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Abstract - The Medloc Peninsula is a triangular area of land between the Atlantic Ociean on the west and the Gironde estu- 
ary on the east. The Gironde, orientated SE-NW, is the largest estuary in France. On the Medoc Peninsula Holocene sed- 
iments cover a substratum of Tertiary limestones and Plio-Pleistocene fluvial terraces. The Gironde originated as an 
incised valley during the Weichselian glacio-eustatic fall (100 000-l 8 000 B .P.) and, has acted as a sink for fine sediment 
throughout the Holamcene sea level rise (SLR) (18 000 B.P. onwards). Conversely, the Atlantic littoral zone, characterised 
by sandy beaches and dunes, has been subjected to erosion throughout the Holocene transgression. 
The incised valley of the present Gironde was inundated by the sea approximately 10 000 BP. At this time, the rate of SLR 
exceeded that of sediment supply, producing a large accommodation space in which transgressive tidal-estuarine muds and 
sands were depositeld. As the rate of SLR decreased around 6000-4000 B.P., sedimentation became more pronounced and 
the available accommodation space began to decrease significantly. Landward-derived fluvial sediments began to 
prograde over the tidal muds and sands, and a first generation of salt marshes formed in the lateral valleys. Around 
2575-1420 B.P., a sandy chenier ridge formed at the edge of a first generation of salt marshes and wholly or partly sep- 
arated them from the Gironde. On the eastern side of the ridge a second generation of marshes began to form after 
1200 B.P. Reclamation of the first and second generations of marshes occurred during the seventeenth and eighteenth cen- 
turies, respectively. IOn the estuarine side of the eighteenth century dyke the modem intertidal flats and salt marshes began 
to form after the eighteenth century. Sedimentation within the estuary decreased the accommodation space and led to the 
increased transport of sediment to the shelf after 2 000 B.P. This process was also aided by climatic and anthropogenic fac- 
tors. Future evolution of lthe Gironde estuary is likely to consist of further marsh growth and chenier development. How- 
ever, future increase.s in tlhe rate of SLR, and the degree of storminess, may cause a shift to an erosional regime in parts of 
the lower estuary. 
According to previous work [25,66], three different dune fields migrated landwards across the Atlantic littoral zone over 
the Holocene period. A field of isolated barchan dunes moved landwards over the Plio-Pleistocene fluvial terraces before 
5 100 B.P. From some time after this, until around 3000 B.P., a field of parabolic dunes was active. Finally, a barchan dune 
field was active from around 3000-2000 B.P. to the end of the eighteenth century/beginning of the nineteenth century, 
when the dunes were stabilised by pine plantations. It is tentatively suggested, using these dates and dune morphology, that 
dune formation was controlled by sand supply governed by the rate of SLR. However, the role of climatic changes such as 
aridity, storminess, ,windiness and the associated effects of vegetation cover, is also likely to be important. In the future the 
Atlantic coast is likely to continue to erode, although the extensive plantation of the aeolian dunes with pine forests is 
likely to prevent large-scale transgressive activity. 0 Elsevier, Paris 
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RQam6 - Tkmoins morphosCdimentaires des cbangements &tiers holoc&nes dans la pCninsule 
I’embouchure de I’estuaire de Pa Gironde. Le MCdoc est une peninsule triangulaire separant I’OcCan Atlantique a I’Ouest 
de l’estuaire de la Gironde a 1’Est. Ce dernier, orient& SE-NW, est le plus grand estuaire francais. La couverture sedi- 
mentaire holocene du Medoc repose sur un substratum de calcaires tertiaires et de terrasses fluviatiles plio-pleistocenes. 
A l’origine, la Gironde Ctait une vallee incisee formee lors du bas niveau marin correspondant au Weichselien (100 Om -’ 
18 000 B.P.). Cette vallee a joue le role de piege a sediments fins au cours de la remontee du niveau marin depuis le debut 
de I’Holocene (apres 18 000 BP). A I’inverse, la zone littorale atlantique, caracterisee par des plages sableuses et des 
dunes, a Cte soumise a l’erosion. 
La vallee incisee de la Gironde est pCnCtrCe par les eaux marines vers 10 000 B.P. A cette tpoque, la remontee du niveau 
marin est plus importante que les apports sedimentaires ; des vases et sables estuariens transgressifs s’accumulent dans 
respace d’accomodation ainsi crCC. Entre 6000 et 4000 B.P., la remontee du niveau marin s’etant ralentie, la sedimentation 
devient plus importante, ce qui reduit sensiblement l’espace d’accomodation. Les sediments terrigitnes apportes par le 
fleuve commencent a prograder sur les vases et sables tidaux et une premiere generation de marais estuariens se forme 
dans les vallees la&ales. Autour de 2575-1420 B.P., un cordon sableux se met en place sur la bordure externe de ces 
marais anciens, en les isolant partiellement ou totalement de l’estuaire. Une seconde generation de marais commence alors 
a se former a I’Est de ce cordon, apres 1200 B.P. La poldtrisation de ces deux generations de marais a lieu aux XVIIe et 
XVIII” si&les, respectivement. La sedimentation a l’interieur de l’estuaire rCduit encore l’espace d’accomodation ; les 
materiaux commencent a &tre export& vers la plate-forme, apres 2000 BP Ce processus est renforce par des facteurs cli- 
matiques et anthropiques. L’evolution future de I’estuaire de la Gironde devrait probablement comprendre de nouvelles 
phases de croissance des marais et de mise en place d’une ride sableuse coquillii-re, de type << chenier >>. Toutefois, de futurs 
accroissements du taux de remontee du niveau marin et de la frequence des tempetes pourraient provoquer l’apparition de 
conditions Crosives dans certaines parties de l’estuaire aval. 
D’apres les travaux [25, 661, la zone littorale atlantique est caracterisee par l’existence de trois champs dunaires distincts 
ayant migrt vers l’inttrieur des terres au tours de 1’Holocbne : (1) un champ de barkhanes isolees se deplagant sur les ter- 
rasses fluviatiles plio-pleistocbnes avant 5100 B.P. ; (2) un champ de dunes paraboliques actives entre 5100 et 3000 BP. ; 
et enfin (3), un deuxieme champ de barkhanes, mobiles entre 3000/2000 B.P. et la fin du XVIIIe sibcle QU le debut du XIXe, 
Cpoque a laquelle les dunes sont stabilistes par des plantations de pins. Sur la base de ces dates et en considerant la mor- 
phologie des dunes, il est suggere que la formation des dunes est controlee par la disponibilite du sable, elle-m&me gou- 
vernee par le taux de remontee du niveau marin. Toutefois, le role de facteurs climatiques, tels l’ariditC, la frequence des 
temp&tes, le vent et leurs effets combines sur la couverture vegetale, est probablement important. Dans le futur, la cbte 
atlantique devrait continuer a &tre soumise a l’erosion que la fixation extensive des dunes Coliennes par la pin&de entrave 
cependant. 0 Elsevier, Paris 
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1. INTRODUCTION 

Many low-lying sandy and muddy coastai areas through- 
out north-west Europe are currently experiencing erosion 
and marine transgression [77-SO]. Increased pressures on 
the coastal zone due to expanding human development, 
and predictions of enhanced future rates of sea level rise 
(SLR) as well as associated increases in storminess, have 
increased the need for appropriate coastal management. 
An understanding of large-scale coastal change, involv- 
ing the physical evolution of the coastline on a temporal 
scale of decades or longer, and a spatial scale of the lit- 
toral cell [63] is of central importance to coastal manage- 
ment strategies [12, 45, 64, 951. The predictive power of 

short-term process-orientated studies, which offer insight 
into the mechanisms of coastal change, is often limited to 
a scale of tens of years. Simple upscaling of these 
approaches to cover longer time-scales is often not possi- 
ble [55, 64,691. 

One approach to gaining an understanding of large-scale 
coastal change is to examine sedimentary records, partic- 
ularly during the Holocene, which can record coastal 
changes over hundreds to thousands of years. An appreci- 
ation of past coastal responses to environmental changes 
makes it possible to predict the nature and magnitude of 
future coastal responses. The rapid rates of SLR that 
occurred during the Holocene may provide an analogue 
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for future increased rates of SLR. During the Holocene 
sea level initially rose at rates of up to lo-15 mm.yf’, 
although this slowed to values similar to those of today 
after about 6000 B.P. [48, 911. Analysis of tide gauge 
records for the last 50-100 years has indicated a rate of 
SLR of l-3 mm.yr-’ [24]. Recent estimates for SLR in 
the next century range between 3 and 6 mm.yr-’ [73]. 

2. AIMS AND METHODS 

This paper aims to reconstruct as fully as possible the 
evolution of the Medoc Peninsula @gure 1) over the 
Holocene period. The paper utilises information from a 
variety of sources: 360 cores held by the BRGM (the 
French Office of Geological and Mining Research) pro- 
vided evidence to describe the topography of the pre- 
Holocene inundation surface. A further 25 piston cores, 
up to 10 m in length, were collected and analysed in 
detail to describe the history of sedimentation on this sur- 
face. Chronological control was provided by the 14C tech- 
nique, which was used to date peat and shell samples. 
Coastal dune morphology has also been analysed. Dune 
fields are important environmental indicators as they 
result from the interaction of terrestrial, oceanic, atmo- 
spheric and biological systems [49, 50, 74, 781. In this 
study the extent of different dune morphologies was 
assessed using the l/25 000 topographical maps of the 
IGN (the French Geolographical Institute), and the geo- 
logical maps of the IBRGM [66]. Reference to aerial pho- 
tographs was made to examine the morphology of salt 
marsh creeks. Information from historical records 
allowed the reconstruction of morpho-sedimentary 
changes in the study area during the most recent period of 
the Holocene. 

3. PHYSICAL SETTING 

3.1. Shelf 

The shelf of the Bay of Biscay is meso- to macro-tidal 
(2 m range on neaps, 5 m on springs) and is storm 
wave-dominated [9, 881. Bottom tidal currents 
exceed 0.5 rn.s-’ in the Gironde inlet, but decline rapidly 
on the inner shelf where values are approximately O.lO- 
0.15 rn.s-’ [60]. The shelf is exposed to westerly storms 
and large amplitude/long period swells from the west- 
north-west direction. Wave heights reach a maximum of 

9 m on average 1 day per year. A height of 5 m is attained 
during 10 % of the time, and wave periods range between 
8 and 15 s [60]. 

The sedimentary cover of the Aquitaine shelf has been 
derived from detrital deposits that have accumulated in 
the Aquitaine Basin ,since the Miocene [34, 52, 571. The 
shelf sediments consist of shelly gravels to fine-grained 
sands [6, 91. On the inner shelf (8-60 m water depths), 
part of this sandy substrate consists of Ilining-up 
sequences related to storm reworking [IO, 931. There are 
two areas of mud deposition located seawards of the two 
main channels of the Gironde mouth, which form the 
west Gironde and south Gironde mud patches [4,61,90]. 

3.2. The Gironde estuary 

The Gironde has the largest surface area of any estuary in 
Europe, and is formed by the confluence of the Garonne 
and Dordogne Rivers [42]. The Gironde estuary has a 
maximum width of nearly 18 km near its mouth, tapers to 
less than 3 km at the confluence of the two rivers 80 km 
upstream, and has a catchment area of 74 000 km2 [2, 51. 
The seaward sloping thalweg is incised into a Tertiary 
carbonate substratum and has a maximal depth, at the 
mouth of the Girondie, of 45 m below the present mean 
sea level (MSL) [5]. The morphology of the Gironde 
estuary is typical of wave- and tide-dominated estuaries, 
consisting of: meandering upper estuary channels with 
tidal-dominated sand and mud estuarine point bars; a 
mid-estuary funnel-shaped channel containing linear tidal 
sand bars and estuarine mud; and an estuarine mouth with 
deeply scoured (35 m) tidal inlet terminating seaward and 
landward in sandy shoals [2, 5, 161. 

The discharge of thie Gironde varies between 2.5 and 
3.5 x lOlo m3.yr1. The winter mean flood discharge is 
approximately 1.4 x lo3 m3.s-t and exceptional floods 
attain 7.5 x 10 rn3.s-’ [68]. The flow rate varies from 
200 m3.s-* in summer, to more than 5 000 m3s-’ in peri- 
ods of spring floods [2]. Tides in the Gironde are semi- 
diurnal with amplitudes ranging from 2.5 m (neaps) to 
more than 5 m (springs) and the tidal currents penetrate 
further landwards (loo-130 km) than saline conditions 
(50-100 km). On the open coast large waves cause a 
strong littoral drift which introduces large volumes of 
sand into the estuary mouth [58, 601. 

At present, the sand carried by the Garonne and Dor- 
dogne Rivers accumulates within the Gironde estuary, 
and none reaches the mouth and adjacent Atlantic coast- 
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Figure 1. Simplified geological map of the iate Quaternary formations in the south-west of France (modified after Enjalbert H.: 1973 1271). 
The study area is defined by the dashed box. 

line 12, 161. Approximately 40 % of the fhtvially sourced 
suspended silt and clay is deposited within the estuary. 
The remaining 60 % of this material reaches the sea, and 
approximately one third of this is deposited on the shelf 
mud patches 1601. The suspended sediment yield of the 
Gironde represents 70 % of the total suspended matter 

delivered by French rivers to the Atlantic shelf, and 20 % 
of the total suspended sediment discharge originating 
from all the great European rivers [IS]. The present-day 
flux of suspended matter is estimated to be between 
0.5 x lo6 t.yr-’ during droughts years, and 1.5 x IO6 t.yr-’ 
in wet periods. Several papers [43, 44, 941 have shown 
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that 90 % of this suspended matter is composed of clay, 
tine and medium silts. 

Studies have shown that the seaward escape of suspended 
matter from the Gitonde estuary is achieved by irregular 
pulses [2, 3, 16, 18, :32,4l]. The conditions for a maximal 
escape are: high fluvial discharge, spring tides and floods 
after long periods of drought [60]. The settling of muds 
on the middle of the shelf is aided by a vertical thermoha- 
line front within the waters of the shelf during winter 
time [20]. 

3.3. The Aquitaine coast and the Medoc Peninsula 

The Medoc Peninsula is a triangular area of land between 
the Atlantic Ocean and Aquitaine coast on the west, and 
the Gironde estuary on the east figure 1). From the 
mouth of the Gironde in the north to the Adour River in 
the south, the Aquitaine coast is comprised of a 250-km 
long, straight and continuous sandy beach [3 11. The only 
major interruption of the beach is the channel of Arca- 
chon Bay, which is partially closed by the Cap Ferret spit. 
This spit is 25 km long and has migrated southwards 
under the influence of a net southerly littoral drift [5 11. 
South of Arcachon Bay there are a number of smaller 
outlets in the coast and these are locally called ‘courants’. 
Historical records show that the rates of erosion vary 
along the Atlantic coast, ranging from 1.0-2.0 msyr-’ in 
the northern part of the area (5-10 m.yr-’ close to the 
Gironde mouth), to 0.2-I .O m.yr-’ in the southern section 
[33, 511. 

Along the Aquitaine coast aeolian sand dunes cover an 
area 0.2 to 10 km wide, and enclose several large coastal 
lakes (figure I). The areal of land containing the dunes is 
known as ‘Les Landes de Gascogne’, the sandy moor of 
Gascony, and represents the most important dune system 
in France [ 141. The ‘Landes de Gascogne’ area is com- 
posed of two parts: 1) a coastal dune system and 2) a 
large inland triangular area, which contains continental 
dunes and is known as the ‘Sable des Landes’. The latter 
area stretches more than 100 km inland, and was formed 
at the end of the last glacial period 20 000-10 000 B.P. 
[14, 33,571. 

The distribution of the dunes differs along the coast. In 
the north, crescentic or barchan dunes are dominant, 
whilst parabolics occur in the centre and increase in 
importance towards the south [ 141. All the dunes formed 
under a predominant wind direction of 280” N [33]. On 
the Atlantic coast of the Medoc, the BRGM geological 

map [25, 661 shows four generations of aeolian dunes 
which separate the lakes or marshes from the ocean. 
These dunes are orientated in a linear fashion along the 
coast, with the youngest dunes near the present littoral 
zone and the oldest furthest inland cfiguve 2). From east 
to west these dunes are constituted by: 1) isolated barch- 
ans, 2) parabolic dunes, 3) localised areas of barchan 
dunes and 4) present-day littoral dunes. South of the 
Medoc Peninsula the first generation of barchan dunes is 
absent, or may be relplaced by parabolic dunes, which are 
evident in some confined areas on the western side of 
Hourtin Lake figure I). 

The second generation of barchan dunes form a semi- 
continuous shore pa.rallel strip from the Gironde to the 
south of the Aquitaine coast [14], and sometimes coa- 
lesce to form large ranges of dunes up to 7 km wide [ 11, 
331. Individual dunes may exceed 50 m in height [ 1 l] and 
are separated by brackish inter-dune depressions locally 
called ‘lettes’ or ‘ledes’ [ 141. On the Aquitaine coast para- 
bolic dunes have been reported to be 1040 m high, 200- 
1000 m long, and V- or U-shaped in plan form. Bressolier 
et al. [14] and Froidefond and Prud’homme [33] report 
that the parabolic dunes were covered by pine forests 
before the seventeenth century. In the Medoc the para- 
bolic dunes reach up to 20 m in height. On the coast the 
present-day littoral dunes have been artificially main- 
tained by the French Forestry Service since reprofiling 
operations in 1827. The foredunes reach 20 m in height 
and extend 300 m to landward [14]. They are associated 
with bummocky/ch~aotic/round dune patterns formed 
since the ninteenth century, and parabolic dunes occur 
locally where blowouts (‘caoudeyres’) develop in areas of 
sparse vegetation [ 141. 

In the Medoc Peninsula the Holocene sediments cover a 
substratum of Ternary limestone and Plio-Pleistocene 
fluvial terraces figure 2). The substratum is exposed as 
hills in the present-clay landscape, and these are occupied 
by the famous vineyards of the Medoc. Between these 
hills, and westwards, to the estuary, lie two generations of 
Holocene estuarine salt marshes. These marshes are 
termed the first generation or ancient marshes (locally 
called ‘palus’), and the second generation or recent 
marshes (locally called ‘mattes’). Both marsh formations 
lie approximately 2 m above present-day MSL, and are 
separated by a degraded sandy shelly ridge called ‘le Cor- 
don de Richard’. On the eastern side of the second gener- 
ation of marshes, separated by an eighteenth century 
dyke, lie the present-day tidal mudflats which show only 
limited marsh devellopment. Active salt marshes are more 
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Figure 2. Simplified geological map of the Medoc Peninsula redrawn from the ii50 000 geological map of Saint-Vivien-Soulac [66j and !hl: 
location of piston cores. I = Cretaceous substrate; 2 = Tertiary substrate; 3 = Pleistocene fluvial terraces: 4 = firsi genet-ation of salt marshes: 5 
= Cordon de Richard chenier ridge; 6 = second generation of salt marshes; 7 = present-day mudflats; S = first generation of dunes (baJchans): 
9 = second generation of dunes (parabohcs): IO = third generation of dunes (barchans); 1 1 = present-day littoral dune (Foredune). 

extensive on the north bank. The two generations of 
marshes make up most of the present-day Medoc Penin- 
sula, and together with the present-day mudflats form a 
low gradient coastal plain covering several hundred 
square kilometres [5]. 

4. MORPHO-SEDIMENTARY CHANGES TN THE 
GIRONDE ESTUARY 

and eustatic SLR began at about 18 000 BP. Lnitiailq 
MSL rose quickly but slowed down around 6000- 
7000 B.P. when MSL approached its present level [ZS, 
47,48,86]. However, it is difficult to characterise the true 
nature of MSL variations on a low-lying sandy coast such 
as the Aquitaine. In the Gironde area over the last 4 000 
years, MSL is believed to have fluctuated around the 
present-day level in a series of positive and negative ten- 
dencies, with amplitudes of around 1 m [Si]. 

4.1. History of sea level change 4.2. The formation of an incised v 

Previous work has documented the history of SLR all 
around the world and in northern Europe [2X, 29, 35, 47, 
48,72, 82,861. Generally speaking, climatic amelioration 

The original incised valley of the Cironde estuary wi;~h 
formed during the last global MSL fall known as ~he 
Weichselian glacio-eustatic event, 100 000-18 000 BP. 
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When the maximal eustatic low stand was reached 
around 18 000 B.P., MSL was approximately 100 m 
below its present level. At this time the shoreline was at 
or near the shelf edge, and the incised valley of the 
Gironde extended about 135 km seaward from the 
present coast. During this period the Gironde deposited 
sands and gravels lo-30 m below present MSL, within 
the thalweg of the inciseid valley and on the continental 
shelf [5, 421. 

4.3. The flooding elf the incised valley by rapid SLR 
(18 000-10 000 B.P,) 

The incised valley of the Gironde was flooded during the 
post-glacial SLR, and this gave rise to a ria-type estuary 
[83, 841. At this timle the available accommodation space 
exceeded the fluviall sedimentary flux, and transgressive 
tidal-estuarine muds and sands began to accrete over the 
previous low stand fluvial deposits. In the estuarine 
mouth thick deposits of coarse-grained, estuary mouth 
tidal inlet and tidal delta sands were deposited over the 
tidal sediments [5]. These estuarine mouth sands 
migrated up-estuary throughout the Holocene SLR [5]. 

In the lateral valleys the Holocene flooding surface is 
overlain by estuarine clay and sandy sediments reworked 
from the surrounding fluvial terraces. A compilation of 
the BRGM coring dlata for the north Medoc has enabled 
mapping of the lower limit of this surface (figure 3a). In 
some area.s, such als beneath the aeolian dunes where 
there is no core information, a degree of interpretation is 
required. The flooding surface is characterised by a sys- 
tem of tidal channels which lie between the Tertiary and 
Pleistocene substratum, are up to 10 m deep, and con- 
verge on the principle estuarine channel. The presence of 
Holocene freshwater marsh sediments on the beach near 
L’Amelie also suggests i.hat a channel extended further 
seawards than the present shoreline. 

Around 6000 B.P. @gure 3b) the volume of the estuary 
was significantly larger than it is today as tidal flats or 
marshes had not yet formed. The lateral bays had wide 
openings onto the estuary, and the estuarine waters 
reached the hills formed by the gravel terraces. Lesueur et 
al. [62] reported that oysters and bioclastic debris also 
extended further inland than at present. At this time the 
large accommodation space in the estuary meant that all 
fluvial sediment could be contained within the estuary, 
and only a very srnall amount reached the continental 
shelf. 

4.4. Sedimentation under slow SLR (6000-500 B.P.) 

After the rate of SLR. decreased around 6000 B.P., fluvial 
sedimentation became more pronounced, and began to 
noticeably decrease the available accommodation space. 
Mudflats and salt marshes began to develop around the 
shores of the lateral tidal channels and marginal embay- 
ments @guves 3b, c, d). These deposits smoothed the 
irregular valley margins, exposed at the end of the Pleis- 
tocene, and led to a narrowing of the estuarine channel. 
At the same time, in the main estuary, landward-derived 
fluvial sediments began to prograde over the tidal muds 
and sands. Some authors [5, 601 report that in the main 
estuary the Holocene high stand systems tract forms a 
seaward-prograding, tide-dominated estuarine bay head 
delta. These deposits have prograded over the tidal estua- 
rine sands and muds in the upper and middle estuary, and 
the estuary mouth sand in the lower estuary. 

4.5. The first generation of marshes 

The first generation of marshes lies between the hills of 
the substrate on the west and the Cordon de Richard on 
the east (figure 2). The marsh sediments infill former tidal 
channels which acted as the principle sediment supply 
routes to the accreting marshes. In some areas of the 
Medoc, where agricultural activity has not been too 
intense, the ancient creek networks can be seen on 
present-day aerial photographs. Preliminary descriptions 
of cores taken through these marshes [23, 851 show that 
the Holocene deposits reach up to 10 m in thickness, and 
consist of compact clays sparsely interbedded with peat 
deposits (figure 4). A peat at the head of a palaeo-valley 
at la Perge, which spans the time of accumulation of the 
old marshes, enables dates to be given for the formation 
of the marshes. Near the valley head the peat base was 
found 1:o be 6 053 + 72 yr B.P., whilst a sample from near 
the top of the peat gave a date of 557 + 167 yr B.P. Near 
the base of the clay closer to the estuary a date of 6 700 + 
70 yr B.P. was obtained [23]. 

Palaeogeographic maps (figures 3b, c, d) have been 
constructed to illustrate the general principles of 
Holocene change in the Medoc area. A number of 
assumptions were made in the construction of these 
figures: 1) at 6000 B.P., MSL was placed an arbitrary 2 m 
below the present-day level [47]; the steep gradients of 
the valley margins mean that the choice of sea level does 
not greatly influence the lateral extent of the marshes; 
2) salt marshes occupy the same positions in the tidal 
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frame as today, from approximately +3 to -t-2 m NGF 
(General Levelling of France); 3) mudflats lie between 
approximately +2 and -3 NGF. In$gure 3b these heights 
correspond to +l and 0 m contours for the salt marshes, 
and 0 and -5 m for the mudflats; 4) the position of coast- 
line was some distance seaward of its present position, 
although its exact location is unknown. 

the first generation of marshes would have been salt 
marshes. However, during their later stages it is likely 
that they became increasingly brackish, and perhaps even 
fresh water in their landward extremities (see [23]). 

4.6. The sandy ridge ‘Cordon de Richard’ 

Figure 3b shows the palaeogeography of the north Medoc The Cordon de Richard is a ridgelike feature composed 
around 6000 B.P. The marshes can be seen to occupy the of sand, pebbles and shells. It separates the two genera- 
heads of the tidal channels. At the start of their formation tions of marshes, or lies against the Plio-Pleistocene flu- 

(a) 

3365 

3360 

Figure 3. (a) Isobath map of the base of the marsh clays and dune sands which represent the Holocene inundation surface around 6000 E.P. 
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Figure 4. Schematic geological west-east cross section through the Medoc Peninsula (location of piston cores in$gu.re 2). 

vial terraces to the west. A Scrobicularia shell, taken 
from the main body of the Cordon de Richard, near the 
village of Balluards, has been dated at 2575 2 120 yr B.P. 
Another date obtained 3 km south-east of this sample, 
from a recurved spit of the ridge near to an inlet adjacent 
to the village of Les Cabireaux, gave a date of 1421 + 
162 yr BP The internal sedimentary structure of the 
ridge was observed in a drainage pit located between Port 
de Richard and Les Avents, and consisted of beds that dip 
gently towards the estuary. Due to its morphology and 
structure, the Cordon de Richard is interpreteted as a che- 
nier ridge. 

Figure 3c shows the palaeogeography of the north Medoc 
around 2500 B.P. The extent of the marshes was esti- 

mated by assuming that the mature marshes occupied the 
whole of the area above the -5 m contour. The position of 
the tidal channels was taken to lie between the sections of 
the Cordon de Richard as shown on the BRGM 
geological map [25, 661. The mudflats were assumed to 
exist on the estuarine side of the Cordon de Richard 
below the -5 m contour, and estimated to have a width of 
approximately 1 km. 

By the time of ridge formation under wave action, contin- 
ued fluvial supply of sediment into the estuary had ied to 
increased sedimentation in the inter-tidal areas. This pro- 
cess raised the levels of mudflats within the tidal frame, 
and allowed marsh vegetation to colonise a larger area. 
The marshes, therefore, expanded outwards from their 
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previous locations along the edge of tidal channels. As 
well as increasing their lateral extent, the marshes also 
accreted vertically within the tidal frame [6, 711. This 
increase in the marsh volume led to a decrease in the 
palaeobathymetry of the estuary, and a subsequent reduc- 
tion of the disequililbrium between accommodation space 
and sediment supply. Observations from the shelf adja- 
cent to the mouth of the Gironde estuary show that mud 
deposition began around 2000 B.P. [60], illustrating that 
fluvial sediment began to reach the continental shelf at 
this time. 

4.7. The second generation of marshes 

The second generation of marshes extends from the Cor- 
don de Richard on the west to the present-day sea 
embankment on the east. A Scrubiculariu shell taken 
from these marshes gave a date of 1199 + 136 yr BP. 
Figure 3d shows the palaeogeography of the north Medoc 
around 1450 B.P. (500 AD - the Middle Ages). The 
extent of the marshes was estimated after assuming they 
had started to form in front of the Cordon de Richard. 

The continued supply of fine-grained material to the estu- 
ary allowed the further progradation of the marshes, 
which resulted in a further decrease in the size and land- 
ward penetration of the tidal channels. From the Middle 
Ages (1000-500 l3.P.) onwards, increasing amounts of 
sediment began to reach the Aquitaine shelf. This was 
coincident with the estuary reaching an equilibrium stage 
marked by the development of its present-day funnel 
shape. The more rapid supply of sediment to the shelf led 
to increased sedimentation rates in the Gironde mud 
patches from the Middle Ages onwards. Lesueur and 
Tastet [60] reported that this increasing sediment supply 
was aided by increased sediment concentrations within 
the Gironde, which may also have increased deposition 
rates on the marshes and mudflats. These authors [60] cite 
a number of reasons for these increased concentrations: 1) 
modifications to the mouth of the estuary, such as the 
opening of the southern (channel (‘Passe Sud’) in the main 
estuary between 1500 and 1000 B.P. (450-950 A.D.) [l]; 
2) periods of major deforestation [62] which occurred: i) 
during the Roman occupation [65], ii) from the end of 
eleventh century (900 B.P.) to the thirteenth century (700 
B.P.) and iii) during the sixteenth and seventeenth centu- 
ries (400-300 B.P.); and 3) periods of significant climatic 
cooling, with an associated increase of annual precipita- 
tion: i) before 10080 AD (950 B.P.) [13, 53, 591 and ii) 

between the sixteenth and nineteenth centuries (400-100 
B.P.; (the ‘Little Ice Age’) [39, 54, 59, 961. 

4.8. Recent evolution 
twenty-first century) 

The first generation 

under slow SLR (seventeenth to 

of marshes were drained and 
reclaimed (polderised) around the seventeenth century 
(300 R.P.). This involved the strengthening of the Cor- 
don de Richard in some places [l], and the artificial 
extension of the northern limit of the ridge by the con- 
struction of a dyke (locally known as the ‘Dutch dyke’). 
The second generation of marshes were polderised in the 
eighteenth century (200 B.P.) by the construction of an 
earth embankment on their estuarine side. The present- 
day tidal flats began to accumulate on the estuarine side 
of this embankment following its construction. Since 
reclamation both generations of marshes have been 
subject to grazing, and for the last 20 years, intensive 
agriculture. 

Historical records from Roman times and bathymetric 
charts dating back to the seventeenth century (300 B.P.) 
indicate a gradual filling of the estuary with fluvial [2, 18, 
60, 671. During the second half of the eighteenth century 
major morphological changes occurred within the 
Gironde. At the mouth of the estuary these changes 
included the opening of the western channel (‘Passe 
Ouest’) across the sand banks, the deepening of the south- 
em channel (‘Passe Sud’) and increasing erosion of the 
Atlantic coast of the Medoc [40, 611. From 1770-1780, 
the principle estuarine channel migrated towards the 
north and attained its maximal width in approximately 
1910 [2]. Bathymetric evidence from the eighteenth cen- 
tury (200 B.P.) suggests that today the Gironde has 
reached a state of eq,uilibrium [ 17,671 and appears to be a 
relatively mature estuary [ 181. 

Lesueur and Tastet [60] reported that since 1850 channel 
management has been carried out progressively further 
seaward, culminating in the opening of the present man- 
made Great Western channel in 1930. After 1939, and 
particularly during the 196Os, there was intensive dredg- 
ing [68]. Lesueur and Tastet [60] reported that dredging 
and channelisation have led to increases in: 1) the con- 
centration of the fin’e-grained sediments in the lower estu- 
ary, 2) sedimentation in stagnant areas such as marginal 
bays and abandoned channels and 3) the expulsion of sus- 
pended matter to th’e shelf [ 18, 301. 
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5. MORPH@SEDIMENTARY CHANGES’ ON THE 
ATLANTIC SIDE OF THE MEDOC PENINSULA 
(AEOLIAN DUNE DEVELOPMENT) 

According to the geological maps of the BRGM 125, 661, 
the oceanic side of the Medoc Peninsula has suffered 
three dune invasions @gure 2). The oldest dunes located 
furthest inland are represented by a field of isolated 
barchans which reach the head of the valleys occupied by 
the first generation of Medoc marshes. According to the 
dates provided by Marionnaud [66] and Dubreuilh and 
Marionnaud [25], these dunes were active before 
5 100 BP. At this time the coast would have been substan- 
tially westward of its present location due to the long his- 
tory of erosion throughout the Holocene transgression. 
Figure 3a shows that near the mouth of the Gironde 
around 6000 B.P., there was an indication of high land in 
the vicinity of the Pointe de Grave. Allowing for the sub- 
sequent erosion of the seaward side of this feature, it 
seems likely that there could have been a sandy island 
capping the St. Nicolas rocks @sure 3b) around 
6000 BP. [83, 841. 

According to dates given by the BRGM, in the north 
Medoc the parabolic dunes that overlap the first genera- 
tion of barchans were active from 5 100 to 3000 B.P. The 
same authors indicate that the third generation of dunes, 
represented by barchan dunes that locally overlap the par- 
abolic types, were active from 3000 B.P. to the nineteenth 
century, when they were stabilised by forest plantations 
between 1787 and 1864. On the Aquitaine coast, Barrere 
[ 1 I] reported that the second generation of barchan dunes 
were mobile in the Middle Ages, and that dune transgres- 
sion occurred after the forest was established. This author 
[1 l] reported that inland sand movement was manifest as 
long tongues of sand, small dunes transverse to the coast- 
line and low parabolic dunes. Froidefond and 
Prud’homme [33] believed that the round or chaotic 
dunes, located in between the second generation of 
barchans and the foredune area, developed recently in the 
presence of vegetation. 

To the south of the Medoc Peninsula the first generation 
of barchans are absent. In the Dune du Pyla area Froide- 
fond and Prud’homme [33] believed that these barchanoid 
dunes were reworked into parabolic forms from 3000 to 
1000 BP. To the south of the Medoc Peninsula a close 
inspection of the BRGM map [26, 461 shows that the 
barchan dunes, which form the second generation of 
dunes in the north Medoc, may be divided into three 
types: 

1) ,massive barchans, responsible for iake formation 
mobile from 3000 B.P. to the thirteenth century. These 
dunes are generally 30-45 m high but reach 45-60 m 
south of Archachon Bay. 

2) small reworked parabolic dunes, mobile between the 
thirteenth and the seventeenth centuries. These dunes are 
very difficult to distinguish with only a few examples 
identifiable on the topographical map. 

3) transverse dunes with barchanoid crests, transgressing 
the previous dunes and mobile between the seventeenth 
and nineteenth centuries. These dunes are less than 30 m 
high but reach 50-60 m south of Archachon Bay. 

In the Dune du Py!a area (figure 1) Bressolier et al. [14] 
interpreted three phases of dune activity on the basis of 
dated palaeosols. The first of these dune-building epi- 
sodes was believed to have occurred from 3000 to 
1000 B.P., and to have resulted in parabolic dunes, which 
contributed to the partial or complete closure of small 
estuary mouths leading to the formation of lagoons. The 
second phase of dune activity occurred from 2400 to 
500 B.P. (and also later), and was thought to have 
resulted in barchan dunes, which completed the enclosure 
of the Landes lagoons, leaving only two barrier lagoons 
(Aureilhan and Leon) connected to the sea [14] by the 
‘courants’. According to the same authors, man settled in 
the sparse pine/hazel forest towards 2000 B.P., and 
around 1500 B.P. coastal barchan dunes moved inland, 
invading the parabolic dune system and burying vegeta- 
tion. The third and final phase of dune activity in the 
Dune du Pyla area is believed to have occurred since the 
end of the nineteenth century. 

6. DISCUSSION - MORPHOLOGICAL EVOLUTION, 
MSL AND CLIMATE CHANGE 

6.P. The Gironde estuary 

The limited number of dated samples in the two genera- 
tions of marshes, and the lack of detailed information 
about the stratigraphic relationship between these 
marshes and the Cordon de Richard, prevent a full under- 
standing of the detailed evolution within the Gironde 
estuary. However, some insight as to the likely course of 
events may be gained by a review of similar environ- 
ments found elsewhere in the world. 

Ridge features similar in size and composition to the Cor- 
don de Richard have been described by a number of 
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authors [37, 561. From these works it appears that the 
Cordon de Richarid represents a chenier-type ridge 
formed high on an inter-tidal mudflat or at the seaward 
edge of a salt marsh. Chenier formation has been noted to 
be primarily dependant on the onshore supply of material 
from inter-tidal [56] as well as sub-tidal areas [37]. In the 
case of the Cordon de Richard, it is possible that some 
material was also incorporated into the ridge by long- 
shore transport from the Plio-Pleistocene gravel terraces. 
Sediment supply to a chenier is often governed by hydro- 
dynamic conditions. Causal factors include pulsatory 
sediment supply from rivers [36; cited in 561, increased 
rates of SLR [87; cited in 56, 381, and increased storm 
activity [38, 561. In marshes in Essex, United Kingdom, 
Greensmith and Tucker [38] considered that chenier 
migration was favoured by periods of marsh erosion asso- 
ciated with increased rates of SLR which acted to supply 
material to the ridges by the erosion of previous coarse 
sediments. However, in Korea, Lee et al. [56] reported 
that a chenier had accumulated since 1800 B.P. indepen- 
dently of sea level, and1 was caused entirely by wave 
action leading to the coalescence of inter-tidal sand 
shoals. In the case of the Gironde estuary the formation 
of the Cordon de IRichard could be due to external or 
internal factors. External factors may include an increase 
in the SLR and/or an increase in storminess. Internal fac- 
tors include changes in the estuarine mouth such as the 
opening of the southern channel in 1500-1000 A.D. [62], 
which may have led to an increased marine influence 
within the estuary. In addition, a shift in the position of 
the main estuarine channel could have prompted a change 
in sediment supply, wave energy and the onset of erosive 
conditions [7]. 

Once formed, the Cordon de Richard would have par- 
tially enclosed the first generation of marshes. It is likely 
that the ridge blocked some of the smaller creeks drain- 
ing the marshes isolating the marshes behind from a 
direct tidal influence. Greensmith and Tucker [37] noted 
how chenier ridge formation created embayments which 
then underwent progressive siltation up to marsh level. 
From the segmented nature of the Cordon de Richard 
(figure 2), it appears that the strong tidal currents flow- 
ing in larger creeks draining the first generation of 
marshes prevented ridgfe formation, and in some loca- 
tions gave rise to spitlike features. This is comparable 
with observations made by Greensmith.and Tucker [37]. 
These large channels would have allowed the contempo- 
raneous accretion lof the first and second generation of 
marshes. 

6.2. Aeolian dunes 

Coastal dune formation can be thought of as needing 
three major requirements: 1) sand supply, 2) a strong 
onshore wind for at least part of the year and 3) an area in 
which sand can accumulate [21]. Pye [75,76] considered 
that the form and scale of aeolian sand accumulations 
was likely to be determined by seven main factors: 
1) sand availability, 2) grain-size distribution, 3) wind 
velocity distribution and directional variability, 4) vegeta- 
tion cover and growth characteristics, 5) the nature of the 
surrounding and underlying topography, 6) climatic and 
sea level changes and 7) long-term patterns of tectonic 
uplift and subsidence. 

Four alternative models of formation have been proposed 
that relate to coastal dune formation and the position of 
MSL ([78], see figure 5). These are: 1) dune formation 
under interglacial high sea level; dune stabilisation under 
glacial low sea level; 2) dune formation under glacial low 
sea level, when there is a large sand supply resulting from 
the exposure of continental shelf deposits coupled with 
sub-aerial weathering and fluvial supply, in drier and 
windier conditions; 3) dune formation as a mechanism of 
shore progradation during regressions; dune stabilisation 
under rising sea level when there is a reduction in the 
landward transport of sand, cessation of shoreline progra- 
dation and a reduction in the supply of aeolian sand; and 
4) dune building during transgressions when rising sea 
level causes destruction of foredune and beach ridge veg- 
etation, blowout formation and the initiation of transgres- 
sive dunes; dune stabilisation during regressions. 

There is evidence from different parts of the world for all 
of these hypotheses of dune formation. Dune formation 
during regressive phases has been documented in the 
United Kingdom [15, 791 and in California [70]. 
Conversely, in south-east Australia, Pye [78] found that 
transgressive dunes were active under rising sea level, but 
became stabilised (being subject to pedogenesis and 
weathering) under stable or low sea level. Such variabil- 
ity in dune formation with respect to sea level may per- 
haps be expected due to the number of factors governing 
dune formation. This is supported by the findings of a 
number of authors. For example, in Denmark, Chris- 
tiansen et al. [21] reported that under present-day condi- 
tions transgressive dune activity was not occurring, 
despite rising sea level and coastal erosion, since the 
dunes had been successfully stabilised with vegetation 
and there was limited sediment supply. In the Nether- 
lands, the Older Dunes and Younger Dunes were both 
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Figure 5. Four models illustrating the evolution of coastal dunes with respect to sea level variations (from Pye, I984 [74]). 

formed under rising sea level. However, for the Older 
Dunes this was associated with coastal progradation, 
whilst for the Younger Dunes it was associated with 
coastal erosion [49, 971. Even where coastal erosion is 
instrumental in dune formation, such as in south-east 
Australia, it may result from a number of causes [78]. 
Such causes can include increases in storminess or a 
reduction in near-shore sediment supply as well as 
increased rates of SLR [78]. Dune activity may also be 
increased by vegetation disturbance resulting from peri- 
ods of disease, changing soil nutrient status or vegetation 
life-cycle variations or anthropogenic activity [78]. 

On the Aquitaine coast of France previous work has 
favoured dune formation under falling sea level condi- 
tions which through coastal exposure supplied sand to the 
dunes, whilst positive sea level tendencies favoured the 

erosion of the coast and the fixation of the dunes by a 
more humid climate and a rise in ground water levels. 
The evolution of the Medoc Peninsula could be inter- 
preted as being formed under a series of positive and neg- 
ative sea level tendencies that affected the area after 
6000 BP. (table 1) 183, 841. In the Dune du Pyla area, 
Bressolier et al. [ 141 also believed that dunes were active 
during regressive periods, but also considered climatic 
change to be important. 

The following discussion is based solely on the dates 
given by the &RGM map of Marionnaud [66] and 
Dubreuilh and Marionnaud [25]. The discussion is lim- 
ited by the lack of a detailed chronology of dune develop- 
ment and the absence of an accurate sea level history for 
the region, which prevent comparison with well-docu- 
mented dune chronologies such as those in The Nether- 
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Table I. Tastet’s [83, 841 interpretation of the evolution of the north Medoc Peninsula under positive and negative sea level tendencies. 

Date S.L. Tendency Effect on Dune formation Effect on marsh formation 

5 100-3000 BP. Negative Formation of parabolic dune field Assisted the formation of the first 
generation of marshes 

2575-1421 B.P. Positive Eroded the parabolic dune field on its Constructed the estuary ridge 
seaward side 

1500 B.P. until the 1 gth century Negative New barchan field Low S.L. favoured polderisation of the first 
generation of marshes 

1 ?Jh century Positive actual New barchan dune field was eroded on its Necessitated the second phase of 
seaward side polderisation during the 18’” century 

lands [50, 971. However, a review of factors controlling 
dune formation enables some useful insights into 
Holocene dune development on the Aquitaine coast. 

Barchans are usually taken to indicate high sand supply 
[70] in highly arid areas with unidirectional wind [75, 
761. Thus, the first generation of barchans thought to be 
active before 5100 B.P. [25, 661 could be taken to indicate 
either a high sand supply arising from coastal erosion due 
to rising sea level or high storminess, or high sand trans- 
port arising from an arid. climate, strong winds and lack 
of vegetation. In the Meldoc area it is believed that SLR 
could have been the most important factor since the 
period of barchan formation corresponds with a period of 
rapid SLR., whilst the cessation of barchan activity corre- 
sponds with the stabilisation of SL around 6000 B.P. 

In the largest sand islands in the world (south-east Aus- 
tralia), large-scale parabolic dunes formed in response to 
rapidly rising sea level [‘74, 761 and massive sand supply 
from the transgressed shelf. However, in the coastal set- 
ting parabolics have been reported to form as sea level 
stabilises and sand supplies decrease [70]. Likewise, a 
vegetated substrate favours parabolic dune formation by 
inhibition of sand t:ransport. Thus, in the Medoc, the for- 
mation of parabolic dunes from 5100 to 3000 B.P. [25, 
661 seems to be in agreement with the interpretation of 
Orme [70] and c’ould be taken to indicate either a 
decrease in sand supply due to a cessation of coastal ero- 
sion caused by a stabilisation of sea level, possibly cou- 
pled with a decreas#e in storminess, or a decrease in sand 
transport due to the development of vegetation associ- 
ated with a change to a more humid climate. In the 
Medoc area it is believe:d that the present sea level was 
reached around 6000 BP, and this could therefore 
explain the decreasle in aeolian sand supply. However, the 
role of climate and vegetation cannot be ruled out. 

The second barchan dunes, active from 3000 B.P. to the 
nineteenth century (100 B.P.) [25, 661, could indicate: 1) 

an increased sand supply due to increased coastal erosion 
resulting from an increased rate of SLR and/or increase in 
storminess or 2) increase in sand transport due to a drier 
climate/increase in windiness/decrease in vegetation 
cover. In the Medoc, during the period 3000-100 B.P., a 
number of environmental changes occurred which could 
have led to increased sand supply and transport. These 
were: 1) a sea level fall 2400-1500 B.P. interpreted to 
have occurred by Bressolier et al. [14]; 2) an increase in 
storminess and in the rate of SLR around 1500 BP. [14], 
or around 1850 B.P. as possibly suggested by the forma- 
tion of the Cordon d’e Richard ridge in the estuary; 3) sev- 
eral increases in windiness interpreted by Bressolier et al. 
(141, to have occurred during the periods of 2400- 
1500B.P., around 600 and 1300 A.D. (1300 and 650 
B.P.), during the Middle Ages and during the seventeenth 
and eighteenth centuries (300-100 B.P.); and 4) climatic 
changes - the Medieval warm period 900-1000 B.P. [22, 
541, followed by a cool period 1550-1150 B.P. [13, 53, 
59, 601. 

7. CONCLUSIONS 

The following summary represents the best attempt to 
reconstruct the Holocene changes in the Medoc area with 
the data currently available. 

-From 18-10 000 B.P. SLR was rapid and led to the 
flooding of the incised valley of the Gironde and the for- 
mation of a ria. In this ria the accommodation space was 
much greater than the fluvial sediment supply, and 
marine sediments prograded landward. On the Atlantic 
coast rapid coastal erosion provided a large supply of 
sand for aeolian activity, and led to the formation of the 
first generation of barchan dunes from approximately 
10 000 to 5 100 B.P. [25, 661. 

257 



N.i. PONTEE et al. 

- In 6000 B.P. the rate of SLR slowed (possibly accompa- 
nied by a decrease in storminess). In the Gironde, salt 
marshes began to accumulate in the lateral valleys, and 
fluvial sediments prograded seawards in the main chan- 
nel. On the Atlantic coast erosion rates decreased, leading 
to a decrease in the sand supply for aeolian activity. This 
caused the formation of barchan dunes to be arrested and 
the subsequent formation of a new generation of para- 
bolic forms from 5100 to 3000 B.P. [25, 661. 

- A SLR and an increase in storminess possibly led to the 
formation of a shelly ridge in the estuary around 
2000 BP. (2575-1421 B.P.). Around this time mud began 
to reach the continental shelf [62] due to decreased 
accommodation space within the estuary. The formation 
of the second generation of marshes from 1200 BP. to the 
eighteenth century (200 BP) represented a period of 
accretion under steady SLR. The growth of these marshes 
[S9] and the increasing sedimentation rate in the Gironde 
shelf mud patches from the Middle Ages onwards [60], 
were all aided by high fluvial suspended sediment con- 
centrations within the Gironde. These conditions resulted 
from several periods of deforestation, and two periods of 
cooler climatic conditions [5]. Additionally, changes in 
configuration at the estuary mouth coupled with an 
increase in channel management were also important in 
increasing the supply of material to the shelf. On the 
Atlantic coast the formation of the second generation of 
barchan dunes occurred from around 2000 BP to the 
eighteenth century [25, 661, when they were artificially 
vegetated. These barchans possibly indicate one or more 
of the following: an increase in SLR, an increase in 
storminess, an increase in windiness or a decrease in veg- 
etation cover. 

Throughout the Holocene SLR and post-Holocene high/ 
still stand, the Gironde has acted as a long-term sediment 
sink leading to a marked reduction in capacity [5]. Today, 
the estuary continues to evolve as it has since 6000 BP 
On the estuarine side of the eighteenth century embank- 
ment there is a sandy/shelly beach which in places forms 
a series of ridges. These ridges are considered to provide 
a good analogy to the Cordon de Richard. Additionally, a 
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satellite Spot’ image shows the accumulation of coarse 
sediments in the middle of the mudflat in Verdon Bay, 
which may represent a precursor for ridge formation. 
Further ridge development may lead to the isolation of an 
area of mudflat that may then become colonised by marsh 
vegetation [83, 841. Since the Gironde estuary has 
reached a state of equilibrium, it is possible that in the 
longer term (hundreds to thousands of years) increased 
SLR may cause an erosion of the mudflats and marshes in 
the lower estuary. This process has been observed in she 
Severn estuary in south-west England by Allen [8]. 

In contrast to the infilling of the Gironde, the Atlantic lit- 
toral zone of the Medoc, characterised by sandy beaches 
and dunes, has been subjected to erosion throughout the 
Holocene SLR. This has been due to a high wave energy 
input, and strong longshore and offshore transport, which 
has led to the formation of an offshore sand sheet and the 
southerly progradation of the Cap Ferret spit. Given cur- 
rent predictions for SLR and perhaps more importantly, 
an associated increase in storminess 1921, coastal erosion 
is likely to continue or even increase in the future. The 
management and stabilisation of dunes by the French 
Forestry Service will probably prevent large-scale inland 
migration [21], although the littoral dunes will remain 
unstable. On such a mobile coast attempts to artificially 
maintain and fix the land-sea boundary using hard 
defences are likely to be unsuccessful. 
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