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Sedimentary hydrodynamics of a sandy bay under macrotidal conditions
(Saire Bay, France)
Gregoire Gwendoline a,b, Murat Annea,b, Méar Yanna,b, Poizot Emmanuela,b, Marion Clairea,b,
Lesourd Sandricc, Haize Thomasa,b and Adenot Camillea,b

aConservatoire National des Arts et Métiers, Intechmer, Cherbourg-en-Cotentin, France; bLaboratoire Universitaire des Sciences
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ABSTRACT
Identified as one of the most vulnerable environment to the impacts of sea-level rise, the
morphological and hydrological diversity of coastal areas complicates their study. To
understand their evolution, it is essential to characterize their current morpho-sedimentary
distributions and processes. Morphologic interpretation, from LiDAR data, coupled with
grain-size and geochemical analyses of 200 samples, subsequently interpreted with
statistical tools (PCA), allow us to determine the pattern of sedimentary transport of Saire
Bay (Normandy, France).Even if the area is mainly dominated by tidal currents, the original
morphology of Saire Bay highlights an uncommon complex circulation on a sandy tidal flat.
Sedimentary land-sea exchanges, induced by tidal current, do not occur through the river
Saire network in the north, but in south, along a less apparent secondary channel. Results
provide an essential base to better understand the evolution of the coastline.
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1. Introduction

At the land-sea interface, coastal environments are wea-
kened by sea-level rise reflected by increased marine
flooding events and an intensification of coastal erosion
(FitzGerald et al., 2008; IPCC, 2019, 2021). Densely
populated (23% population live both within 100 km of
the coast and within 100 m of altitude), coastal environ-
ments are at the heart ofmajor socio-economic issues. It
is therefore essential to study them carefully.

The morphological diversity of coastal environments
(estuaries, deltas, cliff, or sandy coasts) complicates the
study of their evolutionary responses (Isla et al., 2018;
Day et al., 2016; Costa et al., 2019; Roulland et al., 2022;
Audère & Robin, 2021; Castelle et al., 2015; Foteinis &
Synolakis, 2015; Luijendijk et al., 2018; Williams, 2013).
Estuary evolution depends on three main factors: (1)
their morphology (Du et al., 2018), (2) the sedimentary
stock available, and (3) the rate of sea-level rise (Allen,
2000; Tessier, 2012). Today, in response to sea-level rise,
coastal systems are tending towards a ‘re-balancing’:
the hydro-sedimentary processes are evolving, and sedi-
mentary sources are diversifying. Thus, to understand
the response of a studied system, it is necessary to charac-
terize its hydro-sedimentary processes and inputs.

In this framework, the Saire Bay, located in Nor-
mandy (France), appears to be an ideal sector for

understanding the processes of evolution of an interti-
dal macrotidal domain. It is a large sandy intertidal flat
of 4 km² incised by the Saire river to the north. Its
coastal fringe is subject to frequent marine submersion
events and records regular degradation of the dykes
that border it (25 degradation phenomena have been
recorded over the last century, DDTM, 2016). How-
ever, no hydro-sedimentary studies have been carried
out in this sector. The aim of this study was to estab-
lish (1) the nature and morphology of the intertidal
sediment cover, (2) sediment sources, and (3) the
influence of hydrodynamic agents in the intertidal
area. The study is based on morphologic LiDAR
interpretation and the analysis of 200 surface sediment
samples collected in June 2019. Results can provide a
basis to establish comparison and input into numeri-
cal and geostatistical predictive models (Baux et al.,
2022) of sedimentary prism evolution. It can being
better understand the evolution of erosion and marine
submersion hazards with respect to sea-level rise and
its acceleration by 2050.

2. Study area

Located at the eastern part of the Cotentin peninsula
in France, the Saire Bay faces the eastern English
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Channel (Main map). It is surrounded by Saint-Vaast-
La-Hougue and Réville coastal cities. It is bounded by
the ‘pointe de la Saire’ to the north and a line connect-
ing Saint-Vaast-La-Hougue harbour to Tatihou island
in the south. Oyster farms extended over 1.2 km²
across this intertidal environment since the early
twentieth century, whereas a large sandy domain
free of human activities occurs to the north, where
the Saire channel is well developed up to its estuary
(N-W) (Figure 1). The linear Saint-Vaast-la-Hougue
coastline, oriented NNE-SSW, was artificialized as of
the seventeenth century, to protect the continental
wetlands. Dykes, called ‘longue rive’, are 2.9 km long
(Leroux, 1897). The Réville coastline is a 2.2 km long
nonlinear shoreline, oriented NW-SE, characterized
by rocky points and small convex sandy bays. It was
locally artificially modified during the twentieth cen-
tury to protect private constructions.

2.1. Geology and sedimentology

Two types of rock outcrops are found: (1) Hercynian
(300 Ma) Barfleur granite forming the ‘pointe de la
Saire’, the Tatihou granitic base, and the islet of
‘Ben-être’ beacon, and (2) brioverian (540 Ma), meta-
morphized sedimentary rocks mainly localized
between the sandy domain and the oyster farms
(Figure 1, Main map) (Graindor & Wasserburg,
1962). Domain Tectonic is characterized by

deformation induced during granite establishment
and affecting the brioverian grounds (Dissler, 1987;
Gresselin, 1990). The littoral platform is oriented
according to this deformation, with a schistosity of
N120E and well-marked by the northern contact
between two units revealed by the coastline. Saire
Bay is formed from brioverian rocks (schists and sand-
stones), more vulnerable to erosion and alteration
than the granite which forms positives relief outcrops
(Main map). The Saire Bay is located between two
major English Channel sedimentologic domains: (1)
coarse sediment cover in the north contrasting with
(2) the fine sediments of the Seine Bay (datashom.fr).
At a smaller scale, Saire Bay sedimentology is not well
documented and is generalized as sandy sediment
(fine to medium) (Savini, 2021).

2.2. Hydrodynamics

The Saire, a coastal river 31 km long, rises at Mesnil-
au-Val and flows to the sea between the cities of
Réville and Saint-Vaast-la-Hougue. Here, a hydraulic
gate functioning according to the tides is closed during
floods and opened during the ebb. The Saire water-
shed covers an area of 122 km² on brioverian rocks.
The mean flow rate is about 1.65 m3 s−1 and can
reach 24 m3 s−1 during flood season (October to
March). Tide cycles are semidiurnal, and the mean
tidal range is about 4 m (macrotidal regime), and

Figure 1. Study area and sample grid.
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varies between a height of 7 and 1.5 m (SHOM, 1996).
Stronger currents are located at the ‘pointe de la Saire’
and reach 1 m s−1. The bay is characterized by cur-
rents lower than 0.5 m s−1 (Pommepuy et al., 2005).
The study area is impacted by winds coming from
two main directions.

The major wind direction (60% of the year) is
between 200 and 240°N (SW). Mainly occurring in
the winter, wind speeds are between 3.6 and 8.2 m s−1

during half part of winter and can exceed 13.9 m s−1

sporadically (10%). The second direction (30% of the
year) is between 30 and 80°N (NE). Mainly occurring
in the summer, wind speeds are mainly lowest (under
8.7 m s−1) but can exceed 13.9 m s−1 in scattered events
(Le Cam & Baraer, 2012). In extreme events, wind can
exceed 27 m s−1, such as during the Alex storm (2020/
10/02), when gusts reached 36 m s−1 (Meteofrance.fr).

3. Methods

3.1. LiDAR data processing

LiDAR data were taken from the Litto3D Digital
Elevation Model (DEM) (2016–2017) and distributed
by ROL (Reseau d’Observatoire du Littoral Norman-
die – Haut de France) and SHOM (Service Hydrogra-
phique et Océanographique de la Marine) (https://
rolnp.fr). This DEM (20 cm of vertical resolution),
using the French altimeter system IGN69, was con-
verted into Lowest Astronomical Tide (L.A.T). DEM
analysis was performed using QGIS software. The
analysis delimitated (1) rocky outcrops, (2) sedimen-
tary structures, and (3) anthropogenic installations
(archaeological and contemporary) over 8.3 km².

3.2. Sediment sampling

In total, 200 surface sediment samples were collected
in June 2019 (medium spring tide). Stations form a
grid spaced at 100 m (Figure 1). For each station, (1)
coordinates were obtained through a GNSS instru-
ment, (2) photographs were taken, and (3) surface
sediments (1 cm depth) were collected over an area
of 0.03 m². We choose to focus our sampling on a
flat sandy area localized between the north coastline

and the oyster farms, which we named ‘central
sandy tidal flat’. In 2020, ten additional samples
were collected on the watershed according to a similar
protocol (Table 1).

3.3. Laboratory analyses

Grain size and geochemistry analyses of the sediment
samples were performed following a rigorous proto-
col. This consisted of sub-sampling the raw samples
to maintain one part at a temperature of 5°C and the
second part at −18°C.

Grain size analyses were performed on the sub-
samples maintained at 5°C. Sediment was mixed
with 1.5 ml of sodium hexametaphosphate solution,
agitated, submitted to ultrasounds for two minutes,
and finally passed through a laser particle size analyzer
(HORIBA LA-960). The LA-950v2 analyzed the grain
size distribution by calculating the percentage size fre-
quency of 96 classes over a size range of 0.011–3000
μm (error < 2%). Each sample was measured following
the Mie theory (complex refractive index: Fluid RI:
1.33; Sample RI: 1.55; Imaginary RI: 0).

Frozen samples were lyophilized. The coarser frac-
tion was removed with a 2-mm sieve. The finer part
was ground into powder. The powders obtained
were rinsed three times with purified water and then
centrifuged. This step is carried out to eliminate the
Br, I, and Cl contained in seawater and preserved in
sediment during the lyophilization. Elemental con-
tents were determined from an X-ray fluorescence
spectrometry device (xSORT from Ametek). The
xSORT allows both qualitative and quantitative
measurements (by calibration) of different chemical
elements (from Si for the lightest to U for the heaviest)
to be obtained. Calibration was based on 45 marine
samples previously analyzed by ICP-OES and ICP-
MS methods.

3.4. Final map production

Final maps (Main map) were produced from the study
of Principal Component Analysis (PCA) using the R
language (R Core Team, 2016). The interpretation of
the properties of the sub-populations is based on the

Table 1. Concentrations of four chemical elements used in geochemistry PCA, from sediments sampled in the Saire watershed
(number 1–10) and their coordinates.
N# Si (%) Ca (%) Sr (ppm) Ti (ppm) Mn (ppm) X (°) Y (°)

1 43.8 0.0 30 1580 230 1.25264°W 49.61226°N
2 45.6 0.0 21 1523 235 1.25405°W 49.61134°N
3 39.5 0.0 38 3035 1194 1.25273°W 49.61150°N
4 42.3 0.3 81 4313 843 1.25132°W 49.61160°N
5 39.4 0.2 69 4275 495 1.25000°W 49.61168°N
6 45.6 0.1 70 3477 400 1.24864°W 49.61190°N
7 45.9 0.1 76 4106 433 1.25394°W 49.61066°N
8 42.8 0.3 81 3969 847 1.25262°W 49.61065°N
9 44.3 0.2 89 3712 665 1.25112°W 49.61074°N
10 30.0 10.9 304 1039 200 1.24969°W 49.61101°N
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calculated eigenvectors and relative weighting of the
scalar quantities of eigenvalues. Interpolation maps
(Main map) were produced from QGIS software.

4. Results and interpretation

4.1. Geomorphology

The study area is characterized by a complex variety of
rocky platforms and a sandy tidal flat. It is cut by
fluvial (Saire channel) and tidal networks where ter-
rasses and tidal bars are well developed, and shaped
in complex sedimentary marine and intertidal struc-
tures, such as sandy prisms, banks, or marine dunes
(Davis & Balson, 1992; Dyer & Huntley, 1999; Le
Bot, 2001; Garlan, 2007; Neill et al., 2009; Garlan
et al., 2015).

4.1.1. General morphological context
Granite platforms are well represented and cover an
area of 0.5 km². They are mainly developed in proxi-
mity to the ‘pointe de la Saire’ which extends until a
depth of 25 m (L.A.T) around Tatihou island (until
10 m depth L.A.T), at the ‘Ben-être’ beacon islet
(0 m depths L.A.T) and south of Saint-Vaast-La-Hou-
gue harbor (Figure 1, Main map). This is close to the
oyster farms on the Brioverian rock outcrops. Sandy
tidal flats are well developed in the central region
and bounded by the coastline to the west and north,
by oyster farms, toward the south, and by a slope
break around the 0 m level (L.A.T) to the east.
LiDAR analysis allows us to highlight five sedimentary
structures (1–5 in Main map).

4.1.2. Channel networks
The channels and gullies of the Saire networks are well
developed in the north (1 on Main map), established
in a NW-SE direction, from the estuary to the ‘pointe
de la Saire’ over 2 km. The fluvial system upstream
can be classified as a ‘braided stream’ due to the pres-
ence of central banks separating the channels (Figure
2A). The north and central channels are V-shaped,
they reach a maximum depth of 50 cm, and vary in
width from 5 to 15 m. The river sides are symmetric
with a mean slope of 6%. Channels are separated by
central banks covered by well-developed tidal bars as
highlighted on the A/B profile (Figure 2). The banks
are topped from the south to the north by three and
then two narrow (5 m wide) and thin (10–20 cm
high) tidal bars. Upstream, the river is a system of
meanders (Figure 2B). Central banks are rare, and ter-
races bound the main channel. The river channel is
deeper (1 m)it and forms meanders bordering alterna-
tively on the north and south river banks. On the C-D
profile (Figure 2), the main channel borders the north
side and is steeper (5.9%) than the gently sloping south
side (1.4%) where a terrace has developed. The terrace

is 50 m wide and raised 50 cm above the channel. In
this part, the central channel is overlapped by bars
characteristic of a tidal-dominated environment. A
bar cuts the central channel on the C-D profile (Figure
2), separating the main channel into two sections: one
dominated by the ebb and the other by the flood.

A smaller network of channels can be observed in
the south of the study area (2 on Main map). Gullies
cut the Brioverian outcrops before merging at the
north of Tatihou Island. Networks are connected to
the sea eastward, where the general slope of 0 meters
(L.A.T) is developed. Gullies are shallow (20 cm)
and narrow (5–10 m wide).

4.1.3. Marine dune field
The dune field covers an area of 194 × 103 m² (3 on
Main map). It consists of 11 asymmetric dunes from
30 to 110 cm high and with a mean wavelength of
80 m (a to k on Figure 2C, Main map). Their sinuous
crests are mainly oriented N-S. Dune asymmetry
differs within the field. The biggest of six southern
dunes (a, c, d, and f) have steep sides (mean slope of
2.3%) oriented toward the west, and gentle ones
(mean slope of 0.6%) toward the east. The two others
(b and e) present a reverse morphology to the five
northern dunes (g to k) (Figure 2C, Main map).

4.1.4. Sandy prism
A sandy prism is present on the granite platform of the
‘pointe de la Saire’ and it extends 600 m, toward the
west (4 in Main map) along the north coastline of
Saire Bay. It is 50–110 m long and 0.4–1.20 m high.
Its morphology is complex; it is topped by numerous
sandy bars (9), eight are oriented according to the
main direction (NW to SE), and one is oriented per-
pendicular (N-S).

4.1.5. Sand banks
Sand banks are spread over the entire study area but
can be grouped according to their characteristics and
location into two sets (5 and 6 in Main map). These
structures are between 10–50 cm high, with variable
length and width, but always symmetrical shape.
They are oriented from south to north. The first set,
‘Tatihou banks’ (5 in Main map), includes five
banks located to the north of Tatihou Island. They
are oriented NE-SW with a mean length of 390 m
and width of 25 m. Their crests are curved. The second
set (6 in Main map, Figure 2E), ‘Saire banks’ is
oriented similarly and located on both sides of the
Saire river. They are located along the edge of the
tidal flat (0 m L.A.T). They are also shorter (average
of 170 m) and wider (average of 30 m). In contrast
to the curved morphology of the first set, their crests
are straight.
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4.2. Sedimentological distribution

4.2.1. Grain-size results
To interpreted grain size results, a PCA analysis was
performed (Figure 3). Individual populations are
made up of 200 sediment samples (Figure 3A), and
the variables correspond to the seven grain-size
classes described by Wentworth (1922) and modified
by Blott and Pye (2001) (Figure 3B). PCA com-
ponents 1 and 2 explain 78% of the variance. The
variable vectors describe four sets, each displayed
on a different quadrant in Figure 3B. Set 1, in the
top left corner, is defined by coarse sand (CS, 500–
1000 μm) and very coarse sand (VCS, 1000–
2000μm) (Figure 3B). Set 2, in the left bottom corner,
is represented by medium sand (MS, 500–250 μm),
and set 3, in the right bottom corner, by fine sand
(FS, 125–250 μm). Set 4, in the right upper corner,
includes finer grain-size from clay (0–4 μm) to very
fine sand (VFS, 63–125 μm). The individual

population’s distribution (Figure 3A) describes a
‘V’ shape, highlighting three clusters. Most popu-
lations are localized on the left side of the ‘V’, thus
reflecting set 2’s (Medium Sand) principal domi-
nance in the samples. The spread on the left ‘V’
shape describes a gradient formed by two opposite
clusters: from the coarse sand cluster (C1), associated
to set 1, to the fine sand cluster (C2), associated to set
3. The right side of the ‘V’ is formed by only twenty
samples (individual), distributed between C2 (fine
sand) and C3 (mud). It forms a second gradient
associated with a silting-up phenomenon.

Concentrated with an average of 16% in most parts
of the tidal flat, the coarser set (set 1) is the main grain
size type of the principal sedimentary structures of the
sandy prism (40%, 3 in Main map), central dunes (25–
35%, 1 in Main map) and northern bank (25–35%, 5 in
Main map). Set 2 (250–500 μm) is almost ubiquitous
(concentrated between 30 and 50% except in the
Saire estuary) on the entire sandy tidal flat. It is

Figure 2. Sedimentary feature in the Saire Bay (numbers refer to the main map): A. Details of channel morphology in upstream (1)
in main map, B. Details of channel morphology in downstream (1) in main map, C. Central dune field, letters a to k highlight the
crests of each dune (3) in main map and channel morphology profiles A/B and C/D.
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however more concentrated at the east of limit (α)
defined by a line parallel to the ‘longue rive’ dyke
and linking the Brioverian outcrops to the ‘Jonville
beach’ through the central dunes (sets 1–4 in Main
map). The fine sand set (set 3; 125–250 μm) is well
represented (average of 20%), except in proximity to
the limit (α) (< 16%). Its repartition is heterogenous.
At the western part, at the south of the Saire estuary,
set 3 is highly concentrated and constitutes more
than 50% of sediment. From this, two decreasing
grain size gradients can be described: one from the
patch to the S, along the coastline, and a second to
the SE. The muddy/very fine sand grain size-fraction
(set 4; < 125 μm) is poorly represented in the study
area with an average percentage of < 10%. This frac-
tion is mainly located at the Saire estuary where it
reaches a very high concentration (>50%). This
muddy patch covers the north side of the estuary. At
downstream in the channel, muddy sediments quickly
disappear in favor of sandy sediment (Main map).

4.2.2. Geochemistry results
The statistical analysis of geochemistry results allows
to select five chemical elements as being the most
representative of the sediment sources: Calcium
(Ca), Strontium (Sr), Manganese (Mn), and Titanium
(Ti). A fifth element, Silicon (Si), normally very con-
centrated in terrestrial sediments, was chosen to con-
struct the PCA (Principal Component Analysis) but it
will not be used here for source description. Silicon is a
quartz tracer and despite the terrigenous primal
source of quartz, an unknown proportion of this
mineral could be delivered to the Bay of Saire area
by marine hydrodynamics. Geochemistry PCA com-
ponents (1 and 2) represent a total variability of 88%
(Figure 4A). Variables are organized into two sets
(Figure 4B). To the left, set 1 shows Ca and Sr (Spear-
man correlation (ρ) is about 0.78, Table 2) and in the
upper right corner, set 2 shows associated Mn and Ti
(Spearman correlation (ρ) is about 0.73, Table 2). Indi-
viduals spread between these two sets and form a

Figure 3. PCA results of grain-size analysis. A. Dispersion of individuals and organized in 3 clusters and B. Dispersion of variable
and organized in 4 sets.
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‘triangle’ shape where each angle can be associated
with two poles (A and B, Figure 4A) and Si.

Pole A (Ca-Sr) represents chemical elements mostly
concentrated in marine carbonates, interpreted here as
the marker of marine sources (shell debris or frag-
ments) (Baux et al., 2017). Samples forming pole A
are mainly located on the top of the main morphologic
structures of the study area, such as the sandy prism
(27% of Ca concentration), banks, and dunes (20%
Ca concentration) and mainly for the southernmost
banks (Ca set 1, Main map).

Pole B consists of samples located at the Saire estu-
ary. Analyses performed on the Saire watershed (Table
1) show that fluvial sediments are enriched with Ti
and Mn, both chemical elements forming pole B. It
is therefore a marker of the finer continental sediment
source. Sediments contained in this pole probably

come from the erosion of brioverian rocks forming
the basement of the Saire watershed. Points in the cen-
ter of the ‘triangle’ shape described by poles A, B and
Si are indicative of a combination of the two sources
(Figure 4).

4.2.3. Comparison of grain-size and geochemistry
results
Table 2 shows the Spearman correlation between par-
ticle size (studied classes) and the four geochemical
elements highlighted by PCA analysis. The maximum
value obtained highlights the correlation between very
fine and muddy sediment and Ti (0.71) and Mn (0.63).
This confirms that very fine sediments are brought by
the Saire river and trapped in the estuary by tidal and
fluvial currents. Spearman correlations between Ca-Sr
and coarse sand and gravels (set 1), are about 0.51 and

Figure 4. PCA results of chemical element content: A. Dispersion of individuals, organized in two sets, and B. variables, organized
in two poles Ca-Sr and Mn-Ti. .
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0.44, respectively. They allow us to connect the marine
sediment source (shell fragments) with the coarser
grain-size fractions (>500 μm).

4.3. Hydrodynamics of the bay

The integration of morphological, geochemical, and
sedimentological data makes it possible to identify
six sectors (A to F, Figure 5) with sedimentary hydro-
dynamics specific to each of them and interpreted
within the hydrodynamic scheme.

The Saire River is isolated from the intertidal area
during high tide by a floodgate where fluvial inputs
(water and sediments) accumulate. During the ebb,
pressure exercised by accumulated fluvial water is
responsible for the floodgate opening. Sediments are

thus rapidly evacuated (< 125 μm and Ti-Mn
enriched) (Figure 5, sector A). Fine sediments
exported to the sea can be divided into two paths.
The first path follows the ‘longue rive’ dyke towards
the SSW first and then moves towards the Brioverian
depression according to the NW-SE direction along
the oyster farms (Figure 5, sector B). A second path
interweaves with the Saire channel (Figure 5, sector
C). During the flood tide, fine sediments silt up mainly
in the bay bottom (Figure 5, sector A) where they are
trapped at the north of the estuary. This occurs during
the flood tide, where fine sediments deposited during
slack water are resuspended and redeposited in the
boundary area between the fluvial and tidal currents.
Thus, discharges linked to the tide follow two chan-
neled areas (Figure 5, sectors B and C): the Saire chan-
nel at the north and the brioverian depression at the
south. While less visible in morphology, the south
depression (Figure 5, sector B), devoid of sedimentary
cover it is considered to be the main vector of sedi-
ment transport.

Swell action is visible thanks to the sandy banks
located in the external part of the bay (Main map 3,
4 et 5) (Figure 5, sector E). Swell energy, dissipated
by the east slope break (0 L.A.T), generates turbulence
when it reaches the rocky outcrops. Coarse sediments
are produced by their erosion and then quickly

Table 2. Spearman correlation results between grain-size sets
and chemical elements.

Ca Sr Ti Mn

Set 1
(> 500 µm)

0.51 0.44 −0.46 −0.36

Set 2
(500–250 µm)

0.24 0.12 −0.64 −0.55

Set 3
(250–125 µm)

−0.44 −0.43 0.29 0.21

Set 4
(< 125 µm)

−0.39 −0.28 0.71 0.63

Figure 5. Schematic representation of sedimentary transport superimposed on morphology (Main map). Sectors (A to F) are rep-
resented by different colors. Black arrows represent the tidal orientation transport.
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deposited nearby. Swells, associated with tidal current
and coastal morphology, reach a maximum along the
north littoral zone at the ‘pointe de la Saire’. Due to
the Venturi effect, a shelly sandy prism is created
from the granitic platform (Figure 5, sector F). Littoral
drift takes place up to the ‘Jonville beach’ cob.

The central dune field forms due to its location
(Figure 5, sector D). Indeed, alternative fluvial and
tidal currents in sectors B and C (Figure 5) can explain
medium and coarse sandy accumulations. Dunes are
fed during each tide by shelly coarse sand coming
from various gullies. They are forced by swells impact-
ing the western part, downstream of the (α) limit
(Main map).

It appears that the overall dynamics of the bay
result from the interactions between the flows linked
to the fluvial inputs and those linked to the tide, the
swell only influencing the outermost part, and limited
to the east by the (α) limit (sector E) for two reasons:
(1) Central dunes (sector D) attenuate the swell during
flood tides. At high tide, the water depth is too high for
that swell to be impacted. (2) The depression along the
‘longue rive’ dyke (sector A) structure, which is main-
tained by strong tidal currents running into the bay by
the brioverian depression (sector B).

5. Conclusions

Morphological study (LiDAR data) coupled with a
field approach based on grain-size and geochemistry
statistical analysis allows us to highlight the complex
circulation of sediment in this sandy tidal flat. The
superficial cover is governed by hydrodynamics
mainly dominated by tidal currents. It is, however,
locally impacted by swells and fluvial currents. Fluvial
energy, impacting mainly the eastern part, is rapidly
dissipated to the benefit of tidal currents. Swells act
only on the western part mainly dissipated by the
slope break, the central dune, and the depression
before the ‘longue rive’ dyke. Contrary to what is gen-
erally expected in estuary sediment interactions and
exchanges between land and sea are not accomplished
by the impression of the main channel observed at the
north of the bay in continuity with the main river
(Saire). Exchanges happen south and are characterized
by a shallower channel of very energetic currents that
are accelerated due to their location: wedged between
a rocky outcrop at the south and by the central tidal
flat of the bay to the north. This is induced by anthro-
pogenic constructions including an oyster farm to the
south, the ‘longue rive’ dyke to the east, and several
groynes perpendicular to the coastline to the north.

Further studies are underway to compare this mor-
pho-sedimentologic scheme with modelling results.
New morphological data are currently being acquired
and analyzed with the aim of better characterizing the

evolution of the Saire Bay and better predicting flood-
ing and erosion events.
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