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Abstract 19 

 20 

Morphological investigations on the northwest coastal plain of Mauritania (Banc d'Arguin) 21 

lead to a revised late Holocene sea-level curve. The region is characterized by extensive sand 22 

flats occasionally surmounted by low sand barriers. These barriers pick out a set of 23 

paleoshorelines attributed to the six episodes defined by Dia (2013).  Morphological 24 



evidence of the extreme flatness of the coastal plain is provided by topographic transects 25 

based on total-station surveys. Index points distributed throughout the late Holocene are 26 

defined in relation to the position of the barrier sole, which is adjusted to the upper limit of 27 

the berm uprush.  The elevation of index points is related to the mean sea level (MSL) 28 

through an assessment of the various errors likely to affect the results. Over the period since 29 

ca. 7000 cal yr BP, the measured elevations remain within a few decimetres of the present-30 

day sea level. This implies that, throughout this time interval, sea level in the Mauritanian 31 

region oscillated within the usual range of natural variations, whereas oscillations of larger 32 

magnitude prevailed elsewhere. Because the study area is tectonically stable, the glacio-33 

eustatic adjustment due to hydro-isostatic effects is of minor importance in Mauritania and 34 

the relative sea level (RSL) has responded solely to the eustatic component. Therefore,  we 35 

would expect to find some record of ocean syphoning through a gradual emergence of the 36 

land after the mid-Holocene marine transgression and the subsequent development of 37 

vertically stepped paleoshorelines. The absence of such evidence raises the question of 38 

whether the drop in RSL was compensated by continuing deglaciation during the late 39 

Holocene. 40 

 41 

1. Introduction 42 

Current changes in sea level need to be regarded in the light of the complexity of earlier 43 

sea level changes,  which allow us to extend our knowledge of their mechanisms and 44 

variability on a longer time scale. An improved knowledge of post-glacial variations in 45 

relative sea level (RSL) over the last six millennia (late Holocene) would lead to a better 46 

understanding of the current functioning of the Earth system (Pirazzoli, 1991). During the 47 

late Holocene, sea level in low and mid latitudes has only fluctuated by approximately 1-3 m 48 



around its current elevation (e.g. Woodroffe and Morton, 2005;  Sloss et al, 2007, for the 49 

Indo-Pacific).  50 

 51 

Many recent studies (Barlow and Shennan, 2008; Wanner et al., 2008; Shennan et al., 52 

2009; Engelhart et al., 2011; Tamisiea and Mitrovica, 2011), have shown that these changes 53 

in RSL generally display a spatial and temporal variability. Among the forcing mechanisms 54 

influencing RSL during the late Holocene, the varying rate of ice melting (i.e. the glacio-55 

eustatic signal) plays a dominant role in causing these variations. Many studies have 56 

attempted to establish the characteristics of this signal, by taking into account all possible 57 

disturbing mechanisms: isostatic consequences of changes in ice mass distribution, steric 58 

effects, latitudinal zonation and regional factors (Woodroffe and Horton, 2005). 59 

Geophysical modelling can be used to identify and validate several types of RSL variation 60 

reflecting the real effects of deglaciation due to progressive melting of the ice sheets 61 

between 18,000 and 5,000 years BP, which is the estimated date of the end of glacial retreat 62 

(Fig. 1). Depending on the sector considered, RSL variation curves reflect episodes of 63 

submergence, emergence or stability throughout the late Holocene (Clark et al., 1978; 64 

Peltier, 2002; Shennan and Horton, 2002; Lambeck et al., 2003; Mitrovica, 2003). In fact, it is 65 

easier to establish the contribution of eustatic variations based on local sea-level history in 66 

far-field locations remote from glaciated areas at higher latitudes, thus reducing the effects 67 

of disturbing mechanisms (Peltier, 2002). At low latitudes, the local history of RSL variation is 68 

represented in curves of type III (after a slight rise above the current sea-level value, RSL 69 

then falls back to its present-day position), IV (strong attenuation in the rate of RSL rise over 70 

the last five millennia), V (emergence of 1 to 3 m at around 5,000 BP, as illustrated by many 71 



mid-Holocene highstands) and VI (effects observed in other zones combined with effects 72 

related to flexure of the continental margins and shelves).  73 

 74 

Despite numerous studies, variations of sea level during the late Holocene still appear very 75 

complex and new data are required to improve our understanding of these fluctuations, 76 

especially in regions that have been little studied. Such is the case in West Africa, particularly 77 

in Mauritania, a region which is difficult to access for practical and geopolitical reasons and 78 

which therefore suffers from a lack of in-depth studies.  In this paper, we address the 79 

problem of late Holocene sea-level variability in north-western Mauritania based on the 80 

investigation of sedimentary units on the coastal plain. The Gulf of Arguin, situated between 81 

latitudes 19°20'N and 21°10'N), corresponds to a far-field location remote from glaciated 82 

areas, which provides the opportunity of establishing a new RSL curve for this part of West 83 

Africa. 84 

 85 

2. Study area 86 

2.1 Geological framework 87 

The north-west coast of Mauritania is bordered by the Gulf of Arguin (Fig. 1), a part of the 88 

Senegalo-Mauritanian sedimentary basin, bounded to the north-east by an ancient uplift 89 

block forming the stable cratonic chain of the Mauritanides (Potrel, 1994). Overall, this 90 

region is characterized by a highly stable tectonic regime. Ancient major tectonic events are 91 

dated as Archean in the Reguibat shield (Potrel et al., 1998) and Neo-Proterozoic to 92 

Cambrian in the Mauritanides chain (Hamoud et al., 2015). From a  geophysical point of 93 

view, the continental shelf is located near the boundary between zones III and IV of Clark et 94 

al. (1978). The terrestrial part of the coastal basin consists of Mesozoic, Cenozoic and 95 



Quaternary formations. The older formations are poorly exposed, primarily at the periphery 96 

of the basin, and are generally only encountered in boreholes. The Quaternary, on the other 97 

hand, is largely represented by surface deposits, which are classically described as a 98 

sequence of marine deposits separated by continental facies corresponding to phases of sea-99 

level fall (Faure and Elouard, 1967; Hébrard, 1973; Einsele et al., 1977). The post-glacial 100 

sedimentary record in North-West Africa is characterized by marked climatic variations 101 

(Lancaster et al., 2002), especially during the Holocene (Lezine et al., 2011). In a domain 102 

largely open to the Atlantic Ocean, these climate changes could have impacted the final 103 

stages of the postglacial transgression during the late Holocene. In the Banc d’Arguin (BA) 104 

area, early studies proposed that the sea-level reached a highstand of about +2 to 3 m 105 

before falling to its present position (Hébrard, 1973; Elouard, 1975; Faure et al., 1980). The 106 

transition between the highest sea-level stand and the present-day level would have 107 

occurred in several stages during which the sea level oscillated between +3 and -3.5 m 108 

(Einsele et al., 1974; 1977). This pattern is similar to RSL curves described from other regions 109 

(Angulo et al., 2006; Sloss et al, 2007; González and Törnqvist, 2009; Castro et al, 2014). 110 

However, more recent studies have called into question this model, which is not in 111 

conformity with the facts (Barusseau et al., 2007). 112 

2.2 Geomorphology of the coastal plain 113 

The coastal plain of the Gulf of Arguin extends along the border between the Atlantic 114 

Ocean and the Sahara, from Cap Blanc to Cap Timiris (Fig. 1). It extends over more than 200 115 

km with a width varying from 0 to 12 km and forms the prolongation of the shallow internal 116 

basin of the Gulf of Arguin (with maximum water depths of 20 m), which is separated from 117 

the open sea by a shallow rocky sill (less than 2-5 m deep), the Banc d’Arguin itself (Aleman 118 

et al., 2014). The coastal plain consists of several kilometres of wide sand flats and linear 119 



sandy ridges, the latter being generally a few dm in height, but exceptionally more than 1 m 120 

(Barusseau et al., 2007, 2009, 2010). The sand flats and ridges are composed of fine sands 121 

and rare gravels (D50 between 0.15 and 0.25 mm), with homogeneous facies and without 122 

apparent internal structure (Fig. 2A). Most of the sandy linear ridges are covered by dm-thick 123 

Neolithic shell middens (Barusseau et al., 2007) containing Senilia (=Anadara) senilis (Lavaud 124 

et al., 2013) and varying in age from 6730 to 2520 cal yr BP (Vernet, 2014). The sandy ridges 125 

separated by large sand-flat surfaces form a series of low barriers between the land and the 126 

present edge of the coastal plain. They correspond to different beach structures formed by 127 

the joint action of low-energy waves and wind, according to a model described by FitzGerald 128 

and Buynevich (2005). Sometimes, these structures correspond to sedimentary spits, 129 

primary dunes (Sloss et al., 2012), or simply beach berms. In the following, these co-genetic 130 

landforms are referred to as "barriers". These various kinds of barrier represent successive 131 

positions of paleo-shores during the development of the late Holocene coastal plain (Dia, 132 

2013). 133 

On the inland side, the limit of the plain is often marked by the presence of cliffs of variable 134 

elevation, cut in Pleistocene rocky formations (Fig. 2A). The presence of numerous tide 135 

marks shows that these vast stretches of slightly tilted (gradients less than 1/1000 to 136 

1/10000) tidal sand flats can be episodically invaded by the sea up to several kilometres 137 

inland from the shoreline (Fig. 2B). In some instances, modern linear dune ridges and 138 

barchan dunes cover the late Holocene morphological units without any genetic connection 139 

with the Holocene coastal plain units. 140 

2.3 Sediment supply to the coast 141 

According to climate data, the region can be classified as a cool tropical coastal desert. The 142 

Gulf of Arguin is swept by powerful offshore winds (NE Trades) transporting vast quantities 143 



of aeolian dust from the Sahara to the west and providing massive amounts of fine sand and 144 

silts to the coastal areas. All segments of the BA coastal plain can be considered as being 145 

influenced by these winds and the resulting sand transport, as shown by the extension of old 146 

ergs and the current dune massifs (Lancaster et al., 2002). Depositional processes are of 147 

major importance in the absence of permanent drainage network due to the current lack of 148 

fluvial inputs in the study area. However, exceptional heavy rains can reactivate sediment 149 

transport in paleo-wadis, which are remnants of an extensive but currently inactive ancient 150 

fluvial system (Vörösmarty et al., 2000; Skonieczny et al., 2015). These wadis may have been 151 

active at different times in the late Holocene, but are currently not associated with any 152 

significant sediment transport (Dia, 2013). 153 

2.4 Hydrodynamic forcing 154 

The mean tidal range in the study area varies between 1 m (neap tides) and a maximum of 155 

2 m (spring tides). The swell comes mainly from the north-west sector for nearly 50% of the 156 

time; from June to August, south-westerly waves are associated with the monsoon. 157 

According to Topex-Poseidon data, the significant wave height of the swell off Mauritania 158 

varies from 2.7 m in December-January to 1.7 m in May-June (Thomas and Senhoury, 2007). 159 

However, due to the sheltering effect of the Banc d’Arguin rocky shoals and the shallowness 160 

of the inner platform, the waves have a limited effect on the shoreline which can be 161 

considered to be subject to a low-energy regime (Dia, 2013). During the monsoon period, 162 

surges can occur causing flooding of the coastal plain. A quasi-permanent N-NW wave 163 

climate prevails in the Arguin basin generating a longshore drift from north to south, 164 

ensuring distribution of sediments, forming many rapidly evolving sand spits. During the late 165 

Holocene building up of the coastal plain, the action of marine processes led to a spreading 166 

out of the abundant input of aeolian sand over the intertidal zone (Fig. 2C and D), forming 167 



sand-flats and episodically, on the sand-flats, a series of sand barriers, rapidly covered by 168 

anthropic shell middens. 169 

To summarize, the BA coastal plain is made up of a vast flat expanse characterized by the 170 

juxtaposition of sedimentary units of two kinds,  sand flats and barriers, which were formed 171 

during a continuous late Holocene progradation resulting from considerable aeolian 172 

sedimentary supply reworked by coastal marine processes. In  such a context, the sea-level 173 

changes assumed by Einsele et al., (1974, 1977) would have resulted in late Holocene 174 

highstand deposits during periods of rising sea level and incision marks during phases of 175 

regression and subaerial weathering. However, in more recent studies, late  Holocene 176 

coastal deposits have been found at elevations that are within the range of modern wave 177 

and tidal action (Barusseau et al., 2007, 2009 and 2010; Dia, 2013), thus casting doubt on 178 

late Holocene sea-level fluctuations (Aleman et al., 2014). The results presented below 179 

provide several comprehensive lines of evidence that may resolve this apparent paradox in a 180 

satisfactory way. 181 

 182 

3. Methods 183 

One difficulty in studying sea-level variations in the late Holocene is the quality of 184 

measurements used to establish the RSL curve (Edwards, 2005; Kelletat, 2005; Sloss et al., 185 

2007; González and Törnqvist, 2009). These data have often been criticized for the 186 

insufficient number of ages and lack of precision of topographic or bathymetric data, causing 187 

misinterpretations (Angulo et al., 2006; Baeteman et al., 2011). During seven field campaigns 188 

between 2005 and 2010, detailed attention was therefore paid to reducing these margins of 189 

uncertainty. The essential objective of this fieldwork was to specify the geometry of the 190 



coastal plain and its associated barriers (apart from the present-day barchan ridges) in 191 

relation to the coeval sea-level variations.  192 

3.1 Identification of paleo-shorelines 193 

The reconstruction of late Holocene paleo-shorelines is facilitated by the favourable 194 

combination of two factors. First, Neolithic populations were attracted on several occasions 195 

to areas above the high tide mark where sandy features of low relief were developed on the 196 

sub-horizontal substrate of the sand-flats (Fig. 2C and D). These groups stockpiled shells of S. 197 

senilis harvested on the neighbouring foreshore (Vernet, 2007), as observed in many parts of 198 

West Africa (Descamps et al., 1974). The second factor is the armouring of sandy landforms 199 

produced by the white covering of shells (Fig. 2C and A). As a result, the preserved barriers 200 

are generally expressed in the landscape as small ridges (generally less than 1 m in height) 201 

covered by shell middens a few dm thick. 202 

This superposition of landforms allows us to use Google Earth satellite imagery as a 203 

preliminary tool to locate coastal sand ridges and their shell middens. Hundreds of shell 204 

middens appear very clearly on these images, forming a series of nearly continuous ridges 205 

(Fig. 2D) from north to south. Their estimated distribution before the field surveys was 206 

checked in situ, with visual control in some cases to remove doubts. The linear features are 207 

identified according to their form and the nature of their constituent materials, as well as 208 

their vertical and horizontal dimensions and orientation. 209 

3.2 Ages of paleo-shorelines 210 

To establish the chronology of sand-ridge formation, we take into consideration the data 211 

provided by geomorphology, sedimentology and archaeology (Vernet, 1998 and 2007), using 212 

a geoarcheological approach for the determination of RSL curves (Brückner, 2005; Ghilardi et 213 

al, 2013; Morhange and Marriner, 2015). The radiocarbon dating of Senilia valves was 214 



carried out by the Laboratory of Oceanography and Climate (LOCEAN-UMR 7159, at the 215 

University Pierre and Marie Curie, Paris) and by the GADAM (Silesian University of 216 

Technology, Gliwice, Poland). The dates are calibrated using Marine09 (Reimer et al., 2009). 217 

Numerous measurements on samples of continental origin (for example, organic remains in 218 

pottery shards contained in shell middens, ostrich eggs, etc.) and Senilia shells, lead us to 219 

adopt a marine reservoir effect correction (ΔR) of -300 ± 50 years for materials on the 220 

foreshore of the BA (Vernet, unpublished data) instead of the value of 70 ± 13 years 221 

proposed by Ndeye (2008) for the edge of the BA. Based on these data, we can use the 222 

chronological stages in the development of coastal plain sedimentary structures to outline 223 

the history of this area. Dia (2013) defined six episodes subdividing the late Holocene of the 224 

BA (Table 1). These episodes are separated by short intervals during which no linear 225 

sedimentary structures were formed anywhere on a coastal plain almost 300 km long. 226 

3.3 Reconstruction of the topographic elevation of paleo-shorelines 227 

We assume that the dates of the shell middens are coeval with the underlying barriers 228 

because Neolithic groups probably occupied these sedimentary structures as soon as they 229 

were formed (Barusseau et al., 1995). Thus,  the shoreline location at any time in the late 230 

Holocene corresponds to the position of the coastal barrier at that time. These characteristic 231 

coastal features are made up of mixed sedimentary structures (berms due to wave action 232 

and small dunes linked to aeolian  transport) delimited at their base by the top of the swash 233 

zone. The height of the berm base depends on the maximum elevation of sediment 234 

transport during the uprush. Under the highly attenuated wave conditions of the BA, these 235 

sedimentary structures  are no higher than a few cm or a few dm (<50 cm) above high tide 236 

level (HTL), depending on the exposure to waves. Barrier thickness may then increase by the 237 

action of the wind; the berm evolves into a ridge or small coastal dune whose base remains 238 



attached to the position of the swash zone. By defining the base of this sedimenary 239 

structure, it is possible to describe an index point which provides a reference datum relative 240 

to the tide level (Vacchi et al., 2016). According to various authors, it is necessary to 241 

establish the precise elevation of a sample attached to an index point to determine the 242 

position of relative sea level (RSL) (van de Plassche, 1986; Horton et al., 2000; Woodroffe & 243 

Horton, 2005; Barlow and Shennan, 2008; Engelhart et al., 2011; Baeteman et al., 2011). As 244 

pointed out by Vacchi et al (2016), to produce an index point, the  calibrated age of each 245 

sampled RSL marker should be known. Moreover, the marker must be defined in terms of its 246 

position in a specific domain of the coastal zone  as well as according to elevation in relation 247 

to a reference level.  The position of the marker  in the coastal zone  implies applying an 248 

estimate of the indicative height range that the marker is likely to occupy. In the case of the  249 

BA coastal plain, following Shennan et al. (2006) and Barlow and Shennan (2008), we 250 

consider the contact between intertidal and supratidal sediments on a low-energy coast, 251 

thus providing valuable sea-level index points. More precisely, we assume that an index 252 

point is formed by the contact between barrier base and the sand flat foreshore (Fig. 2C), 253 

identified by a varied faunal assemblage. We also base this assumption on Curray et al. 254 

(1969), who proposed that coastal features such as beach ridges emerge above sea level 255 

during fair weather wave conditions, with the result that they indicate the high tide level. In 256 

our case, the indicative range is the swash height (Sh) and the reference level is the lower 257 

part of the swash zone, corresponding to the high tide level (HTL) (Fig 3). The high tide level 258 

is established from a series of geodetic measurements carried out using a Geodimeter total 259 

station along several sectors of the coast, allowing us to define valid sea-level index points 260 

on seven profiles in the bays of Aghouenit and Aouatil (Fig. 1). The measurement is first 261 

related to the position of the current HTL, and then to the MSL. The HTL is defined by the 262 



position of the limit between dry and wet sand; a systematic error of ±0.25 m is applied to 263 

the measurement of this mark. The total error on the measurement is estimated by taking 264 

into account the quadratic error on the different elements of the calculation: experimental 265 

measurement by total station, HTL position and swash amplitude. During these calculations, 266 

some barriers are dated using samples from their overlying middens while others are 267 

attributed an age based on their attachment to a dated paleo-shoreline. 268 

 269 

4. Results 270 

In an area as large as the BA coastal plain, it is first necessary to compile the available data 271 

to obtain an insight into the general spatial pattern of the sedimentary units. In the 272 

following, we qualitatively validate this  pattern by supplementing it with the results from 273 

many previous studies (Barusseau et al., 2007, 2009 and 2010; Dia, 2013). Our objective is to 274 

illustrate how the successive palaeo-shorelines of the late Holocene can be integrated into a 275 

simple model which can then be used to link  the index points to the changes in sea level 276 

defined by a specific RSL curve. 277 

4.1 Spatial and chronological distribution of late Holocene paleo-shorelines of the Banc 278 

d’Arguin  279 

The extreme flatness of the BA coastal plain is clearly evident throughout its 200-km-long 280 

extent from North to South. Indeed, it is difficult to pick out small elevations of 2 to 3 m on 281 

the coastal plain, which  can reach a width of up to 12 km. 282 

However, barriers belonging to different episodes of the late Holocene are sometimes 283 

closely spaced together, providing evidence of their position on a sub-horizontal plane. This 284 

is the case for the Téchekché barriers (Fig. 4A and B), which form a series of 7 to 8 bars 285 

developed during the late Holocene, located at the outlet of a wadi which functioned on 286 



several occasions. According to the cross-section presented in Fig. 4D, the shell 287 

middens/ridges that accumulated between 4420 ±90 and 2415 ±105 cal yr BP lie above a 288 

basal plane always situated at the same elevation. Furthermore, we apply a WGS 84 Digital 289 

Terrain Model with 1-m spaced contours over the entire intertidal zone of the Banc d'Arguin 290 

to simulate a 1 m-flood using geo-referenced orthophotos from Google Earth. In the 291 

Téchekché-Arguin island-Tintan peninsula sector (Fig. 4C), the entire coastal plain can be 292 

invaded by the sea following a very small increase in sea level (1 m), thus confirming the 293 

extreme flatness of the area at a regional scale, including all the barrier zones. 294 

4.2 Archaeological evidence 295 

Another set of observations tends to support this view of the distribution of paleo-296 

shorelines. Recent studies have shown the great importance of archaeological remains for 297 

reconstructing variations in sea level (Morhange  and Marriner, 2015). Indeed, the use of 298 

archaeological data in the northern sector of the study area (Bay of Arguin-Tintan) allows us 299 

to show that the tidal zone remained in the same position throughout the late Holocene. A 300 

large number of fish traps (or weirs) have been identified and mapped on the western 301 

foreshore of the Tintan peninsula (Vernet et al., 2011; Vernet, 2014). These Neolithic 302 

structures are situated close to bedrock outcrops and are built of rocky slabs. The traps 303 

extend in various forms over an area more than 10 km long and 2 km wide at around 304 

20°55'N, 16°43'W (Fig. 5). These traps can only be dated indirectly using results from nearby 305 

shell middens, where hearths are found containing abundant fish remains (mainly 306 

vertebrae). These remains have been dated at 2790 ± 70 cal yr BP (Vernet, 2014). The 307 

disappearance of the Neolithic populations at the end of the middle part of the late 308 

Holocene due to aridification explains why no fish traps have been identified with more 309 

recent ages. 310 



4.3 Toward a general model 311 

The pattern of shoreline evolution described above can be generalized throughout the 312 

Banc d'Arguin, as illustrated in the Iwik peninsula sector (Fig. 6), where there is an succession 313 

of alternating sand flats and barriers (beach ridges, coastal dunes, sedimentary spits) formed 314 

between 5090 ±200 and 2370 180 cal yr BP. All these landforms are adjusted to the same 315 

base level as shown below. As established from the cross-section at Téchekché (Fig. 4D), we 316 

can define a conceptual geomorphological model for the development of the BA coastal 317 

plain. This model implies a continuous progradation of sand flats and the episodic formation 318 

of linear sedimentary units (mean height: approx. 1 m). Although the model remains valid 319 

when applied to other parts of the BA, the horizontal scale should be extended since the 320 

intervals between barriers are of the order of kilometres while their width is only a few tens 321 

of metres. These barriers also contribute to accelerating the progradation since they give 322 

rise to a sheltering effect. The beach ridges and middens prograde onto the marine domain 323 

over a flat surface, alternating in chronological succession as they advance seaward. 324 

Accordingly, by assuming a general and simple model for the development of the coastal 325 

plain, we can constrain the elevation of the paleo-shoreline positions using only a small 326 

number of cases where the index point is defined by the contact between the prograding 327 

sand flat surface and the barrier base.  328 

4.4 Index points 329 

Geodimeter measurements were carried out on 7 profiles to obtain representative index 330 

points. Tables 2 and 3 present all the information related to the definition and measurement 331 

of the index points. Table 2 provides a detailed description of the situation of the measured 332 

index points and the field characteristics. Table 3 summarizes the quantitative results and 333 

the corresponding uncertainties. The seven index points selected here correspond to 334 



different morphological situations. The case of IP1 is of special interest because this point is 335 

defined in an excavation on the sand flats of Aghouenit bay (Fig. 7A). Extending  inland from 336 

the head of the bay, the late Holocene interdunal filling forms a horizontal sand flat between 337 

two dune ridges (about 15 m high) of the Azéfal Sand Sea, which are capped or bordered by 338 

several generations of shell middens dated at between 6510 ± 220 and 3960 ± 110 cal yr BP. 339 

Fig. 7C presents the corresponding profile (profile 1) along the axis of the interdune area, 340 

showing that, within its overall extent (more than 5 km), the sand flat surface is situated at 341 

an elevation of no more than 0.62 m above HTL. Even though greater heights are attained in 342 

the two present-day dune and barchan fields, these features have no particular impact on 343 

establishing the variations of late Holocene sea level. At the inland extremity of profile 1, a 344 

test trench excavated at point 8 indicates the presence of an aeolian red sand layer overlying 345 

a sandy deposit with dominant S. senilis shells (Nouakchottian beach, 5640 ± 90 yr). The base 346 

of this beach deposit overlies a layer containing shell debris and small Cardium shells, 347 

situated at around - 0.65 m below the surface, i.e. - 0.03 m/HTL (IP1 in table 3). The 348 

morphological situation of  IP2 (Fig. 6) corresponds to the contact between a sand flat 349 

abutting against a sand ridge capped by a midden (early part of late Holocene, 4650 ± 650 350 

yr) and adjacent to the Tafaritian basement. The ridge toe has an elevation of 0.64 m above 351 

the current high tide level. IP3 illustrates the typical situation described in Fig. 3; the point is 352 

represented by a low-elevation barrier located near the earlymost late Holocene paleo-353 

shoreline. In the other four cases, the barrier is backed by a dune of a variable elevation (IP4, 354 

5, 6 and 7). Figures 7B and D give the location and cross-section for IP5 in profile 2. On the 355 

eastern edge of the bay of Aghouenit, the sand flat is never more than a few centimetres 356 

above the highest tide level (HTL). A shell midden dated from the middle late Holocene 357 

(3200 ± 500 yr - point 5) is located at the toe of an elevated dune capped by a shell midden 358 



(point 12) that was built up when the sea reached the dune during the Nouakchottian stage. 359 

The point of contact of the sand flat with the barrier (points 4 and 6 on profile 2) is located 360 

at +0.77 m above HTL (IP5 in Table 3). While IP4, 6 and 7 are in a similar morphological 361 

situation, their position is not illustrated here. The chronological attribution of IPs is only 362 

established in three cases by radiocarbon dating. In all other cases, a relative age is given  by 363 

assigning the structure underlying the IP to one of the six episodes of the late Holocene (Dia, 364 

2013). 365 

 366 

5. Discussion 367 

5.1 Specificity of the BA coastal zone 368 

Even if field work in Mauritania is complicated and our study evidently lacks supplementary 369 

data such as measurements from ground-prenetrating radar, the model of construction of 370 

the BA coastal zone established here seems robust. It is based on numerous morphological 371 

and archeological observations on the whole BA region (200 km). The abundance of shell 372 

middens found on the BA allows the measurement of  many radiocarbon dates and provides 373 

a unique opportunity to recreate the chronological steps of progradation on a very flat 374 

surface. 375 

The specific conditions of sedimentation on the BA coastal plain are related to its position 376 

at the edge of a large desert with dominant winds blowing towards the sea. This is reflected 377 

in the sedimentological characteristics which are marked by a dominance of sand. In low-378 

latitude regions, similar environments are usually characterized by an enhanced 379 

development of bio-geochemical sedimentation (Hagan & Logan, 1974; Evans, 2011). The 380 

huge amount of sediment supply all along the BA coastline leads to the creation of very 381 

extensive and flat coastal plains made up of fine-sand. Even if the rate of shoreline 382 



progradation increased during the aridification, it remained spatially uniform over the entire 383 

BA region (Dia, 2013), due to the protection offered by shoals on the inner shelf (Aleman et 384 

al., 2014) which prevented Atlantic swell from reaching the coastline. In the coastal zone of 385 

the BA, the observed longshore drift is generated solely by the wind sea, episodically leading 386 

to the formation of  barriers.  387 

In contrast to many coastal regions where it is a question of establishing a  sea-level 388 

variation curve for the late Holocene, the desert environment around the Gulf of Arguin 389 

does not provide suitable material for analysis so morphological markers are required to 390 

resolve the issue. Measured  paleo-shoreline levels are found to lie within a few dm of the 391 

present sea level since ca 7000 cal yr BP. This implies that the relative sea level in the 392 

Mauritanian region oscillated throughout this time interval within the usual range of natural 393 

sea-level variations, whereas larger magnitude variations occurred in other regions. In 2010, 394 

the present authors observed a storm surge during a summer monsoon episode showing 395 

that  a marine incursion of shallow water depth can still locally approach the limit of the ca. 396 

7000 cal yr BP coastline. 397 

5.2 Index point validity  398 

Various markers are used to define  index points relating to relative sea-level during post-399 

glacial and Holocene times. These markers (or sea-level indicators)  can be based on biogenic 400 

materials  including coralline rhodophytes, worm snails Vermetidae,  ostracods, diatom or 401 

Foraminiferal assemblages, as well as marsh plant macrofossils and marine brackish molluscs 402 

(Leorri and Cearreta, 2009; Kemp et al., 2009; Vacchi et al.,  2016)  or geological samples  403 

such as beachrocks with cement fabric (Castro et al., 2014; Vacchi et al.,  2016). Sometimes, 404 

terrestrial samples such as wood from river banks or basal peat beds provide an upper age 405 

limit (Van de Plassche et al., 1998; González and Törnqvist, 2009; Baeteman et al., 2011). In 406 



the  BA, such indicators are rare, due to the dominantly sandy facies of the sand flats and 407 

barriers. Barriers are mainly unfossiliferous and, with the exception of some sand flats 408 

containing fossils in life position, the shells may not be in place. 409 

Alternative proxies such as coastal barrier deposits have also been successfully used to 410 

explore variations in sea level (Tamura et al., 2008; Nielsen and Clemmensen, 2009; Billy et 411 

al., 2015; Costas et al., 2016). Moreover, subsurface sediment facies boundaries represent 412 

useful indicators of sea level,  e.g. aeolian and beach sediments (Van Heteren et al., 2000; 413 

Billy et al., 2015), as well as sediments on the foreshore and shoreface (Hede et al., 2015) or 414 

on the upper and lower shoreface (Tamura, 2012). In this context, on a low-energy coast 415 

such as the BA, we may consider that valuable index points can be derived from the contact 416 

between intertidal and supratidal sediments (Shennan et al., 2006; Barlow and Shennan, 417 

2008). According to Curray et al (1969), such points indicate the position of  high tide level. 418 

Therefore, the index points chosen in the BA  define the contact between the sand flat and 419 

the barrier base (Fig. 3). In most cases, the barrier is at a low elevation (a few tens of cm) 420 

above the sand flat. In this region, where the winds are generally strong, barriers are only 421 

preserved due to the sheltering effect of shell middens. Such barriers can be reasonably 422 

interpreted as berms formed above the upper limit of the swash zone. More rarely, the 423 

barrier is of the order of 0.5 to 1 m above the sand flat, and is interpreted as an incipient 424 

dune. Exceptionally, the barrier can reach a height of 3 to 5 m, notably in the earlymost late 425 

Holocene, in which case it can be interpreted as a foredune (Hesp et al., 2005) formed by 426 

aeolian sand deposition. In all three cases, the barrier sole is adjusted to the upper limit of 427 

the berm uprush. This qualitative attribution is used here for the definition of index points. 428 

However, uncertainties arises in the evaluation of the amplitude of the swash. The height of 429 

the measured point represents the elevation of the swash zone at the highest sea level 430 



(HTL), at the time of deposition of the barriers. The indicative range in elevation of the 431 

barrier above the sand flat is then estimated in relation to the morphological position of the 432 

IP, and particularly its exposure to waves. Several factors related to the exposure of the 433 

coast to waves are taken into account. In the Bay of Aouatil (IP2 and 3), the sheltering effect 434 

of the Iwik Peninsula gives rise to refraction and consequent attenuation of the waves 435 

(Barusseau et al., 2009); the indicative height range is established at 0.25 ±0.2 m. The coastal 436 

environment is much more sheltered  in the bay of Aghouenit, which is largely unaffected by 437 

wave action (Fig. 1); the indicative height range is established at 0.15 ±0.1 m (IP4,  5, 6 and  438 

7) and even 0.1 ±0.1 m for the point furthest inland from the inlet (IP1 - Fig. 7A). 439 

We also discuss here the  problem of attributing ages to the index points. Indeed, we 440 

assume that dating a shell midden allows us to attribute an age to the underlying 441 

sedimentary structure. There are two reasons justifying this assumption. Firstly,  coastal 442 

features in the BA region are very rapidly formed. Over the entire length of the BA coast, 443 

barriers may be considered to be of the same age. This is due to the abundance of available 444 

sandy material. Secondly,  faced with the need to prepare food for consumption, human 445 

groups harvesting Senilia in the intertidal zone would be expected to use fire to open the 446 

shells. It is legitimate to consider that these groups would make  use of the sedimentary 447 

relief closest to areas sheltered from the tide. 448 

For the reasons explained above, the RSL curve presented here shows that sea level has 449 

remained close to the present-day position since the beginning of the late Holocene (Fig. 8). 450 

The measurements indicate that sea-level variations since at least 5000 yrs BP have 451 

remained mainly within the current tidal range. This particular pattern of sea-level change in 452 

the late Holocene is responsible for the spreading of surface sedimentary units over the 453 

coastal zone adjoining the BA.  454 



Finally, the association of morphosedimentary and archaeological data leads us to infer 455 

that the relative sea level was fairly stable in this area during the late Holocene, thus 456 

validating the RSL curve between 6600 and 1400 cal yr BP (Fig. 9). This curve shows 457 

fluctuations around the zero chart datum, with a range of variations consistent with the 458 

natural changes of sea level, even if limited oscillations of amplitude lower than 1 m cannot 459 

be ruled out. The proposed curve is completely different from that previously accepted for 460 

the region (Einsele et al., 1974). There is no significant rise in sea level above +2 m and  no 461 

fall below -3 m. 462 

5.3  Comparison of RSL curves between the BA and other low-latitude regions 463 

The late  Holocene RSL changes in the BA should be confronted with situations observed in 464 

other regions of the world in similar latitude bands (low and mid-latitude) or the same 465 

geophysical setting (Clark zones III and IV). Recent studies discuss these issues in the Gulf of 466 

Mexico, on the coasts of Brazil, South Africa, Australia and Vietnam as well as some oceanic 467 

islands (table 4). 468 

All these regions exhibit a varied but persistent rise of sea level above its present-day 469 

datum. The highstand varies between ca. + 1/+2 m (Gulf  of  Mexico, Brazil coast, New  South  470 

Wales and south coast of  Western  Australia,Vietnam, Hawaii) and + 4.5 m (South  Australia 471 

and  Tasmania). Generally speaking, the sea level falls more or less regularly after the 472 

highstand. In South Africa, episodes of alternating rise and fall are observed which are due to 473 

minor isostatic movements. By contrast, the BA shows a simpler RSL curve which appears to 474 

reflect a particularly unusual situation, with no marked highstand and a lack of  successive 475 

movements of rise and fall. What are the possible causes for such a difference? 476 

 477 

 478 



5.4 Possible explanations of the RSL curve in the Banc d’Arguin region 479 

In the following, we review the role of various factors affecting the pattern of late 480 

Holocene sea-level change in the study area, analysing those factors which play a major role 481 

and, finally, considering the possible influence of causes hitherto neglected. 482 

As noted above, the local RSL curve should be corrected for disturbing mechanisms: local 483 

disturbances, tectonic instability, impact of crustal compensation and isostatic processes. In 484 

the BA, local factors have no impact on the variation of sea level. Indeed, the major input of 485 

aeolian dust during the middle-late Holocene (Dia, 2013) only influences the progradation. 486 

Since the Senegal-Mauritanian Meso-Cenozoic sedimentary basin is located on the 487 

northwestern margin of the African craton, the region  is tectonically stable for several 488 

reasons. First, this sedimentary basin abuts against the Reguibat shield and the Archean 489 

Amsaga nucleus (Trompette 1973; Cahen et al., 1984; Potrel et al., 1996; Chardon 1997, 490 

Chakiri et al., 2014) which form a rigid bedrock (Block, 2015). Then, subsidence in the basin 491 

ceased from Cenomano-Turonian times onward (Ndiaye, 2012). Third, the BA is far away 492 

from the subsident delta of the Senegal River (Monteillet et al., 1981; Monteillet, 1986) and 493 

also from the zone of weak seismic activity at the boundary of the Reguibat shield and the 494 

Taoudeni basin (http://sismique.zone/mauritanie,22/01/2016). The resulting stability 495 

counteracts the influence of continental flexure by preventing the hydro-isostatic effect of 496 

crustal subsidence on the oceanward side (Mitrovica and Milne, 2002) and the symmetrical 497 

upwarping by leverage on the continental side (Walcott, 1972; Clark et al., 1978; Nakada and 498 

Lambeck, 1989). Moreover, in the geophysical model of Clark et al. (1978), Mauritania is 499 

located near the boundary between zones III and IV. Thus, the tendency towards the 500 

emergence of zone III can offset the tendency to submergence of zone IV, leading to a 501 

restriction of the vertical movements of the RSL. 502 



Under these conditions, ocean syphoning (Mitrovica and Peltier, 1991; Mitrovica and 503 

Milne, 2002) should be a dominant factor. By increasing the accommodation potential of the 504 

ocean floor due to forebulge collapse, this mechanism leads to a lowering of sea level 505 

throughout the oceanic domain. This phenomenon is particularly evident in oceanic islands 506 

where variable effects are observed (Woodroffe and McLean, 1990, Grossman and Fletcher, 507 

1998, Nunn and Peltier, 2001, Woodroffe and Horton, 2005), as well as in intertropical zones 508 

(Statteger et al., 2013). In this way, ocean syphoning would be responsible for the 509 

subsequent fall observed after the highstand episode (Table 4). In the case of the BA, where 510 

such a fall is not observed, we need to consider another cause for this compensation 511 

mechanism. Since the volume deficiency caused by ocean syphoning can only be 512 

counteracted by water input, this raises the question of the continuation of glacial melting 513 

throughout the late Holocene. 514 

Glacial melting is punctuated by meltwater pulses (Edwards, 2005; Woodroffe and Horton, 515 

2005). The most recent recorded pulse occurred around 7,000 / 8,000 years BP (Milne et al., 516 

2005, Milne and Mitrovica, 2008). However, the date of cessation of ice sheet melting is a 517 

matter of debate: estimates range from 6,000-5,000 years BP (Lambeck and Nakada, 1990; 518 

Lambeck et al., 2014), 4,000 years BP (Nunn and Peltier, 2001; Mason and Jordan, 2002; 519 

Milne et al., 2005; Engelhart et al., 2009), around 2000-1000 years (Fleming et al., 1998), up 520 

to the present (Lambeck and Nakada, 1990). This last hypothesis is supported by the 521 

observation of a stable relative sea level in the BA zone, and supports the idea of a 522 

significant prolongation of glacial retreat after 6000/5000 years BP. At least, the intensity 523 

and duration of glacier melting remains an unresolved issue. As pointed out by Gehrels 524 

(2010), monitoring ice melting during the late Holocene will be an important aspect of future 525 

research. 526 



 527 

6. Conclusion 528 

Successive barrier beaches accumulated during the late Holocene on the coastal sand-flats 529 

of the Banc d’Arguin, which form a topographically planar and regular surface. This climate-530 

driven spatial pattern reflects a rather stable sea level in this region between 6500 cal yr BP 531 

and the present day. This stability is inferred from the measured elevation of  index points 532 

distributed throughout the late  Holocene.  The index points used here are defined in 533 

relation to the position of the barrier sole, adjusted to the upper limit of the berm uprush. 534 

The elevations of these index points are measured by total station. Measurements show that 535 

changes in sea level during the late Holocene do not exceed the present-day natural 536 

variations observed in the marine environment (tides, swell, monsoon storm surges, etc.). 537 

The pattern of late Holocene RSL changes in the BA is different from variations observed in 538 

comparable low-latitude regions elsewhere in the world,  where the sea level generally falls 539 

more or less regularly after a highstand. By contrast, the simpler RSL curve of the BA appears 540 

particularly unusual, with no marked highstand and the absence of any successive 541 

movements of rise or fall. Among the causes usually evoked to explain RSL changes, local 542 

factors and tectonic instability can be ruled out for this part of Mauritania. Therefore, in 543 

areas far away from centres of deglaciation,  we would expect to observe a lowering of sea 544 

level due to ocean syphoning.  The lack of such an effect implies compensation by a rise in  545 

sea-level of a similar order of magnitude. As a result, we propose that ice sheet melting 546 

continued throughout the late Holocene, as sometimes evoked  in the literature.  547 

 548 

 549 
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Figures 1 

 2 

Figure 1: On the right, Satellite image of the Gulf of Arguin (©Google Earth). The red dotted 3 

frame borders and red dots indicate the positions of the figures and photographs described in 4 

the text. On the left, Distribution of zones characterized by particular types of relative sea-5 

level rise during the late Holocene (modified after Clark et al., 1978 and Woodroffe and 6 

Horton, 2005). The shape of the characteristic curve is indicated for zones III, IV, V and VI, the 7 

only relevant zones in the framework of this study. The localization of zone VI, confined to 8 

certain coastal margins (see text), is not indicated.  9 

 10 

Figure 2: Geomorphological characteristics of the coastal plain: (A) Photo of the coastal 11 

plain between Iwik and Ras Tafarit (20°02.138'N, 16°12.284'W). In the foreground, the edge 12 

of the Tafaritian bedrock forms weakly marked relief. Towards the sea, lying on top of older 13 

sedimentary units, white patches correspond to shell middens dating back to 5525 ± 55 (1) 14 

and 4140 ± 90 cal yr BP (2), respectively. Thumbnail image shows the bottom of foreshore 15 

bordering a shell midden topping a sandspit. Proximity to a shell midden is indicated by 16 

scattered Senilia senilis shells and a Neolithic pottery shard. (B) Marine incursion of more 17 

than 4 km in an interdune depression, following a monsoon storm in 2010. (C). Shell middens 18 

on dune ridges in the south-eastern part of the Tanoudert coastal plain. (D) Satellite image 19 

showing same sand barrier as on figure 2C (©Google Earth - 23/2/2003 - 20°19.60'N, 20 

16°15.29'W). 21 

 22 

Figure 3: (A) Schematic representation of the morphological relation between barrier and 23 

sand flat.The irregular line forms the sole of the barrier slightly above the high tide level 24 



(HTL). (B) Aspect of the sand flat. (C) Aspect of a barrier forming a low elevation above the 25 

sand flat. (D) Position of the barrier sole related to the swash zone. (E) Aspect of the contact 26 

between sand flat and barrier. 27 

 28 

Figure 4: (A) A series of 7 to 8 mouth bars in three groups developed during the late 29 

Holocene, at the outlet of Téchekché wadi lined by the Nouakchottian paleo-shoreline (black 30 

line). (B) Photo of the barriers of Téchekché taken from the Pleistocene outcrops. Barriers are 31 

represented by white marks lying on the sand flat (C) Simulation showing that the entire zone 32 

can be invaded by the sea (blue color) in the event of a very small increase in sea level (1 m); 33 

red frame : the zone of the mouth bars of Téchekché. (D) Diagrammatic sketch of the 34 

arrangement of successive dated barriers on sand flats accreted during extension of the late 35 

Holocene coastal plain, abutting the Tafaritian cliff (on right). This pattern is evocative of the 36 

situation encountered at Téchekché. 37 

 38 

Figure 5: Neolithic fish traps. The black line marks the limit reached by the Nouakchottian 39 

Sea at the end of its rise towards 5500-6000 cal yr BP, the dark-blue line corresponds to the 40 

high water mark and the light-blue line to the low tide mark at the time of construction of 41 

the fish traps, around 3000 cal yr BP. The zoom view on Fig. 7B allows identification of the 42 

fish traps on a photo taken from a kite. 43 

 44 

Figure 6: Formation of the Iwik peninsula with the successive positions of late Holocene 45 

paleo-shorelines. The Iwik island was incorporated to the land recently after a long period 46 

(middle and recent late Holocene) of sandspit construction (Nouakchottian to  early late 47 

Holocene).Two  index points used to calibrate the RSL curve are indicated. 48 



 49 

Figure 7: Location and topographic profiles illustrating the measurement of sea level index 50 

points in the Aghouenit bay (IP 1: A and B; IP 5: C and D). Description of the profiles is given 51 

in table 3. HTL: Current high tide level 52 

 53 

Figure 8: Relation between measured elevations, their margins of error and bench marks of 54 

present-day sea level: tidal range (lower grey band) and highest sea levels during monsoon 55 

(upper light-grey band at top). The index points refer to results given in Table 4 (IP1: 56 

Nouakchottian; IP2 and 3: Early late Holocene; IP4, 5 and 6: Middle late Holocene; IP7: 57 

Recent late Holocene). 58 

 59 

Figure 9: Sea-level rise curve for the Banc d’Arguin. The selected curve shows that the mean 60 

sea level (thick curve) attains a value near the current zero chart datum at around 6 500-6 61 

000 years BP. It is accepted that this level could fluctuate with amplitude of 1 m (±0.50 m) 62 

around the average value mainly due to hydrodynamics conditions; this interval is indicated 63 

on the figure by the shaded zone. This possible range of variation is considered to decrease 64 

over the last two millennia. 65 

 66 

Tables 67 

 68 

Table 1: Chronological episodes distinguished in the late Holocene of the Banc d’Arguin. The 69 

intervals between the listed episodes correspond to phases during which no sedimentary 70 

structures are registered. 71 

 72 



Table 2: Specific data related to the radiocarbon datings used in Figures 3 (Téchekché) and 73 

6 (Iwik), and in table 4. Lab number references : Gd : Gadam Centre, Silesian University of 74 

Technology ; Ly: Centre de Datation par le  Radiocarbone - UMR5138 - Université  Claude 75 

Bernard Lyon1 ;  Pa: Laboratoire d’Océanographie et du  Climat – Paris ; SacA: laboratoire 76 

des sciences du climat et de l’environnement (CEA/CNRS/UVSQ); NIA: IRI (Institut des  Radio-77 

isotopes – Université  Abdou Moumouni – Niamey). 78 

 79 

Table 3: Description of the IP properties  80 

 81 

Table 4: Altitudes and ages related to the current mean sea level reached by the postglacial 82 

transgression during the late Holocene. Except in the case of radiocarbon dates for IP1, IP4 83 

and IP6 (see Table 2), other ages are attributed considering their attachment to a defined 84 

paleoshoreline (Table 1). 85 

 86 

Table 5: Main trends of various sea level curves in different low-latitude regions of the 87 

Earth.   88 

 89 



















Epoch Stage Age (kyrs BP)

Actual 0.5 - 0.0

Modern 0.9 - 0.5

Recent 2.4 - 1.4

Middle 3.7 - 2.7

Early 5.3 - 4.0

6.6 - 5.5

L
a
te

 H
o
lo

c
e
n

e

Nouackchottian



Point IP1 IP2 IP3 IP4

Location Bay of Aghouenit Bay of Aouatil (Iwik) Bay of Aouatil (Iwik) Bay of Aghouenit
Latitude 

19°34.47'N 19°53.90'N 19°54.34'N 19°28.20'N 

Longitude 16°19.77'W 16°13.87'W 16°14.38'W 16°23.64'W

Episode Nouakchottian 
Early part of

late  Holocene

Early part of

late Holocene

Middle part of late 

Holocene

Age  (yrs BP) 5640 ± 90 4650 ± 650 4650 ± 650 3430 ± 70 

Altitude /current HTL (m) -0,03 +0.64 +0,22 +0,65

Accuracy (m) ±0,05 ±0,01 ±0,01 ±0,01

Berm thickness (m) 0,2 useless useless useless

Accuracy (m) ±0,05 / / /

Swash height (m) max. 0,1 max. 0,25 max. 0,25 max. 0,15

Accuracy (m) ±0,1 ±0,2 ±0,2 ±0,1

HTL accuracy (m) ±0,25 ±0,25 ±0,25 ±0,25

MSL (tidal range: 1 m ) -0,63 -0,11 -0,38 0,05
Final accuracy (± ; m)

0,12 0,20 0,20 0,10



IP5 IP6 IP7

Bay of Aghouenit Bay of Aghouenit Bay of Aghouenit

19°31.10'N 19°29.16'N 19°30.82'N 

16°21.99'W 16°22.97'W 16°21.39'W

Middle part of late 

Holocene

Middle part of late 

Holocene

Recent part of late 

Holocene

3200 ± 500 3450 ± 155 1900 ± 500 

+0.77 +0.85 +0.40

±0,01 ±0,30 ±0,25

useless useless useless

/ / /

max. 0,15 max. 0,15 max. 0,15

±0,1 ±0,1 ±0,1

±0,25 ±0,25 ±0,25

0,17 0,25 -0,20

0,10 0,32 0,27



Location Main results References 

Gulf of  Mexico  Morphological manifestations of one or 

more rising phases and highstands in sea 

level alternating with falling phases and 

shoreface adjustment to present sea level. 

Evidence of sea-level fluctuations of ±1 to 1.5 

m from about 5500 to 1200 cal yr BP. 

Morton et al 

2000 

Brazil coast The RSL shows a highstand elevation about 

2.1 m (max. 4 m) lasting between 5000 and 

5800 cal yr BP. At the point of maximum 

transgression, the sea level began a general 

behavior of lowering until the present. 

Angulo et al 

2006,  Castro et 

al , 2014 

South Africa 

 

RSL rise to 0–3 m above present by 6800 cal 

yr BP. Sea level was near present between 

4.9 and 2.5 ka followed by a drop in sea level 

of 1–2 m between 2.5 and 1.8 ka. A brief sea-

level highstand of approximately 0.5 to 1.0 m 

at 1.3 cal kyr BP, followed by a lowstand of 

around –0.5 to –1.0 m at c. 0.7 cal kyr BP.  

Compton, 

2001 In Horton 

(2006)  

South Australia 

 

A mid Holocene highstand of +1 m (New  

South  Wales and south coast of  Western  

Australia) to +4.5 m (South  Australia and  

Tasmania) between 7500 and 6500 yr, and a 

Harvey, 2003 

In Horton 

(2006)  



subsequent fall to present.RSL. 

Vietnam  A mid-Holocene sea-level highstand slightly 

above +1.4 m was reached between 6.7 and 

5.0 ka, with a peak value close to +1.5 m 

around 6.0 ka. After 5.0 ka sea level dropped 

and fell almost linearly. 

Statteger et al 

2013 

Indo-pacific zone The existence of a late Holocene highstand 

(“3 m beaches” and exposed coral reef 

terraces) appears to be the general rule in 

this zone at 6000 cal yr BP 

Thom and Roy, 

1983 and 1985; 

Lambeck and 

Nakada, 1990; 

Woodroffe and 

Horton, 2005; 

Sloss et al., 2007 

Hawaï  A new Holocene sea-level curve for Oahu 

showing mean sea level higher than today 

between ~5000 and ~2000 yr ago with a 

maximum ~2 m above present ca. 3500 yr 

ago. These results correlate with additional 

evidence from Hawaii and other Pacific 

islands. 

Grossman & 

Fletcher 2008 

 

 


