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ABSTRACT. This note analyzes for the first time the geomorphology and sedimentary features of the Simpson 

Submarine Canyon (SSC), located between Chiloé Island and the Taitao Peninsula. For that purpose, multibeam 

bathymetric data were obtained in 2018. The SSC has a unique orientation compared to most canyons on the 

Chilean margin. Slope escarpments, topographic irregularities, and sinuosity of the canyon could be associated 

with regional tectonics. Sediment transport and deposition along the axis define the transversal morphology. On 

the canyon walls, erosion and transport processes dominate, evidenced by gullies, channels, and mass removals, 

which leave debris on the axis. We report a large landslide from a canyon wall, which could be due to a high-

energy event such as an earthquake; and the generation of a large sediment wave field outside the canyon mouth, 

indicating a great activity by sedimentary processes. All the above could indicate that the canyon is continuously 

evolving.  
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Submarine canyons are narrow valleys that cut the 

continental shelf and slope (Rodrigo 2010), located on 

both passive and active continental margins (Harris & 

Whiteway 2011). A typical canyon has a transverse "V" 

shape and steep walls, constituting an important 

conduit for transporting terrigenous sediments from the 

coast to greater depths (Rodrigo 2010). In dimensions 

and shape, submarine canyons are comparable to large 

continental analogs. However, their origin and 

evolution differ from the latter (Shepard 1981). The 

origin of submarine canyons is attributed to various 

causes, but the main one is slope erosion due to massive 

removal events (landslides and debris flows) and 

turbidity currents (Shepard 1981). Recently, interest in 

the exploration and study of submarine canyons has 

increased due to the need to install submarine cables 

and pipelines. Also relevant is the study of the deposits 

created in the mouth because they sometimes form a se- 
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dimentary fan that can accumulate minerals of 

economic importance (Clark et al. 1992, Walker 1992). 

In addition, it is important to analyze the impact of its 

headwaters on the coast; and the impact on oceano-

graphic processes and ecosystems (e.g. Piper 2005, 

Fernández-Arcaya et al. 2017) as the main transport 

channel for nutrients, organic carbon, garbage, and 

pollutants (Shepard 1981, Micallef et al. 2014). The 

ability of the canyons' processes to generate changes in 

the seafloor morphology and suspended sediments 

represent a geological hazard since they could affect the 

benthic communities and alter the properties of the 

water column. 

Furthermore, the generation of tsunami waves by 

local landslides or the change of distant tsunami waves 

towards the adjacent coast would affect coastal 

localities in a way that departs from model predictions 

(Matsuyama et al. 1999, Ioualalen et al. 2007). The pre- 
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sence of canyons can also be a beneficial factor for 

marine productivity due to the generation of upwellings 

and the rise of nutrients that favor the development of 

the trophic chain (Sobarzo et al. 2001). The internal 

dynamics of the canyons constrain the local environ-

ment to create a unique ecosystem in which organisms 

could constitute a source of genetic resources and a 

contribution of nutrients to abyssal depths. 

Identifying submarine landslides can contribute to 

understanding mechanisms that could be useful for 

assessing geological hazards. During offshore geolo-

gical investigations of the Chile-Peru Trench 

(Thornburg & Kulm 1987, Thornburg et al. 1990), it 

was possible to identify and map for the first time 

submarine valleys, canyons, and sediment fans with a 

satisfactory resolution at several locations of the central 

and southern Chilean continental margin. Rodrigo 

(2010) identified 18 important submarine canyons in 

that region, which generally are associated with river 

mouths. The most studied being the San Antonio 

Canyon (Hagen et al. 1996, Laursen & Normark 2002) 

and the Biobío Canyon (Pineda et al. 1999, Bernhardt 

et al. 2015). These studies show that these canyons are 

active, and their heads are very close to the coast. 

However, within the southern Chilean margin, namely 

between Chiloé Island and Taitao Peninsula (Fig. 1), 

there are still poorly surveyed submarine canyons, and, 

possibly, there are some undiscovered minor ones. This 

region's lack of high-resolution bathymetry and geolo- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gical sampling has not allowed the morphological and 

geological characterization of these canyons or other 

similar structures, such as valleys or major submarine 

channels. Specifically, four important submarine 

canyons have been identified using the available 

bathymetry (e.g. GEBCO 2014), from north to south: 

Chacao, Cucao, Simpson, and Darwin (Fig. 1). Among 

them, only the Chacao Canyon has been well mapped 

with high-resolution multibeam bathymetry (Rodrigo 

2010). Considering that in this area, the largest 

earthquake recorded in history (Mw 9.5) has occurred 

(Ruiz & Madariaga 2018), the arrangement and 

geomorphology of the canyons can give clues about 

regional tectonic processes (e.g. Micallef et al. 2014). 

In this way, this note focuses on the geomorphological 

characterization of the Simpson Submarine Canyon 

(SSC) (~44°S), located between the Guafo and 

Guamblin islands (Fig. 1), as a first step to help to 

elucidate the geological and tectonic processes of the 

region. 

Multibeam bathymetric data were acquired during 

the CIMAR-F 24 cruise to study the submarine 

geomorphology of the SSC between September 24 and 

October 18, 2018, aboard the AGS-61 "Cabo de 

Hornos" vessel. The data were obtained using a 

Kongsberg EM122 multibeam echosounder (12 kHz). 

The bathymetric data processing included manually 

removing spikes and bathymetric artifacts and checking 

the navigation and positioning using the MB-System  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The study area and the Simpson Submarine Canyon bathymetry at the southern Chilean margin (GeoMapApp 

map, Ryan et al. 2009). 
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Figure 2. Bathymetry and geomorphology of the Simpson Submarine Canyon. a) With red line and arrow is indicated the 

general sedimentary flow, b) bathymetric profiles transverse the canyon axis are shown (from w-w' to z-z'). Geomorphologic 

descriptions for canyon segments: A (Fig. 4), B (Fig. 5), C (Fig. 6), and D (Fig. 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Head segment (A in Fig. 2). Bathymetry and geomorphology of the Simpson Submarine Canyon. Tributaries to 

the main canyon axis and several submarine landforms associated with erosion and transport, such as gullies and channels. 

Red segmented lines and arrows indicate the sedimentary flow. 

 

 

software (Cares & Chayes 2017). A digital grid of the 

bathymetric model was produced with a resolution of 

~30 m and was created using a Gaussian weighted 

average algorithm. The maps and 3D models were 

visualized with the QPS Fledermaus software. 

The results showed that the SSC cuts the continental 

shelf starting at 37.8 km from the coast at a water depth 

of ~720 m according to the survey (Fig. 1). The main 

channel has a maximum length of 86 km until it reaches 

the trench, at depths close to 3300 m. It has a well-

defined NNW-SSE orientation up to ~25 km of the 

length of the channel, where it changes its course to a 

~NE-SW direction (Fig. 2). It presents a sinuosity 

coefficient (Ks) of 1.21, similar to the other submarine 

canyons mentioned earlier (Rodrigo 2010). The 

geomorphological results can be grouped according to 

their segments from east to west as follows (Fig. 2). 

Head and upper segment 

The canyon head area comprises several tributary 

channels north of the canyon axis. The main tributary 

channel is between 44°6'46.36''S and 74°53'21.84''W, 

with a Ks of 1.10 and an average slope of 2.15°, which 

receives the flows of the northern tributaries (Fig. 3).  

a b 
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Figure 4. Upper segment (B in Fig. 2). Bathymetry and geomorphology of the Simpson Submarine Canyon. Red segmented 

lines and arrows indicate the sedimentary flow. The convergence of tributaries in the main axis and landslides stands out.  

 

 

The canyon axis on the shelf is meandering. Some 

mounds border the channel, having a U-shape with a 

maximum width of ~3.5 km at its base (Fig. 2, profile 

w-w'). The main axis has a Ks of 1.27 and an average 

slope of 1.14°. Also, in this segment, gullies and ravines 

can be identified. Close to the center of the segment, 

various tributary channels converge in a common 

confluence area towards a narrower canyon axis (Fig. 

4), bounded by markedly higher canyon flanks. Many 

gullies are observed in the upper part of these flanks, 

where, in addition, landslides of their walls are 

identified, leaving debris on the canyon axis (Fig. 4). 

Middle segment 

In this sector, the canyon has a single main axis. It runs 

23.3 km along the upper and middle slopes (Figs. 1, 5). 

The canyon cuts the upper slope with an SW bearing, 

its cross-sectional profile U-shaped near the upper 

segment. Its course then changes to the NW, and at the 

limit between the middle and the lower slope, it 

changes its course back to SW. Here, its main channel 

becomes narrower and acquires a V-shaped section 

(Fig. 2, profile y-y'), with a maximum width of ~4 km. 

Along this segment, the canyon has a Ks of 1.18 with 

an average slope of 1.79°. In the middle segment, it is 

also possible to identify a series of ridges, interpreted 

as escarpments, outside the canyon on the continental 

slope (Laursen & Normark 2002, Mountjoy et al. 

2009). Especially on the north side, creating terraces 

between them (Fig. 5). Apparently, these escarpments 

could constitute a barrier to sedimentary flow on the 

slope and allow a flow towards the canyon's interior on 

its walls using gullies. The escarpments generate a step-

like morphology on the continental slope. A larger 

landslide was observed on the southern flank of the 

canyon, which left debris on the canyon seafloor (Fig. 

5). 

Mouth and trench segment 

The canyon mouth segment is on the lower slope (Figs. 

1, 6). This segment begins with the main channel with 

a V-shaped profile (Fig. 2, profile z-z'). As it 

approaches the mouth, this shape becomes wider, 

which begins with a 1 km width of the main channel 

seafloor, then decreases to 0.5 km, and finally increases 

to 1.5 km at the mouth. In this segment, the canyon 

shows steep and rugged walls reaching 700 to 1000 m. 

There are parallel escarpments-oriented N-S on the 

canyon flanks that divide intra-slope basins with areas 

of 18.2 and 7 km2 on the southern flank. Approaching 

the trench, the mouth of the canyon adopts a complex 

morphology from the escarpment wall to the west (Fig. 

6), which covers a surface of ~34 km2. In this area, 

highly developed ravines can be seen where lateral 

tributaries take their course to the mouth. A barrier 

rising over 50 m is found on the seafloor of this area  
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Figure 5. Middle segment (C in Fig. 2). Bathymetry and geomorphology of the Simpson Submarine Canyon. Red 

segmented lines and arrows indicate the sedimentary flow. Large inner landslide (continuous line), detached material area 

(dotted line), terraces, and escarpment are shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Mouth and trench segment (D in Fig. 2). Bathymetry and geomorphology of the Simpson Submarine Canyon. 

The topographic barriers at the canyon mouth and the sediment wave field on the fan area are shown. Red segmented lines 
and arrows indicate the sedimentary flow. 

 

 

and is perpendicular to the sediment flow that comes 

from the main channel. Then, the mouth seafloor shows 

a flat shape for about 2.3 km until it reaches a 

significant morphological step ~200 m high on the 

transition to the trench, which is also a barrier. To the 

west of the lower slope limit (~5 km of distance), there 

is a large abyssal fan morphology with a surface larger 

than 100 km2. In this area, the seafloor morphology 

displays laterally elongated mounds, interpreted as 

sediment waves (sand and mud, unpubl. data from a 

sediment core) with NE-SW course widths ranging 

from 1.5 to 3 km and lengths larger than 6.6 km (Fig. 6). 

It was observed that the general heading of the 

Simpson canyon is WSW-ENE, which is not typical for 

the canyons of the Chilean continental margin that tend 

to have an NW-SE heading (Rodrigo 2010). On the  
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Figure 7. Details of the bathymetry and geomorphology for Figures 5-6. a) The Simpson landslide and bathymetric profile 

A-A’ at the canyon middle segment, b) sediment waves and bathymetric profile B-B’ at the mouth-trench area. 

 

 

other hand, the presence of escarpments on the lower 

slope could be associated with the presence of thrust 

faults typical of an accretionary prism (Bangs et al. 

2020), which could also reorganize or modify the 

general arrangement of the canyon (e.g. Micallef et al. 

2014), in addition to forming intra-slope basins. These 
claims should be confirmed with local seismic studies.  

The variability of sedimentary processes in the 

canyon axis and the adjacent areas are evident through 

characteristic bedforms. On the continental shelf near 

the coast, the gullies and submarine channels that flow 

into the canyon would transport sediments by gravity 

flows (e.g. Yu & Chuang 2002). Unlike the submarine 

canyons of the central Chilean margin (e.g. Laursen & 

Normark 2002, Rodrigo 2010), large fluvial systems 

are absent at the head of this canyon. In contrast, 

Simpson Canyon is fed by channels from the fjord area, 

so a smaller contribution of terrigenous sediments is 

expected, given the distance from the headwaters to the 

coast. Nevertheless, the U-shape of the canyon reflects 

important sediment deposition, possibly coming from 

bottom currents that go through the platform, and the 

tributaries and canyon act as a trap for these (Xu et al. 
2008). 

On the other hand, mass wasting from the canyon 

flanks is important for the final deposition on the axis 

(Masson et al. 2011). The large landslide in the 

canyon's central sector left a significant scar on the 

flank and debris in its axis, which has not been 
completely removed by the action of the currents in the 

axis. This landslide (called here "Simpson," Fig. 7a) 

presents a total area of ~14 km2, while the loose 

material presents an area of ~9 km2 (Fig. 6). Whether 

the landslide was produced by the 1960 or another 

earthquake is uncertain. However, it demonstrates the 

vulnerability of the canyon structure to energetic 

events, which could affect ecosystems and generate 

secondary tsunamis (Lee et al. 2003, Völker et al. 
2011). 

Sediment wave fields in several submarine canyons 

and channels in their thalweg have been found (e.g. 

Chen et al. 2017, Li et al. 2020). In our case, it is a large 

wave field of sediment on the outer canyon area (not on 

the axis) (Fig. 7b). Possibly related to active turbidity 

current flows (Muñoz et al. 2017). To our knowledge, 

this kind of sediment wave field has been reported for 

the Chilean margin for the first time. Seismic events 

could also contribute to the triggering of turbidity 

currents (Gavey et al. 2017). According to Mountjoy et 

al. (2018), the dominant sediment transport process in 

an active continental margin is triggered by earthquakes 

that activate the canyon flushing instead of other 

possible sedimentary processes. Considering that the 

largest recorded earthquake has occurred in this area, 

its role in the process of creating the sediment wave 

field, in addition to the landslides observed, cannot be 

ruled out. All the above indicate that the canyon 

continually evolves and could induce geological 
hazards. 
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