

Belt (SSFB) – domain 

of MTCs (SSFB-

MTCs) 

Sub-horizontal low-

amplitude chaotic 

reflections  

Seafloor surface presents hummocky 

morphology. Subsurface 

characterized by overfilled intra-

slopes basins. 

(Figure 2f) 

Debris flows scars are main 

landslides observed on 

seafloor surfaces. 

Translational slides.  

Translational landslides are characterized by a largely planar-failure surface on which 
displaced mass moves. In the study zone, landslides of this type are associated with structural ridge 
limbs (Figure 5). Either thin masses were present or the displaced masses had vacated the landslide 
boundaries, therefore, it was impossible to estimate total length distance (Lt) and other 
morphometric parameters depending on displaced mass on 20 of the 29 landslides. For those 
landslides which allowed measurements, the minimum area covering was 0.38km2 while the 
maximum area was 10.87 km2.   Minimum and maximum total length (Lt) observed was 0.65 km 
and 1.92 km respectively.   

Complex Landslides.  

Complex landslides are formed by superposition of lateral or vertical landslides (Hampton 
et al., 1996; He et al., 2014) and can involve one or both translational and rotational kinematics. 
In the study area they are associated with regional reverse faulting. Seismic facies vary from lightly 
disturbed reflections to highly bonded discontinuous reflections (Figure 6). Maximum estimated 
area was 209 km2 and volume of 108 km3. 

Deformational zone.  
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Deformational zones are characterized by discontinuous parallel seismic reflections with 
low to moderate amplitude, which are seen to be affected by normal faulting with small offsets 
(Figure 7). These zones are located mainly on structural ridge limbs and are associated with 
landslides scarp perimeters. The normal faults evident in this zone do not extend the full depth of 
the seismic section and tend to terminate against clear reflectors. It seems likely that these are 
progressive slide blocks which have not yet developed into large scale failures of the submarine 
slope. This, to some extent, would fit the geographic relationship between slide scars and scarps. 

 

Figure 2. Terrain types. a)  Distribution Plan view of the five terrain types. b)  Time slide of variance seismic attribute showing abandoned 

gullies and channels as main morphological characteristic of terrain type T1, white color means low variance (flat reflectors) whereas red 

color means high variance on seismic signal. c) Seismic section showing Mass Transport Complex (MTC) on Terrain type T2. Low amplitude 

and semi-continuous reflections are a characteristic of syndepositional trusts on foot region. Blue line represents seafloor.  d) Overstepped 

slopes that fail and fill intra-slope basin in terrain type T3.  e) Terrain type T4, lime and amber lines represent faults related to the Uramita 

fault system. f) Terrain type T5 green line represents the base of an intra-slope basin which is filled by MTCs characterized by low amplitude 

and semi-continuous reflections. 

Mass Transport Complexes (MTC).  

Mass transport complexes are deposits of multiple, potentially large, landslides whose scars 
are unidentified. They present as inter-bedded packages filling intra-slopes basins in terrain type 
T3 and as the main sedimentation process in terrain type T2 and T5. Figure 8 presents the largest 
MTC observed in the study zone, it is 64 km horizontal length, 12 km width, maximum deposit 
thickness of 0.6 km covering an area of nearly 700 km2 and a volume of 51 km3. Its basal surface 
is irregular and presents scours northeast oriented and erosive boundaries. This large MTC induces 
pressure ridges on seafloor perpendicular to its movement direction.  
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Figure 3. Geographic distribution of submarine landslides in the study zone. Yellow areas represent Mass Transport Complex (MTC). Blue areas 

represent complex landslides, red areas represent translational slides, magenta areas represent rotational slides, orange areas represent 

Deformational zones, and purple areas represent mud volcanos.  T1 to T5 represent terrain types and long dashed black lines show the location of  

Figures 4 to 8. 

 

Figure 4. Rotational landslide. a) Tridimensional view of seafloor surface without interpretation.  b)Tridimensional view of a rotational landslide 

(RS5 in Appendix 1) showing morphological characteristics on seafloor like megaclasts, slide crown and slide contour. This panel also show the 

Scar perimeter length (Ls), scar width (Ws) and slope gradient. (S) in a typical landslide.  c) Seismic section without interpretation. d) Seismic 

section showing main landslide characteristics like failure plane (glide), Displaced mass internal deformation (Copper area), megaclasts food region, 

total length (Lt), total height drop (Ht) and slope gradient of the heads carp (Ss). Modified from Rincón et al, (2021) 
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Figure 5. Translational slides. a) Tridimensional view of seafloor surface without interpretation. b) Tridimensional view of a translational slide 

highlighting slide contour, direction of movement and Scarp contour. c) Seismic section without interpretation. d) Seismic section showing landslide 

displaced mass (Copper area) planar glide that moves parallel to bending planes and displaced mass internal deformation. Modified from Rincón 

et al, (2021) 

 

Figure 6. Complex Landslide. a) Tridimensional view of seafloor surface without interpretation. b) Tridimensional view of a Complex landslide 

where multiple slide crown, foot region and slide contour are showed. c) Seismic section without interpretation. d) Seismic section of the complex 

landslide. Copper colored area highlights displaced mass on main glide. Foot region is characterized by folding and reverse faulting as a result of 

the lateral movement. Unaltered region presents parallel and continuous seismic reflectors at the right side of the landslide. Modified from Rincón 

et al, (2021) 
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Figure 7.  Deformational zone. a) Tridimensional view of seafloor surface without interpretation. b) Tridimensional view of a deformational 

zone showing terraces resulting of small drops by normal faulting (Jungle green dashed line). c) Seismic section without interpretation. d) Seismic 

section of the deformational zone highlighting, terraces and normal faulting. Reflectors discontinuity suggest lack of strength in the structural ridge 

limb which could trigger new landslides in the future. Modified from Rincón et al, (2021) 

 

 

Figure 8. MTC. a) Average dip attribute calculated 50m under seafloor highlights the MTC contour. b) Interpreted limits of the MTC in Cross 

section C-C’ showing low amplitude, semi-continuous reflections as a characteristic of syndepositional compression. Orange line represents the 

base of the main movement. Magenta line represents the top of the mass movement event.  
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Statistics of individual landslides 

Figure 9 shows a general view of landslides size. According to this, it is clear that complex 
landslides and MTCs are significantly larger than individual events, the formers involve tens of 
kilometers of scarp width and horizontal movement, while most of the individual events present 
less than 6 km of scarp width and horizontal movement less than 10 km.  “Appendix A” presents 
morphologic parameter measured for all landslides interpreted in the study zone. 

 

Figure 9. Plan view of landslide oriented toward movement direction. Yellow polygon represent a MTC, blue polygons represent complex 

landslides (CL), magenta polygons represent rotational slides (RS), and red polygons represent translational slides (TL). Horizontal movement – 

Total length (Lt) is graphed in vertical axe and scarp width (Ws) is represented on the horizontal axe of the figure.  

Figure 10 shows frequency histograms for main morphometric parameter of 31 individual 
landslides. Complex landslides and MTC zones were exclude from this analysis since they involve 
more than one slide event. Additionally, individual landslides in which displaced mass was vacate 
from de scar were also excluded. Maximum and minimum total  height drop (Ht) found was 1.18 
km, and 0.094 km respectively with a mean value of  0.4 km and a standard deviation of 0.240 km.  
Maximum total length (Lt) reached was 12.5 km in RS5 and the minimum value was 0.54 km in 
RS22. However, 93% of data (29 landslides) showed Lt less than 4 km. Maximum scarp width 
observed was 5.9 km and the minimum one was 0.37 km, 90% of the data (28 Slides) showed 
scarp width less than 2.4 km. Minimum and maximum Slope angle of head scarp (Ss) was 8 and 
44 degrees respectively, with an average of 26 degrees, while near to landslides, minimum and 
maximum non-failed slope angle (S) was 5 and 25 respectively. Minimum volume of individual 
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landslides was 0.004 km3 and maximum 8.54 km3, however 90% of the data was lower than 0.16 
km3.  

 

Figure 10. Frequency histogram of morphologic parameter for individual landslides. a) Total height drop (Lt). b) Slope angle of head scarp (Ss). 

c) Total length (Lt). d) Slope angle (S). e) Scarp width (Ws). f)  Scarp perimeter (Ls). g) Area. h) Volume.  
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Table 2. Shows correlation coefficient between landslides morphometric parameters. Good 
correlation is evident between Total length (Lt), Total height drop (Ht), Scarp width (Sw) and 
volume. Those relations has been documented worldwide (Hampton et al., 1996; McAdoo et al., 
2000; Green and Uken, 2008; He et al., 2014).  Correlation between Sw and Lt is certainly useful 
since it gives the possibility to estimate the maximum distance reached by new landslides through 
mapping possible crowns on deformational zones. 

Table 2. Correlation coefficient between landslides morphologic parameters. Ht - Total 
height drop. Lt -Total Length. Ws - Scarp width. Ls - Scarp perimeter length. Ss - Slope gradient 
of head scarp. S - Slope gradient. Vol - Volume. 

  Ht Lt Ws Ls Ss S Vol Area 

Ht 1,00               

Lt 0,74 1,00             

Ws 0,70 0,75 1,00           

Ls 0,66 0,85 0,83 1,00         

Ss 0,20 0,00 -0,01 -0,18 1,00       

S 0,02 0,18 0,08 0,12 -0,03 1,00     

Vol 0,68 0,82 0,79 0,71 0,02 0,20 1,00   

Area 0,75 0,94 0,85 0,85 -0,01 0,17 0,95 1,00 

 

DISCUSSION 

The distribution and characteristics of submarine landslides and MTCs in the study area 
show a clear association with ground condition, which in turn respond to the combination of 
tectonic deformation and sediment supply (Rincon et al., 2021). For this reason, our interpretation 
of the connection between subsurface conditions and observed landslides and MTCs is presented 
below. Similarly, main processes that we believe are controlling the occurrence of submarine 
landslides in this convergent margin zone are argued. This will contribute to understand submarine 
landslides generation in this type of geological environment. 

Relation between terrain types and Landslides 

In Terrain T1, the absence of observable landslides would suggest that this terrain type is 
a low landslide risk area. The slow slope angle in the bathymetry (<2°) is the result of the high rate 
of sediments supplied by the Magdalena River that feeds channel-levees, in the continental slope, 
and smooth the marine relief in the abyssal basin ( Flinch et al., 2003; Naranjo-Vesga et al., 2020).  

Terrain T2 is the result of two effects: the inter-plate tectonics associated to the collision 
along the North Andes plate and the Caribbean plate; high sedimentation rates supplied by mass 
transport events, originated in the continental shelf break. These events feed Mass Transport 
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Complexes (MTCs) that show hummocky appearance (Vanneste et al., 2013) and compressional 
ridges on seafloor. Rarely translational or rotational slides are present on surface except by those 
located near foothills which are originated in terrain type T3. 

Most of the landslides observed are located in the Terrain T3 (SSFB) which is the result of 
the collision between the North Andes continental plate and the Caribbean oceanic plate (Ruiz et 
al., 2000; Martinez et al., 2015; Rodríguez et al., 2021). Translational slides occur mainly in 
structural limbs where bedding dip concur with the seafloor slope (Figure 5). Whereas individual 
rotational slides seem to be present in two geological context. First, structural limbs where bedding 
dip is in opposite direction to the seafloor slope. Second, in canyon walls that cut geological 
structures both in T3 and T4. Complex landslides formed by the succession of lateral translational 
slides are present at the North part of the study zone and involves thin beds along structural limbs 
(CL3, CL6, CL7 in Figure 9). On the other hand, larger complex landslides, showing a rotational 
kinematics are associated with main structural ridges and faults that forms the SSFB. (Figure 3). 
They involve both recent sediments and compacted rocks exposed by reverse faulting. 
Consequently, coherent movement of rotational landslides are observed (Figure 6). 

Terrain T5 seabed is characterize by Mass Transport Complex (MTCs) which are 
interpreted as a result of multiple debris flows originated at the continental shelf break (Figure 1). 
The seabed scours reported by Alfaro and Holz, (2014a) and Rincon et al, (2021) allow us to infer 
that debris flows are the main feeder source of MTCs in this zone. These debris flows are deposited 
downward filling intra-slope subbasins throughout the continental shelf and eventually reaching 
the continental rise.  

Landslides processes  

Two main processes influence landslides in the study area. First, the folding and faulting 
involved in the Southern Sinú Fold Belt (SSFB) evolution. This process results in oversteepened 
slopes that starts as deformational zones (Figure 11a) and then fail as translational (Figure 11b) or 
rotational slides (Figure 11c). Second, the continental shelf break erosion by debris flows which 
fill in intra-slope subbasins and continental rise with several MTCs (Figure 11d).  

MTCs involve areas of hundreds of square kilometers and tens of cubic kilometers in 
volume. In terrain T3 these deposits partially fill intra-slope subbasins which avoid MTCs to reach 
the continental rise, while in terrain T5, MTCs have overfilled intra-slope subbasins, allowing 
them to travel from the continental shelf break to the continental rise, in terrain T2 (Figure 3). 
MTCs observed in the seismic record are interpreted as a result of multiple landslides events, as a 
consequence, must not be interpreted as instantaneous events for geohazards assessment purposes, 
because it could overestimate volumes involved in mass movements. 

The most important features in terms of triggering future landslides are deformational 
zones in the limbs of structural ridges in terrain T3 (Figure 3) since they involve failed material in 
a preconditioning stage (Vanneste et al., 2013). These zones cover areas between 1.48 and 47.6 
km2 identified as slopes with angles between 5° and 15° which is also the slope angle interval 
where more landslides occur (Figure 10d). 
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Some of the landslides showed just the vacated scars (not the displaced masses). Therefore, 
it was cumbersome estimate   maximum horizontal total landslide length. However, following the 
morphological parameters statistical data (Table 2), and the good correlation coefficients (~0.75) 
between scarp width, Ws,  and total landslide length, Lt, yielding Ws=0.75 Lt, we estimated total 
lengths from measurements of scarp width in 81 landslides. Average total landslide lengths in the 
order of 3 km were obtained. Consequently, we argue that individual landslides in the study zone 
should have total lengths less than 4 km. Note that total landslide length can have relevance for 
geohazards assessments because offshore infrastructure can be affected by landslides size. 

 

Figure 11. Processes that affect landslides.  a) Deformational zones occur on structural ridge limbs and are interpreted like early stage of 

landslides. b) Translational slides occur when strong seismic reflector (bedding planes) concur with slope azimuth. c) Rotational slides occur where 

bedding dip azimuth is in opposite direction compared with slope azimuth. d) Debris flows occur at continental shelf break and feed MTCs on intra-

slope sub-basins and abyssal plain.  

 

Possible impact to future infrastructure 

Preliminary observation of future infrastructure assessment hazards indicates that: i) 
Terrain T1 can generally be considered as low landslide hazard but movements could be triggered 
extreme events such as earthquakes. ii) T2 may be exposed to shallow displacements due to 
remobilization of MTCs as well as low energy parts of debris flows coming from T5. iii) In Terrain 
T3, displacements due to landslides, debris flows, and fault superficial ruptures should be 
considered for offshore structure design.  iv) Terrain T4 may be exposed to landslides in the canyon 
and gully walls; v) T5 should be analyzed including the effect of debris flows originated at the 
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continental shelf break. vi) Risk of damage caused by rock falls or landslides increases in distances 
shorter than 4 km along structural ridges foothills in the whole study zone. 

CONCLUSIONS 

Based on seismic interpretation and seafloor morphological analyses 93 landslides were 
identified. These mass movement were grouped in 52 rotational slides, 29 translational slides and 
12 complex landslides. In addition to landslides, 12 deformation zones and a mass transport 
complex (MTCs) zone were observed.  

Rotational landslides reach horizontal displacements as long as 12.5 km thus being the 
longest ones for the whole study area. These displacements are linked to the SSDB thrust fault and 
structural ridges. They contribute in great manner to the filling of the intra-slope subbasins isolated 
from the continental shelf break. On the other hand, complex landslides involve areas exceeding 
200 km2 and in the same way as rotational landslides they are directly related to the SSDB 
structures and faults. The above suggests that most landslides in the study area come from tectonic 
movements inherent to SSDB evolution. 

Debris flows consist of events mainly associated to the continental shelf break which 
involve non-cohesive sediments causing erosive scars (scours) on the seafloor, allowing to infer 
these landslide are the main feeder of MTCs found in intra-slope subbasins in terrain T5 and in the 
continental rise in terrain T2.  

Five terrain types with different ground condition were defined from landslides 
distribution, geologic structures and seismic facies interpretation. Terrain type T1 is the flatter area 
in which morphology is dominated by low energy sedimentation supplied by the Magdalena rivers 
system. Terrain type T2 is a relative flat area (slope angle <5°) dominated by Mass Transport 
Complexes, this zone is feeded by the continental shelf break failure. Most landslides observed in 
this terrain type are located close to hill zones of the terrain type T3. Terrain type T3 is associated 
with North-East trend thrust faults beneath the SSFB. This region has the steepest hills, where the 
majority of landslides were identified. Terrain type T4, located to the southwest of the study region, 
close to Panama Plate edge, has steeped hills and small landslides.  Terrain type T5 is formed by 
intra-slope subbasins filled by MTCs that over cross it and reach terrain type T2. 

The main limitation for the understanding of submarine landslides in the study zone is due 
to the lack of information on the frequency of occurrence of different types of landslides. This 
would require the acquisition of new specialized data, such as: deep core piston, underwater 
vehicle campaigns (Gliders / AUV / ROV), seismic and high resolution bathymetry in different 
time periods as well as collecting dateable material to constrain the age of landsliding. These are 
key areas requiring further research to understand landslide risk in the South West Caribbean 
region.  
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