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Abstract

During the Holocene a giant lake, known as Lake Mega-Chad (LMC), extended over more than 350,000 km2 in southern Sahara.

Morphodynamic features of sedimentary systems outlining the LMC palaeoshorelines have been identified by the joint analyses of

new topographic images (Digital Elevation Model) acquired by radar interferometry and Landsat Thematic Mapper images. Here,

we characterize for the first time at the scale of the Chad Basin a wave-dominated sedimentary system including river deltas,

longshore sandridges, beach ridges, spits and a wave-ravinement surface. They provide new evidence of the environmental impact of

Quaternary climate changes in the sahelo–saharan area. Continental trade winds controlled the longshore drift in the northern part

of the palaeolake. Two distinct LMC episodes dated as lower and middle Holocene are clearly identified, contemporaneous with the

two phases of wetter conditions usually recognized in central and northern Africa.

r 2005 Elsevier Ltd. All rights reserved.
1. Introduction

In the Chad Basin, several lacustrine episodes are
identified during the Quaternary (Maley, 1977; Servant
and Servant-Vildary, 1980). Based on the endoreic
character of this intracratonic basin (Burke, 1976) and
on the identification of long sandridges surrounding
widespread lake deposits (Schneider, 1967), a Holocene
Lake Mega-Chad (LMC) covering more than
350,000 km2 has been outlined. Its maximum level, at
about 325m elevation, was controlled by the Mayo
e front matter r 2005 Elsevier Ltd. All rights reserved.
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Kebbi outlet where overspilling lake water flowed
towards the Benue River (Fig. 1). Although some
authors (Durand, 1982) strongly rejected the LMC
concept arguing that neotectonic faulting is locally
responsible for the sandridge, recent geomorphic
evidences confirm the occurrence of long-lasting LMC
highstands (Ghienne et al., 2002; Schuster et al., 2003).
Although it was the largest fresh-water body that existed
in Africa during the Quaternary, the environmental
setting and sedimentary processes associated with
this giant lake extending on the southern side of
the Sahara are still poorly known. In this study,
geomorphic interpretation of Chad basin sedimentary
structures is based on the digital elevation model (DEM)
produced by the Shuttle Radar Topography Mission
(SRTM) coupled with Landsat TM satellite image
analysis.
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Fig. 1. Physiographic setting of the Chad Basin. Elevation contour

lines (200, 400, 600 and 1000m) are extracted from the SRTM30

DEM. The present day Lake Chad maximum extent (dark-grey) is

outlined by the 285m elevation contour and the Holocene Lake Mega-

Chad shoreline is delineated by the 325m elevation curve enclosing the

stippled area. The location of the map in Fig. 2 is represented by a

rectangular frame around Lake Mega-Chad.
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2. Data and methods

2.1. Satellite imagery

The digital elevation model SRTM30 DEM produced
by radar interferometry (Farr and Kobrick, 2000; Rabus
et al., 2003; Sun et al., 2003; http://www.jpl.nasa.gov)
was available with a 30 arcsecond resolution. In some
areas without radar backscatter signal, elevation values
were completed by interpolation. An IHS colour scheme
was adopted to represent topographic relief using a
combination of elevation (Intensity) with the two
computed slope parameters, aspect (Hue) and gradient
(Saturation). After conversion to the usual Red–-
Green–Blue colour system and inversion of the blue
component intensity, the colour scale was adjusted to
emphasize the contrast of the LMC palaeoshoreline
level at ca 325m (Fig. 2). Landsat satellite Thematic
Mapper images, corresponding to enhanced 3-band
colour composites, have been used to investigate
detailed geomorphic features. The study area is covered
with orthorectified scenes at 28.5m resolution, archived
on the Global Land Cover Facility server (http://
glcf.umiacs.umd.edu).
2.2. Radiocarbon dating

For 14C dating of mollusc shells collected in the
eastern part of the Basin, strong leaching with dilute
HCl was used to remove the portions of the shell matrix
suspected to have been affected by exchange reactions
(Vita-Finzi and Roberts, 1984). Conventional 14C ages
were not corrected for reservoir effects since hard water
influence was considered to be negligible or was not
observed for Lake Chad shells (Délibrias, 1985).
3. Morphodynamic features of LMC shorelines

The colour scale for SRTM DEM elevation data (Fig.
2) was adjusted to provide a virtual image of LMC
extent, displaying submerged areas (o325m) in blue
shades with an enhanced contrast of palaeoshoreline
features. With the interpretation of higher resolution
Landsat TM remote sensing images, the study was
focused on four areas where significant geomorphic
features appear clearly, in particular well-developed
palaeodeltas and extensive longshore sandridges.

3.1. The Angamma Delta

This structure located downstream of the Tibesti
Mountains, comprises a well-defined delta plain and a
steep delta front already recognized on aerial photo-
graphs (Ergenzinger, 1978). Cross-cutting relationships
show that following the dissection of a former delta
plain, locally preserved as terraces (1, Fig. 3), a phase of
active delta progradation characterized by successive
systems of accreted beachridges occurred (2), which
were subsequently truncated by a dense network of
braided or meandering channels (3). The delta slope (4),
including a large spit growing westward (5), represents a
prominent geomorphic feature known as the Angamma
cliff. A well-defined sandy to gravely longshore ridge
fringing the delta front, or lying behind over the delta
plain is not cut by any fluvial channel and seals the
whole delta system (6). Subordinate sandridges, identi-
fied lakeward at lower elevations, record the last
regressive stages (7).

3.2. The Goz Kerki spit system

Up to seven spit structures are recognized within a
200 km long shoreline segment (Figs. 2, 4). Cross-cutting
relationships show a three-staged sequence of events.
A channel network, now in inverted topography
(extending on the NE side of framed area (b) on Fig.
2), originates downstream of a former river draining the
Ennedi Mountains. The channels spread out upon a flat
surface, up to 50 km wide (Ghienne et al., 2002),
interpreted as an ancient delta plain.

http://www.jpl.nasa.gov
http://glcf.umiacs.umd.edu
http://glcf.umiacs.umd.edu
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Fig. 2. Shaded relief image derived from the SRTM30 DEM of Chad Basin, highlighting Holocene Lake Mega-Chad shoreline features. Boxes give

the location of the following detailed study areas: (a) Angamma Palaeodelta (Fig. 3); (b) Goz Kerki spit system (Fig. 4); (c) Chari Palaeodelta (Fig. 5)

and (d) wave-ravinement surface along the Kanem erg.
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Fig. 3. Geomorphic interpretation based on SRTM30 DEM and

Landsat TM images of the Angamma Delta area. The main

geomorphic features are numbered sequentially: (1) terraces, (2)

beachridge systems, (3) river channel network on delta plain, (4) delta

front, (5) spit, (6) upper longshore sandridge, and (7) lower longshore

sandridge.

Fig. 4. Landsat TM image (RGB colour composite with bands 7, 4, 1)

of the Goz Kerki area. The main geomorphic features are numbered

sequentially: (1) large-scale spit system; (2) small-scale spit system; (3)

beachridges; (4) upper longshore sandridge; (5) sandridge curve at the

mouth of a small river; (6) lower longshore sandridge.
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At least two events of spit formation are then
recognized. Large-scale spits (1, Fig. 4) at lower
elevation (ca 310m) present subdued morphologies
without apparent internal structures. Small-scale spits
at 325–330m elevation (2), characterized by sharp
morphologies, well-defined and lakeward-accreted bea-
chridges (3), are connected together by an almost
continuous longshore sandridge (4). Locally, the mouth
of small tributary channels is marked by sandridge
curvature (5). In the field (161240N, 181580E), extensive
systems of shell-rich shoreline bars that recorded a lake
regression, directly overlie this sandridge. Three radio-
carbon ages on shells (samples Gif-11510 to 11512) were
obtained at 3910760 (4410 yr Cal BP), 4505745
(5280 yr Cal BP), 4510760 (5280 yr Cal BP). A
subordinate sandridge (6) is recognized at a lower
elevation, reworking the outline of the large-scale, older
spits.

3.3. The Chari Palaeodelta

This deltaic system associated with LMC events,
covers up to 50,000 km2 of the southeastern corner of
the Chad Basin (Fig. 2). It is now abandoned and the
Chari-Logone river system, draining the humid tropics
(Sudano-Guinean belt), is presently building a new delta
with sediments deposited at its mouth into the relatively
restricted Lake Chad. Detailed studies in the youngest
lobe of this palaeodelta (Fig. 5) reveal that it has
prograded from a previous delta stage marked by an old
sandridge (1) breached by the old course of the Chari
river but laterally preserved across the delta plain. The
delta lobe is fringed by successive beachridge systems (2)
bounded by reactivation surfaces and associated with
laterally merging longshore sandridges. This lobe, which
has prograded up to 50 km northward, was subsequently
affected by river incision (3). Finally, at lower elevation
(315–320m), a smaller longshore sandridge (4), built in
front of the beach ridges, is only cut by the most recently
active river channels (5). These relationships indicate an
active phase of delta progradation, followed by a
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Fig. 5. Geomorphic interpretation based on Landsat TM images of

the Chari Palaeodelta. The main geomorphic features are given in

sequential order : (1) old delta plain with relictual sandridge segments;

(2) beachridge systems and upper longshore sandridge; (3) sandridge

breached by river incision; (4) lower longshore sandridge; (5) recent

river input building a small alluvial fan at the bottom of the delta

slope. (For legend caption see Fig. 3).
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lowstand event and a subsequent lake transgression
before the abandonment of the last delta lobe.

3.4. Wave-ravinement surface along the Kanem Erg

The large dune field of the Kanem (Fig. 2) was built
by northeastern trade winds, attributed to the latest
Pleistocene period of aeolian construction (Servant and
Servant-Vildary, 1980) (20–13 kyr BP). In this area, the
LMC eastern palaeoshoreline is not outlined by a
conspicuous sandridge visible on the DEM or satellite
images, but instead a sharp limit closely following the
325m contour line can be noticed in the sand cover
pattern (Fig. 2). The morphology of the aeolian dunes is
totally preserved in the high ground domain westward
of this limit. On the contrary, they are thoroughly
flattened or partly levelled in the eastward lower domain
that was submerged during LMC highstands. This
levelled area, located downwind of the corridor between
the Tibesti and Ennedi Mountains, is interpreted as a
wave-ravinement surface truncating the mostly inactive
Kanem erg at times of LMC episodes.
4. Discussion

4.1. Coastal sedimentary processes related to LMC

episodes

Whereas laminated diatomites and clays form the
bulk of LMC deposits, sand-dominated sedimentation
characterizes the lake shorelines. Different kinds of
structures revealed by their geomorphological features
show that waves and longshore currents dominate
sedimentary processes along LMC shorelines, as it has
been recognized in other similar settings (Krist and
Schaetzl, 2001). This is particularly noticeable for a
number of wave-dominated deltas like the large
Angamma Delta built downstream of the Tibesti
Mountains and smaller deltas along the eastern coast
(Fig. 2), and also for the wave- to river-dominated
character of the Chari Delta, the extensive longshore
sandridges between spit structures, and finally the
identification of a wave-ravinement surface along the
western shoreline.

4.2. Chronology of LMC episodes

Three groups of structures have been distinguished.
The first group represents ancient delta plains, compris-
ing the largely altered terraces of the Angamma Delta,
the inverted channels in the Goz Kerki and the bulk of
the Chari Palaeodelta complex. The structures of the
first group lie slightly above more recent coastal
geomorphic features. In the Goz Kerki area, these
deposits are capped by a well-developed ferricrete and
occur above levels dated at 3–3.5Myr (Brunet et al.,
1995). They were built during one or several LMC
episodes, ranging between Late Pliocene and Late
Pleistocene.
The second group comprises the extensively devel-

oped, slightly altered structures. In the Chari and
Angamma Palaeodeltas, several sets of unconformable
beachridge systems indicate an active phase of delta
building in an LMC setting, either interrupted by
successive lowstands (short-term dry periods), or more
probably marked by river-mouth switching events
(autocyclic changes). In the Goz Kerki area, wide spit
structures were built. Although slightly older episodes,
before the Last Glacial Maximum (LGM), cannot be
totally ruled out, this LMC episode is most probably
correlated with the lower Holocene major humid phase
(Gasse, 2000) (10–8 kyr BP ), in agreement with still
active river runoff from the Tibesti Mountains at that
time (Maley, 2000). A somewhat less wet period
subsequently occurred, leading to a lowstand phase
(Maley, 1977), revealed in the Chari Palaeodelta by river
downcutting.
The third group of structures comprises the contin-

uous, well-preserved longshore sandridge sealing all
other older structures, as well as the subordinate, lower
sandridges. Radiocarbon ages from the Goz Kerki area
show that an LMC lasted until ca 5.3–4.4 kyr Cal BP.
This last LMC episode started after 7000 kyr BP (Maley,
1977; Gumnior and Thiemeyer, 2003) and corresponds
to the middle Holocene wetter conditions identified in
northern and central Africa (Gasse, 2000). At that time,
rivers from the Tibesti uplands flowed sporadically
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(Maley, 2000), but those from the Ennedi Mountains
were still regularly active. Finally, with the onset of the
period of aridification still prevailing today, the latest
LMC started to regress. Subsequent receding lake levels
are locally recorded as sandridges built at gradually
lower elevations.
The wave-ravinement surface reworking the flooded

part of the Kanem dune field during LMC highstands
results probably from the amalgamation of two erosion
surfaces, which were active during both lower and
middle Holocene.

4.3. Sediment supply

During the lower Holocene LMC episode, character-
ized by humid conditions, the major part of sedimentary
input was supplied by southern rivers (mainly the Chari-
Logone and secondary the Komadugu) and by smaller
tributaries draining Sahara mountains (Tibesti, Ennedi).
Whereas, during the middle Holocene only the south-
ernmost catchments, and those related to the Ennedi,
appear to have been permanently active (Maley, 2000).
It is also worth noticing the lack of longshore sandridges
where a wave-ravinement surface is observed. Therefore,
away from deltaic areas, sediment supply for the
building of longshore structures is most probably
derived from the wave reworking of easily erodible,
aeolian sand dunes (mainly the Kanem and Djurab sand
seas).

4.4. Longshore drift and wind regimes

Spit morphologies can be used as indicators of
longshore transport direction, which in turn is depen-
dent upon prevailing wind direction (Krist and Schaetzl,
2001). In the Angamma and Goz Kerki areas, the
direction in which the spits bend, indicates that the
regional trend of longshore transport is, respectively,
westward along the northern coast, and SSW-oriented
along the eastern coast, during both the lower and
middle Holocene LMC episodes. That suggests palaeo-
wind regime during LMC episodes dominated by trade
winds in the northern part of the basin, similar to
present day atmospheric conditions. At lower latitudes,
in the Chari Delta area, eastward-oriented longshore
transport could be driven by monsoon-related wind
conditions (Schuster et al., 2003). These relationships do
not support a major (41000 km) northward shift of the
ITCZ during LMC episodes.
5. Conclusion

The new method of investigation experimented in this
study, based on the recent SRTM digital elevation
model provided by radar interferometry coupled with
Landsat TM images, seem to be very efficient for
multiscalar surveys of continental sedimentary basins.
Shoreline-related geomorphic features, were clearly
identified on topographic and Landsat TM images, with
characterization of wave-influenced deltas, longshore
sandridges, spits and wave-ravinement surfaces that
outline a single, giant palaeolake. It provides new
evidence that LMC episodes occur in the Chad Basin
during the Holocene. In addition, older LMC episodes
are recognized, though their timing is still not yet clear,
and there is a need for further dating of new samples
collected in the field from sampling areas determined in
this study. The elevation of associated delta plains is not
much higher than those of Holocene episodes, suggest-
ing a fixed outflow elevation with a long-lasting control
by the Mayo-Kebbi topographic threshold and no
significant neotectonic activity at the basin scale. Wave
processes dominated lake shoreline sedimentation, fed in
clastics by river and aeolian inputs and wave-reworking
of late Pleistocene sand seas. During Holocene LMC
episodes, continental trade winds (Harmattan) were still
predominant in the northern part of the basin, as shown
by the direction of the longshore drift. Since water
supply was mostly provided by the Chari-Logone
drainage basin in the Sahelian and Sudano–Guinean
belt, LMC occurrences relate closely to wetter condi-
tions in the sahelian belt. Consequently, this study also
provides new evidences for LMC palaeoenvironmental
setting during the Holocene.
Acknowledgements

This research was made possible by the Ministère
Tchadien de l’Enseignement Supérieur et de la Re-
cherche and the Centre National d’Appui de la
Recherche, the French Ministère des Affaires Etran-
gères, the Centre National de la Recherche Scientifique
(programme ECLIPSE). We thank the French Army as
well as all the M.P.F.T. members. We are grateful to P.J.
Ergenzinger, J. Maley, P. Paillou and A.S. Trenhaile for
constructive discussions. This is an EOST contribution
no. 2005.502-UMR7517.
References

Brunet, M., Beauvilain, A., Coppens, Y., Heintz, E., Moutaye, A.H.E.,

Pilbeam, D., 1995. The first australopithecine 2500 kilometres west

of the Rift Valley (Chad). Nature 378, 273–275.

Burke, K., 1976. The Chad Basin: an active intra-continental basin.

Tectonophysics 36, 197–206.
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