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Abstract. A gravity core taken in the canyon of Capbreton shows a succession of sedimentary facies
which can be interpreted as three superimposed Bouma sequences. The turbiditic sequences are
covered by an oxidised layer which contains live benthic foraminiferal faunas indicating a reprisal of
hemipelagic deposition. Activities of 234 Th and 210 Pb suggest that the most recent turbidite was
deposited between early December 1999 and mid-January 2000. During this period, the most probable
natural event able to trigger a turbidity current was the violent storm which affected the French
Atlantic coast on 27 December 1999. The turbidity current could have been caused by a sediment
failure due to an excess in pore pressure generated by the storm waves, an increase of the littoral drift,
or the dissipation of the along-coast water bulge through the canyon. This sub-Recent turbidite shows
that the canyon experiences modern gravity processes, despite the lack of a direct connection with a
major sediment source.

Introduction
Although turbidity currents and turbidites have been known for half a century (Kuenen 1951, 1952a,
1952b, 1953, 1959; Bouma 1962), much controversy still exists concerning the processes of deposition
(Kneller and Branney 1995; Shanmugam 1997, 2000; Mulder and Alexander 2001), their origin
(Mulder and Cochonat 1996) and their recognition. Except for deposits related to processes in which
the main particle-support mechanism is not turbulence, and which should not be termed "turbidites"
(Middleton and Hampton 1973; Mulder and Alexander 2001), it is now clear that, even for real
turbidites (i.e. sequences deposited by a turbulent flow; Shanmugam 2000), the Bouma sequence is not
an ubiquitous model. Several exceptions of the classical model exist, such as the Lowe sequence
(Lowe 1982) for coarse-grained turbidites, and the sequence defined for fine-grained turbidites (Stow
and Shanmugam 1980; Piper and Stow 1991; Piper and Deptuck 1997). However, the conceptual
model of Bouma (1962) remains valid for turbulent flows generated from sediment failure.

-1-

Turbidity currents are recognised as a major particle transport process in marine environments. They
are at the origin of deep-sea turbiditic systems such as ramps fed by multiple sources, and deep-sea
fans in which sediment is supplied by a linear source (Reading and Richards 1994). In both kinds of
system, particles are transported through a canyon. A submarine canyon is defined as a sea valley with
a V-shaped profile, high steep walls with rock outcrops, a winding course and numerous tributaries
entering from both sides (Shepard and Dill 1966). Canyons are dominated by erosional processes.
Their formation includes retrogressive failures and erosion by particle-laden gravity currents (Shepard
1981; Pratson et al. 1994). Turbidity currents have been indirectly observed in canyons on seismic
profiles (Hay 1987; Viana 1997). Turbidity current activity is also indirectly indicated by cable
failures on the Algerian slope (Heezen and Ewing 1955), in the Gulf of Corinth (Heezen and Hollister
1971), in the New Britain Trench (Krause et al. 1970), in the Var (Gennesseaux et al. 1980), off the
Grand Banks and Laurentian channel (Heezen and Ewing 1952; Hughes Clarke et al. 1990, 1992), and
in the Zaire canyon (e.g. Shepard and Dill 1966; Droz et al. 1996). Measurements of an along-bottom
turbid flow associated with velocities ranging from a few decimetres to a few metres per second are
reported by Inman (1970), and Shepard et al. (1977, 1979) in La Jolla Canyon, by Gennesseaux et al.
(1971) in the Var canyon, and by Wright et al. (1986) in the Huanghe delta (China). Various processes
can initiate submarine turbidity currents. Slope failure can be due to oversteepening or to an excess
pore-water pressure. This excess pore pressure can be generated by gas seepage (Milkov 2000), high
sedimentation rates, earthquake shaking (e.g. Heezen and Ewing 1952), high tides (Bjerrum 1971;
Wisenam et al. 1986), and swell or storm waves (Prior et al. 1989). Turbidity currents can also be
generated by river floods (Mulder and Syvitski 1995; Mulder and Alexander 2001).
In this paper, we demonstrate that a sedimentary sequence cored at 647-m water depth in the canyon of
Capbreton results from deposition by a turbidity current generated by the violent storm which affected
the French Atlantic coast at the end of December 1999.

Geological setting
The canyon of Capbreton runs approximately parallel to the north coast of Spain. It is a 300-km-long
meandering submarine valley. The canyon head cuts deeply into the continental shelf and is located
only 250 m away from the coastline. The south wall escarpment bordering the Spanish shelf reaches
up to 3,000 m at 133 km from the coastline. (Shepard and Dill 1966; Cirac et al. 2001). The canyon is
32 km wide at the most. The average slope of the canyon axis is 2.9% for the first 110 km, and 1.6%
over the total canyon length. The canyon is not directly connected to any river at present, although
direct connection with the Adour River existed until 1,310 A.D. At present, the Adour river mouth is
located 15 km south of the canyon head. The main directions of the three parts of the channel (Fig. 1)
are under structural control, as they follow the directions ENE-WSW and SE-NW of major regional
faults which developed during the opening of the Bay of Biscay and the Pyrenean thrust (Boillot et al.
1972, 1974).
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Fig. 1. A General map of the southern part of the Bay of Biscay showing the location of the Capbreton
canyon. B. Detailed map of the study area showing the bathymetry of the Capbreton canyon and the
location of core K. Contours in metres. Isobaths at 50-m intervals
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Materials and methods
A core was taken at station K (43°37.833 N, 1°43.284 W) during the Oxybent 10 cruise (2 May
2000), using a classical Barnett interface gravity multicorer (Barnett et al. 1984). It is a 33-cm-long
core located in the axis of the canyon at a water depth of 647 m (Fig. 1). A 1-cm-thick slab was
sampled along the core length. This slab was X-radiographed using the Scopix system (Migeon et al.
1999), which consists of an X-ray imaging system combined with image analysis software.
Subsampling for grain size and micropalaeontological analyses was performed using a particular
procedure. Subsamples were positioned using a plastic Xerox copy of the X-ray image to accurately
locate the laminae. After subsampling, the sampled slab was X-radiographed again to check the
sample location and to verify that all the laminae had been sampled. Grain size was measured using a
laser diffractometer Malvern Mastersizer. In addition, a large thin section was made to help
interpretation.
The stratigraphic framework was provided by counting the activity of radiogenic isotopes: 234 Th
(half-life=24.1 days) and 210 Pb (half-life=22.4 years). Counting for 234 Th and 210 Pb activities was
performed over 20 h, using a high-resolution gamma spectrometer with a semiplanar detector (excess
210 Pb=total 210 Pb- 226 Ra; excess 234 Th=total 234 Th- 226 Ra). 226 Ra is obtained from 214 Bi and
214 Pb. No activity can be detected after a period corresponding to six times the half-life at the
maximum, i.e. 144 days for 234 Th, and 122 years for 210 Pb. The method is detailed in Jouanneau et al.
(1988), and Gouleau et al. (2000).
Since 234 Th has a very short half-life, we corrected the measured values (date of measurement is
between 15 May 2000 and 2 June 2000) to take into account the time interval between core sampling
(2 May 2000) and the measurements, using the classical exponential decay of radiogenic activity.

Results
Figure 2 shows the sedimentological features of the entire core. X-ray analysis shows three units
denoted S1, S2 and S3 from top to bottom (Fig. 2A and B). Sequences S1 and S2 are separated by an
erosive contact. Sequences S2 and S3 are separated by a sharp contact. Ochre (10YR 6/5) oxidised
layers containing benthic and planktonic foraminifers are located below each contact and at the top of
the core. These oxidised layers are Mn- and Fe-enriched, which affects sediment colour and X-ray
penetration.
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Fig. 2A-F. Sequence analysis of core K. A X-ray image. B Processed X-ray image (Scopix) and facies
interpretation. C Grain-size distribution curve. D Grey level (plain line) and content of the 30-125 µ
fraction (line with squares). E Curve of corrected 234 Th exc. activity. F Curve of corrected 210 Pb exc.
activities
Sequence S3 is a fining-up sequence with its base missing, probably due to coring. Grain size grades
up from fine sands to clayey silts. The base of the sequence shows a facies without structure but
containing a few mud clasts. Above it, a cross-laminated facies can be observed, followed by a facies
with parallel laminations located just below the oxidised layer separating S3 from S2.
Sequence S2 is 5 cm thick. It contains only a fine silty clay facies with slight bioturbation at its top,
overlain by an oxidised layer.
Sequence S1 is the most complete sequence. It is a 18-cm-thick, fining-up sequence. The grey-level
curve (on a 256-level scale; Fig. 2A) results from X-ray image analysis, and it depends on density
(Bouma 1969) and porosity which, in turn, depend partly on grain size. In our case, it is sensitive to
the medium-silt to fine-sand fractions. It is a valuable tool to accurately define facies limits. On
Fig. 2D, the portion of the curve corresponding to sequence S1 shows three parts: (1) at the bottom, a
part with a low grey level, indicating a small silt fraction due to a high sand content; (2) an
intermediate part with a high grey level, indicating a high silt content; (3) at the top, a part with a low
grey level, indicating a small silt fraction due to a high mud content. A facies consisting of clean sand
with frequent mud clasts lies above the basal erosive contact. A cross-laminated facies, followed by a
facies with convolute laminations and finally a facies with parallel laminations overlie it. It ends with a
silty clay facies similar to the facies observed in S2, with slight bioturbation in the top last centimetre.
A 5-mm-thick oxidised facies drapes the top of the core. The processed X-ray image of the core and
selected grain-size distribution curves at different core levels are shown in Fig. 3.
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Fig. 3. Interpretation of the processed X-ray image showing the sampling locations and histograms of
grain-size distributions in facies Ta to Te. Note progressively decreasing grain-size peak from facies
Ta to Td

Discussion
Facies analysis
The facies succession and the progressive fining-up trend suggest that the three sequences observed in
core K correspond to classical Bouma sequences (Bouma 1962; Shanmugam 1997). Fining-up trends
indicate (Fig. 2C) deposition by suspension fall-out in the course of a progressively decreasing energy
gradient at the core location. The data show the presence of structures which indicate that traction acts
simultaneously to suspension fall-out. The clean sand facies without structures at the base of sequence
S1 is interpreted as facies Ta of Bouma (1962). The facies with ripple-cross laminations and convolute
laminations is interpreted as facies Tc in sequences S1 and S3. The facies with parallel horizontal
laminations in sequences S1 and S3 is interpreted as facies Td. The nonlaminated facies at the top of
the three sequences is interpreted as facies Te. Te is, in fact, the composite of a real turbiditic part
(Te t ), resulting from the deposition of the finest part of the turbiditic cloud and a subsequent
hemipelagic part (Te h ) resulting from reprisal of the background sedimentation. Facies Td-e
corresponds to the part of the sequences with a low silt content caused by an important clay fraction.
Facies Tb (which typically contains parallel horizontal laminations) seems to be absent or cannot be
discriminated from Ta.
The distinction between the turbiditic and hemipelagic parts in Te can be made using the grain-size
distribution curve for each facies (Fig. 3). Furthermore, the hemipelagic parts contain planktonic as
well as autochthonous benthic foraminifers, whereas both are very scarce in the turbiditic part. In
facies Ta to Td, the curves show peaks migrating progressively towards finer particles. The curves in
facies Ta and Tb are unimodal and symmetrical. The curves in facies Tc, Td and Te t are bimodal with
two populations not clearly separated. The top part of Te, called Te h and corresponding to the
oxidised facies, shows either a symmetrical unimodal curve or a bimodal distribution with two clearly
separated fractions with different amplitudes. Both fractions are interpreted as subfacies Te h which is
hemipelagic ooze.
Sequences S1, S2 and S3 correspond to the sedimentation from turbulent unsteady flows (surges).
They are separated by hemipelagic, oxidised layers.

Age of the sequences
The oxidised facies at the top of S1, between S1 and S2, or S2 and S3 all show high 210 Pb exc. activity,
which suggests an age younger than 100 years for these three interfaces (Fig. 2F). The oxidised layer
above S1 shows high values in 234 Th exc. , which is consistent with a strong input of 234 Th exc. after
deposition of S1. The interface between S1 and S2 also shows high activity of 234 Th exc. (Fig. 2E),
which suggests an age less than 144 days for this interface. In the oxidised interval between S1 and S2,
the presence of benthic foraminifers which are still weakly stained by Rose Bengal suggests that the
time interval following the deposition of S1 was not long enough for a complete decay of the
foraminiferal protoplasm. The progressive decrease of radio-isotopic activity within the Ta-c facies of
sequences is related only to the grain-size variation (cf. the downward decrease in clay content) and
does not allow the calculation of accumulation rates. However, facies Td-e of S2 and S3 are mainly

-7-

composed of mud, and the accumulation rate and dating can be considered as reliable.
We consider that the flux of 234 Th was identical at the time of deposition of the top of both S1 and S2.
Calculations of the 234 Th at the date of sampling suggest that sequence S2 was deposited before the
period 18 November 1999 to 8 December 1999, and that the top of S1 (Te t ) was deposited between 5
December 1999 and 14 January 2000. The dating of the oxidised layer at the bottom of S1 could be
hampered due to erosion by the turbidity current which deposited S1. In this case the maximum ages
for deposition of S1 would appear too old. According to Hyacinthe et al. (2001), the thickness of the
oxidised layer does not exceed 1 cm in the Capbreton area. This suggests that the erosion below S1 is
less than 5 mm. However, dating the upper part of the sequence shows high 234 Th exc, suggesting that
the upper part was deposited before the end of January (Fig. 2). In addition, if the oxidised layer at the
bottom of S1 had been intensely eroded, the grain-size distribution curves (Fig. 3) at the top and at the
bottom of S1 would have different shapes. These curves are identical, suggesting only little erosion at
the base of S1.

Potential turbidite triggering mechanism
As the time range for the triggering period is very narrow, we investigated the potential cause for the
triggering of the turbidity current which deposited sequence S1. No earthquake capable of generating a
slope failure in the area was recorded during this period. There was no major flood at the mouth of the
Adour River, which is the nearest river. The only natural phenomenon with the potential to trigger
sediment movement during this period was the violent storm which hit the Bay of Biscay on 27
December 1999. Storms have previously been demonstrated as a triggering mechanism for turbidity
currents in the Huanghe delta (Prior et al. 1989), off Hawaii (Normark and Piper 1991), and in the
Titanic wreck area (Savoye et al. 1990). Storm-related hydrodynamic processes could also be involved
in the initiation of small channels above the Albatross debris flow on the Scotian slope (Baltzer et al.
1994).
Storms can affect sediment stability in three different ways.
1. Swell and wave stress can generate excess pore pressure in sediments and reduce the shear
resistance of the seafloor sediments down to failure. Such a process has been reported by Wright
et al. (1986) in the Huanghe River. During the storm of 27 December 1999, waves with heights
up to 12 m were recorded in the Bay of Biscay. Such high waves may have destabilised sediment
on the shelf break adjacent to the core location, i.e. at a water depth of about 110 m or near the
canyon head.
2. Shelf currents and coastal drift can be intensified during a storm. A large amount of particles can
then be captured at the canyon head and progressively create a turbulent unsteady flow.
3. The eastward storm winds created a 1- to 2-m-high water bulge along the coast. The bulge could
have dissipated, using the canyon as a natural sink. The violent downwelling currents may then
have caused intensive particle erosion from the canyon head and down the channel, generating a
particle-laden bottom layer which progressively transformed into a turbidity current. Such
particle-rich downward and upward currents have already been observed during proxigean
spring-tide conditions in La Jolla canyon (Shepard 1975). Fukushima et al. (1985) demonstrated
that turbidity currents have been triggered in Scripps submarine canyon because of a modest
agitation due to edge waves. Tide-related sediment advection has also been evidenced in the
Huanghe delta (Wisenam et al. 1986). Then, the turbidity current can "ignite" (Parker 1982; Piper
et al. 1992, 1999) - it self-accelerates by eroding particles from the bed.
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In the present case, we cannot relate the present-day turbiditic activity to the processes at the head of
the canyon. The amplitude of the storm waves provides a return period in the range of 10 years (Vassal
1980). This suggests that storm-related turbidity currents may be frequent in the Capbreton canyon.

Conclusions
1. A sub-recent turbidite showing classical Bouma facies has been identified in the canyon of
Capbreton, using both radiographic analysis for facies description and radio-isotope activity. This
suggests that the canyon is currently active.
2. Dating suggests that the last turbidity current was triggered by the violent storm which occurred
on 27 December 1999 in the Bay of Biscay.
3. The sequence deposited at 647-m water depth by this single event is 18 cm thick. This shows that
turbidity currents can transport and deposit large volumes of sediment. The preservation of the
previous sequence shows that vertical aggradation can be larger than erosion in some parts of the
canyon. The frequency of the storm-related turbidity currents could lead locally to high
accumulation rates.
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