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ABSTRACT 

Burke, K., 1976. The Chad basin: an active intra-continental basin. In : M.H.P. Bott 
(editor), Sedimentary Basins of Continental Margins and Cratons. Tectonophysics, 
36 (1-3 ): 197-206. 

The Chad basin, lying well within the African continent, has accumulated about 0.5 
km of sediment over an area roughly 500 km in diameter during the Neogene and Qua
ternary. When the climate is moist, Lake Megachad fills the basin and spills over into the 
Benue Valley at Bongor. Thick Neogene and Quaternary sediments( > 200 min thickness) 
occur only within the shorelines of Megachad indicating that the thickening may be attrib
utable to repeated episodes of sediment and water loading. The Chad basin has apparent· 
ly originated in response to peripheral uplifts that began to develop about 25 m.y . ago. 
An annular pediment, averaging about 500 km wide, separates the basin from eleven dis
crete uplifts (up to 3 km ASL) forming a crude ellipse 1000 km X 1500 km across around 
the lake. 

If sea level rose enough (doubled spreading rates for 70 m .y . would suffice), salt water 
would flood the Chad basin and a structure rather like the Palaeozoic Michigan basin 
filled with limestone, sandstone and salts could develop. When in the future the uplifts 
peripheral to the Chad basin cease to be dynamically supported, they will be eroded away 
in a few million years and both the basin and the sites of the uplift may be buried under 
later sediment. It will not be possible to locate the former uplifts accurately because the 
only evidence of their sites will be an absence of the Chad basin deposits and sporadic 
dikes and volcanic plugs. It seems likely that old intracontinental basins, for example the 
Michigan basin, :Uay have developed, like the Chad basin, in response to peripheral uplift 
rather than by thermal recovery from a preceding doming event. 

INTRODUCTION 

Because most of the topography of the world is associated with active 
plate margins, these margins are also the areas of greatest concentration of 
strong erosion and deposition . Atlantic-type continental margins with their 
4 km of relief above the ocean floor are the main exception to this rule as 
they too are the sites of much deposition. Just as major relief is rare within 
plates, except at continental margins, so also are major basins of deposition. 
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However, old intra-plate basins built on continental crust are quite well 
known, the Mesozoic Paris basin and the Paleozoic Michigan basin having 
been particularly well studied. For this reason active intracontinental basins, 
although rare, are of special interest as they may help to throw light on the 
origin and development of the ancient basins. 

The African continent is the site of several active intracontinental basins. 
I here outline the history of the Chad basin through the last 30 m.y. and sug
gest that other intracontinental basins may have had features in common 
with the Chad. The history of the Chad basin has been dominated by struc
tural events outside its depositional area of which only an indirect record is 
retained in the basin sediments. The history of these events could not be de
duced with any precision from the sediments alone. For this reason it seems 
unlikely that any very complete understanding of the history of an intracon
tinental basin can be achieved from a study of the sediments within it as 
most of the uplift and erosional events peripheral to the basin that dominate 
its development leave only indistinct records. Within the Chad basin the ef
fect that most influences development is the loading of the lithosphere by 
overlying masses of sediment and water. 

THE CHAD BASIN 

Location and extent 

The basin lies well within the African continent (Fig. 1), no point on the 
watershed being less than 500 km from the sea. The watershed bounds a 
roughly square area with sides of about 2000 km and its height ranges from 
320 m at Bongor to about 3 km in the Ahaggar and is very uneven. There are 
seven areas rising to more than 1 km above sea level along the watershed, but 
along most of its length the height averages only 500 m. At present, the 
Chad is a closed basin and its rivers drain into Lake Chad, a shallow lake less 
than 10 m deep with an area of about 30,000 km 2

• 

Lake Megachad 

About 10,000 years ago and apparently on previous occasions when the 
climate was much moister than now, a huge lake, known as Lake Megachad, 
with an area of nearly 1.5 million km 2, occupied the lower part of the Chad 
basin (Grove and Warren, 1968). The extent of Megachad was restricted to 
this area because it attained a height of about 320 m and spilled through a, 
now dry, spillway at Bongor, draining to the Atlantic Ocean through the 
River Benue. The shoreline of L. Megachad is marked by a beach-ridge that 
has been mapped around the whole basin (Fig. 1). Much of the floor of the 
basin is covered by degraded dunes formed in the dry phase about 20 · 103 

years ago that preceded the development of L. Megachad. Between the 
beach-ridge and the present lake shore, lacustrine morphological features, in-
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Fig. 1. The Chad basin. Inset shows situation of the basin within Africa. The dashed line 
on the main figure is the basin wa tershed enclosing an area of about 20 million km2. Area; 
more than 1 km ASL along the watersh ed are shown stippled. The dotted line marks thee 
tent of Lake Megachad about 10,000 years ago. This huge lake, within the limits of which 
rela tively thick sediments have accumulated in Quaternary times, spilled over into the R. 
Benue through the marked spillway . The black area is the present Lake Chad into which 
the Chari river is the main drainage. Deltas are shown on the Chari at the margins of both 
present and Megachad. The line of section in Fig. 2 lies between the two arrows A and A'. 
The Chad basin owes its existence to the peripheral uplifts. Basin filling sediment comes 
from erosion of the uplifts. Note that the annular area of pediment and high ground with
in the watershed is three times as large as the depositional basin . 

eluding deltas and lower level lesser beach-ridges, have been mapped as partly 
burying the dunes. 

SEDIMENTS OF THE CHAD BASIN 

Throughout the Quaternary, the area of the Chad basin has suffered oscil
lations between aridity and relatively heavy rainfall. This oscillation results 



200 

SW 
QUATERNARY . LAKE BASIN " 

JOS EN NEDI 

2000 

1000 

... 
l•wl 

100 ibo >OO• m 

Labdi S•riu (11000 . 1000 BP) 
L•k• M ds cw•r 
Soulias Dunu 

MEGA-CHAD 
BEACH RIDGE 

BODEl C 
DCPRESSION 

I : I 

So11/1as St ,,•s Oun• s 
( .10000· '- 0000 tJP) 

/ :· 
. ,. ' I' 

ROC.K PEDIMENTS 
WITH DUN( AND 
GRAVEL VENEER 

Fig. 2. A cross-section through the Chad basin from Jos in the SW to Ennedi in the NE. 
A well at Maiduguri penetrated 600 m of Chad formation sediments. Note that the thick
ness of the Chad formation is greater inside the Megachad beach ridge and this is attribut
ed to repeated filling of the Lake basin to the brim and consequent sediment and water 
loading. 

from the presence or absence of a Northern Hemisphere ice-cap. When an 
ice-cap is present, the tradewinds blow farther south and when there is no 
ice-cap, monsoonal winds from the Gulf of Guinea extend their influence 
farther into Africa (Burke et al., 1971b). 

The general stratigraphy of the Chad basin, based on Barber (1965), is 
sketched on the cross-section of Fig. 2. Three sandy horizons, exploited as 
aquifers, are separated by clays with overlying diatomites. I suggest that the 
sands mark the thin dune accumulation of dry phases and the first erosional 
flush into the basin at the beginning of wet phases, the clays mark the main 
part of a wet episode, and the diatomites, the onset of desiccation. A feature 
of the cross-section of Fig. 2 is that, although the sediments of the Chad 
basin thicken gradually from feather-edges on the pediments surrounding the 
uplifted areas of the watershed, this thickening increases suddenly close to 
the position of the Megachad beach ridge. Borehole records in Nigeria 
(Barber, 1965) indicate that although less than 200 m of sediments have ac
cumulated outside the beach-ridge, at leat two to three times as much has ac
cumulated within the area enclosed by the beach-ridge. 

The Kerri-Kerri Sandstones (Fig. 2) form a lens reaching a maximum 
thickness of 300 m between the Jos uplift and the center of the Chad basin. 
Little evidence of the age of the lens is available , but it overlies Cretaceous 
sediments unconformably and its disposition and arkosic composition are 
consistent with an origin as part of the Neogene Chad basin by erosion from 
the Jos uplift to the southwest.. 

i 
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HIGH GROUND AND VOLCANIC ACTIVITY ON THE CHAD WATERSHED 

Fumarolic activity is known on the Chad basin watershed in the volcanic 
areas of Jebel Marra in the east and Tibesti in the north. Cinder cones and 
lava flows in the Ahaggar, Air, the Jos plateau and Adamawa are so morpho
logically fresh that I believe them to be less than 1 m.y. old . Radiometric 
dates of less than 1 m.y. have been reported from Jos and Adamawa (Grant 
et al., 1972) . 

Intermittent volcanic activity starting about 30 m .y. ago and persisting un
til today characterizes many places on the African plate (Burke and Wilson , 
1972) and available dates from the Chad watershed (see, for example, Grant 
et al., 1972) are consistent with this pattern. The volcanic rocks of the Chad 
watershed commonly occur associated with areas of basement uplift (see fig . 
10 in Black and Girod, 1970, for typical relations) and residual hills (for 
example, Zarandah hill northwest of Jos, Dixey in Mackay et al., 1949) in
dicate that these uplifted areas have been considerably eroded. 

HYPOTHESIS OF ORIGIN AND HISTORY OF THE CHAD BASIN 

Evidence relating to the history of the Chad basin is limited and the out
line suggested here is tentative. 

First phase 

Africa came to rest with respect to the mantle below it at some time in 
the later Cenozoic, best dated by the age of the sea-floor on which the Walvis 
ridge ends (Burke and Wilson, 1972). Because of limited magnetic data from 
this part of the South Atlantic Ocean the time is not accurately known but 
it lies about halfway between anomaly 5 and anomaly 13 (about 9 and 38 
m.y., respectively) and was probably about 25 ± 5 m.y . ago. 

Second phase 

Once at rest the African plate began to respond to thermal irregularities , 
probably convective in origin ("plumes"), in the underlying upper mantle. 
Before coming to rest with respect to the mantle Africa apparently was a 
continent with little relief (Egboghah, 1975) but afterward some places, 
I suggest those overlying hotter parts of the mantle, both in continent and 
ocean, became elevated relative to the rest of the plate. Overall, the conti
nent became elevated relative to other continents (Krenke!, 1957; Forney, 
1975 ). This process may have happened rapidly if the conditions of the ex
periment of Richter and Parsons (1975 , p. 2540) are a guide. 
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Fig. 3. Histogram showing 539 Cenozoic K/Ar ages for the African plate plotted in 2 m.y. 
class intervals. Very little igneous activity took place prior to about 25 m.y. ago, about 
the time when Africa stopped moving with respect to the mantle beneath it (Burke and 
Wilson, 1972). Histogram plotted from an unpublished compilation by Peter J. Hoose, 
May 1974. 

Third phase 

Volcanic eruptions developed largely, but not entirely, on the elevated 
areas. Apart from a single date of 38 m.y. from Northern Adamawa (R.L. 
Armstrong, personal communication, 1974), K/Ar dates become abundant, 
as over much of the African plate, 25 ± 5 m.y. ago (Fig. 3). Erosion of the 
newly uplifted areas of the continent gave rise to increased deposition rates 
on African coasts (see, for example, Seibold and Hinz, 1974) and led to 
accelerated progradation of the Niger delta (Burke, 1972). The first deposits 
within the Chad basin, the Kerri-Kerri formation were probably laid down 
at this time. 

Fourth phase 

Persistent elevation of areas overlying hot upper mantle led to continuing 
vulcanism and elevation along the Chad basin watershed. K/ Ar dates from 
volcanic rocks along the watershed suggest that vulcanism may have been 
both episodic (in time) and sporadic (in spatial distribution). Elevation prob
ably behaved in the same irregular way. Erosion from the watershed into the · 
Chad basin during the latter part of this time of episodic and sporadic uplift 
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and vulcanism deposited the Chad formation. Climatic oscillation and spill
ing into the Benue at Bangor determined the character of the sediments. 

Filling the Chad basin to the level of the spillway today would take about 
50 m of water and would lead, within a few thousand yeras, to subsidence of 
about 17 m due to isobaric compensation and the outflow of asthenopheric 
material, probably at a depth of more than 100 km . Subsidence of this kind 
in response to loading provides a repeatedly renewed basin in which to de
posit material eroded from the watershed whose uplift is episodically main
tained over the hot mantle. Since the annular pediment and high ground 
around the basin has about three times the area within the Megachad beach 
ridge (Fig. 1) for every 100 m of rock eroded from the catchment, 300 m 
would be available for deposition in the basin. The loading response producec 
by outflow in the asthenosphere to 300 m of rock would be about 200 m 
of subsidence and once the basin has been initiated, loading in this way 
would keep it going as long as the periphery continues to be elevated. This 
fourth phase represents the present condition in the Chad basin. It is tempt
ing to speculate as to what will happen in the future. Will the basin go on 
developing? What will happen when, as is likely, the high ground around the 
basin ceases to be dynamically elevated? 

Possible fifth phase 

In the future soon after the peripheral high ground ceases to be dynam
ically supported, erosion will eliminate remnant topographic high areas 
around the basin and conditions may be like this: If 3 km of sediments have 
been deposited in the basin, the surrounding crystalline rocks will have been 
eroded by an average amount of about a kilometer. All the volcanic rocks 
produced during the episode will have been eroded away leaving only feeder 
dikes, plutons, and plugs at outcrop. The 3 km of sediment will have de
pressed the bottom of the lithosphere during the outflow of high-density 
material flowing away on loading. The possibility of phase transformations 
in the lower crust and lithosphere exists but in the thermal regime obtaining 
may not be too likely. The dense material that flowed out from under the 
basin on loading will tend to flow back in an effort to restore isostasy and 
the center of the basin will rise. However, the return flow may not match 
the outflow. 

The depth to the base of the lithosphere has not been well mapped under 
the continents but the depth to the base of the crust (the M-discontinuity) if 
known fairly well, especially over the Soviet Union (Kosminskaya et al., 
1969). This depth varies between 35 and 45 km over much of the continent 
away from young mountain belts. If this kind of variation in depth to the 
continental M implies that the strength of the lithosphere is sufficient to ac
commodate moderate lateral stresses at the level of the M due to variations 
in the mass of the crust above, then at least the lower part of the sedimen-
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Fig. 4 . Sketch maps showing that just as the Chad basin overlies a failed Cretaceous rift 
system (based on Louis, 1970 and Burke et al., 1971a), the Michigan basin overlies a failed 
rift of Keewanaan age (Burke and Dewey, 1973). Note that the Chad basin covers about 
twice the area of the Michigan basin. 

tary column in the Chad basin may be preserved from isostatic uplift and 
erosion. 

The lithosphere is also likely to have been modified at the sites of the 
peripheral vulcanism. Intrusion of basalt dikes would have loaded the crust 
and eruption of basalt may have depleted the underlying upper mantle. 
These two effects would combine to increase the mass of the sides of the 
basin. The isostatic response of the periphery of the basin to the erosion of 
about 1 km of its surface would not be as great as it would have been if there 
had not been an increase in underlying mass. The future response of the 
basin lithosphere appears likely to be sufficiently complex to warrant con
sidering the possible effects of existing inhomogeneities in the lithosphere 
underlying the Chad basin. 

THE LITHOSPHERE OF THE CHAD BASIN 

The Chad basin lies centrally over an extension of the Cretaceous Benue 
rift system (Fig. 3). Gravity studies by Louis (1970) and Cratchley and Jones 
(1965) clearly show that the rift system outcropping in Nigeria (Burke et al., 
1971a, 1972) extends under the basin and the typical gravity signatures of 
axial dikes of rift systems indicate that a pattern of linked rifts underlies the 
Chad. These features may have played a role in localizing the Chad basin and 
if it is to be preserved in the future, it may owe its preservation as a light 
mass on the top of the continent to having been deposited on rocks denser 
than normal. 

• 
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POSSIBLE ANALOGY WITH THE MICHIGAN BASIN 

It seems possible that other intra-continental basins may owe their origin 
to the development of an annulus of peripheral uplifts. A general decrease i1 
rate of deposition in the basin with time could be a result of the initial up
lifts leading to higher elevations than later dynamically maintained uplift. 
Figure 4 draws attention to a possible resemblance between the Michigan 
and Chad basins. As Burke and Dewey (1972) showed, the Michigan basin 
overlies a rift arm related to the Keewanaan rift of central North America 
much as the Chad basin overlies the Benue rift. 

CONCLUSION 

The Chad basin is an intracontinental basin that owes its immediate origi1 
to the existence of a number of peripheral uplifts. Its location over an old 
intra-continental rift system may also be significant. It appears to have devel
oped after Africa came to rest with respect to its hot-spots(Burke and 
Wilson, 1972) and the spin axis (Burke and Dewey, 1974). In this respect it 
may resemble the Michigan and other Lower Paleozoic basins of North 
America that apparently formed when that continent was at rest with re
spect to the underlying mantle (Wilson and Burke, 1972) and the spin axis 
(Kay, 1974). 
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ABSTRACT 

Steel, R.J., 1976. Devonian basins of western Norway - sedimentary response to tec
tonism and to varying tectonic context. In: M.H.P. Bott (editor), Sedimentary basins 
of Continental Margins and Cratons. Tectonophysics, 36 {l-3 ): 207-224. 

The Devonian basins of western Norway are notable for their small size(< 2000 km 2 ) 

and for the great stratigraphic thickness (up to 25 km) and the cyclic nature of their 
coarse-grained, alluvial infilling. These general features alone strongly suggest that tec
tonism was the dominant control on sedimentation but it is argued in particular that a 
coarsening-upwards motif, which permeates the three main basins usually on a scale of 
less than 200 m, was the direct sedimentary response to basin-floor subsidence. The 
coarsening-upwards is interpreted in terms of progradation of alluvial plain and alluvial 
fan facies in response to rapid lowering of the basin floor, while the overall cyclicity of 
the basin fills reflects repetition of such tectonic events. Detailed study within Hornelen 
Basin shows that the repeated coarsening-upwards theme overprints different sedimentar: 
facies, and, in particular, the elastic wedges on opposite sides of the basin have contrast
ing thicknesses, radii, grain-size gradients and conglomerate types. These features suggest 
differing rates or degree of continuity of fault movement on opposite margins of the 
basin . Hornelen and Solund Basins, the two largest, are strongly contrasted in their dif
fering mode of filling and sediment grade. It is suggested that this may reflect their de
velopment under strike-slip and dip-slip dominated regimes, respectively. 

INTRODUCTION 

Between Nordfjord and Sognefjord in western Norway, non-marine sedi
ments, mainly conglomerates, sandstones and siltstones, accumulated in two 
large and two small Devonian basins. The outstanding features of these 
basins are their apparently great depth relative to their size (Fig. 1) and the 
cyclic nature of their sedimentary infilling (Figs. 3-5). Each basin presently 
has prominent faults around three margins (usually northern, eastern and 
southern) but the basin succession lies unconformably on Lower Palaeozoic 
metamorphic rocks along the fourth (western) (Bryhni, 1975). The Devonia1 
succession itself is often folded and faulted, and each basin appears to have 
a thrusted eastern edge (e.g. Skjerlie, 1971). 




