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A B S T R A C T

Lagoonal systems are vulnerable environments in the present day context of global climate change. The study of
their sedimentary infill is critical to understand marine and continental factors controlling their evolution, and in
so doing, evaluate their future behaviour and potential management. In that context, Mediterranean lagoons are
particularly important due to their social and economic values. The Nador lagoon, located along the Western
Mediterranean coast, is the largest Moroccan lagoon. In order to study its sedimentary infill, very high-resolution
seismic reflection data were acquired, providing for the first time an image of the architecture of the infilling
Holocene deposits. The combination between sediment core information and seismic data allows the re-
construction of the lagoon history over the last millennium. We demonstrate that the time between the 15th and
19th century has been a key period in the lagoon evolution. Sand bodies of marine origin dominated the se-
dimentary infill of the lagoon during that time. We propose that this stage of the Nador lagoon, the evolution and
infilling is closely linked both to the local tectonic and Little Ice Age climatic contexts. These results are im-
portant to understand the mode of evolution of other comparable lagoons along microtidal coasts.

1. Introduction

The Mediterranean coastal lagoons are highly productive with sig-
nificant ecological, historical, economic, and social relevance. As a
consequence, they are subjected to heavy human pressure such as ur-
banization and pollution (Cañedo-Argüelles et al., 2012). In addition,
their coastal setting makes them vulnerable to the global climate
change, which strongly affects the land to sea transitional areas
(Ferrarin et al., 2014). In recent years, the late Holocene evolution of
coastal areas and lagoons has been subject to increasing attention by
the scientific community. Indeed, compared to deep marine environ-
ments, little attention was paid to coastal archives because they were
assumed to poorly preserve environmental changes due to climate or
tectonic activities. Since new proxy (geochemistry, biology…etc.) and
investigation method (VHR resolution seismic tools) development,
coastal systems are subject to more and more studies, mainly to eval-
uate their past changes and underline their vulnerability to future shifts
in sea level and climate. This is critical in the context of environments
with high social and economic values.

Very High-Resolution (VHR) seismic data, coupled with sediment
cores and dating provide a powerful approach that is now commonly
used for Holocene stratigraphic reconstructions (e.g. Chaumillon et al.,
2010 for a review of Holocene infills along French coasts). This com-
bined approach is particularly well adapted to examine the infill of
coastal lagoons (e.g. Ferrer et al., 2010; Raynal et al., 2010; Zecchin
et al., 2014) which constitute about 13% of coastal regions (Barnes,
1980). Lagoons are sheltered from high-energy marine reworking by
coastal barriers so that their sedimentary infill represents valuable ar-
chives to reconstruct changes of environmental conditions, especially
those related to climate and most specifically to storm dynamics -
known as - paleo-tempestology (Liu and Fearn, 1993; Donnelly et al.,
2004; Dezileau et al., 2011; Sabatier et al., 2012; Kakroodi et al., 2012;
Das et al., 2013; Raji et al., 2015; Degeai et al., 2015). The coastal
lagoons represent also good archives for the reconstruction of human-
induced impacts, mainly hydraulic (Tosi et al., 2009) as well as climate
and anthropogenic forcing together (Stefani and Vincenzi, 2005).
Tapping into the development of dating technics becoming increasingly
precise, these studies have moved towards high-resolution
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reconstructions and establishing links between large-scale climatic/
tectonic forcing factors and local sedimentary events (e.g. Degeai et al.,
2015; Dezileau et al., 2011; Donnelly et al., 2004; Nott, 2004). In the
context of global warming and related sea-level rise, such studies are
appealing for decision-makers in order to build sustainable coastal
management scenarios and adaptation of coastal defences (Chaumillon
et al., 2017; Goslin and Clemmensen, 2017). However, lagoon sediment
archives result from multiple sediment sources (marine, continental and
eolian inputs) potentially subject to both climate and tectonic controls.
Hence, their study is not an easy task and should take into to account
the serious limitations influencing the many proxies that are generally
used (Goslin and Clemmensen, 2017) and as such be based on very high
resolution multi-proxy analyses (Carvalho do Amaral et al., 2012).

The coastal zone of Nador (southwestern Mediterranean Sea) is
characterized by a seven kilometre-wide lagoon (Fig. 1) separated from
the sea by an emerged sandy barrier a few hundreds of metres wide.
This specific morphology results from a well-known process of shore
construction by waves and currents in a microtidal environment
(Barusseau et al., 1996). Until now, most studies on this lagoon have
focused on the hydrodynamic regime and its impact on recent sedi-
mentation (Bloundi, 2005; Carpio, 1995; Hamoumi, 2012). The few
existing studies on its sedimentary infill and past evolution, were all
based on short (< 1m) cores (Irzi, 1987, 2002; Mahjoubi, 2001). In this
paper, we present the results of the first seismic survey conducted in the
Nador lagoon. The seismic data combined with previously acquired
sediment cores are interpreted and used to discuss the evolution of the
Nador coastal area during the late Holocene, with the purpose of
evaluating their vulnerability with respect to extremes storm surges and
earthquake related consequences (tsunamis, liquefaction). The Nador
lagoon is a unique lagoon in the southwestern Mediterranean and
constitutes a good target for the regional studies of paleo-data compi-
lation and the investigation of the role episodic events can play in la-
goonal evolution at millennium to centennial time scale.

2. Location and geological context of the study area

The Nador lagoon, also called Sebkha Bou-Areg or Mar-Chica, is the
westernmost lagoon of the Mediterranean basin and moreover is the
only lagoon of the Moroccan Mediterranean coast (Fig. 1). With a
surface area of 115 km2, Mar Chica is the largest lagoon of Morocco.
The lagoon has an oval shape interrupted in the North by a small pe-
ninsula on which rises the Atalayoun hill (112m), thus dividing the
lagoon into two parts (Fig. 1). Its average water depth is 4.8m, with a
maximum depth of 8m. The Nador lagoon is isolated from the Medi-
terranean Sea by a 25 km long sandy barrier crossed by an artificial
inlet that has been very recently (in 2011) opened and stabilized. The
watershed of the lagoon drains an area of 700 km2. It is composed of
several intermittent streams with irregular flow, some of which pre-
sently serve as sewerage outflows for urban areas (Irzi, 2002). Around
the lagoon, four geological structures can be identified (Fig. 1B): (i) in
the northwest, the volcanic massif of Gourougou composed of three
Miocene and Pliocene volcanic units: calc-alkaline (9 to 6.6 Ma),
shoshonitic (7 to 5.4 Ma) and alkaline (4.7 to 2.6Ma) rocks (El Azzouzi
et al., 1999); (ii) in the west, the massif of Beni Bou Ifrour consists of
Jurassic limestones, calcareous sandstones and marls, and of Cretaceous
sandy shales and volcano-sedimentary series covered by Miocene det-
rital sediments. A gypsohaline Triassic formation is also present in the
South of the Bni Bou Ifrour (Lebret, 2014); (iii) in the South, the Keb-
dana massif structured in an east-west strip is mainly composed of
Jurassic formations discordantly overlain by Miocene deposits (De
Luca, 1978); and (iv) in the southwest, the Bou-Areg Plain consists of
very thick Plio-Quaternary formations made of gravels, sands and silts
(Guillemin and Houzay, 1982).

In terms of tectonic context, the Nador lagoon is located between
two main ~NE-SW structures considered as active during the Neogene
(Ait-Brahim et al., 1990; Meghraoui et al., 1996; Morel, 1987; Poujol
et al., 2014), i) the linear strike-slip Nekor fault 50 km westward, and ii)
the thrust-and-fold Kebdana massif ~10-km south-eastward. Moreover,

Fig. 1. The Nador lagoon, Morocco. A) General location; B) simplified geological map of the Nador area. The red square indicates the study area; C) bathymetric map of the Nador lagoon
(land image from Google Earth) with the position of the very high resolution seismic profiles (black lines) and sediment cores (red spots). (1) The paleo-inlet opened by the 1889 storm
event. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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