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Résumé 

 
Le Mégalac Tchad, avec une superficie d'environ 350 000 km

2
, est le plus vaste des paléo-lacs du Sahara-Sahel et 

constitue l'un des marqueurs les plus emblématiques des changements hydroclimatiques qui se sont produits durant la 
Période Humide Africaine (PHA ; ca. 11,500 – 5,000 years BP) en Afrique subtropicale. Sur le terrain, l'existence du 
Mégalac Tchad est attestée par de vastes étendues de dépôts sédimentaires lacustres. Toutefois, compte tenu de sa 
très grande taille, ce paléo-lac est globalement mieux appréhendé à partir d'images synoptiques obtenues depuis 
l'espace. En effet, de remarquables structures littorales fossiles s'étirant sur plusieurs centaines de kilomètres sont 
clairement visibles sur des images satellites de seconde génération et représentent des archives majeures du Mégalac 
Tchad et du climat durant la PHA. Dans cette première étude du paléo-littoral du Mégalac à l'aide de l'imagerie satellite à 
très haute résolution, une scène Pléiades (image et MNT) a été utilisée afin de caractériser la flèche sableuse fossile du 
Goz Kerki, qui est l'une des structures littorales les plus représentatives et les mieux préservées de ce paléolac. À partir 
du couple stéréoscopique Pléiades la géomorphologie et la lithologie de cette paléo-flèche peuvent maintenant être 
détaillées et l'évolution de la paléo-bathymétrie du Mégalac Tchad est analysée plus précisément. Cette approche 
apporte de nouvelles données quant aux paléo-environnements et paléo-climats du Sahara-Sahel. 
 
Mots-clés : période humide africaine, crêtes de plage, paléo-lac, littoral, scènes Pléiades 
 
 
Abstract 

 
Megalake Chad (350,000 km

2
), the largest paleo-lake of the Sahara-Sahel area, is one of the most emblematic marker of 

the hydroclimatic changes that occurred during the African Humid Period (AHP; ca. 11,500 – 5,000 years BP) in 
subtropical Africa. From field surveys, the existence of Megalake Chad is well demonstrated by widespread typical lake 
deposits. However, considering the very large size of this paleo-lake, it is best evidenced and understood from space. 
Conspicuous paleo-littoral features distributed along hundreds of kilometers are clearly visible on second generation 
satellite images. These features represent major archives of the Megalake Chad and of the climate during the AHP. This 
paper is the first attempt to investigate the paleo-littoral of Megalake Chad with very high resolution satellite imagery. A 
Pléiades scene (images and DEM) is used to characterize the fossil sand spit of the Goz Kerki, which is one of the most 
representative and best preserved littoral features of Megalake Chad. Thanks to Pléiades stereoscopic images the 
geomorphology and the lithology of this paleo-spit can now be detailed and the evolution of the paleo-bathymetry of 
Megalake Chad can be reconstructed. This brings new insights into the paleo-environments and paleo-climates of the 
Sahara-Sahel region. 
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1. Introduction 

 
Lakes sediments are valuable continental archives of 
environments, ecosystems and climates (e.g., Cohen, 
2003). Lake systems evolution is classically 
reconstructed from their central bottom deposits (i.e. 
coring) where continuous record is expected. However, 
alternative and complementary data can be brought 
from the study of their littoral zone, since lake 
shorelines directly reflect their spatial extent and 
hydrodynamics. Conversely, the identification of paleo-
shorelines from preserved landforms is of major interest 
for the restitution of the evolution of ancient lakes.  

 This study focuses on preserved shorelines 
morphosedimentary structures outlining Megalake Chad 
(Figure 1), a very large Holocene paleo-lake which 
developed during the climatic optimum of the African 
Humid Period (Schuster, 2002). During the last decade, 
satellite imagery proved a reliable tool to identify and 
characterize numerous shorelines features all around 
this paleo-lake (Ghienne et al., 2002 ; Schuster et al., 
2005 ; Drake & Bristow, 2006 ; Leblanc et al., 2006 ; 
Bouchette et al., 2010), although these studies are all 
based on rather low resolution data sets (Landsat, 
SRTM). 
 Here, we use a stereoscopic couple of very 
high resolution Pléiades images to characterize the  
paleo-spit of the Goz Kerki, which is one of the most 



 
Figure 1: Location of the study area. (A) Geomorphological map of the Megalake Chad (based on SRTM3 and Landsat 

data). (B) The Goz Kerki paleo-spit seen with Landsat; note its typical shark fin outline shaped by the alongshore drift. 
(C) Modern spit for comparison (Belosarayskaya, Azov Sea). (B) and (C) modified from Bouchette et al. (2010). 
 
 
representative large-scale littoral morphosedimentary 
feature of Megalake Chad. 
 
 

2. Study area and scientific background 

 
The Lake Chad Basin is the largest endoreic basin of 
Africa (~2,500,000 km

2
), straddling Algeria, Cameroon, 

Central African Republic, Chad, Niger, Nigeria and 
Sudan. Its climate is controlled by the West African 
Monsoon System. This basin is subdivided into two 
sub-basin connected by the Bahr el Ghazal, an ancient 
overflow spillway northward of present-day Lake Chad. 
The northern sub-basin is presently inactive (i.e., 
Sahara desert) and the other one, to the South, 
corresponds to the watershed of Lake Chad which is 
mainly fed by the Chari-Logone river system. Lake 
Chad was once considered as the fourth largest 
permanent fresh water lake of Africa, but as a 
consequence of the severe droughts of the last 
decades, its size decreased drastically from ~25,000 
km

2
 in the 1960

ies
 to ~3,000 km

2
 today (Olivry et al., 

1996). 

 Following the extreme aridity of the Last 
Glacial Maximum (ca. 20,000 years BP), the last major 
humid episode, induced by the orbital forcing on sub-
tropical climate, is known as the (Holocene) African 
Humid Period (AHP; ca. 11,500 – 5,000 years BP) (e.g., 
deMenocal & Tierney, 2012; Bard, 2013). 
Paleoenvironment changes in the Sahara during the 
AHP are notably marked by the reactivation of extinct 
river networks (e.g., Pachur & Kröpelin, 1987; Paillou et 
al., 2009) and the development of lakes (e.g., Pachur & 
Röttinger, 1997; Fabre & Petit-Maire, 1988; Damnati, 
2000; Gasse, 2000;  Callot & Fontugne, 2008; Kröpelin 
et al., 2008), identified by their geomorphological and 
sedimentological archives. In the same way, 
archeological archives reveal the temporary occupation 
of the Sahara by Man (e.g., Kuper, 2006; Sereno, 
2008;) as well as by savannah fauna and flora (e.g., Le 
Quellec, 1999; Maley, 2004; Lézine, 2009). In the Chad 
Basin, this climate optimum led to the development of a 
very large lake known as Megalake Chad (e.g., 
Schuster et al., 2009; Sepulchre et al., 2008 and 2009; 
Contoux et al., 2013) (Figure 1). 
 The Megalake Chad extended over more than 
350,000 km

2
 (Figure 1). The idea of an ancient very 



large water body in the Chad basin was already 
suggested by Tilho (1925), but its outlines were only 
defined a few decades later from the identification of 
discontinuous sand ridges interpreted as ancient 
beaches (Pias  & Guichard, 1957; Schneider, 1967). An 
alternative interpretation of these sand ridges as being 
neotectonic features was then proposed, strongly 
questioning the existence of the Megalake Chad 
(Durand, 1995). During the last decade this hypothesis 
was contradicted by both remote sensing (Ghienne et 
al., 2002; Schuster et al., 2005; Leblanc et al., 2006; 
Drake & Bristow, 2006; Schuster et al., 2009; Bouchette 
et al., 2010) and field evidences (Schuster et al., 2003). 
The identification of ancient beach ridges, spits, deltas 
and a wave-ravinement surface (Schuster et al., 2005) 
definitively demonstrates that the sand ridges are of 
littoral origin. Consequently, these paleo-littoral features 
were used to (1) to precisely delineate the shorelines of 
the Megalake Chad, (2) to highlight wind-driven 
hydrodynamics of waves and associated longshore drift 
as the dominant basin-scale processes for clastics 
redistribution, (3) to identify the northern extension of 
paleomonsoon precipitations, and (4) to infer prevailing 
paleo-wind regimes (Schuster et al., 2005; Bouchette et 
al., 2010). Among all the morphosedimentary littoral 
features of Megalake Chad, the paleo-spit of the Goz 
Kerki area (Figure 1) is surely one of the most typical 
and well-preserved (Schuster et al., 2005). A spit is a 
ridge of sediments, partly rising above the water-level, 
extending from the land and formed by alongshore drift 
(e.g., Evans, 1942; Pilkey et al., 2011). It is worth noting 
that the fossil spit of the Goz Kerki and the modern 
sandspit of Belosarayskaya (Azov Sea) have similar 
morphologies (Figure 1). 
 
 

3. Methodology 

 
The Goz Kerki paleo-spit is here investigated with a 
stereoscopic couple of Pléiades images (©CNES 2012, 
Airbus DS/ Spot Image) and a Digital Elevation Model 
generated with the software MicMac, using the rational 
function models converted in grid format. MicMac, 
developed at the IGN/MATIS laboratory under CeCILL-
B license, is an image correlator based both on multi-
resolution and multi-correlation approach. The matching 
process, carried out over images pyramids of various 
resolutions, is done by the minimization of a global 
energy function when estimating the disparities along 
the epipolar lines (Pierrot-Deseilligny & Paparoditis, 
2006; Pierrot-Deseilligny, 2007). The robustness of the 
matching and the versatility of the tool makes it 
especially efficient for the generation of digital surface 
model using Pléiades-HR stereoscopic acquisitions.  
 
 

4. Results 

 
As expected, the high spatial resolution (0.7m) of the 
Pléiades images allows a much better characterization 
and understanding of the ancient and modern 
sedimentary deposits exposed in the Goz Kerki area. 
Various types of eolian sand accumulations (granule 
ripples, sand sheets, migrating barchan dunes, 
nebkhas), internal stratification of diatomites, and post-
depositional erosional features resulting from 
intermittent surface runoff and wind deflation can be 
clearly identified (Figure 2).  

 Furthermore, the morphology of the paleo-spit 
is much better characterized than before from 
combination of the optic images with the DEM, 
highlighting complementary radiometric and 
topographic features (Figures 2 and 3). The successive 
ridges and swales marking the paleo-spit strandplain 
progradation  are clearly evidenced by their elevations. 
Their formation can be related to water level 
fluctuations of the Megalake Chad from its maximum 
high-stand at 325m, induced by alternating wet/dry 
climatic phases during the AHP. On Pléiades 
multispectral images the ridge crests stand out as wind 
reworked sand sheets alternating with the darker 
deflation surfaces of the swales, where vehicle tracks 
and granular mega-ripples (deflation lags) are well 
defined with the panchromatic resolution (Figure 2E). 
But the radiometric facies is not always typical, and the 
penultimate beach ridge along the spit-front (ridge (b) 
on Figure 3E) is very similar to the swale-bottom 
surfaces. However the ridge morphology is clearly 
revealed by the stereoscopic Pléiades DEM. 
 From these observations the following 
scenario is proposed for the sedimentary record of 
Megalake Chad during the Holocene. Diatomites result 
from biogenic accumulations in the offshore zone while 
beach ridges were nourished by alongshore drift 
redistribution of clastics in the littoral zone. The spit 
strandplain is composed of numerous narrow beach 
ridges of nearly constant elevation that record the 
successive highstand periods of the paleo-lake 
sustained by the AHP climatic optimum and regulated 
by the Benue Trough outlet to the South. The two last 
sand ridges  (ridges (a) and (b), Figure 3E) at lower 
elevations mark the end of the AHP and the onset of 
the lake regression forced by the deterioration of the 
climate. Post-lake erosional processes by water and 
wind have not yet significantly affected the preservation 
of the Goz Kerki paleo-spit, but they provide some 
evidences of susequent short-lived pluvial episodes 
within a long-lasting arid phase. 
 
 

5. Conclusion and perspectives 

 
Preserved littoral landforms (e.g., beach ridges and 
spits) are essential archives of paleo-lakes evolution 
that can be studied with space imagery. This 
preliminary work over a selected area shows that very 
high resolution satellite imagery (i.e., Pléiades) is 
crucial to characterize the paleo-littoral of Megalake 
Chad and to understand its evolution through time and 
space, which in turn informs about the climate of the 
Sahara-Sahel region during the African Humid Period. 
This remote sensing study of the Goz Kerki paleo-spit 
requires now ground truth controls, with the acquisition 
of complementary data, notably to provide an absolute 
calendar (OSL, C14) for the evolution of the spit system 
and to characterize its stratigraphic architecture. A 
similar approach could be extended to the 
characterization of the whole littoral zone of Megalake 
Chad or at least to selected key-areas such as those 
already defined by Schuster et al. (2005), and could be 
applied to the study of numerous other large paleo-
lakes (e.g., Turkana, Bonneville, Eyre, Aral). 
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Figure 2: Pléiades image of the paleo-spit of the Goz Kerki. (A) Pléiades scene (20x20km). (B) Field view of the paleo-

littoral with wind-eroded diatomite layers in the foreground (paleo-lake offshore deposits) and massive sand ridge in the 
background (paleo-littoral zone) (Land Rover Defender for scale). (C) Paleo-drainage channels network resulting from 
post-lacustrine erosion of diatomites by ephemeral streams runoff. (D) Close view of the paleo-spit showing its terminal 
hook and a set of beach ridges. (E)  Modern eolian landforms (barchan dunes, granule mega-ripples, nebkhas, sand 
sheets) can be identified on the spit strandplain, and vehicle tracks follow the darker deflation zone on its western side. 



 
Figure 3: Shaded relief image of the Goz Kerki topography and paleo-bathymetry of Megalake Chad generated from the 

Pléiades stereoscopic DEM (A). (B) SRTM3 and (C) ASTERGDEM for comparison. (D) Combining optic image and DEM 
can improve the identification of beach ridges (light colors on optic image) and swales (dark colors on optic image); note 
that the penultimate ridge (b) could only be detected from the DEM. (E) Topographic profile revealing high-stand beach 
ridge crests (c-j) at constant elevation (to the East) and the two last regressive beach ridges (a and b) at decreasing 
elevations (to the West). 
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