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Abstract:  
 
In this study, the Capbreton canyon head, just off the coast, is investigated using high-resolution 
multibeam bathymetry datasets, sediment samples and numerical modeling. The HR bathymetry 
analysis reveals a morphological connection between the longshore trough and the head of the 
canyon. The analysis of recent sediment samples shows a clear correlation between the sediment of 
the canyon head and that of the nearshore. Hydrodynamic modeling (a coupled wave-flow model) 
shows that for high-energy waves, the rotational nature of surf-zone circulation reverses and wave-
induced currents have the potential to transport large quantities of nearshore sands toward the canyon 
head. All these arguments support the assumption that the canyon head captures a part of the sand 
transported by longshore drift. Over the 15 years of observation (1998–2013), time-lapse bathymetry 
shows that the floor of the canyon head and one lateral gully network experienced significant 
morphological reworking. In terms of hazards, despite this strong activity, the position of the canyon 
head and the profile of its longitudinal slope remained stable and appears as a comforting factor. 
However, the activity of unusual lateral erosions needs to be monitored. 
 
Highlights 
 
► The canyon head acts as a sediment buffer that traps part of the longshore drift sediments. ► The 
canyon head experienced significant morphologic evolution over the past 14 years. ► However, the 
general shape and position of the canyon head has remained stable. 
 
 
Keywords : longshore drift ; submarine canyon ; Capbreton ; hydrodynamic modeling ; sediment 
transport 
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1.Introduction 

 

Submarine canyons have been studied in many different environments throughout the world 

(e.g. Shepard, 1981). These studies have demonstrated that active processes remain functional 

during highstands and that canyons are preferential pathways for the shelf to slope transfer of 

terrigenous sediment (Durrieu de Madron, 1994; Mullenbach and Nittrouer, 2000; Shepard, 

1981; and Shepard and Dill, 1966). Canyons close to the coast can also trap longshore drift 

sediment (Canals et al., 2006; Lastras et al., 2007; and Lewis and Barnes, 1999). 

Canyon heads have only recently become the subject of high-resolution mapping, mainly due 

to the difficulty in collecting large-scale, high-quality data (due to irregular topography and 

shallow water). Over the past few decades, bathymetric surveys have became an essential tool 

for describing and understanding this sedimentary environment and its relationship with the 

coast (e.g. Mullenbach et al., 2004; Paull et al., 2011; Smith et al., 2007; and Yoshikawa and 

Nemoto, 2010). Obtaining accurate and detailed bathymetric maps is essential for 

documenting the morphology of the seafloor, understanding the sedimentary processes within 

submarine canyons and to assess the relevance of coastal geological hazards. 

The present paper focuses on Capbreton canyon head, and is based on multibeam bathymetry 

datasets, sediment samples and numerical modeling. First, the study site is described, as well 

as the methodology and data (section 2). In section 3, a descriptive and comparative analysis 

is provided of the geophysical and sedimentological datasets and the hydrodynamic modeling.  

The aims of our study were to evaluate, first, according to our descriptive and modeling 

results, the interaction between the Capbreton canyon head and the littoral dynamic cell, and 

second, based on decade evolution map, the hazard implied by the proximity of the coast 

(both discussed in section 4). 

 

2.Setting 

 

2.1. Morphological and geological setting 

 

Capbreton Canyon is located in the southeast of the Bay of Biscay (SW France, Fig.1) and 

deeply incises the Aquitaine continental slope and shelf. It is a 300-kilometer-long 

meandering submarine structure that runs parallel with the north coast of Spain, before 

curving northwards and disappearing down the continental slope at a depth of 3,500 meters 
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below sea level (Cirac et al., 2001; Cremer, 1983; and Gaudin et al., 2006). The 

"downcutting" of Capbreton Canyon first began in the Paleogene, in a zone of tectonic 

weakness generated by the convergence of the Iberian and European plates (Deregnaucourt 

and Boillot, 1982). Several studies have demonstrated the prevailing impact of deep-rooted 

tectonic structures on the localization and overall morphology of Capbreton Canyon (Bois et 

al., 1997; Cirac et al., 2001; and Deregnaucourt and Boillot, 1982). Since that time, the 

canyon has been shaped by differential sedimentation (a confined channel-levee system) as 

opposed to long-term erosion (Cremer et al., 2012). The canyon head, which is the focus of 

this study, ranges from a depth of 10 to 100 meters below sealevel. Located only 250 meters 

off the coastline, it forms a deep and wide amphitheatre that faces out to sea (Froidefond, 

1982; and Gaudin et al., 2006) (Fig. 1). 

 

2.2. Hydrodynamic setting 

 

Capbreton Canyon is currently active. Its hydrodynamics are dominated by two types of 

current: (1) internal waves generating the particle-laden upstream or downstream motion of 

wave masses along the seafloor (Mulder et al., 2012; and Pingree et al., 1986) and (2) low to 

high energy turbidity currents (mean velocity = 0.2–0.3 and 1–3 m/s, resp.), which regularly 

transfer fine to coarse particles toward the deep sea (Mulder et al., 2012). Recent turbidites 

have been identified in deep areas (250 m to 700 m below sealevel) of the canyon (Gaudin et 

al., 2006; and Nesteroff et al., 1968). A turbidite deposited by a turbulent surge generated 

during the Martin storm (December 27, 1999) has been recovered in an interface core (Mulder 

et al., 2001). Moreover, the analysis of recently collected Kullenberg cores has shown that the 

canyon has experienced approximately one turbidity current per year over the last century 

(Brocheray et al., 2014). 

The Aquitaine coast is exposed to high energy North Atlantic swells traveling mainly from 

the W–NW sector (Butel et al., 2002), generating a strong southward longshore drift and an 

annual average of approximately 38,000 m
3
 to 657,000 m

3
 of transported sediment along the 

Aquitaine coast (Idier et al., 2013). This figure decreases dramatically in the vicinity of the 

canyon head: it is estimated at approximately 40,000 m
3
/year just north of the canyon and 

only 1000 m
3
/year to the south (Abadie et al., 2006).  

 

2.3. Sediment supply 
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Capbreton Canyon has been in close relationship with the Adour river throughout its 

geological history, and successive connections and disconnections have been evidenced 

during the Quaternary (Klingebiel and Legigan, 1978). However, the canyon head was 

naturally disconnected from the Adour river in 1310 AD, and in 1578 the Adour river mouth 

was artificially relocated 15 kilometers south of the canyon head, preventing reconnection 

(Klingebiel and Legigan, 1978). 

Although the canyon is currently disconnected from the Adour river, the river probably 

continues to play a role in the delivery of sediment to the canyon. In fact, a recent study based 

on satellite remote sensing images has revealed that over the course of a year, the plume of 

Adour river (0.25×10
6
 t/yr. of suspended sediment exported to the ocean) reaches the canyon 

head 20% of the time (Petus, 2009), as the easterly winds tend to push the plume in a 

northward direction. 

The former Adour river mouth is currently a small coastal river mouth, known as the 

"Boucarot." This channel connects the ocean to Hossegor lake (a 1 km² coastal lake enclosed 

at the back by an eolian dune system), working as a tidal pass rather than an estuary. Current 

sediment output from the channel is insignificant. To secure access to Capbreton marina, two 

training walls were constructed in the 1970s. Not surprisingly, this resulted in the updrift 

accretion and downdrift erosion of the nearby beaches. Since 2008, this trend has been 

partially balanced by the introduction of a sediment bypass system. The system transfers 

approximately 100,000 m
3
 of sediment per year from the north to the south of Boucarot 

channel (see Fig. 1). This suggests an overall southward longshore drift along the beaches of 

Hossegor and Capbreton. 

Previous studies focusing on the interaction between the head of Capbreton Canyon and the 

littoral dynamic cell had led to the following scientific debate: (1) hydrodynamic evidence 

(wave refraction) and in-situ measurements (radioactive tracers) had both suggested that the 

canyon head plays the role of a hydrodynamic barrier preventing the littoral drift from feeding 

the canyon (Abe, 1984; Duplantier, 1976; and Froidefond, 1982) and (2) the assumed 

presence of slide scars within the canyon head had suggested that this structure traps the sand 

supplied by the littoral drift and that the regular destabilization of this stock feeds the turbidity 

current activity in the canyon (Bourillet et al., 2007; Gaudin et al., 2006; and Mulder et al., 

2001). The aim of our study is to provide new evidence toward this debate based on new 

morphological, sedimentary, and hydrodynamic data. 

 

3.Methodology and data 
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3.1. Bathymetric surveys 

 

Eight oceanographic surveys were carried out in the spring and summers of 1998 to 2013 in 

the upper part of Capbreton Canyon (Table 1). The best bathymetric map published to date in 

this area was limited to a 20-meter resolution (Bourillet et al., 2007). Our work significantly 

improves upon this resolution with bathymetric data ranging from a 5 to 0.5 meter horizontal 

resolution and from 0.2 % to 0.5 % water depth vertical resolution. The bathymetric data were 

collected and post-processed using IFREMER’s CARAIBES™ software, including manual 

editing and automated filters, which allowed for the creation of a final digital elevation model 

(DEM). To perform volume calculation, we used ArcMap (ArcGIS software), using the 3D 

analysis "surface-volume" tool. Sedimentological analyses were performed by the 

sedimentology laboratory at Bordeaux 1 University, including grain size measurement 

(sieving and measurements using a Malvern Mastersizer, which measures particle sizes using 

laser diffraction). The Wentworth grain size nomenclature has been used in this paper 

(Wentworth, 1922). 

 

3.2. Numerical modeling 

 

A modeling approach was used to address the ability of nearshore wave-driven currents to 

expel nearshore sediments toward the canyon head. We used the nonlinear morphodynamic 

model detailed by Castelle and Ruessink (2011). The model couples the spectral model 

SWAN (Booij et al., 1999) and a short-wave averaged and depth-integrated flow model. 

Hydrodynamics were then used to drive a model for short-wave averaged sediment transport 

and bottom changes. The model was validated using field data collected in the surf zone (e.g., 

Castelle et al., 2006) and was extensively used to address surf-zone sandbar morphodynamics 

(e.g., Castelle and Coco, 2012). In the current study, we switched off all bottom changes and 

used only the short-wave averaged sediment transport fluxes. The grid extended 2 kilometers 

across-shore and 4 kilometers alongshore, with a regular 40-meter grid spacing in both 

directions. Representative wave conditions (a total of 12) were applied at the boundaries using 

the classification system set out by Butel et al. (2002). Each class was defined by a significant 

wave height (Hs), a peak wave period (Tp) and an angle of incidence (θ). For each wave 

condition, a low-, mid- or high-tide level was applied to address the influence of both tidal 
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elevation and wave conditions on nearshore wave-driven circulation in the vicinity of the 

canyon head. 

 

4.Results 

 

4.1. High resolution morphological description 

 

The canyon forms a deep and wide amphitheater facing out to sea. This amphitheater is 1,200 

meters wide in its shallower part (the headwall), and decreases to a width of 280 meters as the 

canyon narrows. The slope of the surrounding inner shelf does not exceed 0.5°. At the head of 

the canyon, the longitudinal slope increases strongly with a 4° average over the first 

kilometer. The slope reaches up to 8° in the first 100 meters just below the headwall (Fig. 2 

and 3). 

 

The two flanks of the canyon head are asymmetrical and can be described as follows: (1) the 

northern flank is relatively steep, with slopes averaging 12° to 25°. It is dissected by three 

small gullies, which are approximately 60 meters wide, and (2) the southern flank is gentler 

with slopes averaging 5° to 10°, although they can reach up to 40° for a few dozen meters 

here. The southern flank is seriously downcut by a large network of northward gullies (Fig. 2 

and 3). This network is 600 meters wide with an incision of up to 50 meters deep. The axial 

thalweg is 70 meters wide with a longitudinal slope averaging 5°. The proximal headwall is 

relatively straight. High-resolution bathymetric data (Fig. 2) reveals that the north-eastern 

headwall of the head is morphologically connected to the shallow 100-meter-wide longshore 

trough (off Hossegor beach). Similarly, the south-eastern headwall is connected to a shallow 

cross-shore trough, 200 meters south of the mouth of Boudigau river. 

North of the canyon, the inner shelf is characterized by a longshore sandbar located 

approximately 350 meters from the shoreline (5 meters below sealevel). This sandbar is 

approximately 200 meters wide and 4 meters high. It has a steep slope of 3.15° facing the 

coast and a gentle seaward slope of 1.15 ° (Fig. 2 and 3).  

The headwall is characterized by a succession of shallow cross-shore bedforms that could be 

interpreted either as submarine sand dunes or as small cross-shore troughs (Fig. 2). These 

bedforms are approximately 30 to 50 centimeters high and have long-shore wavelengths of 40 

to 70 meters; they reach 200 meters in cross-shore length. 
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The floor of the canyon head is characterized by high and low amplitude morphological 

features (Fig. 2). Among the high amplitude morphological features, is a set of three 

longitudinal residual rocky topographic highs. The tallest is 20 meters above the surrounding 

seafloor. A sedimentary bench, 450 meters long and 100 meters wide, leans on the northern 

flank of the canyon head. It is elevated 15 meters above the seafloor at the canyon head. The 

top of this bench is characterized by a downward dip (< 6°) and by transversal sub-linear 

bedforms.  

 

Several longitudinal channels are found on the canyon floor (Fig. 2). All these channels 

converge and meet as the canyon narrows. These hectometer-wide channels are about 2 to 10 

meters deeper than the surrounding seabed and may act as conduits for downslope sediment 

transport. 

 

Analysis of the 2012 high-resolution bathymetric data reveals several small undulating 

morphological features dispersed across the floor of the canyon head. These are transversal 

sub-linear bedforms, with wavelengths ranging from 30 to 50 meters and an amplitude of 2 to 

8 meters. Wavelength increases with depth. These linear bedforms vary in their 

characteristics, many of them being concave in form at their intersection with longitudinal 

channels described above.  

 

4.2. Superficial grain size analysis 

 

Fig. 4 shows the distribution of seafloor sediment, based on the results of a grain size analysis 

of Berthois and Shipek grab samples and Kullenberg cores. Down to 6 meters in depth, 

surface sediment involves coarse- to very coarse-grained sand with a variable amount of 

gravel (between 1% and 28%) and shell fragments. Sediment becomes finer, from coarse sand 

to muddy sand, from the foreshore to the inner shelf and within the canyon head. Muddy 

deposits are confined to the canyon head and the northern and southern walls of the canyon. 

Most of the fine to medium sands are relatively uniform (with median diameters of about 

200–250 µm) compared to the coarser sands, which are more heterogeneous (Fig. 5-A). 

This analysis of recent sediment samples shows a similar grain size between the canyon-head 

sediment, the nearshore sandbar and the longshore-trough sediment (composed of fine to 

medium sands) (Fig. 5-B). In addition, some samples show the sporadic presence of clay and 

silt mixed with organic matter in the head of the canyon and along the northern canyon wall. 
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4.3. Decennial morphological evolution 

 

To establish the evolution of the morphology of the canyon head over the past 15 years, we 

performed four DEM subtractions (1998–2001, 2001–2010, 2010–2012, and 2012–2013). In 

the following "difference" maps, we restricted the analysis (and representation) to pixels 

indicating 1 meter or more of erosion or deposition (due to the fact that bathymetric 

comparison is difficult and involves an assessment of numerous potential sources of error). 

 

The first map illustrating the bathymetric changes between 1998 and 2001 (Fig. 6-A) shows 

the evolution of the relationship between the canyon head and the uppermost part of the 

canyon. Over this three-year period, the canyon floor significantly evolved. The most 

pronounced area of erosion (max. -12 meters) was located below the 120-meter isobath (Fig. 

6-A; zone 1). North of this area of maximum erosion is the “Zone 2” area, where two lobe-

shaped structures (7 to 9 meters thick) suggest that sediment was transported from the canyon 

head. 

 

The map illustrating the bathymetric changes between 2001 and 2010 (Fig. 6-B) shows the 

most significant morphological evolution of the canyon head. It also represents the longest 

period of observation. First, we observed the filling of the previously eroded "Zone 1" (6 to 

16 meters of maximum vertical sediment accumulation). Conversely, the two deposited lobes 

of "Zone 2" were seriously eroded (maximum erosion = 8 m, representing a cumulated 

volume of 560,000 m
3
). The floor of the canyon head appears to have been significantly 

reworked. The upper part of the canyon head (10 to 70 meters below sea level) mainly 

experienced a thin deposition (2 to 6 meters thick) and the longitudinal channels (Fig. 6) low 

levels of erosion (incisions ranging from 3 to 5 meters), stronger in the north than in the south. 

On the northern flank of the canyon head, the eastern gully was subject to erosion (-1 to -2 

meters), whereas the western gully experienced limited deposition (2 to 5 meters). The 

southern flank of the canyon head was affected by a large amount of erosion leading to the 

downcutting of a north-facing gully network (Fig. 6-B). The erosion reached 27 meters 

locally. The total excavated volume was 2,440,000 m
3
. To the east of these gullies, the 

southern flank showed lower levels of erosion (600,000 m
3
).  
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The map illustrating the bathymetric changes between 2010 and 2012 (Fig. 6-C) confirms that 

the canyon head is subject to rapid morphological evolution. “Zone 2” was once again subject 

to deposition (614,000 m
3
). Over these two years, most of the canyon head showed a 

“relatively” thin layer of sediment accumulation (accumulated thickness ranging from 2 to 7 

meters), and the gully network that had previously formed on the southern flank began to 

gently fill (163,000 m
3
). Areas of erosion were limited to the northern longitudinal channel (2 

to 3 meters maximum depth of erosion) and to small scattered areas of erosion on the upper 

part of the head (from 20 to 70 meters below sealevel). The proximal northeastern headwall of 

the canyon head showed the shallowest area of erosion in the study. Its morphology and 

position (along the headwall) lead us to interpret this erosion as a sand slide. It started at 10 

meters below sealevel, 430 meters off the coastline and corresponded to a destabilization of 

26,000 m
3
. 

 

The last map illustrates the bathymetric changes between 2012 and 2013 (Fig. 6-D). It 

represents the shortest period of observation (14 months). We observed the filling of "Zone 3" 

(6 meters of maximum vertical sediment accumulation), representing a cumulated volume of 

440,000 m
3
. Conversely, the accumulation of "Zone 2" was seriously eroded (maximum 

erosion = 12 meters, representing a cumulated volume of 540,000 m
3
). The upper part of the 

canyon head (10 to 70 meters below sealevel) experienced some thin deposition but above all 

a lengthening or enlargement of the longitudinal channels that were already present, but less 

developed, between 2010 and 2012. The proximal northeastern headwall of the canyon head 

still experienced a small landslide. The end of the erosion of the southern gully network 

already evidenced over the period of 2010–2012 was again observed during this time, with 

neither erosion nor significant deposition. 

 

To summarize, between 1998 and 2013, the seafloor of the canyon head was significantly 

reworked by successive channelized erosion followed by phases of refilling. The proximal 

part of the canyon head (10 to 70 m below sealevel) mainly experienced low levels of 

deposition balanced by dispersed areas of erosion. We must, however, underline that whereas 

the seafloor showed a rapid and significant evolution, the general morphology and 

longitudinal and transversal positions of the canyon head remained stable relative to the coast 

over the 15-year period. Moreover, Figure 7 clearly demonstrates that the longitudinal profile 

of the canyon head seafloor fluctuated around a stable position of equilibrium. In contrast to 

this relatively balanced general evolution, the southern flank of the head experienced 
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unexpected and intense erosion over the period of 2001–2010 leading to the downcutting of a 

deep network of gullies and the erosion of 2,440,000 m
3
 of sediment. Since 2010, the erosion 

has come to an end and the gully network has been gradually filling (163,000 m
3
). 

 

4.4. Numerical modeling 

 

Overall, the simulations showed two contrasting wave-driven circulation patterns (Fig. 8). For 

low to moderate energy wave conditions (wave class 4 (Butel et al., 2002), Hs = 1.23 m, Tp = 

12.53 s, and θ = 20.29°), wave refraction over the canyon resulted in wave energy focusing on 

the northern beaches of Hossegor (y≈2500 m in Fig. 8a). Weak to non-breaking waves across 

the nearshore sandbar together with a breaking wave angle slightly oriented northward 

generated a weak northerly longshore current. In these situations (left-hand panels in Fig. 8), 

it can be argued that nearshore sands (D50: 200 µm) could not reach the canyon head as 

wave-driven mean currents in the vicinity of the canyon head were mostly directed onshore 

and were weaker than 0.1 m/s. This contrasted with the situation with high-energy waves 

(wave class 8 (Butel et al., 2002) with Hs = 2.51 m, Tp = 7.7 s, and θ = 23.05°; right-hand 

panels in Fig. 8). Intense, depth-induced wave-breaking dissipation was observed across the 

nearshore sandbar, while non-breaking waves were observed over the canyon immediately to 

the south. This alongshore differential broken-wave energy dissipation was the driving 

mechanism for flow vorticity (Bonneton et al., 2010; and Bruneau et al., 2011). This drove an 

intense southeast current (up to 1.5 m/s) into the canyon head. In this situation, substantial 

quantities of beach sands could be transported into the canyon head. This is further illustrated 

in Fig. 9. In addition, our simulations have shown that, not surprisingly, the former situation is 

favored by high water levels, while the latter is favored by low water levels. Our simulations 

have shown that offshore wave angle does not significantly impact nearshore circulation in 

the Capbreton area. This surprisingly low influence of wave angle is due to (1) the exposure 

of the area to ocean waves at a reasonably narrow range of angle of incidence, that is, 10° < θ 

< 23° (Abadie et al., 2006) and (2) the canyon which, through offshore wave refraction, forces 

inshore wave energy to focus in areas that constrain the local breaking wave angle. 

Essentially, wave height and tidal level were found to dictate circulation patterns. The 

influence of wave period was also significant as wave focusing increased with increasing 

incident wave period. 

 

5. Discussion 
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5.1. Sedimentary processes in the canyon head 

 

The morphological analysis has shown that both the longshore subtidal sandbar and the 

associated longshore trough connect with the northeastern edge of the canyon head (Fig. 2). In 

addition, sediment samples from the canyon head are similar to the samples collected along 

the surrounding seabed. In particular, there is a good fit between the fine to medium detritic 

sands of the canyon head and the sands of the surrounding upper shoreface (including the 

sand of the subtidal sandbar and trough, Fig. 4 and 5). 

Finally, our wave-driven current simulations (Fig. 8 and 9) have produced the following two 

key results: for high-energy wave conditions (1) the wave-driven currents are especially 

active over the subtidal sandbar and outer trough area and (2) an intense southward longshore 

current reaches the north-eastern edge of the canyon head (current vectors converge into this 

part of the canyon head; Fig. 8). Considering the velocity of this current (1.5 m/s), the D50 

grain size of the upper shoreface sediment (200 µm), and the nonlinear morphodynamic 

model, we suggest that such high-energy wave conditions lead to the transportation of large 

quantities of sands from the upper shoreface toward the proximal part of the canyon head. 

All this evidence clearly supports the hitherto poorly-argued assumption that the southward 

longshore drift acting along the Aquitaine coast contributes to the sediment load of Capbreton 

canyon head. We have demonstrated, however, that this occurs only under high-energy wave 

conditions (wave class 8 (Butel et al., 2002) with Hs = 2.51 m, Tp = 7.7 s and θ = 23.05°, i.e. 

6 % of the year). Moreover, we have observed that a significant portion of this sediment did 

not seem to get trapped in the canyon head but continued its way southward along the coast. 

This is supported by (1) modeling (Fig. 8 and 9) and (2) the interpretation of the morphology 

of the beaches on both sides of Capbreton jetty: strong accumulation to the north vs. starved 

beach to the south, with the implementation of a sediment bypass system (Fig. 1.). 

Further studies are needed, however, to identify the amount of sediment entering the canyon 

head, for example by installing sediment traps. Similar examples of large amounts of 

sediment entering a canyon head have been demonstrated in other canyons around the world. 

For example, more than 200,000 m
3
/year of littoral sand and gravel enter Monterey canyon 

head (Eittreim et al., 2002; Smith et al., 2007; and Smith et al., 2005), and 50,000 m
3
/year 

enter Komagoe submarine canyon (Yoshikawa and Nemoto, 2010). 

In addition, the analysis of new sediment samples has shown the presence of clay mixed with 

organic matter in the head of the canyon (36% of the samples showed traces of MO-rich clay). 
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The large Adour river plume is present for 20% of the year, extending 15 kilometers out to 

sea from the town of Capbreton, with a maximum concentration of 15 mg. l-1 (Petus, 2009; 

and Petus et al., 2014). Studies of shelf sediment cover have revealed that there is no clay 

accumulation in the close vicinity of the canyon head (Allen and Castaing, 1977; and Augris 

et al., 2009). The nearest shelf clay patch lies on the Basque narrow shelf, 40 kilometers 

southwest of our canyon head (Jouanneau et al., 2008). According to these arguments, the 

Adour plume appears to be a potential source of MO-rich clay in the area. Such a relationship 

has already been observed during flooding periods between the Eel river mouth and the Eel 

canyon head (located 10 kilometers out to sea from the river mouth) (Mullenbach and 

Nittrouer, 2000; and Mullenbach et al., 2004). Moreover, previous studies have shown that 

suspended sediments can be preferentially trapped in canyon systems (Baker and Hickey, 

1986; and Puig and Palanques, 1998). 

 

The analysis of decennial morphological evolution has shown a relatively uniform accretion 

on the upper part of the head. Erosion appears more focused with an extension and 

enlargement of the longitudinal channels or the erosion of the gully networks. These 

longitudinal channels meet at the canyon narrows suggesting the evacuation of sediment 

downward into the canyon. To summarize, the head of Capbreton Canyon acts as a sediment 

buffer, with 1) temporal sediment trapping phases and 2) an evacuation of the sediment into 

the canyon. Our 15-year study has shown a strong and rapid morphobathymetric evolution of 

the canyon floor, however the global morphology of the canyon head has remained stable 

(Fig. 6). This relative stability is supported by the evolution of the longitudinal profile of the 

canyon head seafloor (Fig. 7), which clearly fluctuates around a stable position of 

equilibrium. This argument suggests that there is a good balance between inputs (longshore 

drift) and exports (processes to be determined) in the canyon head. 

 

Between 2001 and 2010, the southern flank of the canyon head was affected by major erosion 

leading to the downcutting of the northfacing gully network described in Fig. 6. According to 

past low-resolution bathymetric data (Froidefond et al., 1983; Fig. 11), it appears that this 

network of gullies was absent in 1860 but already present in 1963. Our study shows that these 

gullies are almost imperceptible and appear as rough lineament because they were filled in 

2001, reappeared in 2010, began to fill again over the period of 2010–2012 and stabilized 

over the period of 2012–2013. Downcutting of this network of gullies was observed during 

our longest time-lapse (2001–2010) and we cannot know whether it corresponds to a single 
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event arising from a specific storm (Klaus: 23th January 2009 or Xynthia: 27 February 2010) 

or several associated events. 

 

5.2. Bedforms 

 

For several years, bedforms were suspected to be present in the head of Capbreton Canyon 

because bright and rectilinear transversal structures had been observed on backscatter imagery 

in the lowermost part of the head (Gaudin et al., 2006). Our HR morphological analysis has 

clearly revealed transversal sub-linear bedforms located 10 to 100 meters below sealevel, 

where the channel’s thalweg slope averages 8° to 2° (Fig. 2 and 3). Wavelengths range from 

30 to 50 meters and amplitude ranges from 2 to 8 meters. 

 

Comparison (Fig. 10) shows that these bedforms are morphologically similar to the bedforms 

mapped in Monterey Canyon (Paull et al., 2011; Paull et al., 2010; Smith et al., 2007; Smith 

et al., 2005; and Xu et al., 2008) or La Jolla Canyon (Paull et al., 2013), where these features 

are called crescent-shaped bedforms. 

 

Currently, it appears that there is no consensus on the origin of these bedforms. In other 

canyons (Paull et al., 2013; Paull et al., 2011; and Paull et al., 2010), these features have been 

attributed to various processes, such as cyclic steps in turbidity currents (Cartigny et al., 2011; 

and Kostic, 2011) and breaching (Mastbergen and Van Den Berg, 2003; and Van Den Berg et 

al., 2002). Discussion on the origin of the sediment waves observed in our canyon head 

demonstrates the limits of our current dataset. There is a clear need for (1) better bathymetric 

data resolution in space and time to establish whether the observed bedforms show a down-

slope or an up-slope migration and (2) in-situ current measurements (direction and velocity) 

to identify potential strong currents in the head of the canyon that could explain the origin of 

these transversal bedforms. 

 

5.3. Hazards 

 

Coastal erosion is a serious worldwide environmental issue in coastal zones. The analysis of 

the head of the Capbreton Canyon and its short-term morphological evolution demonstrate 

that the upper part of the canyon and the head are both currently experiencing strong activity 

leading to rapid morphobathymetric evolution. 
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The floors of the upper thalweg and canyon head have both experienced consistent significant 

morphological reworking: tens of thousands of square meters of erosion and dozens of meter-

deep incisions and meter-thick layers of deposition. This intense sedimentary activity has 

prevented any new submarine installation such as cables lying within the canyon head. 

 

The southern network of gullies appeared between 2001 and 2010 and represents a significant 

movement of sediment (2,440,000 m
3
). Fortunately, the direction of this erosion remained 

parallel to the coast. Nevertheless the proximity of the coast (only 1 kilometer) and the nature 

of this unpredictable phenomenon imply the need for the supervision of erosion, which 

represents a possible hazard for the nearby coastal infrastructure (e.g. jetties or beachfront 

buildings). 

 

The general shape and position of the canyon and its head have remained stable throughout 

the 15 years of observation. We did not observe lateral migration or offshore migration, as has 

been the case in other canyons (Biscara et al., 2013). Because the general shape and position 

of the canyon head appear to have been stable over the past 15 years, we believe that, given 

the current findings, the evolution of the canyon head does not imply a direct short-term 

hazard for the coastline or coastal infrastructure. However, as this relative stability seems 

related to a good balance between inputs (longshore drift) and exports (erosion), the 

Capbreton canyon head sediment budget should be monitored and any disturbing factors (e.g. 

new coastal installations such as groynes) should be avoided. 

 

6. Conclusions 

 

Our work has generated the following key results: 

(1) High-resolution bathymetric data analysis has revealed a direct morphological connection 

between the sedimentary nearshore conduit (longshore trough) and the proximal part of the 

head of the canyon. 

(2) Analysis of the sediment samples has shown a clear correlation between the sediment in 

the canyon head and that transported by the southward Aquitaine longshore drift (fine to 

medium sands). 

3) Numerical modeling has shown that for high-energy waves, powerful wave-driven 

longshore currents have the potential to transport large volumes of sediment eroded from the 
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beach toward the canyon head. This suggests that the canyon head acts as a sediment sink and 

is particularly supplied during periods of intense coastal erosion, i.e., during storms.  

4) Morphological analysis and decennial evolution have revealed the presence of active 

erosional longitudinal channels that meet in the canyon narrows and that suggest a downward 

evacuation of sediment within the canyon. 

 

All this evidence clearly supports the hitherto poorly-argued assumption that the southward 

longshore drift acting along the Aquitaine coast contributes, under high-energy wave 

conditions (Hs = 2.51 m, Tp = 7.7 s and θ = 23.05°), to the sediment load of Capbreton 

canyon head. We suggest that the head of Capbreton Canyon acts as a sediment buffer, which 

temporarily traps fine sands (and some mud) before discharging (a process to be determined) 

toward the canyon.  

 

5) The general shape and position of the canyon head has remained stable throughout the 15 

years of observation. Conversely, the floor of the canyon head has experienced consistent 

significant morphological reworking. The seabed nonetheless oscillates around a position of 

equilibrium and appears to be in a state of balance over the long-term. The southern flank of 

the canyon head has been affected by significant erosion (between 2001 and 2010) leading to 

the downcutting of the southern network of gullies. Considering the extent of this erosion and 

its irregular activity over time, it strongly differs from the general trend of evolution observed 

elsewhere in the canyon head.  

 

In terms of hazards, the stability of the canyon head (no lateral migration or offshore 

migration) appears to be a comforting factor. However, the activity of lateral erosion, such as 

the southern gully network highlighted between 2001 and 2010, needs to be monitored. 
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Figures and table captions 

 

Fig.1: (A,B) Location of the study area in the Bay of Biscay with (C) the detailed bathymetry 

of Capbreton canyon head with the location of cross-sections AB, CD, and EF. 

 

Table 1: List of oceanographic surveys conducted between 1998 and 2012. 

 

Fig.2: Capbreton canyon head: interpretation of morphological features based on the most 

recent high-resolution bathymetric data (1.5 meter resolution—June 2012 and August 2009—

EM2040 and Geoswath multibeam echo sounder). 

 

Fig.3: Topographic sections derived from the bathymetric maps in Fig. 1. 

 

Fig.4: Capbreton Canyon superficial grain size. 

 

Fig.5: A: Coarse-grained bimodal distribution and fine-grained unimodal distribution; B: 

Cumulative curves representative of fine/medium sand. 

 

Fig.6: Depth differences calculated through raster subtraction of bathymetric grids. Warm 

colors show erosion of over 1 meter. Cool colors show areas of deposition of over 1 meter. A: 

Raster subtraction of bathymetric grids corresponding to August 1998 and May 2001. B: 

Raster subtraction of bathymetric grids corresponding to May 2001 and June 2010. C: Raster 

subtraction of bathymetric grids corresponding to June 2010 and June 2012. 

 

Fig. 7: Decennial evolution of the floor of the canyon head (2001–2013). Bathymetric profiles 

correspond to the profile AB (located in Fig. 1) but only between 20 and 130 meters below 

sealevel, where there is a cross referencing of four different years. 

 

Fig.8: (a, b) Simulated wave field with color bars indicating significant wave height, Hs, in 

meters, and (c, d) resulting wave-driven currents (arrows, every other vector is plotted for 

readability) with color bars indicating water depth in meters. Left-hand panels: wave class 4 

(Butel et al., 2002) with Hs = 1.23 m, Tp = 12.53 s and θ = 20.29° at low tide. Right-hand 
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panels: wave class 8 (Butel et al., 2002) with Hs = 2.51 m, Tp = 7.7 s and θ = 23.05° at high 

tide. 

 

Fig.9: Diagram of wave-driven circulation in the vicinity of the canyon head. (a) Low to 

moderate energy waves resulting in weak to non-breaking waves across the nearshore 

sandbar. The combination of wave focusing and wave obliquity at breaking drives a weak 

northward longshore current. (b) High energy waves resulting in intense depth-induced waves 

breaking seaward and across the nearshore sandbar with significant wave focusing. This 

results in intense alongshore broken-wave energy dissipation, D, from which the vectorial 

product with the unit wave ray vector, ek, gives a measure of the vorticity forcing term, Fv 

(see Bonneton et al., 2010; Bruneau et al., 2011; and Castelle et al., 2012 for more 

information). This in turn drives an intense longshore current, which is deflected into the 

canyon head. In panels (a) and (b), LG and LN refer to the internationally famous world-class 

surf spots “La Gravière” and “La Nord”, respectively, which are the result of the wave-

focusing patterns at the canyon head.  

 

Fig.10: A and B: Bathymetry of the upper part of Monterey Canyon (Smith et al. 2005) and of 

Capbreton Canyon, with location of cross sections A', B', C', and D'. C: Profiles of seafloor 

from the upper floor of Monterey Canyon (modified from Smith et al., 2005 and Cartigny et 

al., 2011), and a profile from the upper floor of Capbreton Canyon. 

Fig.11: Capbreton canyon head over the past two centuries, based on Froidefond (1983) 

(Bathymetric data compilation from 1860, 1963, May 2001, June 2012 and August 2009).  
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Year Month Name Multibeam echo sounder Sampling 

1998 August ITSAS 1 EM1000, 5 m resolution  

2001 May ITSAS 5 EM1000, 5 m resolution  

2007 April-May PROSECAN IV  Kullenberg core 

2009 August GOUFHEAD Geoswath, 0.5 m resolution  

2010 April BERTHOIS  Berthois cone  

2010 June SEDYMAQ 2 EM1000, 5 m resolution Shipek grab 

2012 June SEDYMAQ 3 EM2040, 1.5 m resolution Head of Zenkovitch core 

2013 September PROTEUS DUNE EM1002, 1.5 m resolution  

 

Table 1 

  




