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THE ANCIENT ERG OF HAUSALAND, AND 
SIMILAR FORMATIONS ON THE SOUTH 

SIDE OF THE SAHARA 

A. T. GROVE 

IT HAS BEEN recognized for several decades that the sandy drift covering much of 
northern Nigeria is formed into low rounded ridges, and that these are ancient 

dunes bearing witness to the former prevalence of desert conditions. Their outlines 
have been modified by erosion, and they are well covered by woodland in many areas 
so that it is difficult for an observer on the ground to appreciate their arrangement. 
From the air, however, the dune patterns are clear, and they are strikingly apparent on 
blocks of air photographs that have been re-photographed to give "print laydowns" on 
scales of about : 50,000 and i : 25,000 (Grove I957). With the permission of the 
Directorate of Overseas Surveys I have used these print laydowns, and prints of the 
original photographs on a scale of about I : 30,000, to construct a map of the dead erg 
of northern Hausaland (Fig. i). This erg is described, the nature of similar formations 
in the same latitudinal belt of Africa is summarized, and their significance is indicated 
in the conclusion. 

The ancient erg of Hausaland in north-east Nigeria 
The dominating feature of the erg is the mass of long dune ridges running mainly 

in a direction ENE.-WSW., but swinging round to run NE.-SW. near the northern 
frontier. The dunes appear on the photographs as pale-coloured strips, some a few 
hundreds of metres, others a few kilometres wide, running across country for tens of 
kilometres. Between the ridges are darker, narrower stripes, with pools of water lying 
here and there. The photographs were taken in October and November, in the early 
dry season, and before the onset of the dust-laden Harmattan from the north-east. 
These dunes are of a similar kind to the linear dunes of the Libyan desert, which are 
still active and run in the direction of the dune-forming winds, i.e. winds stronger than 
about 20 k.p.h. The mechanism of their formation is not understood, but Bagnold 
(I953) has suggested the possibility that sand might be swept into long parallel 
ridges as a result of secondary circulations in the air; thermal instability giving rise to 
horizontal roller vortices. 

The live dunes of Libya and the Sahara, as Sandford has noted (I953), are aligned 
NNW.-SSE. and N.-S. to the north of the tropic, and veer round to run ENE.-WSW. 
further south. This change of direction is no doubt related to westerly deflection of 
the north winds, and the arcuate form of the linear dunes in the ancient erg of Hausa- 
land may well represent the curved track of north-easterly winds in the arid period of 
the past when the dunes were shaped. But the situation is complicated by the fact 
that south-west winds are prevalent during the rainy season of the present day, and 
winds from that quarter might also have had some influence on dune-building in the 
arid past. Further study of the surface wind velocities in northern Nigeria and the 
area to the north is needed in this connection. 

The arrangement of other dune forms in the Hausaland erg shows that the problem 
of relating dune and wind directions is not a simple one. A belt of country about 
6o kilometres wide on the south side of the longitudinal dunes shows a less regular 
pattern of rather bare ridges, their crests about 200 to 300 metres apart, and with trees 
and bushes in the intervening hollows. In general they run north and south, but the 
pattern is distorted by valleys, normally dry, forming the local drainage system. The 
ridges tend to run down the valley slopes, across the contours. A similar set of 
"transverse" ridges and hollows occupies a small area on the north-western side of the 
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Fig. I. The fixed dunes of north- east Nigeria. In the west, the black lines represent lateritic ironstone ridges; these are uncultivated areas 
shown on i:Ioo,oo maps produced by the Directorate of Overseas Surveys. In the east, Lake Chad is taken from a French I:2m. map 
of I927. The central dune pattern is from air photographs. In the centre are longitudinal dunes; to the south, transverse dunes; in the 
north a dunefield which has been flooded at times in the past. 
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erg at the edge of the photo cover. In a personal communication, Mr. W. D. Clayton 
tells me that there are similar "ripple patterns" in the Zamfara valley of Sokoto 
Province. In some places the longitudinal and transverse patterns overlap, and 
between the longitudinal dunes there are some parabolic dunes, convex to the south- 
west. 

The third main constituent of the erg lies on the north-east side, where the arrange- 
ment of ridges and hollows is very irregular. In some places the sand is arranged in 
almost flat discs, a kilometre or two in diameter, with connected flat-floored hollows 
between; and in others, the hollows are isolated within a more continuous spread of 
sand. This country has been described by Garde (I9I ), who noted that the hollows 
are 15 to 20 metres deep. Their slopes are steep on the east sides, and gentler on the 
west sides on account of the east winds of the present day. The floors consist of sandy 
clay; calcareous material and mollusca are common. In several of the hollows lakes 
persist well into the dry season, and some of them are permanent. Air photographs 
show that the sandy hillocks are roughly aligned in a NW.-SE. direction and that 
towards the SW. they merge into longitudinal dunes. Garde had concluded that an 
old system of dunes had been flooded at some time in the past, and from the photo- 
graphs it appears that the flooding may have penetrated several kilometres into the 
system of longitudinal dunes to the south-west. 

Several rivers cut across the fixed erg and either lose themselves in swamps, by 
evaporation and seepage, or reach the Komadugu Yobe, a river which occasionally 
contributes some water to Lake Chad. The rivers rise in the Kano area and on the 
Jos Plateau and run north-east, towards he area of sandy hillocks that is believed to 
have been flooded. They run at an angle to the main dune ridges, and their courses 
were clearly established after the main period of dune formation. The relationships 
between the topography, soils and vegetation have been described by Clayton (I957) 
from an area near Hadejia, where the dunes and riverine swamps are particularly well 
developed. 

The photographic cover available at present extends as far east as a line running 
north-west from Maiduguri. A little to the west of this line the longitudinal dunes 
seem to fade out. The easternmost strips of photographs show several pale-coloured 
stripes running south-east from the K. Yobe and I suspect that these are old shorelines 
of Lake Chad. The plains on the north side of the river, in its lower course, are clayey 
and relatively free from sand, and although a block of photographs of a small area west 
of the lake shows some faint traces of linear dunes, sand ridges seem to be less 
important north-east of Maiduguri than to the west. Falconer (9I i) mentioned that 
the Ngadda river cuts through a large sand ridge at Maiduguri, and according to a 
personal communication I have had from Dr. J. W. du Preez this ridge runs from 
Maigumeri to Bama and probably extends further east into French territory. It is 
suspected that this is an old shoreline feature of Lake Chad, comparable with the 
newer dune ridge that borders the modern lake margin, and formed at a time of greater 
rainfall than the present. 

The longitudinal dunes mainly occupy areas that have been mapped by the Nigerian 
Geological Survey as Chad Group sedimentaries of Pleistocene age (now called the 
Chad Formation), but south-west of Azare they extend for several miles across the 
crystalline basement and in a fragmentary form encroach on the crystallines east of 
Kano. The transverse dunes to the south are developed almost entirely over areas that 
have been mapped as sandstones of Cretaceous and Eocene age. North-west of Kano, 
in Katsina Province, the sandy drift is discontinuous and lies mainly on the slopes of 
valleys which have been cut into a surface protected widely by lateritic ironstone 
(Grove I957b). In this area recent mapping from air photographs shows several 
uncultivated strips of country running slightly north of east for distances of about a 
hundred kilometres. These strips are laterite-capped ridges, with sandy cultivated 
land between. Their arrangement might be associated with structures in the under- 
lying crystallines, but they appear from the geological maps to extend over Cretaceous 
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sedimentaries in the north-east. It is not unlikely that they mark the sites of ancient 
dunes which have now been eroded away. 

Throughout the area that has been described so far, the mean annual rainfall of the 
present day exceeds 400 millimetres and, at the southern margin of the fixed dune- 
field, 750 millimetres. This is enough to support Sudan Savanna vegetation and to 
allow the production of such crops as groundnuts, millet, sorghum and cotton. In 
fact, the region lying west of the I Ith meridian is one of the most densely settled parts 
of Africa, with more than fifty persons to the square kilometre over large areas. The 
southern limit of mobile dunes lies far to the north. Brynmor Jones (I938) has noted 
some mobile dunes in Nigeria, and no doubt there are others as far south, but in 
general the dunes lying south of the I5o-millimetre isohyet are fixed by vegetation 
except where this has been cleared by man. 

Other sand formations on the borders of the southern Sahara 
The lands bordering the Sahara are widely covered by ancient dunefields resembling 

the dead erg of Hausaland, and by other spreads of wind-blown sand now fixed by a 
plant cover. They are limited to the south by the Iooo-millimetre isohyet. Capot-Rey 
(1953) and Charlesworth (1957) have summarized much of the earlier work, but a 
number of papers on individual areas have recently appeared and they allow a more 
complete picture of the characteristics of the zone to be obtained (see Fig. 2). 

Lower Senegal.-From the Atlantic coast, dunefields extend inland for about 2oo 
kilometres, both north and south of the lower Senegal. They are of special interest 
because of their proximity to the sea, and Tricart and Brochu (1955) have attempted 
to date the alternations of dry and humid conditions in the erg of Trarza and Cayor by 
reference to past high sea levels. The sand is probably of river and marine origin 
near the coast, but further inland its source is not known. The sand ridges veer round 
from NNE.-SSW. near the coast to ENE.-WSW. inland, and in general they resemble 
the longitudinal dunes of Hausaland. The sand is weathered to a depth of I to 3 
metres, and the main dune ridges are believed to have been shaped during the pre- 
Ouljian regression of the sea, which is correlated with the Riss glaciation. In the 
succeeding humid period, when the Senegal river began to flow again and cut a 
channel across the dunefields, the sea rose to a level 4 to 6 metres above the present 
one, forming a gulf and flooding the lows between the dunes. Fossiliferous beach 
material remains to mark its former extent. With the onset of drier conditions and 
renewed wind action small dunes accumulated on the beach material and elsewhere, 
but they are always subordinate to the major outlines of the older erg. Following this 
(Wiirm ?) dry period the climate became more humid than now; in the northern areas 
the dunes were gullied and near the coast they were flooded by the sea rising to a level 
of about i to 2 metres. The present period is seen as one of greater dryness; the 
discharge of the Senegal has diminished and its mouth has been diverted far towards 
the south by the growth of a sandspit. 

The Niger basin.-The sands in the vicinity of the Inland Delta of the Niger were 
probably carried into the basin not only by the upper Niger but also by rivers that 
flowed south from the Adrar des Iforas in an early humid period. According to 
Dufour (1936) the dunes as far north as latitude I9? N. are dead. Urvoy (1942) gives 
a map showing them running ENE.-WSW. in the north of the area, and nearer to 
E.-W. in the south. The arrangement of the sands is very complicated and there are 
indications that dune formation took place at various times. In the Akle, for example, 
the newer dunes rest on lake deposits, and these in turn on older dune sands. Towards 
the Chad-Niger watershed, north-east of Niamey, some of the sands are probably 
derived from old river systems, but others only a few metres thick may have been 
weathered from the underlying rocks or carried in from the north-east by the wind. 
Air photographs of Sokoto in north-west Nigeria show longitudinal dunes running 
NE.-SW., and the desert of Mousgous to the north is an erg now covered by park- 
land vegetation (Urvoy I936). Near the Chad watershed the sand is piled up against 
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escarpments, and long ridges trail WSW. from either side of rocky hills; nearer the 
Niger, the sand lies in valleys bordered by plains covered with lateritic ironstone. 
Urvoy uses the various periods of lateritization, downcutting and dune formation as 
evidence of conditions at times more humid and at times drier than at present, and 
tentatively correlates the pluvials with the glacial periods in Europe. The last fluctua- 
tion is said to have been a slight increase in aridity, after three humid and two 
intervening dry periods. 

The Chad basin.-The dead erg of Hausaland is one of several sand-seas that occupy 
a large part of the Chad basin. It appears to merge on the north into the ergs of 
Dungass and Manga, and the latter resembles it in being bounded on the south-east 
and north-west sides by transverse sand ridges. Lake Chad itself occupies the western 
part of a very extensive tract of sand that is built up into ridges, with intervening 
hollows, running N.-S. in the north and NNW.-SSE. in the south. The north-eastern 
part of the lake has an extremely indented outline, with the dunes forming long, 
closely spaced peninsulas and lines of islands. Several lines of levels were carried 
across the area and are reproduced in Tilho (I9I1). They show that the dunes are 
spaced about 2 or 3 kilometres apart and increase in height to about 80 metres in the 
area 2oo kilometres east of the lake. The hollows are floored with calcareous clays 
which contain mollusca, and Garde (I9II) considered that these accumulated after 
the dunes were formed and when Chad occupied a much larger area than at present. 
Freydenburg (I908), on the other hand, had described the dunes as resting on the 
lacustrine beds and post-dating them. Recent maps of the area made from air photo- 
graphs show the N.-S. pattern of ridges and hollows, and it would appear from them 
that there are some longitudinal dunes running ENE. and WSW. both at the north- 
east corner of Lake Chad and in several areas at a distance in the quadrant south-east 
of the lake. Live dunes appear north of latitude I7? N., near the Bodel6 Depression, 
the lowest part of the basin, and in the erg of T6ne6r to the west. Tenere, at the 
present day, must resemble the ergs of Manga and Hausaland as they were when the 
150 millimetre isohyet lay about 500 kilometres further south than at present. 

The goz.-In the Sudan Republic, some 200,000 square kilometres of Darfur and 
Kordofan on the west side of the White Nile and north of the Sudd are covered by 
sand a few decimetres to tens of metres in thickness. The name "goz" refers to thick 
dune-like accumulations of the sand. According to Edmonds (1942) it was probably 
derived from the Nubian Sandstone by water erosion and has been carried over the 
plains by the wind. It is yellowish-red in the surface metre or two, and reddish-yellow 
at a greater depth. The goz extends west over the Nile-Chad watershed and also 
appears locally east of the Nile near Kosti. In places the form of the accumulations is 
related to the relief of the underlying rocks; the sand is piled up against the north sides 
of hills, and parallel flanking dunes trail south for several kilometres with depressions 
almost free of sand between them. In depressions bordering some sandstone escarp- 
ments, closely packed whaleback dunes extend south, and there are systems of 
transverse dunes 20 to 30 metres high on the downwind slopes of several shallow 
basins. The lower layers of sand forming the goz are commonly interbedded with 
lacustrine beds including fresh-water limestone, mollusca and diatom beds. To the 
east and south the sands are flanked by various clay formations which, according to 
Andrews (1952), are believed to be younger than the lower Palaeolithic and are 
probably of late Middle Pleistocene or early Upper Pleistocene age. The opinions of 
Sandford (I935) and Edmonds appear to conflict on the relative age of the goz and the 
clays. Like Freydenburg in the case of the Chad dunes, Sandford believes the sand is 
younger than the clays; Edmonds, on the other hand, points out that boreholes and 
sections have not shown clays typical of the plains, underlying the goz. It is clear that 
more data are needed before any conclusion can be reached about the sequence of 
climates and sediments. 

At the present day, half the discharge of the White Nile is lost by evaporation from 
the Sudd, and at the time when the sands of the goz were being shaped by the wind, 
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the water losses must have been much greater than now. It has been noted that the 
course of the river across the clay plains south of Khartoum appears to be youthful. 
Furthermore, it seems possible that the great lakes from which the White Nile's 
waters are largely derived shrank to marshes at some stages in the Pleistocene 
(Worthington I952); this may well have occurred at the same time as the shaping of 
the goz. 

Northern Kenya.-The belt of country with rainfall totals between I50 and Iooo 
millimetres bifurcates north and south of the Ethiopian Highlands. From the 
southern branch, various soils of desert origin have been described by Trapnell and 
Hemming (I957). In the Turkana desert, west of Lake Rudolf, where the rainfall is 
less than 200 millimetres, there is an assemblage of drift features that is typical of the 
zone between the desert and the savanna, with lateritic ironstone and old pediment 
formations on the higher ground, consolidated sand-dunes of various kinds, and lake- 
bed deposits that accumulated on the floor of a greater Lake Rudolf. The sands are 
derived from the weathering of basement rocks. Their structure indicates wind 
transport and in many ways they resemble the goz. In the south the sands are gullied 
and are being removed by wind and water. Further north, there are long dome- 
shaped accumulations with crests up to several hundreds of yards apart which could 
have been built of sand carried in by the wind from the Lake Rudolf area to the east. 
In the hollows between the dunes, a few feet of sand rest on calcareous material and 
this in turn overlies gravels. 

Similar conditions appear to exist in the Somali areas further east, and Clark (1954) 
makes several references to consolidated dune formations there. The existence of 
coastal platforms at various levels offers opportunities for correlating the dune and 
other formations with former sea levels. 

Conclusion 
The land forms of the plains that stretch along the southern border of the Sahara 

were shaped by erosion and deposition under climatic conditions that differed greatly 
from those of the present. In high latitudes the glaciated plains have been fashioned 
by alternations of ice and river action; in the Sudan zone of Africa, and in the adjoining 
southern parts of the Sahara, the relief and soils are the outcome of deep weathering, 
water erosion and the formation of extensive lakes in humid periods; and of wind 
action and dune-building in the intervening arid periods. 

Present ideas about the climatic sequence in the tropics are conflicting. Although 
the East African succession is widely accepted, there is still no certainty that the 
tropical pluvials were in fact contemporaneous with the glacial periods; it is not clear 
whether the deserts shrank or shifted towards the equator as the ice advanced. 
Studies by Kraus (I955) have shown that the climatic amelioration in high latitudes 
during this century has been accompanied by shorter rainy seasons and diminished 
rainfall in many parts of the tropics, notably in the semi-arid lands. Butzer (I957) has 
gone further, in suggesting that we have here a situation analogous to an interglacial 
period, and an indication that desert conditions extended both north and south from 
the Sahara in the interglacial periods. It remains difficult to set the climatic conditions 
of the present in their historical perspective. This is an important matter, not only to 
the geomorphologist studying the evolution of the relief and drainage, the ecologist 
concerned with the dynamics of plant and animal distributions, and the archaeologist 
tracing the spread of cultures and movements of peoples, but also to the engineer, 
agriculturalist and forester working in areas, some of them heavily settled, where 
climatic conditions are critical for the success of their enterprises. 

The history of the Quaternary period in the Sudan and in other parts of the tropics 
will no doubt be worked out largely from biological and archaeological evidence, and 
especially remains from the pluvial periods. Nevertheless, much information can be 
obtained about the latitudinal shifts of the climatic zones and past wind directions by 
studying the ancient dunefields. Air photographs provide an extremely useful tool for 
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investigating the dunes and associated formations. The photographs are now becoming 
available for most of the area under discussion and it is hoped to make further use of 
them in conjunction with observations in the field, along the southern margins of the 
Sahara. 

Acknowledgement.-The author is grateful to the Directorate of Overseas Surveys 
for the opportunity of studying the air photographs mentioned, and also to Mr. 
C. I. M. O'Brien who has been of great assistance on many occasions. 
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