






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Sediment failures and flows in the Gulf of Cadiz (eastern Atlantic)

Jul 22, 2008 - Regional setting. The Gulf of Cadiz is located in the north-eastern Atlantic Ocean, northwest of the Strait of Gibraltar. It extends along the south. 
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Several types of sediment failures in the Gulf of Cadiz were observed using multibeam bathymetry, acoustic imagery and high-resolution seismic. These instabilities are mainly sediment failures and ﬂows. Their width and length vary from 1 to more than 10 km. The failures are mainly related to high sedimentation rates, particularly in places where the Mediterranean Outﬂow Water (MOW) spills over, such as channel bends and the outer side of the giant contourite levee. Steep slopes are also a trigger for failure at the continental shelf-slope transition, on valley sides, on canyon ﬂanks, and on the sides of bathymetric highs. Other mass movements are related to ﬂuid escape (mud volcanoes) and earthquakes. In areas where the MOW ﬂows along the seaﬂoor, the constant shearing and related erosion can add to the overall stresses. The frequency of failures can be estimated using the deposits resulting of their distal transformations into turbidites. Ó 2008 Elsevier Ltd. All rights reserved.
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1. Introduction Seaﬂoor instability features were recognized since the early stages of modern exploration of the ocean. They occur preferentially at the shelf break, where slopes are steep, and in areas of high sedimentation rates, such as river mouths and delta fronts or in accretionary prisms (Fauge`res et al., 1997). Sediment overloading and slope oversteepening are commonly invoked as the trigger for instabilities. Dynamic processes occurring along continental shelves, such as tides, storm waves, swells, or earthquake shaking are also common processes that instigate seaﬂoor failures. All these processes decrease the shear strength of the sediment down to a failure threshold by increasing the interstitial ﬂuid pore pressure. In addition, an earthquake generates ground accelerations in addition to the gravitational force (Almagor and Wisenam, 1977, 1982). More recently, additional triggering processes were identiﬁed: ice loading and ﬂuid escape within the seabed. In the latter case, the ﬂuid can be water, thermogenic methane, biogenic methane or methane coming from the phase change of gas hydrates (Locat and Lee, 2000; Leon et al., 2006). These multiple causes make slope failures in submarine environments a common process that occurs on gently dipping slopes (Lewis, 1971). General classiﬁcations of sediment mass-wasting processes based on the relative motion of the failed mass usually distinguish * Corresponding author. Universite´ Bordeaux 1, UMR 5805 EPOC, avenue des faculte´s, 33405 Talence Cedex, France. Tel.: þ33 540 00 8847; fax: þ33 554 84 0848. E-mail address: [email protected] (T. Mulder). 0264-8172/$ – see front matter Ó 2008 Elsevier Ltd. All rights reserved. doi:10.1016/j.marpetgeo.2008.02.009



mass failures and mass ﬂows. Mass failures represent the movement of a volume of generally consolidated material along a slipping surface. Usually, the internal geometry of the failed material is preserved because the travel distance remains short. Authors usually distinguish slides and slumps. Slides have a D/L ratio generally 4 ), such as the ﬂanks of the Portima˜o Canyon and Valley and neighbouring valleys, or the sides of bathymetric highs. At these locations, erosion and by-pass processes allow the consolidated sediments to crop out. Progressive erosion of the side of canyons



Fig. 11. EM 300 bathymetry (A) and reﬂectivity map (B) showing slumps on the ﬂank of the Cadiz Ridge. Upslope, failures are related to undulations interpreted either as creeping or extensional deformation. See Fig. 4 for location.
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Fig. 12. Bathymetric map of the Portima˜o Canyon and neighbouring valleys. Note the typical badland morphology of the sidewalls suggesting intense gravitational erosion. See Fig. 4 for location.



and valleys by channelized gravity ﬂows (including high-energy turbidity currents) generates slope oversteepening. Channel walls thus fail by retrogression, generating gullies and creating the observed badlands morphology. This phenomenon is accentuated in canyons and channel meanders. On the external side of a meander, the energy of the channelized ﬂow is higher than on the inner side. Consequently, erosion is more intense on the outer side, and catastrophic erosion is more frequent. Slope failures therefore generate topographic highs (terraces) along the inner side of the meander. Such a terrace with sharp boundaries is observed on the side of the Portima˜o Canyon at N36 450 ; W8 320 (Figs. 4 and 12). It could result from a large mass-wasting event. Along bathymetric highs, steep slopes are the main trigger parameter. Instabilities observed along the Albufeira High towards the Portima˜o Valley (Fig. 8) are unlikely triggered by erosional processes carving the toe of the Albufeira High. At this location, the Portima˜o Valley is very large and the slope of the valley ﬂoor is very smooth. Consequently, channelized ﬂows probably have very low energy. However, the coalescence of slump scars suggests again a retrogressive process. The top of the continental slope represents one of the preferential areas where failures occur. The wavy structures observed along the Sagres Drift (Fig. 13A) could result from either sediment deformation or sediment deposition (Fauge`res et al., 2002; Wynn and Stow, 2002a). Five kinds of evidence suggest that they are likely due to deformation: (1) they are located at the shelf break, and (2) on the edge of the Sagres contourite drift, suggesting that the sedimentation rate is high, (3) the MOW has low energy at this location, (4) the crest of the elongate wavy structures are oriented E–W suggesting a N–S current (the MOW ﬂows alongslope), and (5) the slope there is dipping more gently than in adjacent areas located just on the east, where badlands morphology has developed. This observation suggests that the slope has been smoothed locally by a large-scale event that has erased the badlands morphology.



Fig. 13. (A) EM 300 bathymetric map of the sediment undulations along the Sagres drift. See Fig. 4 for location. (B) 3D view of the escarpment at the toe of the undulations.
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5.2.2. Inﬂuence of the sedimentation rate Sediment mass failures are frequently located in areas where sediment-accumulation rates are high, which increases the gravitational load (overloading). In addition, where sediments are ﬁne grained, as in contourite drifts, the pore-ﬂuid pressure dissipates slowly, generating excess pore-ﬂuid pressure. The giant contourite levee fed by the MOW is rapidly formed because of sediment input from the proximal Guadalquivir and Guadiana rivers that ﬂow southeastward along the Iberian coast (Figs. 1 and 3). The main supply of the MOW occurs just west of the straight of Gibraltar (Nelson et al., 1999) at the entrance of the main MOW channel. The presence of ﬁelds of ﬁne-grained sediment waves (Fig. 4) is consistent with high sedimentation rates at this location (Kenyon et al., 2002; Wynn and Stow, 2002b). Channel bends are also locations for preferential sediment deposition. When the MOW is channelized, its energy increases. When a curve is encountered, the centrifugal force deﬂects the MOW to the outer side of the bend (Fig. 7). The MOW overspills the channel side as would a classic turbidity current (Hiscott et al., 1997). The presence of sediments having low reﬂectivity on the outer side of the bend indicates that high sedimentation rates, producing apparently underconsolidated sediment deposits. Once it has spilled, the current speed rapidly diminishes and particles settle. Close to the channel, these underconsolidated sediments tend to ﬂow in the spill direction. Further away, the ﬂow direction rapidly turns to the direction of the local slope (Fig. 7).



5.2.4. Inﬂuence of seismicity Seismicity is frequently invoked as responsible for slope failures in deep-sea environments (Almagor and Wisenam, 1977, 1982). Usually, earthquakes add to classic gravitational forces by generating horizontal and vertical ground accelerations, while simultaneously increasing the pore-ﬂuid pressure. In the Gulf of Cadiz, seismicity is low and mainly located in neighbouring areas: the Azores-Gibraltar Fault, the Gorringe Bank and the boundaries of the accretionary wedge. Because no earthquake epicentres are located near our study area, we assume that only large-magnitude earthquakes having their epicentre located outside our study area could have release seismic energy great enough to trigger large-scale slope instabilities within the Gulf. The existence of a deep blocked subduction (Gutscher et al., 2002, 2009) generating rare, but very high-magnitude, earthquakes is consistent with earthquake-triggered instabilities in the Gulf of Cadiz.



5.2.3. Inﬂuence of the MOW The MOW is active throughout the study area in water depth below 1200–1400 m. Its activity is clearly visible on the backside of



5.2.5. Inﬂuence of deep ﬂuids The inﬂuence of upward migration of deep ﬂuids has been demonstrated in several areas in the world. For example, the north



the contourite levee, where sediment waves are present. These waves are associated with structures associated with deformation (Figs. 4– 6). In this part of the gulf, the effect of the constant shearing of the MOW along the seaﬂoor could add up to the contribution of gravity forces and increase erosion. Coincident high sedimentation rates could induce sediment failures and ﬂows. In addition, true sediment waves could initiate slow deformation (creeping) by sediment loading and generate multi-process sediment waves similar to those described by Fauge`res et al. (2002) in the Bay of Biscay.



Fig. 14. EM 300 bathymetry (A) and reﬂectivity map (B) showing a slump on the ﬂank of the Lolita mud volcano. See Fig. 4 for location.
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Fig. 15. Synthetic 3D diagram showing the different instabilities observed in the Gulf and the inferred dominant triggering factor.



part of the Storegga slide in Norway was triggered by a phase change of gas hydrates (Mienert et al., 1998). Pockmarks are frequently associated with canyon and valley heads (e.g., Zaire, Le Moigne, 1999; Cirac et al., 2001; Gonthier et al., 2006) and could either direct the propagation of retrogressive failures along deep seepage lines or be the consequence of early stage of retrogressive destabilisation. In the Gulf of Cadiz ﬂuid-escape structures are mainly mud volcanoes. The only instabilities that have been related to these structures are slides, slumps and mud ﬂows along the ﬂanks of these volcanoes (Figs. 4 and 14).



5.3. Other products of slope instability Slope instabilities were recognized on the basis of the presence of scars on the seaﬂoor, allowing localizing failures and ﬂowing initiation. However, the recurrence of failures has been recorded also by interbedded deposits resulting from a sediment failure transformation. As an initial failed mass moves downslope, it accelerates and incorporates water. Under particular conditions, it may evolve into a diluted ﬂow (debris or grain ﬂow, depending on the nature of the matrix), hyperconcentrated and concentrated ﬂows (Mulder and Alexander, 2001) and ﬁnally, low-concentration, turbulent ﬂows. All these process generate deposits that are originally related to slope failure. We identiﬁed several turbidites in a sediment core collected on the bottom of seaﬂoor valleys (CADI2KS22, see Fig. 8 for location). These allow determination of the frequency of failure. In addition, we also noticed small sedimentary lobes within the larger MOW channels (Fig. 14). These are made of clean coarse silt and sand produced by mass-ﬂow deposits (Habgood et al., 2003). The lobes might have originated at the distal western edge of the sedimentary levee or along bathymetric highs bordering these channels, such as salt diapirs.



6. Conclusions Our study shows evidence for several kinds of mass-wasting processes in the Gulf of Cadiz (Fig. 15). Their width and length both vary from 1 to more than 10 km. Instabilities are located in steepslope areas, including channel ﬂanks, valleys sides, the upper continental slope, the outer part of channel bends and one giant contourite levee. The main triggering processes are probably slope oversteepening and high sedimentation rates (sediment overloading). The constant shearing by the MOW ﬂow may have contributed to trigger failures at water depths less than 1200–1400 m. Seismicity could also generate failures but likely only when very high-magnitude earthquakes occur in high seismicity prone neighbouring areas. Fig. 15 shows an interpretative 3D diagram showing the preferential area of slope instability in the Gulf and how processes act or interact to trigger these failures. The frequency of failures can be estimated using the observation of deposits resulting of their distal transformations such as turbidites, given age control with sufﬁcient resolution. Acknowledgements We thank the crew of the RV ‘‘Le Suroıˆt’’ for their technical assistance during the Cadisar 1 and 2 cruises, B. Vendeville and an anonymous reviewer for review and editing of the manuscript. We thank the Groupe de Recherches (GDR) ‘‘Marges’’ and the ANR ‘‘ISIS’’ for ﬁnancially supporting this work. This represents UMR CNRS 5805 contribution 1609. We thank the SWIM Group for the use of the bathymetric compilation map. References Almagor, G., Wisenam, G.H., 1977. Analysis of submarine slumping in the continental slope of the southern coast of Israe¨l. Marine Geotech., 2, Marine Slope Stability, 349–380.
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