
Morphological evolution and time-varying bedrock
control of main channel at a mixed energy tidal inlet :

Maumusson Inlet, France

Xavier Bertin a;�, Eric Chaumillon a, Nicolas Weber b, Michel Tesson c

a Centre Littoral de Ge¤ophysique, Universite¤ de La Rochelle, Avenue Michel Cre¤peau, 17042 La Rochelle cedex 1, France
b EPSHOM, Cellule se¤dimentologie, 13 rue des Chateliers, B.P. 30316, 29603 Brest cedex, France

c Universite¤ de Perpignan, 66860 Perpignan, France

Received 15 January 2003; received in revised form 7 October 2003; accepted 11 November 2003

Abstract

Maumusson Inlet, located on the French Atlantic coast, connects the Atlantic Ocean with the Marennes^Ole¤ron
tidal bay. The tidal range (2^6 m) and wave climate (mean height 1.5 m) place this tidal inlet in the mixed energy, tide
dominant, category of Hayes [(1979) Barrier island morphology. In: Leatherman, S.P. (Ed.), Barrier Island, Academic
Press, New York, pp. 1^28]. An innovative method, combining high quality bathymetric data (nine accurate Digital
Elevation Models since 1824) with a very high seismic resolution, demonstrates a major tidal inlet evolution from
1824 onwards and its dramatic acceleration since 1970. The chronology of those morphological changes suggests
strong coupling between the location of the tidal channel and the behaviour of the adjacent shorelines. The recent
shoaling and migration of the inlet channel can be attributed to a decrease in tidal prism due to the filling in sediment
of Marennes^Ole¤ron Bay. Seismic data give evidence that the inlet was located on a major incision of the bedrock. It
can be inferred that the bedrock exerts control of channel location, this control varying in time as a function of
channel depth. A conceptual model is proposed, including the inlet, its adjacent shorelines, the tidal bay and the time-
varying bedrock control of main channel location. Such a model could be considered valid in similar cases along other
coastlines, i.e. coastlines with a fine unconsolidated sediment sheet.
C 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Throughout the world, tidal inlets are of huge
environmental and economic importance. They

constitute navigation routes to the open ocean,
sediment distributors to adjacent shorelines and
allow the exchange of nutrients between backbar-
rier lagoons and the coastal zone. Thus, it is im-
portant to understand the evolution of these sys-
tems, and be able to predict their behaviour
(FitzGerald, 1996). Many tidal inlet studies have
been conducted around the world since the begin-
ning of the 20th century, including quantitative
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approaches by Lecontes (1905) and O’brien
(1931). Most of these studies have focused on
hydrodynamic processes and meso- to macro-
scale evolution (day to year and metre to kilo-
metre; Mehta, 1996), with the result that research
topics such as shoreline response to inlet process-
es, inlet evolution at hyper-scales (1^10 km and
year to century scale) or sediment budget ques-
tions are poorly understood (Mehta, 1996). Stud-
ies of hyper-scale evolution are mostly based on
bathymetric data exploitation (FitzGerald, 1984,
1988; Michel, 1997), aerial photographic analysis
(FitzGerald, 1982, 1984; Komar, 1996) and, more
recently, video monitoring techniques (Balouin,
2001; Morris et al., 2001). These studies rarely
allow a detailed tri-dimensional monitoring of
bathymetric evolution, but have led to conceptual
models that couple tidal channel characteristics
with the evolution of adjacent shorelines (Fitz-
Gerald, 1984, 1988; Oertel, 1988; Michel and
Howa, 1996). In some cases, relations have also
been suggested between the location of the tidal

channel and the topography of the substratum
(Kraft, 1971; Foyle and Oertel, 1992; FitzGerald,
1996; FitzGerald et al., 2002).
This study is focused on Maumusson Inlet, lo-

cated on the Atlantic coast of France. Under-
standing the evolution of this tidal inlet is essen-
tial because it permits the daily replacement of
water of the Marennes^Ole¤ron tidal bay (Fig. 1),
the ¢rst oyster farming domain in Europe. In ad-
dition, adjacent shorelines, that have been experi-
encing high erosion in the last decades, are also
submitted to the high summer £ux of tourist pop-
ulation each summer.
It is the purpose of this paper to understand the

evolution of this tidal inlet system at hyper-scale.
To this e¡ect, an innovative method that com-
bines the exploitation of accurate bathymetric
data and very high resolution (VHR) seismic
data is proposed. This method has already been
used to demonstrate detailed changes of an estu-
arine sand bank located near the study area
(Chaumillon et al., 2002). Firstly, the exploitation

Fig. 1. Simpli¢ed bathymethric map and general location of the study area (bathymetric interval is 5 m).
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of high quality bathymetric data sets, available
since 1824, is used to characterise the hyper-scale
morphological evolution of Maumusson Inlet and
Marennes^Ole¤ron Bay. The chronology of mor-
phological evolution has enabled us to document
strong couplings between the morphological units.
Next, VHR seismic investigation has demon-
strated relationships between the inlet hyper-scale
evolution and the morphology of the Mesozoic
substratum. This study o¡ers a conceptual model
that includes the inlet, its adjacent shorelines and
the tidal bay, and where the bedrock control of
the main channel location varies in time. This
model could be considered for the development
of other inlets emplaced in coastlines character-
ised by a ¢ne unconsolidated sedimentary sheet.

2. Physical setting

Maumusson Inlet is located in the middle part
of the Atlantic coast of France, belonging to a
passive continental margin. It separates Ole¤ron
Island to the north and Arvert Peninsula to the
south. Marennes^Ole¤ron Bay is a 150-km2 macro-
tidal bay that is connected to the Atlantic Ocean
through Maumusson Inlet to the south and Per-
tuis d’Antioche to the north (Fig. 1). The interti-
dal area represents 60% of the bay, mainly con-

sisting of wide mud£ats (Gouleau et al., 2000).
Two small rivers £ow into Marennes^Ole¤ron
Bay: the Charente River in the northern part of
the bay and the Seudre river in its southern por-
tion. The adjacent shorelines of Maumusson Inlet
consist of unconsolidated sediments and are bor-
dered by high aeolian dunes. The Gatseau head-
land, in the north, corresponds to a 8-km long
sandy spit. Three main geomorphologic units
can be distinguished in this tidal inlet system, us-
ing the terminology introduced by Hayes (1975)
(Fig. 2) : (1) a well developed ebb delta, con¢ned
by the Gatseau sandbank and the Mattes sand-
bank; (2) a moderately developed £ood delta,
bordered by the Bry sandbank, the Barat sand-
bank and the Auger sandbank; and (3) the main
tidal channel which corresponds to the so-called
‘Pertuis de Maumusson’.
The tide is semi-diurnal ranging from less than

2 m to more than 6 m during spring tides. Asso-
ciated tidal currents are weak and rotary on the
continental shelf (SHOM, 1993), but strong with-
in the inlet (up to 2 m/s; Tesson, 1973), particu-
larly during ebb. The two-connection geometry of
Marennes^Ole¤ron Bay with the ocean leads to a
strong asymmetry between ebb and £ood: the ebb
tidal prism is about twice as large as the £ood
tidal prism (210U106 m3 vs. 120U106 m3, respec-
tively; Tesson, 1973). Freshwater discharge from

Fig. 2. Detailed bathymetric map of the study area (bathymetric interval is 2 m). Digital elevation model has been made from a
2001 bathymetric survey. The shoreline corresponds to the 1997 shoreline.
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rivers is two orders of magnitude less than the
tidal prisms: 100 m3/s for the Charente River
and 0.55 m3/s for the Seudre River (Tesson, 1973).
The yearly average signi¢cant wave height is

about 1.5 m but wave height can exceed 6 m
during storms. The west and northwest directions
are predominant, representing more than 56% of
the wave climate (LHF, 1994), and inducing a
southward net littoral transport. Consequently,
the Gatseau sandy spit corresponds to the updrift
coast and the Arvert Peninsula to the downdrift
coast. Using empirical equations, this net littoral
drift has been estimated to be more than 500 000
m3 (Baxerres, 1978).
According to these hydrodynamic parameters

and referring to the terminology of Hayes
(1979), Maumusson Inlet is a mixed energy, tide
dominant inlet. This tidal dominance is expressed
in the large development of the ebb delta, on both
sides of the single and deep tidal channel, accord-
ing to the geomorphic model of Hubbart et al.
(1979).

3. Methods and data

3.1. Bathymetric data

Due to the implantation of the national naval

dockyard in the Charente River, high quality
bathymetric data have been available for the
study area since 1824. Bathymetric data from
1824 to 1946 have been extracted from the data
base of the Service Hydrographique et Oce¤ano-
graphique de la Marine (SHOM) and digitised
from the original map using Geographic Informa-
tion System Arcview. Bathymetric data from 1970
to 2001 have been extracted from the data base of
DDE Charente Maritime (Local hydrographic of-
¢ce). All these data have been georeferenced using
Arcview software and extensions developed by the
SHOM. The local geodesic system New Triangu-
lation of France (NTF) has been chosen with
Clarke 1880 as the reference ellipsoid. Two kinds
of co-ordinates have then been calculated: geo-
graphic co-ordinates for channel and shoreline
descriptions and Lambert II for surface and dis-
tance calculations. Digital Elevation Models
(DEMs) have been developed using Surfer soft-
ware with a grid spacing of 20 to 200 m, accord-
ing to the mean initial data sampling. Taking
into account corrections and uncertainties, the
maximum error margin is 20 m horizontally and
1 m vertically for data taken prior to 1970, and
2 m and 0.1 m, respectively, since 1970. This reli-
ability of measurements was checked through
rocky outcrop stability between each survey
(Fig. 3).

Fig. 3. Superimposition of identical bathymetric pro¢les recorded at di¡erent periods (1864, 1882, 1946 and 1994) on a rocky
outcrop we consider to have been stable since 1824. The maximum distance among the four cross sections on the outcrop is less
than 0.7 m, which con¢rms the data accuracy.
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Fig. 4. DEM displaying the evolution of Maumusson Inlet and its adjacent shorelines from 1824 to 2001 (bathymetric interval is
2 m).
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3.2. Seismic VHR data

Seismic data were collected during the seismic
cruise ‘Maumusson’, conducted in August 2001.
Approximately 130 km of pro¢les covered a
high density network (150^1000 m between each
pro¢le; see Fig. 8). Two di¡erent seismic systems
were used: a Sparker source (200^1200 Hz fre-
quency band) associated with a traditional sin-
gle-channel streamer, and a Boomer source (1^
10 kHz frequency band) associated with a line-
in-cone receiver (Simpkin and Davis, 1993). These
seismic systems provide complementary investiga-
tions. Sparker pro¢ling was used for extensive
seismic exploration, whereas Boomer pro¢ling
was used for restricted and very shallow water
targets. The former allows high energy output,
penetration into coarse sands and gravels and
fast towing speeds while the latter o¡ers high
peak frequencies, large bandwidth, high vertical
resolution, small o¡set, ¢xed geometry and low
noise. A di¡erential GPS navigation system with
a precision of less than 1 m guaranteed the posi-
tion accuracy of each seismic trace. Seismic sig-
nals were digitised in real time using Delph seis-
mic V.2.01 and processed in three stages: (1)
frequency band pass ¢ltering; (2) amplitude cor-
rection by applying an automatic gain correction;
and (3) stacking of adjacent traces (1^4) depend-
ing on lateral facies variations. Seismic pro¢le in-

terpretations were digitised using the Delph sys-
tem. Time to depth conversion was calculated
according to the Maroni (1997) propagation ve-
locity model: 1500 m/s for the water and 1600 m/s
for unconsolidated sediments.

4. Results

4.1. Hyper-scale morphological evolution of the
inlet and adjacent shorelines

Bathymetric data were used to produce nine
DEMs, showing the morphological evolution of
the inlet and the adjacent shorelines since 1824
(Fig. 4). The axis of the isobath 310 m was
used to describe the channel orientation. Mini-
mum cross-sectional area was calculated using
Surfer software (Fig. 5). From 1824, evolution
was divided into three major stages (Fig. 4):
(1) From 1824 to 1864 (40 years), the inlet

width decreased considerably, from 2 km to less
than 1.2 km. The minimum cross-sectional area
did not change signi¢cantly (around 10 000 m2 ;
Fig. 6), whereas the channel depth increased
from 316 m to 324 m. The channel rotated
clockwise from N265‡ to N275‡. During the
same period of time, the adjacent shorelines
were subjected to major changes (Fig. 7) : the up-
drift coast (Gatseau sandy spit) experienced a
progradation of 800 m southwestward (20 m per

Fig. 5. Evolution of the adjacent shorelines from 1824 to
1946. The 1824, 1882 and 1946 data have been digitised on
original maps using the GIS system arcview; the 1997 data
arise from aerial photograph analysis.

Fig. 6. Evolution of the minimum cross-sectional area since
1824, calculated from DEMs (Fig. 4).
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Fig. 7. (A,B) Bathymetric maps in Marennes^Ole¤ron Bay based on digitised charts (1824, SHOM data) and surveys (1995,
DDE17 data). The bold line corresponds to the 0-m isobath and the bathymetric interval is 2 m. (C) Bathymetric changes in
Marennes^Ole¤ron Bay between 1824 and 1995 evidencing the ¢lling of the bay with sediments. The bathymetric changes are
superimposed on the 1995 bathymetry. The boundary of the volume calculation is indicated by the bold dotted line.
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year) while the downdrift coast (Arvert Peninsula)
shifted 100 m landward.
(2) From 1864 to 1946 (82 years), channel char-

acteristics remained stable : width (1200 m), mini-
mum cross-sectional area around 10 000 m2, max-
imum depth around 324 m and orientation
N275‡. The updrift coast (Gatseau sandy spit)
continued to prograde southwestward, but slowed
to 6 m/yr (500 m between 1864 to 1946). The
drowndrift coast (Arvert Peninsula) remained sta-
ble.
(3) From 1946 to 2001 (55 years), the cross-sec-

tional area and maximum depth decreased signi¢-
cantly. The tidal channel shifted southward and
its orientation changed from N272‡ to N232‡. The
evolutionary tendency reversed in the updrift
coast (Gatseau sandy spit), which had experienced
erosion since 1960, with an acceleration of erosion
rates from 7 m/yr in 1970 to up to 20 m/yr at
present. The northern part of the downdrift coast
(Arvert Peninsula; Fig. 2) regressed from 400 m
southward and progradated 400 m westward.

4.2. Morphological evolution of the tidal bay

To a great extent, Marennes^Ole¤ron Bay expe-
rienced accretion between 1824 and 1997 (Fig. 4).
Sediment gain occurred in three kinds of areas:
(1) close to connections with the ocean (Pertuis
d’Antioche to the north and Maumusson Inlet
to the south), associated with shoreline prograda-
tion; (2) in the eastern and southern parts of the
bay where maximum accretion (up to 3 m) oc-
curred in the lower part of intertidal area; and
(3) in the wide tidal channel located in the north-
ern part of bay, where sedimentary accretion has
locally attained 10 m since 1824.
These two data sets were computed and a vol-

ume calculation between 1824 and 1995 DEM
(Fig. 3) clearly shows that accretion was domi-
nant in the sediment budget of Marennes^Ole¤ron
Bay over the last 171 years: +106U106m3. We
have estimated the corresponding average sedi-
mentation rate to be 0.46 cm/yr. This sedimenta-
tion rate estimation is consistent with the results
previously obtained from 210Pb measurements on
a mud£at located in the eastern part of the bay
(Gouleau et al., 2000). This in¢lling with sediment

has led to a decrease in water volume within the
tidal bay. We have estimated this decrease in
water volume since 1824 to be of the order of
20% for spring tide.

4.3. Inlet internal architecture

Seismic interpretation was based on four crite-
ria following the terminology introduced by
Mitchum et al. (1977): (1) identi¢cation of key
surfaces underlined by re£ection terminations:
downlap, onlap, toplap, erosion truncation; (2)
internal con¢guration of seismic units ; (3) dip
and orientation of re£ectors; and (4) seismic fa-
cies: amplitude, frequency and continuity. Two
main seismic units below the seabottom (U0 and
U1) were recognised.

4.3.1. Seismic unit Uo
Unit Uo displays strong amplitude, subparallel

and low frequency re£ectors. The top of this unit
exhibits a typically erosional truncation displaying
deep (1^25 m) and wide (500^3000 m) incisions.
Continuity of these re£ectors with coastal rocky
outcrops suggests a correspondence with the Me-
sozoic substratum.

4.3.2. Seismic unit U1
Unit U1 displays two kinds of internal con¢g-

uration: progradational and subhorizontal re£ec-
tors. Progradational seismic packages are identi-
¢ed in three settings: (1) in bedrock incision
in¢lls, with apparent southward dipping re£ectors
(Fig. 8, pro¢les Maumu01 and Maumu09; Fig. 9
pro¢le Maumu09); (2) in the oceanic part of the
inlet, with apparently southward dipping re£ec-
tors (Fig. 7, pro¢les Maumu01, Maumu09 and
Maumu10; Fig. 8, pro¢le Maumu9); and (3) in
sand banks, topped by the sea£oor surface (Fig. 8,
pro¢le Maumu12).

4.3.3. Morphology of the Mesozoic substratum
In this preliminary study, the seismic interpre-

tation was focused on the bedrock upper erosion-
al surface morphology. The isobath map for the
Mesozoic substratum upper surface has been re-
constructed by removal of seismic unit U1 (Fig.
10). This map displays a major incision in the
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substratum located under the present day inlet,
that is elongated toward the sea in a wide and
deep trough (1^3 km width and up to 20 m
deep relative to the adjacent inter£uves). In the
shoreward part of the inlet, the incision depth
decreased and bifurcated into smaller valleys
(300^500 m wide and less than 8 m deep relative
to the adjacent inter£uves) that were located be-
neath present day tidal channel.

5. Discussion

Firstly, morphological evolution throughout
the last 171 years (1824^2001) suggests strong

coupling among the main channel, the bay and
adjacent shorelines. Secondly, the morphology of
the bedrock substratum together with the chro-
nology of the tidal channel evolution most likely
indicate a bedrock control of main inlet channel
development. Finally, a conceptual model is pro-
posed, including the main components involved in
the development of this inlet system: the main
channel, bedrock, bay and adjacent shorelines.

5.1. Coupling between the tidal channel and
adjacent shorelines

Morphological changes at Maumusson Inlet
display similarity with some of the evolutionary

Fig. 8. 3-D diagram built from seismic lines Maumu01, Maumu09, Maumu10 and Maumu12, illustrating the occurrence of a ma-
jor incision below Maumusson Inlet.
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features described in previous morphodynamic in-
let studies (FitzGerald, 1984; Oertel, 1988; Mi-
chel and Howa, 1996). Two main con¢gurations
were identi¢ed from the DEMs (1964^1946 and
1970^2001).
From 1864 to 1946, the tidal channel character-

istics (location, width and minimum cross-section-
al area) show little variation and do not evolve
signi¢cantly. The orientation of the channel
(N272^N275‡) created a hydraulic obstacle to
the southward longshore drift, as described by
Todd (1968) in other inlet systems. Deposition
of sediment transported by waves may explain
the rapid southwestward progradation of the Gat-
seau sandy spit during this period. The prograda-
tion of the shoreline far updrift (8 km for Mau-
musson Inlet) has been described for similar cases
in Florida (Dean and Work, 1993). The protective
role of the ebb delta, well developed during this
period, may have contributed to the updrift coast
construction. Actually, the ebb delta constituted
an e⁄cient protection of the coast by causing the
waves to break seaward of the inlet, particularly
during storm events (FitzGerald, 1996; Mehta,
1996). Evolution of the downdrift coast is less
important, nonetheless ; we note a moderate
northwestward progradation. This could be ex-
plained by a local reversal of the longshore drift,
due to the southern part of the ebb delta (Fig. 4),
causing anticlockwise wave refraction, as sug-
gested by Tesson (1973).
From 1970 to 2001, the tidal channel displays

the strongest changes: its maximum depth and
minimum cross-sectional area decreased while its
axis shifted southward. It can be argued that the
new orientation of the channel southwestward
provided a less e⁄cient hydraulic obstacle and
allowed the bypass of sediments southward. This
new con¢guration, where the sediment is no lon-
ger trapped updrift and by-passes downdrift,
could explain the beginning of the updrift coast
erosion. The increase in updrift coast erosion rate
when the channel shifted tends to con¢rm this

hypothesis. On the contrary, this by-pass of sedi-
ment downdrift could explain the 400-m westward
progradation of the Arvert Peninsula. During the
same time, the Mattes sandbank disappeared, and
gave way to the new location of the channel. The
southward migration of the channel caused the
erosion of the northern part of the Arvert Penin-
sula.

5.2. The causes for the shoaling of the channel

The well known relation that links the mini-
mum cross-sectional area to the tidal prism was
¢rst recognised by Lecontes (1905) and re¢ned by
O’brien (1931, 1969) and others (Nayac, 1971;
Jarrett, 1976; Hume and Herdendorf, 1993; Mi-
chel, 1997; Hugues, 2002). This relation is of the
form:

A ¼ C:6n ð1Þ

where n is a dimensionless value ranging between
0.84 and 1.10 (Jarrett, 1976) and C is a scaling
coe⁄cient acquiring the dimensions necessary for
dimensional balance in view of the selected expo-
nent (Hugues, 2002).
This relation implies that the inlet throat and

the whole inlet channel enlarges or contracts as its
tidal prism changes. FitzGerald (1996) has also
observed short term variations in throat cross sec-
tion up to 7% due to predicted changes in the
astronomic tidal range. As bathymetric surveys
were conducted during spring tides at Maumus-
son Inlet, the variation in throat cross section
evidenced since 1824 (Fig. 6) did not correspond
to tidal range changes between each survey. Con-
sidering O’Brien’s relation (Eq. 1), we rather pro-
pose that the decrease in minimum cross-sectional
area was related to a long term decrease in tidal
prism. Depending on the n exponent value (0.84^
1.1), the tidal prism decrease is estimated to be of
the order of 30^40% between 1824 and 2001.
As the tidal prism is a function of the tidal

range and the morphology of the bay (Stauble,

Fig. 9. Processed seismic pro¢les Maumu09 and Maumu12 (Sparker pro¢le) and Maumu42 (Boomer pro¢le) and their interpreta-
tion. These seismic pro¢les show the internal architecture of unconsolidated sediment lying on the incised bedrock within the
Maumusson Inlet area.
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Fig. 10. Superimposition of the main channel (bathymetric line 38 m) at di¡erent times on the isobath map of the Mesozoic substratum. The three stages pro-
posed show that the bedrock control varies in time as a function of the channel depth. The isobath map of the Mesozoic substratum corresponds to a DEM ob-
tained from our seismic data.
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1993; FitzGerald, 1996), the sediment in¢lling of
Marennes^Ole¤ron Bay (associated with a reduc-
tion of its water volume in¢ll of the order of
20%) could directly explain one part of the tidal
prism decrease at Maumusson Inlet. But due to its
two-connection geometry with the ocean, the re-
lation between water volume in¢ll and tidal prism
is non-linear. The strong asymmetry between the
ebb and £ood tidal prism supports this argument.
In addition, it can be postulated that the decrease
in water depth, particularly in the northern part
of the bay, is responsible for an increase in fric-
tional resistance to tidal wave propagation and a
subsequent decrease in tidal £ows.
Thus, we infer that the sediment ¢lling in of the

bay since 1824 is responsible for a decrease in
tidal prism of the order of 30^40%, leading to a
decrease in throat section area and a general
shoaling of Maumusson Inlet. As a consequence,
we postulate the recent shoaling of the inlet could
well be irreversible.

5.3. Coupling between the bedrock topography and
the location of the channel

The isobath map of the bedrock substratum
shows that the inlet was located on a major in-
cision. We believe that this incision corresponds
to a segment of a drowned valley. Taking into
account its dimensions, it belongs to the large
valley class (Ashley and Sheridan, 1994). Its loca-
tion between the Gironde drowned valley south-
ward (Lericolais et al., 2001) and the Charente
drowned valley northward (Weber et al., submit-
ted) suggests that this major incision forms part
of the Seudre incised valley (Fig. 1). Combining
the bathymetric evolution and our seismic inter-
pretation, we propose three stages of channel evo-
lution.
(1) In 1824, the inlet was wide and moderately

deep and the top of the bedrock was under several
meters of unconsolidated sediment.
(2) From 1824 to 1946, the strong southward

progradation of the Gatseau sandy spit reduced
the channel width by half. As the minimum cross-
sectional area remained constant during this peri-
od, the channel depth increased strongly up to
25 m below sea level, while its orientation rotated

from N265‡ to N275‡. At this depth, according to
our seismic interpretation, the bottom of the
channel became anchored in a previous bedrock
incision. We propose that in this con¢guration,
the bedrock topography controlled the new chan-
nel orientation (N275‡), parallel to the bedrock
incision. This bedrock control of the channel ori-
entation and location could explain its remarkable
stability against a probably important southward
littoral drift, attested to by the fast progradation
of the Gatseau sandy spit.
(3) From 1970 to 2001, the decrease in the min-

imum cross-sectional area was accompanied by a
decrease in the maximum channel depth. As a
result, the bedrock topography no longer con-
strained the western part of the channel and al-
lowed it to shift southward, under littoral drift
action.
Several studies describe tidal inlets where their

development was in£uenced by antecedent drain-
age systems and more generally the topography of
pre-transgressed landscapes (Kraft, 1971; Sindow-
sky, 1973; Hume and Herdendorf, 1988; Foyle
and Oertel, 1992; Oertel et al., 1992; FitzGerald,
1996, FitzGerald et al., 2002). Thus, Morton and
Donaldson (1973) demonstrated that Wachap-
reague Inlet location (Virginia, USA) coincided
with a Pleistocene pre-existing valley and pro-
posed this setting to be responsible for its relative
stability. In our study, shallow seismic pro¢ling
combined with accurate bathymetric data exploi-
tation brings better insight on relations between
inlet development and antecedent drainage sys-
tems. In addition, we argue that bedrock control
of channel development varies in time as a func-
tion of the channel maximum depth.

5.4. Model of the inlet development

The results presented above allow us to propose
a two-stage conceptual model for the development
of Maumusson Inlet (Fig. 11), explaining relations
among the tidal bay, the inlet, the bedrock inci-
sion and adjacent shorelines.
During Stage 1 the inlet main channel was deep

(s 23 m) and anchored in the bedrock incision
that imposed its orientation of N275‡. Oriented
in such a way, the channel created an hydraulic
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obstacle interrupting longshore sediment trans-
port and leading to a fast progradation of the
updrift coast southwestward.
During Stage 2 the rapid sedimentation in Ma-

rennes^Ole¤ron Bay led to a signi¢cant decrease in
tidal prism, causing the subsequent shoaling of
the inlet (maximum depth 6 16 m). Conse-
quently, the western part of the channel was no
longer constrained by the bedrock and shifted
southward, allowing sediment to by-pass down-
drift while inducing the updrift coast to experi-
ence erosion.
Maumusson Inlet is located in a coastal envi-

ronment where the unconsolidated sediment
drape is often reduced due to: (1) large and fre-
quent sea-level oscillations during the last two
million years, and (2) moderate crustal motion
related to the stable continental margin setting.
Such settings are widespread, thus we infer that
our model is likely to be applicable to other inlet
systems, particularly to those emplaced upon an-
tecedent drainage systems (Kraft, 1971; Sindow-
sky, 1973; Morton and Donaldson, 1973; Hume
and Herdendorf, 1988; Foyle and Oertel, 1992;
Oertel et al., 1992; FitzGerald, 1996). This time-

varying bedrock control has been demonstrated at
Maumusson Inlet because of rapid shoaling of the
main channel subsequent to rapid sediment in¢ll
in Marennes^Ole¤ron Bay. To a larger extent, we
infer that other tidal inlets may have experienced
similar stages in their development in the past or
could experience them in the future.

6. Conclusions

This work, which combines accurate bathymet-
ric data and VHR seismic pro¢les, demonstrates
the hyper-scale morphologic evolution of a mixed
energy inlet system since 1824. It has provided
strong evidence of couplings between the main
channel, adjacent shorelines and the tidal bay.
In addition, shallow seismic investigations have
clearly shown that the inlet was located on a ma-
jor incision of the Mesozoic substratum. Combin-
ing this with morphological changes of the inlet, a
time-varying bedrock control of main channel de-
velopment has been unravelled. Finally, a two-
stage conceptual model has been proposed, the
major points of which are:

Fig. 11. Two-stages conceptual model, showing relations between the tidal bay, main channel, bedrock and adjacent shorelines.
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(1) The main channel, anchored in a previous
bedrock channel, acts as a hydraulic obstacle on
littoral drift.
(2) The main channel is not constrained by the

bedrock, because it experiences shoaling subse-
quent to sedimentation in the bay, which then
allowed sediment to by-pass downdrift.
This study clearly demonstrates that shallow

seismic investigations bring new insight about
bedrock control on tidal inlet development.
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