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The Holocene giant Lake Chad revealed by digital elevation models
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Abstract

The Chad Basin is a closed basin in the Central part of North Africa. A southern sub-basin, which is supplied by the humid
tropics, includes the present-day Lake Chad. The northern sub-basin is presently dry, as it only receives drainage from Sahara rivers.

In these areas, the existence of a giant lake known as the Lake Mega-Chad has been debated for a long time. Its level would be
controlled by the Mayo Kebbi threshold in the southern part of the lake, which joined the Lake Mega-Chad and the Niger River via
the Benoue Trough. Digital elevation models (the TOPO6 and GLOBE data sets) are used to characterise a well-defined shelf-like

morphology, locally up to 50 km wide, followed at a constant elevation over hundreds of kilometers. This strictly horizontal
geomorphic feature is interpreted as a wave-cut lacustrine shoreline terrace. It is associated with a sandridge that represents a
barrier-island system built by wave-generated currents. This study demonstrates that a Holocene Lake Mega-Chad was present from

111N to 181N, across the southern and northern sub-basins. The influence of such a water vapour source must be considered in
palaeoclimatological reconstructions. r 2001 Elsevier Science Ltd and INQUA. All rights reserved.

1. Introduction

The Chad Basin is mainly made up of two sub-basins
(Fig. 1). The northern basin forms the central Chad
lowlands, limited to the north and east by mountainous
areas, respectively, the Tibesti (mainly Cenozoic volca-
nic rocks) and the Ennedi (Palaeozoic sandstone), and
to the SW by the Late Pleistocene Kanem dune field. Its
lowest elevation (i.e. the deepest part of the inferred
giant lake) is around 210m. The southern basin
corresponds to the Lake Chad hydrological basin.
Present-day Lake Chad level varies between 275 and
280m (Olivry et al., 1996). It is limited towards the east
by the Ouadda.ı (Precambrian shield) and is bordered
towards the south and west by tectonically active areas
related to the Cretaceous–Cenozoic rifting events
affecting Western and Central Africa (Guiraud, 1992).
Above the 285m level, the southern basin is connected
to the northern basin by the Bahr el Ghazal dry valley (1

in Fig. 1), which can be occasionally flooded. Such an
event occurred one or two times per century since the
17th century (Schneider, 1994). Two narrow passes are
also identified in the south, suggesting connections of
the Chad basin with the Benoue Trough drainage system
toward the Atlantic Ocean (2 and 3 in Fig. 1). The
eastern pass, lying at about 308m, is known as the
Mayo Kebbi (9.81N, 15.11E).
Considering widespread lacustrine deposits and the

existence of a longshore sandridge, authors have
proposed a giant lake in north-central Africa during
the Middle Holocene (Tilho, 1925; Schneider, 1967,
1989; Pias, 1970; Maley, 1981; Servant, 1983). This
palaeolake, as large as the modern Caspian Sea, is
known as the Lake Mega-Chad. However, the concept
of a Holocene Lake Mega-Chad was recently rejected
(Durand and Lang, 1986; Durand, 1995) with the
argument that neotectonic faulting could be locally
responsible for the sandridge. Since that time, and
despite sedimentological and archaeological arguments,
no conclusive evidence has been proposed for or against
the Mega-Chad hypothesis.
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2. Characterisation of the lake terrace

Two digital elevation models (DEM) were used for
this study: the TOPO6 and the GLOBE data sets. The
TOPO6 data set (Smith and Sandwell, 1997) is a DEM
with a horizontal grid spacing of 2 arcmin (approxi-
mately 3.5 km in the studied area). This low resolution
DEM was used where small spatial spacing is not useful.
The Global land one-kilometer base elevation (GLOBE
Task Team et al., 1999) data set is a DEM derived from
a large amount of data sources with varying spatial and
vertical resolution. In some areas where additional data
were available for the GLOBE data set, this DEM
provides effective 30 arcsec DEM. However, in the main
part of the Chad Basin, the GLOBE data set is similar to
the TOPO6 data set despite its theoretically better
spatial resolution. The GLOBE data set was preferen-
tially used in studied areas of particular interest as well
as for the determination of elevation of narrow
morphostructures such as lake outlets.
Topographic profiles extracted from the TOPO6 data

set reveal a well-defined terrace, locally up to 50 km wide

(Fig. 2). Regional slope gradients, downstream toward
lowlands and upstream towards surrounding relief
areas, vary between 0.041 to 0.151 (i.e. 0.8–2.6m/km).
This terrace is also identified on a map, where it appears
clearly in the northern basin, particularly along its

Fig. 1. Map of north-central Africa showing the Chad Basin catchment, the present day Lake Chad and main perennial rivers (Chari and Logone

rivers), and the outlines of the inferred Lake Mega-Chad. The Chad Basin is subdivided into southern and northern sub-basins, which are connected

by the Bahr el Ghazal dry valley (pass1, elevation: 285m). The lacustrine shoreline terrace is identified between 300 and 310m. The Mayo Kebbi

(pass 2, elevation: 308m) was the Holocene Lake Mega-Chad outlet. An older higher outlet may have been previously active (pass 3, elevation:

343m). Iso-curves have been extracted from the TOPO6 data set. They may locally differ from actual elevation curves in areas where strong

gravimetric anomalies are present.

Fig. 2. Topographic profiles across the lacustrine shoreline terrace in

the northern basin (TOPO6 data set). Note its constant elevation

(between 300 and 310m, mostly at 305m) as well as its width (30 to

100 km). Profile locations in Fig. 1.
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eastern and south-western sides (Fig. 1). Within the
southern basin, the terrace is particularly well defined
along its eastern side. This shelf-like morphology is a
very striking feature because of (1) its constant elevation
at about 30575m above sea level, (2) its amazing
flatness and (3) its continuity. Indeed, this terrace could
be followed over more than 400 km along the eastern
border of the northern basin. The presence of the terrace
at a constant elevation indicates no significant neotec-
tonic movements in this area as the terrace appears to be
neither warped nor faulted.
Indirect evidence of the existence of this terrace is

given by fluvial geomorphology. The Wadi Haouach
(Fig. 3), is a 300 km long valley draining an area with
upstream relief up to 1000m high (south-western end of
the Ennedi Plateau). The fluvial incision into Tertiary to
Plio-Quaternary deposits progressively decreases from
201400E and, then, disappear around 191200E, exactly
where the valley joins the terrace level. It suggests a
stream profile adjusted at this particular base level. The
Wadi Achim (60 km south of the Wadi Haouach), and
associated Holocene alluvial sediments, can be followed
on the geological map (Schneider, 1968). Whereas the
upstream channel is straight, the channel morphology
clearly defines a meander belt onto the terrace, high-
lighting a decreasing topographic gradient.
The geological map (Schneider, 1986) indicates that

the bedrock underlying the terrace is variable in ages
(Tertiary to Holocene) and lithologies (lacustrine mud
and diatomites, fluvio-deltaic clastics, aeolian sands).
The terrace width is small (o 10 km) if underlain by
Holocene sediments (5 km wide in the Angamma Cliff
area, northern edge of the Lake Mega-Chad, Servant
et al., 1969). It is large (>50 km) where underlain by
Quaternary unconsolidated deposits (100 km in the NE
corner of the Mega-Chad, cutting into deltaic sediments,
Fig. 2a; up to 75 km along the western margin of the
northern sub-basin, cutting into Late Pleistocene aeolian
sands, Fig. 2b; up to 100 km wide in the SE corner of the
Lake Mega-Chad, cutting into fluvio-deltaic sediments
of an earlier delta of the Chari River). Intermediate

values varying from 10 to 50 km are observed in areas
where the terrace truncates lithified Plio-Quaternary
formations (Brunet et al., 1995) (Figs. 2c and 3). In these
latter areas, the terrace is a flat surface comprising
patches of deflated Plio-Quaternary deposits covered by
a thin veneer of Holocene to modern aeolian sediments.
However, small, tabular, residual hills made up of
fluvio-deltaic Pleistocene sandstones locally rise up
above the terrace. They are not identified from low
resolution digital elevation models.

3. Discussion

Whatever be the origin of the identified terrace, its
presence is a convincing argument for the existence of a
Lake Mega-Chad in past times. The formation process
of this terrace should have had a base level rigorously
horizontal at the scale of 300� 400 km (the size of the
northern basin). Only a relationship with a standing
water-body could explain such horizontality. As its
outer outline corresponds approximately to the shore-
line defined by Schneider (1967) based on the mapping
of lacustrine deposits and the location of a longshore
sandridge in Nigeria, Cameroon and Chad (Pias and
Guichard, 1957; Pias, 1970), we consider that the terrace
represents a lacustrine shoreface. Using the 305m level
as a shoreline, and supposing minor topographic
variation since the dessication of the lake, the values
for the lake surface and volume are 340 000 km2 and
7000 km3, respectively (Table 1 and Fig. 4). However,
the Mega-Chad level should have been a few metres
higher, at 320m according to several authors (Schneider,
1967; Servant, 1983). The elevation of the Mayo Kebbi
(308m according to the GLOBE data set) confirms that
this area was an outlet for the lake towards the Atlantic
via the Benoue Trough and Niger River, as already
proposed by Pias and Guichard (1957) and Schneider
(1967).
The morphology and relationship between the terrace

width and the composition of the bedrock suggests that
erosion is the main process involved in formation of the

Fig. 3. Digital elevation model (DEM) (GLOBE data set) of the Wadi

Haouach area showing the terrace and the graded stream profile of the

wadi, which is adjusted at the terrace level. Location in Fig. 1.

Table 1

Lake depth, surface and volume versus water level elevation

(computed from the TOPO6 data set). For comparison, values at the

281m Lake Chad level (averaged present-day value, Olivry et al., 1996)

are: 4m, 15� 103 km2 and 0.02� 103 km3, respectively

Lake level

(altitude, m)

Maximal

depth (m)

Surface

(103 km2)

Volume

(103 km3)

301 90 286 5.8

305 94 340 7.0

311 100 391 9.2

315 104 443 10.8

321 110 448 30.4
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terrace. Although wave-cut terraces, tens of metres to
few kilometres wide, are well known in lake systems
where they are the expression of stillstands of lake level,
the terrace of the Lake Mega-Chad is amazing. It is
largely wider than those generally reported (e.g. Bow-
man, 1971; Garcia Prieto, 1995). However, models
suggest that, in particular conditions, very large terraces
can be formed (Trenhaile, 2000). The Mega-Chad
terrace is the single one preserved, of this scale. This
observation underlines the significance of this particular
lake level which was controlled by the Mayo Kebbi
topographic threshold. The repetition of lake levels at
this given altitude is thought to be the main factor
explaining the formation of such a wide terrace. The
305m lake level was sufficiently repetitive and/or
persistent during enough cumulated times for the terrace
to be shaped. Conversely, other lower lake levels were
too variable or of too short duration to result in the
formation of a well-defined terrace. Other particularities
that may have contributed to the formation of this
outstanding terrace are the existence of easily erodable
loose sediments, a large wave fetch, and locally great
depth resulting in energy levels on the Mega-Chad
shoreline much higher than those of smaller lakes.
Such a wide terrace implies large quantities of

subsequent sediment removal and reworking. We
propose that longshore currents and deflation could be
responsible for this sediment dispersion. As mentioned
above, a longshore sandridge is identified along, more
than a half of the Mega-Chad shoreline. This structure,
10–20m high, which was interpreted as aeolian sands
deposited around the Mega-Chad shoreline, can locally

have a width of several kilometres. The sandridge
comprises mainly sands, and occasionally, gravels
derived from local fluvial supply. In the Koro Toro
area (161210N, 181590E), our observations show that the
sandridge consists of aeolian sands and intercalation of
sediments typical of coastal wave environments (wave
ripples and bimodal well-sorted clastics made up of fine-
grained sands and micas). It suggests that the sandridge
is an old lacustrine barrier–island system, as confirmed
by its spit-like and recurved large-scale geometries. It
can be noted that similar strandlines are also identified
around a large palaeolake in northeastern Sudan
(Pachur and Rottinger, 1997). Alternatively, wind
deflation could also be a process of sand dispersion.
Whereas this process should be of limited efficiency
during high lake and groundwater levels, deflation must
have been responsible for reworking sediments during
dry period intervening between Mega-Chad events. We
suppose that deflation during dry periods as during Late
Pleistocene (Servant, 1983) was able to rework most part
of the longshore sandridge formed during a previous
humid period, before a subsequent episode of lake
transgression and associated terrace formation.
Ages of Mega-Chad events are questionable. The

older Mega-Chad events that may have been associated
with the formation of a terrace are not known. Never-
theless, the DEM data sets show a narrow, abandoned,
incised pass in eastern Nigeria at 355m above sea level
(3 in Fig. 1; 111N, 12.91E). Its morphology suggests that
it worked as a lake outlet. However, its altitude, which is
up to 35m above the Mayo Kebbi, precludes that this
pass was active in recent times. It has been probably
used previously (Pliocene?, Early Quaternary?) before
tectonic movements lifted up this area or lowered the
Mayo Kebbi area. The younger Mega-Chad events
occurred during the Middle Holocene, with high lake
levels identified from about 8500 BP to 5500BP,
interrupted by three intermediate short-term dry-out
periods around 8300, 7100 and 6500 BP (Pias, 1970;
Servant, 1983; Schneider, 1994). These wetter conditions
and intervening short-term arid events are also identified
in neighbouring areas (Abell and Hoelzmann, 2000;
Gasse, 2000). A large palaeolake is also identified at that
time in northeastern Sudan (the West Nubian Lake,
Pachur and Rottinger, 1997). At the northern edge of
the Lake Mega-Chad, the terrace is cut into delta
sediments, prograding into Lake Mega-Chad, which was
fed in clastics by latest Pleistocene to Early-Middle
Holocene river runoff from the Tibesti (Servant et al.,
1969). These data indicate that terrace formation has
occurred once again during or after the Middle
Holocene high lake levels. They moreover suggest that
the contribution of Saharan rivers draining the sur-
rounding relief areas were of minor importance as
shown by the lake persistence after these rivers almost
disappeared (J.akel, 1979). Hence, the existence of past

Fig. 4. Relationships between Lake Mega-Chad level, lake surface and

lake volume. Curves are given from 285m, the level above which the

northern and southern sub-basins are connected through the Bahr el

Ghazal outlet. A clear inflexion between the 300 and 305m lake levels

is observed within the hachured area which represents the terrace

extension. Maximal level of the Lake Mega-Chad is unknown (dashed

lines above the 310m elevation), probably no more than 320m. Curves

were computed using the TOPO6 data set, with the area of one

elementary pixel (grid spacing of 2 arcmin) averaged at the value

corresponding to 151N.
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Mega-Chad lakes is related to climate change that is
mainly expressed by increased river influx from the
humid tropics (Chari–Logone catchment network) and
lesser evaporation in the subtropical zone.

4. Conclusion

The existence of Lake Mega-Chad has been debated
for a long time (Tilho, 1925). However, today, this
palaeolake is wrongly neglected in palaeoenvironmental
reconstruction from the regional to the global scale. This
study gives conclusive evidence for a Holocene Lake
Mega-Chad and outlines its shoreline. Wave processes
are proposed to explain the formation of the terrace,
which is interpreted as a wave-cut surface, as well as of
the longshore sandridge, which is interpreted as barrier-
island systems. In the future, new palaeoclimatological
models must integrate this extensive subtropical intra-
continental water body (more than 300 000 km2) which
has acted as a significant water vapour source. Through
the generation of squall lines, in combination with
orographically induced convection (Rowell and Mil-
ford, 1993; Hoelzman et al., 2000), this moisture-
providing area was inevitably able to influence feedback
effects in the climate system of north-central Africa.
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