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Abstract

The deep sandwave dynamics is still in debate. k&taleding the migration processes and the resudtiadution
of their 3D internal architecture are scientifigathallenging. To address these questions we eshliwo swath
bathymetry surveys complemented with seismic réflacacross the large sandwaves field named “Banfeair”.
It is located offshore the Western Brittany anadaésnposed of more 500 dunes. Some of the dunes’lersyths
and heights exceed 1000m and 30m respectivelyngdabhem among the largest dunes ever describedliliEmgum
laws obtained from our morphological analysis ave completely in agreement with those describegrévious
studies of similar structures in shallow waterslakeely high migration velocities on deep contitedrnshelves
(from 3 to 20m.yr-1) attest of their still presedynamical equilibrium. Internal-external morpholcaji and
kinematical analyses show the existence of tweedhfft dynamic regimes. Interpretation of the seismflection
data allowed to reconstruct long-term evolutionthaf sandbank and the establishment of progressiveections
between stepped submarine channels and tidal dgsatuiing the last sea-level rise.

1. INTRODUCTION determine universal relationships. Flemming
(1988) gives an evidence of the existence of a

Seabed is often covered with rhythmic sandygeometrical equilibrium relationship betweén
bedforms, the marine dunes, which are particularlgnd h (h=0.067%%%% and defines an upper height
wide-spread on macro-tidal continental shelveslimit (hy,.=0.16."%%. However, recent studies on
According to Ashley (1990) and Berné et al.giant-deep dunes tend to invalidate this limit
(1993), dunes are classified by their size(Barrie et al., 2009; Van Landeghem et al., 2009).
(wavelength): small (0.04-0.25m), medium (0.25-As Allen (1968) observed an increase of h in
0.44m), large (0.44-2.8m) and giant (>2.8m).accordance with D, Francken et al. (2004)
Those are elongated bedforms, with angulacalculated another upper height limit,{x0.25P).
variations frequently reaching up to 20° Other studies (Werner et al., 1974; Van
perpendicular to the main current (Hulscher andandeghem et al., 2009) have produced
Van den Brink, 2001). The latter ones differ fromcontradictory evidence and have demonstrated that
sandbanks which are defined as flow-parallethis relationship does not apply in general cases
bedforms or slightly oblique (<30°) to the peak of(Flemming et al., 2000).

tidal flow direction (Le Bot, 2001) and are alsogyndbodies are formed in response to the
characterized by much larger sizes (>1000Myteraction between sedimentary characteristics
large). and local hydrodynamics regime (Allen, 1968). It
Morphology dunes parameters (wavelength, height usually assumed that migration velocities of
and depth) are commonly correlated in order t@lunes decrease as their size increases (Ernstsen et
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al., 2006). However, inverse correlations have?). The Evalhydro2009 campaign, carried out in
been observed (Garlan, 2004). Marine dunes terigebruary 2009 by SHOM from the board R/V
to migrate in the direction of the residual current'Pourquoi-Pas?”, yielded a DTM of 5m resolution.
by acquiring asymmetric shapes facing the samand the AlbertGeo2010 campaign, carried out in
direction (Hulscher and Dohmen-Janssen, 2005August-September 2010 by IUEM from the board
Knaapen (2005) uses the degree of asymmetry ®/V “Albert Lucas” yielded four DTMs (A to D)
estimate their direction and their migration rates. of 2m resolution. Internal sandbodies structures
However, some field observations showWere investigated by seismic reflection acquisition
asymmetries opposed to residual currents (Besio &1OM conducted very High Resolution (VHR)
al', 2004) and migrating directions (Van selsmic proflleS W|th SIMRAD EM120 CHIRP on
Landeghem et al., 2012). R/V “Beautemps-Beaupré” in November 2010

. . . Daurade2010). HR seismic profiles were carried
Internal geometries of sandbodies partially reflecf)ut by IUEM on R/V “Cétes de la Manche” with

their paleo-morphologies. Indeed, the recognition .
of internal dune structures allows a reconstitutior?"oarker (250 Joules) mono and multi-channels

of depositional environments and processes on %grmg several surveys GeoBrest (2005, 2006,

annual-decadal timescale (Morelissen et al., 2003 10 and 2012). .
orphology dunes parameters were obtained

Berné et al. (1993) describe three orders Ofjther manually or automatically on bathymetric
boundaring surfaces: (1) first order surfaces whiclhyTps. Wavelength), lee side length Ls and
are sub-horizontal and correspond to _the erosionﬁleight h were found manually from at least three
overlapping of small sandwaves superimposed  2pcross-sectional profiles perpendicular to the
(Berné, 1991) (2) second order surfaces which dipaves’ crests. Crest depth D and dip direction of a
in direction of lee-side and correspond to ariee sideoa are defined automatically by zonal
erosive process of wind-current and wave-stornstatistics. The asymmetry A is defined as
(Le Bot and Trentesaux, 2004) (3) third order( 2Ls)A according to Knaapen (2005).
surfaces, which are more inclined than the latteTwo different methodologies were used to measure
ones, and result from the alternation of avalanchdunes’ migration between February 2009
phases and “sandy rainfalls” (Berné, 1991). AllenEvalHydro2009) and August-September 2010
(1980) suggests that the layout of internal ursits i(AlbertGeo2010) in zone D: (1) firstly, the
led to the tidal asymmetry degree. crosscorrelation, which is a rasterial technique,
calculates migration vectors from the search of
similar shapes between two grids obtained for two

2. DATA AND METHODS different times t1 and t2 (Delacourt et al., 2004,

The north Iroise Sea connects the English Chann8uffy and Hughes-Clarke, 2005; Buijsman and
and the North Atlantic Ocean on the westerrRidderinkhof, 2008) and (2) then, the
Brittany’s continental shelf. The hydrodynamics isspatiotemporal graph approach is based on an
strong with tidal current velocities reaching up toentitiesrelations  conceptual model and on
4m.s' (Hinschberger, 1962) and storm wavesgeometrical measurements between geographical
regularly exceeding 4m (Dehouck, 2006). Theentities (crests of dunes) related by filiation or
study area consists in a wide Northward openegptatiotemporal links (Del Mondo et al., 2010;
triangular bay, bounded to the East by coastasreeflhibaud et al., 2012). The results of these two
and to the South and West by the Molene-Usharifiethods were then compared.

Archipelago. The island belt is interrupted by two

narrow and shallow channels, the Fromveur

channel (50m b.s.l.) and the Four channel (10n3, RESULTS

b.s.l.). The “Banc du Four” is located 100m b.s.I.

in the middle of the bay (Fig. 1). The sandbody had e “Banc du Four” is a series of more than 510
been the subject of little investigation bedforms extending between 70 and 105m b.s.|. It

(Hinschberger, 1962) up to now. is characterized by a sandbank flanked by two
DTMs were obtained by two multibeam dune fields, which define a V shape (Fig.2). The
echosounders (MBES) bathymetric surveys (FigSandbank covers an area of 4x2km2 ranging
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between 35 to 90m b.s.l. It is nearly symmetricalthe western part characterized by lower velocities
with a flattened crest aligned to the East-Wes{6m.yr' mean) and motion directions towards the
direction. To the south, it is preceded by a gianSouthwest (2) the eastern part characterized by
asymmetric straight dunex£1050 m, h=32 m, higher velocities (12 m.yr-1 mean) and an opposite
width=2000 m) oriented towards the Southwestmigration direction (towards the Northeast). Here
direction. In one hand, the northwestern dune fieldigain, one can identify a central shear separation
is characterized by dunes decreasing in sizeith no preferential motion direction. Similar dune
(between 0.02 to 30m high and 10 to 600nmigration results were obtained with the
wavelength) while increasing in depth (50 to 105mspatiotemporal graphs method (deviations less than
b.s.l.) as one goes away from the sandbank. They0% for migration rates and 15% for migration
are generally asymmetric with a flexing of thedirections).

upper part of the crests and polarity directiora th The analysis of internal geometry of Zone D dunes
rotate clockwise (from Southwest to Northeast) asvas performed with seismic CHIRP and sparker
the distance to the Northwest increases. In thprofiles. The observed reflectors can be split in
other hand the northeastern dune field idwo groups characterized by different layouts. The
characterized by giant asymmetric dunes (betwedfirst group is composed of oblique third order
0.02 to 20m high and 10 to 500m wavelength) andeflectors parallel to the dune lee-slope and
an increasing depth as one goes away from therograding towards the Ilatter. These foresets
sandbank. Their morphologies delineate twadownlap a first order (subhorizontal) reflector
distinct zones: (1) in the western part, dunes arehich is the prolongation of the next dune’s
nearly straight and oriented towards the Southwestossside. According to Reineck and Singh (1980),
(2) in the eastern part, dunes are smaller, ydt avit this

greater sinuousness (even barkanoid) and inversefjgometry is due to dune migration which proceeds
oriented (towards the Northeast). The separation dfy successive avalanches at the lee-side and
the latter ones manifests itself by a well-markedrograding on the next dune’'s stoss-side. The
shear zone. reflectors of second group form small units made
The dunes’ morphological parameters analysis obf first and third order reflectors crosscut by
“Banc du Four” gives interesting results. Theslightly oblique second order reflectors dipping in
geometrical equilibrium relationship betwean direction of lee-side (Ferret et al. 2010). These
and h (h=0.012¢-"""2 ”=0.75) has a similar trend units are accumulated vertically whithin the dune.
to that of Flemming (1988) but with a steeperinternal structures of sandbank were derived from
positive slope. Furthermore, some measuremengeismic sparker profiles (Fig. 3). Six differenitan
values exceed the upper limit of Flemming (1988).have been individualized and numerated in
One can also assess that the calculated relati@hronological order. The first unit (Ul) is the
between h and D is not accurate (h=13156.1030leepest and smallest one, localized in the cefiter o
3459 2=0.3). Yet, the height of the dunesthe sandbank and lies on the substratum. The
decreases as the crest depth increases, this tresgtond unit (U2) is bigger, aggrades and progrades
being opposed to Allen’'s observations (1968)partially on the previous unit toward the
Moreover, for some dunes, the ratio of h and DNorthwest. The third unit (U3) rests on previous
exceeds the upper limit calculated by Francken ainit side and progrades toward the WNW. The
al. (2004). fourth unit (U4) aggrades and progrades towards
Cross-correlation parameters used were 32 pixethe WNW with the same area that the sandbank
for the search window and 8 pixels for the shapdéself. The fifth unit (U5) aggrades in the WNW
matrix. Only migration vectors associated to SNRpart of the sandbank. The last active unit (U6)
above 0.99 and magnitude vector greater or equabvers the entire sandbank with an aggrading
to 5m were kept. The calculated dune migratiortomponent in the northwestern part.

rates vary between 3 and 20m.yr-1. At 75%, the

migration directions correspond to morphologicalg. DISCUSSION

directions of dunes with an angular spacing lower

than 30°. As for the morphological analysis, theMorphology parameters relationship results of
dune migrations delineate the same two zones: ({Banc du Four” are different from other authors’
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studies. Flemming (1988) described well thebehavior.
general trend of increasing height as wavelengtifhe internal structuration of sandbank reflects
increases, without determining a universal law fomajor developments over time in relation with the
the geometrical equilibrium relationship and anlast sea-level rise and the establishment of
upper height limit. This assessment is consistergrogressive  connections  between  stepped
with other observations (Barrie et al., 2009; Vansubmarine channels and tidal dynamics. The Ul
Landeghem et al.,, 2009). Moreover, the inversanit marks the first formation stage of the “Banc
relationship between height and crest deptldu Four” with the establishment of a small sandy
observed here is contrary to that of Allen (1968)structures (most likely a small sandbank or a dune
and some height values measured exceed the upgiedd) in shallow water. At this time, the sand
limit established by Francken, et al. (2004). Herestructure was no deeper than 80m below the
again, these observations are consistant to similaurrent sea level (b.c.s.l.) and the north Iroisa S
studies (Werner et al., 1974; Flemming et al.could look like a wide open bay toward Northwest.
2000; Van Landeghem et al., 2009). The norThe U2 unit marks a strong change of the
universality of morphology parameters relationshipsedimentary dynamics which can be explained by
can be linked to the failure to take into accounthe opening of one of the South channels when the
particular environments such as deeper waters arsgta level was above 50m b.c.s.l. This episode is
highlights that the complex physical mechanismdollowed by a gradual displacement of the
of dunes’ forming are still poorly known. sedimentation in Northwest direction (U3, U4 and
The migration directions of dunes in Zone D are inJ5) due to the submersion of the Molene-Ushant
agreement with their morphological directionsArchipelago. The recent stabilization of coastline
(Hulscher and Dohmen-Janssen, 2005). The dunesiay explain the low mobility of sedimentation
dynamic study clearly shows two opposing(U6).
dynamic sets in shearing. This is in accordance
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Figure 1. left) Map of the Iroise sea (situatedwsstn Brittany French coast and the Ushant-Molerghifielago)

showing the location of DTM EvalHydro2009. The stadea covers 14x18 km2 with the water depth rangimto
100 m. (right) Eulerian residual tidal currents@ding to PREVIMER for a tide range of 90.
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Figure 2. Bathymetry of “Banc du Four” on Febru2f09 defined with a 5 m resolution. Areas of AllBEt2010
swath surveys are outlined by black solid lines fizklled in white as A, B, C and D. Seismic spanefile
number 6 of GeoBrest2005 is located by a solid line
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