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 his paper provides a spatial and temporal multi-scale approach of European 

 submarine canyons. We fi rst present the long-term geologic view of European 

 margins as related to controls on submarine canyon development. Then we 

discuss the extent to which submarine canyon systems resemble river systems because 

both essentially form drainage networks. Finally, we deal with the shortest-term, highest-

resolution scale to get a fl avor of the current functioning and health of modern subma-

rine canyons in the northwestern Mediterranean Sea.

Submarine canyons are unique features of the seafl oor whose existence was known by 

European fi shermen centuries ago, especially for those canyons that have their heads at 

short distance from shoreline. Popular names given to specifi c canyons in the different 

languages spoken in European coastal communities refer to the concepts of a “deep” or 

“trench.” In the old times it was also common thinking that submarine canyons where so 

deep that nobody could measure their depth or even that they had no bottom. 

Submarine canyons are just one of the seven different types of seafl oor valleys identi-

fi ed by Shepard (1973) in his pioneering morphogenetic classifi cation. Shepard (1973) de-

fi ned submarine canyons as “steep-walled, sinuous valleys, with V-shaped cross sections, 

and relief comparable even to the largest of land canyons; tributaries are found in most 

of the canyons and rock outcrops abound on their walls.” Canyons are features typical of 

continental slopes with their upper reaches and heads cut into the continental shelf. 
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The seaward continuation of subma-

rine canyons across deep-sea fans and 

channel-levee complexes at the base of 

the continental slope and rise is usually 

referred as fan valleys or turbidite chan-

nels. In fact, some authors tend to use 

the term “canyon-channel system” to 

refer to submarine canyons continued by 

turbidite channels.

Currently, scientists know not only 

that the defi nition above, but also the 

criteria used by Shepard (1973) must be 

adjusted and substantially refi ned. This is 

largely due to the inception of the mod-

ern multibeam mapping techniques in 

the 1980s, which ended the era of almost 

blind seafl oor mapping when extrapola-

tion among single beam distant bathy-

metric profi les was the rule. Prior to mul-

tibeam, the view of submarine canyons 

and their morphological complexities 

was poorly perceived from single-beam 

echo-sounding data. Multibeam mapping 

of submarine canyons has made possible 

the unveiling of a new landscape, often 

referred as a “seascape” by scientists, with 

about the same level of detail as onshore 

relief maps. What was hidden below the 

“great blue” of classical, land-focused 

maps has fi nally been revealed. 

Other techniques have equally con-

tributed to a new understanding of sub-

marine canyons and continental margins 

in general. These include shallow water 

and deep-towed side-scan sonars, two- 

and three-dimensional seismic refl ection 

profi ling systems at various resolutions 

and penetrations, fast response and in 

situ moored instrumentation, an army 

of underwater vehicles and observatories 

allowing direct and remote imaging and 

characterization of the seafl oor and the 

processes shaping it, improved sediment 

and rock sampling and drilling tech-

niques, downhole logging tools, and in 

situ tests, among many others.

Thanks to these modern techniques, 

which provide improved capacity to ob-

serve the Earth system, we now know 

that submarine canyons are ubiquitous 

features of continental margins that dis-

play a large variety of lengths, widths, 

heights, shapes, and morphological 

complexities. Though some continental-

margin segments may not have canyons, 

most continental margins display sub-

marine canyon systems with varying de-

grees of development.

SETTING OF EUROPE’S 
SUBMARINE CANYONS: 
THE LONGTERM VIEW
The ability of submarine canyons to con-

tribute to strata formation depends very 

much on their geologic setting. Europe’s 

seaboard encompasses a large variety of 

continental margin settings, from the 

glaciated margins of Scandinavia to the 

river-dominated margins of southern 

Europe, including the margins in the 

Mediterranean. The intensity of glacial 

and/or riverine conditions has changed 

through time following global climatic 

oscillations. Though the Nordic margins 

are much less glacially infl uenced today 

than they were during glacial epochs, the 

imprint of the ice is clearly visible on the 

seafl oor and on the deposits contribut-

ing to margin’s outbuilding. Weaver et 

al. (2000) located the glaciated margin 

of Europe north of 56°N. Glacial troughs 

hundreds of meters deep that extend to 

the shelf edge have been swath-mapped 

on the Scandinavian shelf, thus allowing 

the reconstruction of past ice dynam-

ics. Submarine canyons do exist on the 

glaciated margins of Europe, though 

their relationship with the mouths of 

large glacial trough on the shelf edge has 

not been fi rmly established. Large sedi-

ment fans like the Bear Island Fan and 

the North Sea Fan consist mainly of large 

numbers of debris deposits of glacial ori-

gin that formed through subglacial pro-

cesses, including the bulldozing action 

of grounded ice. Sediment dynamics and 

transport to the outer margin during the 

Holocene has been volumetrically much 

less than in glacial times, and only some 

redistribution of sediment by bottom 

currents and landsliding has been ob-

served. Therefore, the role of submarine 

canyons in the long-term history of the 

glaciated margins of Europe has been 

largely determined by ice sheet expan-

sion and contraction. 

Although Europe’s Atlantic continen-
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tal margin south of 56°N is certainly gla-

cially infl uenced, this latitudinal fringe 

could be considered as river-dominated 

because most of the fi nal transport of 

eroded materials to the shelf and outer 

margin occurred by fl uvial means. On 

the northern margins of the Mediterra-

nean Sea there has been no direct glacial 

infl uence. However, distant glacial infl u-

ence has existed since the ice ages, when 

melt water from ice masses to the north 

substantially contributed to enhanced 

liquid and solid discharge of rivers open-

ing into the Mediterranean Sea and satel-

lite basins like the Black Sea, particularly 

during ice retreat. The main European 

rivers draining into the Mediterranean 

Sea originate in mountain ranges that 

were ice covered during glacial times, 

such as the Ebro (Pyrenees), Rhône, Po, 

and Danube (Alps). Other large rivers 

opening into the Black Sea, such as Dni-

ester, Dnieper, and Don have most of 

their course within the formerly much 

colder deep heart of Eastern Europe.

Transport of sediment to the deep 

southern European margins was en-

hanced during ice ages and glacial tran-

sitions not only because river discharge 

and sediment supply were much greater 

than at present, but also because river 

mouths were at or close to the shelf edge 

due to the lowered sea level. Sediments 

were delivered directly to the outer shelf 

and upper slope, thus enhancing canyon 

incision and down-canyon transport. 

This largely contributed to the forma-

tion of deep-sea fans and to the fi lling 

of abyssal plains (Figure 1). In contrast 

to fans on glaciated margins, southern 

European deep-sea fans consist of piles 

of sediment left by turbidity currents, 

which are bottom-fl owing turbulent cur-

rents laden with suspended sediment 

that move down subaqueous slopes and 

spread horizontally over the bottom. 

Sediment suspended in turbidity cur-

rents gives them a density greater than 

Figure 1. Main morphosedimen-

tary features of the deep south-

western European margins. 1: 

Gollum Canyon System; 2: Por-

cupine Abyssal Plain; 3: Celtic 

Fan; 4: Biscay Abyssal Plain; 5: 

Iberia Abyssal Plain; 6: Tagus 

Abyssal Plain; 7: Horseshoe 

Abyssal Plain; 8: Seine Abys-

sal Plain; 9: Alboran Turbidite 

System; 10: BIG’95 Slide: 11: 

Ebro Turbidite System; 12: 

Pyrenean Canyons Deep-

Sea Sedimentary Body: 13: 

Rhone Deep-Sea Fan; 14: 

Valencia Fan; 15: Menorca 

Fan; 16: Algero-Balearic 

Abyssal Plain.
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that of surrounding waters. The resulting 

sediment bodies usually form lobes with 

a central hanging, meandering chan-

nel fl anked by levees that form during 

channel spillover episodes. Such sedi-

ment bodies, known as channel-levee 

complexes, are stacked on top of each 

other forming hundreds-of-meters-

thick sediment piles. Those channels 

represent the continuation of subma-

rine canyons, which in the long term 

have played a major role in funnelling 

sediment to both the deep Atlantic and 

Mediterranean ocean margins off south-

ern Europe. The southern part of the 

Atlantic margin of Europe is incised by 

hundreds of canyons, from the Gollum 

Canyon system southwest of Ireland to 

the San Vicente Canyon southwest of the 

southern tip of Portugal. In between, the 

Armorican slope west of France is cut by 

a large number of relatively short, base-

ment-controlled canyons, with some of 

them feeding the Celtic Fan, then fol-

lowed by the large Cap Breton Canyon in 

between France and Spain, the Cantabri-

an canyons of Llanes, Lastras, and Avilés 

off northern Spain, and the impressive 

canyons of Nazaré, Lisbon, and Setubal 

off Portugal, to cite just a few. From 

north to south these canyons have largely 

contributed to the infi ll of the almost co-

alescent Porcupine, Biscay, Iberia, Tagus, 

and Horseshoe abyssal plains.

A similar situation occurs in the 

Mediterranean Sea where many canyons 

incise the continental margin from one 

end of the basin to the other. Although a 

large number of relatively small channel-

levee complexes develop on the base of 

slope as related to canyon-channel sys-

tems in the Mediterranean, some large 

canyon-fed deep-sea fans and turbidite 

systems also exist that have been ex-

plored during the last decades. The most 

important ones are the Nile deep-sea fan 

(Sardou and Mascle, 2003), whose feed-

ing river does not directly relate to the 

general setting depicted above since its 

source area is in tropical latitudes of Af-

rica, the Rhône deep-sea fan (Torres et 

al., 1997), and the Ebro turbidite system 

(Canals et al., 2000). Other less-conspic-

uous and less-studied western Mediter-

ranean deep-sea fans are the Valencia fan 

and the Menorca fan. In the Black Sea, 

the large Danube deep-sea fan (Popescu 

et al., 2001) is at present being investi-

gated extensively (Figure 1) within EU-

funded research projects. 

In addition, sediment transport along 

Mediterranean canyons has contributed 

to the infi ll of the deep plains in the 

western and eastern Mediterranean and 

in the Black Sea. It must be noted that 

some of the most recent and largest sedi-

mentary units result from single events 

represented by megaturbidites (deposit 

from a mega-turbidity current) in the 

Balearic and Herodotus abyssal plains 

(Rothwell et al., 1988, 2000). These units 

are 300 to 600 km3 each and the Balearic 

one extends over 60,000 km2 (Figure 1), 

more than twice the size of the state of 

Maryland in the United States. Accelera-

tor mass spectrometry (AMS) radiocar-

bon dating shows that the two megatur-

bidites have been emplaced during the 

last low stand of sea level at the height of 

the last glacial maximum. The megabed 

on the Balearic Abyssal Plain is derived 

from the southern European margin 

(i.e., from the strongly canyoned mar-

gins off southern France and Spain), and 

is the main sedimentation event over the 

last 120 thousand years in the region. Al-

though the triggers for this event remain 

speculative, major slope destabilization 

following a long period of high sedi-

ment accumulation is the most plausible 

mechanism to explain such a “sedimen-

tation crisis.”

Sea-level rise pushes landwards shore-

lines and river mouths, which are the 

main sediment feeders of continental 

margins. This is why, in contrast with 

glacial times, the majority of canyons 

become inactive during high sea level 

stands, and are covered by blankets of 

pelagic fi ne particles. However, subma-

rine canyons may temporarily reactivate 

due to events such as large storms, river 

fl oods, or earthquakes. The earthquake 

and tsunami that destroyed Lisbon in 

1755 triggered a massive turbidity cur-

rent that travelled for a few hundreds of 

kilometers along the Setubal Canyon and 

out onto the Tagus Abyssal Plain (Thom-

son and Weaver, 1994).

In addition to the close connection 

between old and modern river systems 

and submarine canyons in southern Eu-

ropean margins, there are other aspects 

that are worth considering in relation to 

canyon development and functioning. 

One aspect is the structural control on 

the location and path of some European 

canyons. Probably the best examples 

are found around the Iberian Peninsula 

where structural lineaments known on 

land clearly control the emplacement of 

some of the largest submarine canyons, 

independent of the location of large river 

valleys. This is particularly true in the 

case of Cap Breton, Lastres, Avilés, Naz-

aré, and San Vicente canyons off the At-

lantic coastlines, and the Almeria (Figure 

2), Blanes, La Fonera, and Cap de Creus 

canyons off the Mediterranean shoreline 
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Figure 2. (a) Schematic geologic map of the Iberian Peninsula and location of some of the largest 

submarine canyons. 1, Cap Breton; 2, Llanes; 3, Lastres; 4, Avilés; 5, Nazaré; 6, Lisbon; 7, Setubal; 8, 

San Vicente; 9, Almeria; 10, Blanes; 11, La Fonera; 12, Cap de Creus. (b) Shaded-relief image of the 

tectonically-controlled Almeria Canyon and tributaries. Note sharp bendings of the tributaries to 

the north due to the Carboneras Fault.

of Iberia. In fact, it appears likely that for 

entire margin segments off Europe and 

elsewhere, the location, morphology, and 

spacing of canyons are controlled by a 

combination of sediment supply, slope 

angle, seafl oor topography, basement 

topography, faulting, and history.

The long-term strata-formation po-

tential of individual submarine canyons 

and their level of activity during both 

sea-level highstands and lowstands also 

relies on several, often-interrelated local 

factors. These factors include the inci-

sion of the canyon head into the conti-

nental shelf and its closeness to a river 

mouth, coastal and shelf physiography, 

shelf width, hydrodynamic regime and 

circulation, and tectonic setting, and the 

nature, frequency, and volume of sedi-

ment supply. On the Iberian margin, sev-

eral canyons cut back to the inner shelf 

and feed directly or almost directly from 

the lower course of river valleys, includ-

ing major rivers (e.g., Tagus and Sado 

Rivers for Setubal Canyon off Portugal), 

and minor rivers (e.g., Tordera River for 

Blanes Canyon and Ter River for La Fo-

nera Canyon off northeast Spain). Other 

canyons are located so that their upper 

course and head interrupt the general 

circulation where it collides against 

coastal promontories, thus favoring the 

funnelling of particles down-canyon. 

This is the case of Cap de Creus and, to 

a lesser extent, the Lacaze-Duthiers Can-

yons at the western exit of the Gulf of Li-

ons in the northwestern Mediterranean 

Sea. Other canyons, like those of the 

Ebro margin, are slightly incised on one 

of the widest continental shelves in the 

Mediterranean Sea and therefore have 

little chance to trap materials directly 

derived from the river mouth.
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SUBMARINE CANYONS AS 
SEDIMENTARY DR AINAGE 
SYSTEMS OF EUROPE’S MARGIN: 
THE DISTANT VIEW 
Submarine canyons are organized in 

many different ways and the European 

margin provides a plethora of examples. 

Probably the area where the largest vari-

ety of submarine canyon types exists is 

the northwestern Mediterranean, includ-

ing the margins of Sardinia and Corsica, 

the Ligurian Sea, the Gulf of Lions, the 

Gulf of Valencia, and the Balearic Prom-

ontory. Here there are (1) dozens of 

short (i.e., some tens of kilometers long) 

linear canyons with no or few tributar-

ies, apparently disconnected from fl uvial 

sources like those incised into the Ebro 

and Barcelona continental slope, (2) 

large (>100 km long), wide and deeply 

incised canyons running from short dis-

tance to coastal cliffs to depths in excess 

of 2,400 m like Blanes and La Fonera 

canyons off Northern Catalonia, (3) 

complex, branching canyon networks 

converging towards the base of slope 

with tributaries of different orders such 

as those in the Gulf of Lions (see fi gures 

in Berné et al., this issue), (4) chute-like, 

steep submarine canyons represent-

ing the continuation of deeply incised 

canyons on land such as those south of 

French Provence and west of Corsica, 

and (5) a southwest-northeast oriented 

deep-sea channel known as Valencia 

Channel that runs parallel to the Iberian 

and the North Balearic margins from 

where it collects sediment inputs. 

Sediments funnelled through sub-

marine canyons in the northwestern 

Mediterranean tend to converge towards 

the base of slope and the northern part 

of the Balearic Abyssal Plain where they 

feed the >1 km thick Plio-Quaternary 

(5.3 million years before present to pres-

ent) sediment piles of the Rhône and 

Valencia fans and the Pyrenean Canyons 

Deep-Sea Sediment Body (PCDSB), in 

addition to several thinner localized 

channel-levee complexes (Canals, 1985; 

Canals et al., 2000). When it reaches the 

geographic longitude of the Rhône deep-

sea fan sediment pile, the Valencia Chan-

nel cannot progress further eastward and 

is forced to turn southward to then run 

roughly parallel to the eastern Balearic 

margin. Both the feeder canyon-chan-

nel system of the Rhône deep-sea fan 

and the Valencia Channel progressively 

branch into distributary channels that 

fi nally vanish into the abyssal plain. 

The canyons in the northwestern 

Mediterranean Sea give way downslope 

to channel-levee systems in which the 

channel is incised on top of a large sedi-

ment body, with the channel sides being 

built up by sediment fl ows that over-

top the channel walls (as in river levee 

systems). The last turbiditic sandy lay-

ers in the Rhône neofan (the youngest 

fan lobe in the Rhône deep-sea fan that 

started growing during the last sea-level 

lowstand) have been dated at 6.6 to 4.4 

thousand years before present, which 

corresponds to the present sea-level 

highstand. This proves that turbidite 

fl ows in the Gulf of Lions are able to 

reach the deep margin and basin during 

epochs when the shoreline is far from the 

shelf edge and canyon heads. 

The second major feature of Mediter-

ranean margins that has had a profound 

infl uence on the development of sub-

marine canyons is the presence of thick 

evaporite layers formed 5 million years 

ago (Ma) during the Messinian salin-

ity crisis, when the Mediterranean Sea 

dried up. Evaporite layers deform easily 

under the overburden of thick sediment 

piles such as those that have accumulated 

during Plio-Quaternary times on the 

northwestern Mediterranean margin and 

also on other margin segments of the 

Mediterranean Sea. According to Canals 

(1985), evaporite deformation (known as 

halokinesis) under the increasing load of 

overlying Plio-Quaternary sediments de-

stabilized the lower slope in the Gulf of 

Lions, creating morphological irregulari-

ties that progressively extended to form 

linear conduits. These conduits evolved 

into submarine canyons when they 

reached the continental shelf edge after 

retrogressive erosion and upslope failure. 

Mass wasting also affected the walls of 

such conduits, thus contributing to their 

widening. The impact of halokinesis on 

the evolution and present situation of 

the sediment drainage pattern of north-

western Mediterranean margins has been 

imaged by seismic refl ection profi les and 

multibeam maps. Several generations of 

subsurface evaporite pillows determine 

the current location of the lower course 

of various canyons in the Gulf of Li-

ons. Ridges created by evaporite fl owage 

have resulted in a fi eld of large, parallel 

undulations shaping the seafl oor at the 

PCDSB (see above). Diapirs punctuate 

the distal part of the Rhone deep-sea fan 

with distributary channels winding in 

between diapiric highs. 

The similarity of subaerial and sub-

marine drainage systems can be seen in 

the Valencia Trough/Ebro area (Figure 

3). Note that both systems have a simi-

lar size and that height difference is also 

of the same order, about 3400 m for the 

Ebro Basin from the highest peaks in the 



Oceanography  Vol.17, No.4, Dec. 2004 59

Pyrenees to sea level, and about 2700 m 

for the Valencia Trough from sea level to 

the distalmost, deepest part of the trough 

to the northeast. Also, both systems have 

a main trunk fed by tributaries coming 

from the sides—the Ebro River and the 

Valencia Channel, respectively. There are, 

however, marked differences. The most 

obvious is the relative simplicity of the 

submarine drainage network compared 

to the terrestrial one. This is not due to 

observational bias, nor just a matter of 

age (river systems tend to be older than 

most submarine canyons), but of con-

trasting sediment dynamics. It is quite 

common that canyon heads and upper 

reaches, or even entire canyons, become 

buried by younger sediments. While 

there are many examples of buried can-

yon heads in northwestern Mediterra-

nean margins, the most spectacular is the 

total burial of the Neogene L’Escala Can-

yon offshore Roses Embayment on the 

northeast Iberian Peninsula. In contrast, 

continental sediment dynamics leads to 

the burial of river valleys only under very 

exceptional conditions. A second major 

difference is that the Ebro Basin receives 

tributaries from both fl anks, the Pyr-

enees and the Iberian Massif, while the 

Valencia Trough is only fed from its riv-

er-dominated western slope on the Iberi-

an margin. The lack of permanent rivers 

Figure 3. Comparison of the fl uvial drainage network of the Ebro Basin on land (green) and the Valencia Trough off shore (blue). Similarities include 

roughly the same size drainage network, and both systems have a main trunk fed by tributaries coming from the sides. Diff erences include the rela-

tive simplicity of the Valencia drainage network compared to the terrestrial Ebro network, which is a result of contrasting sediment dynamics. Inset 

image is a three-dimensional view of the Valencia Trough from the northeast.
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on the Balearic Islands is, jointly with a 

different tectonic setting, the main rea-

son why submarine canyons did not de-

velop on the eastern fl ank of the Valencia 

Trough. Deeply entrenched valleys of 

possible fl uvial origin, presently fi lled up 

with sediment, have been observed only 

off Pollensa and Alcudia Bays, northeast 

of Mallorca Island (Acosta et al., 2001).

The beauty of submarine canyons 

also appears when looking at their de-

tailed morphology. Canyons and canyon 

networks in the northwestern Mediter-

ranean Sea display gullied walls, internal 

terraces, axial incisions and narrow crests 

atop of interfl uves (Figure 4) (see also 

Berné et al., this issue). Hanging tribu-

taries connected to a larger, higher-order 

canyon through narrow, deeply incised 

reaches are also observed (Figure 4). The 

transition from the canyon segment to 

the channel segment in canyon-channel 

systems is nicely illustrated by the devel-

opment of levees along a central hanging 

channel feeding a channel-levee complex 

(Figure 5a and b). Breaching of channel 

fl anks and levees leading to the forma-

tion of new channels and to the aban-

donment of previous ones that are then 

left hanging and starved is a relatively 

common phenomenon (Figure 5c). All 

these features prove that submarine can-

yons of the Mediterranean Sea have been 

the setting of active sedimentary pro-

cesses shaping them at various space and 

time scales. 

MODERN FUNCTIONING 
OF EUROPE’S SUBMARINE 
CANYONS: THE SHORT TERM 
AND CLOSER VIEW
An even closer view of Europe’s subma-

rine canyons has been achieved through 

(1) direct observations and in situ ex-

periments by means of manned and 

unmanned underwater vehicles, and 

(2) both long-term and high-frequency 

monitoring of their hydrosedimentary 

behaviour. 

Seafl oor photographs offer unique 

opportunities to unveil submarine can-

yon modern sediment dynamics. A set of 

deep dives performed in the 1980s with 

the French submersible Cyana (Figure 

6a) into several Gulf of Lions canyons 
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Figure 4. Th ree-dimensional image of the 

Northwest Gulf of Lions continental mar-

gin. Th e Cap Creus, Lacaze Duthiers, 

and Pruvot Canyons are seen from 

left to right. Note the axial incision 

within the Lacaze Duthiers, at the ori-

gin of lateral regressive erosion resulting in 

ravinement of the fl anks of the canyon. 

Also note the semi-circular scar to the 

north of Pruvot Canyon, partly bur-

ied by recent muds sourced from 

the Rhône and transported 

westward through the anti-

clockwise circulation in 

this area. For scale refer 

to coordinates given 

in the fi gure (1’ in 

latitude = 1 nau-

tical mile).
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produced many interesting pictures. 

Some of these images are assembled in 

Figures 6b to 6k, together with Sediment 

Profi ling Imagery pictures showing sec-

tions of the uppermost part of the sedi-

mentary section. They demonstrate that 

at the metric and submetric scale, sub-

marine canyons, like river valleys, are not 

at all uniform along their course and that 

the imprint of sedimentary processes, 

biogenic activity, and anthropogenic im-

pacts can be easily recognized. 

Living colonial cold-water corals have 

been found on the rims and upper fl anks 

of some submarine canyons in the Gulf 

of Lions such as the Cap de Creus Can-

yon (Figure 6b). As in many places along 

the European margin, such corals are 

being seriously impacted by fi sh trawl-

ing. Note that a rope from a fi shing net 

can be identifi ed in the picture. Canyon 

heads may display amphitheatre-like 

shapes with locally abrupt walls where 

rocks and over-consolidated sediments 

may crop out. This has been observed in 

the Lacaze-Duthiers Canyon head and 

upper course where a small axial depres-

sion presents indications of modern bed 

transport down axis as suggested by the 

presence of gravelly sediment and accu-

mulations of coarse grains and garbage 

behind large obstacles (Figure 6c). Again, 

rope from a fi shing gear and plastic de-

bris left behind the large boulder in the 

canyon axis may be observed (Figure 6c). 

Compared to the generally low profi le 

of canyon fl oors, canyon walls are locally 

steep and show clear indications of de-

stabilisation. Creeping features and bad-

land topography on the wall of the upper 

to mid-course of the Lacaze-Duthiers 

Canyon are presented in Figures 6g and 

6h. The lack of centimeter-high biogenic 
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Figure 5. (a) Th ree-dimensional image of a channel-levee complex in the Ebro margin with a 

zoom detail of the hanging oxbow. Colors represent slope degrees. (b) Cross-sections through 
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mounds of sediment, which are com-

mon in many other canyoned areas (Fig-

ure 6e) in the Gulf of Lions, tells us that 

these places are not friendly to burrow-

ing organisms because of relatively hard 

substrates, frequent mass wasting events, 

or scarcity of food inputs. 

That submarine canyons experience 

up- and down-canyon water movement 

has been known for decades. It is also 

known that they act as preferential con-

duits for fi ne-grained material that is 

then exported to the deep sea. What has 

been much more rarely observed is the 

effect of the passage of debris fl ows and 

turbidity currents on canyon walls. Fig-

ure 6j illustrates a succession of darker 

and lighter layers cropping out on the 

inner erosional wall of a meander into 

the Var Canyon offshore Nice. This is 

clearly the result of recent erosion pos-

sibly linked to the human-induced 1979 

Nice slide that took away part of the Nice 

airport. It is thought that land fi lling on 

top of the Var River prodelta foresets to 

enlarge the airport of Nice caused such 

a catastrophic event in a landslide-prone 

area (Gennesseaux et al., 1980). Erosive 

processes are also behind the formation 

of extremely narrow crest-like remnants 

whose destination is to lower progres-

sively through time till disappearing, 

thus contributing to the enlargement of 

submarine canyons in the Gulf of Lions 

(Figure 6i).

Burrowing activity leads to sediment 

reworking and sorting, and to the modi-

fi cation of their mass-physical properties 

including the distribution of porosity 

and water content. Figures 6d and 6f 

show a coarsening upwards sequence 

into the Lacaze-Duthiers Canyon, prob-

ably due to the combined action of bur-

rowing organisms and near-bottom 

currents carrying away the fi nest grain 

sizes brought to suspension by bioturba-

tion. Finally, Figure 6k shows another 

example of the human impact on the 

deep, canyoned Gulf of Lions which is 

a several-centimeter-thick reddish layer 

covering hundreds of square kilome-

ters of seafl oor that formed from mud 

waste released by an aluminium plant in 

southern France. No signs of bioturba-

tion are observed anywhere on the red-

dish mud top.

CONCLUDING REMARKS
A latitudinal and climatic control on the 

evolution and role of submarine canyons 

along Europe’s continental margins has 

been depicted. While submarine canyons 

play a relatively minor role in funnel-

ling sedimentary material down slope 

in glacial-dominated margins, they are 

extremely important in the glacially in-

fl uenced, river-dominated margins of 

southern Europe, both in the Atlantic 

Ocean and the Mediterranean Sea. In 

fact, in terms of canyon development the 

entire southern European margin can be 

described as a “canyoned margin” show-

ing a rough symmetry along a south-

west-northeast axis extending across the 

Iberian Peninsula and France. 

Submarine canyons form true conti-

nental margin sediment drainage net-

works whose effi ciency is greatest during 

ice ages and ice retreat times when sea 

level is lower and melt water volumes 

are large. In addition to a structural con-

trol on the location of several canyons, 

the emplacement and development of 

most southern European canyons seems 

clearly related to river systems. Subma-

rine canyons behave as interconnecting 

conduits between those rivers and the 

deep margin, where large turbidite deep-

sea fans, myriad smaller channel-levee 

complexes, and sediment-fi lled abyssal 

plains develop. Altogether, they give a 

unique character to the southern Euro-

pean margin. 

Although from a hydrosedimentary 

viewpoint most European submarine 

canyons are at present in a dormant 
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state compared to ice ages and glacial 

transitions, some of them at least still 

show signs of activity. Recent signs of 

human impacts are found on Europe’s 

submarine canyons and the ecosystems 

they hold.  
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Figure 6. Seafl oor photographs showing submarine canyon modern sediment dynamics. (a) 

Preparing the recovery of the French submersible Cyana by mother vessel in fl at seas after a 

dive in the submarine canyons of the northwestern Mediterranean. (b) Small living colony of 

cold water corals (Madrepora oculata) in an area seriously damaged by trawling (see ropes 

around rocky relief) in the Cap de Creus Canyon (120 m depth). (c) Axial depression in the 

upper course of the Lacaze-Duthiers Canyon with plastic bag and rope behind large boulder. 

(d) Sediment Profi le Image (SPI) showing a well-preserved sub-horizontal burrow in the clay-

ey base of a coarsening-upwards sedimentary sequence that may result from bioturbation. (e) 

Top of a morphological terrace close to the fl oor of the Lacaze-Duthiers Canyon densely cov-

ered by centimeter-sized bioturbation craters and mounds. (f) SPI showing vertical burrows 

fi lled with faecal pellets and centimeter-high sediment mounds atop of a coarsening upwards 

sequence. (g) Sediment creeping on the fl ank of the Lacaze-Duthiers Canyon. (h) Badland to-

pography on the wall of Lacaze-Duthiers Canyon. (i) Erosional crest into the Var Canyon off -

shore Nice. (j) Rhythmites cropping out on the inner erosional wall of a meander into the Var 

Canyon. (k) SPI showing a thick reddish layer of mud waste released by an aluminium plant in 

southern France. Image (b) courtesy of J.M. Gili. Images (i) and (j) courtesy of IFREMER.


