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SOURCES OF WATER IN THE NORTH-WESTERN 
SUDAN 

K. S. SANDFORD 

IN the following pages I propose to trace the changes in nature and origin 
of available water from the varied lands of Darfur, with their annual rains 

and thorn scrub, northward into the rainless tracts of the desert to 22? N. 
Here the boundary between Egypt and the Sudan formerly ran from the Nile 
to Tibesti, but since July 1934 the line has turned southward at 'Uweinat and 
the western territories have been ceded to Italy: the only notable locality 
within them is the important hand-dug well of Sarra. I owe my knowledge 
of this terrain to the last expedition led by Major R. A. Bagnold,I of which I 
was a member, and I am indebted to this Society for the award of the Murchison 
Grant in the same year. At a later date I returned to the western Sudan to 
complete these notes. 

A general view of the territory shows the essential part played by the high- 
lands of the Nile-Congo and Nile-Chad Basin watershed. Farther north this 
is continued through the hills of Ennedi and Erdi. The high ground is then 
broken: a ridge runs northward and upon it lie 'Uweinat, Arkenu, and the 
Gilf Kebir, low ground intervenes on the north-west of Erdi and there is a 
marked lowland between the northern part of the Chad Basin and the Italian 
sector of the Libyan Desert. Beyond it there rises the great mountain mass of 
Tibesti, and high ground continues northward thence to the Fezzan. East of 
the Nile-Congo-Chad Basin divide, and of its continuation through 'Uweinat 
and the Gilf Kebir, the land falls gradually to the Nile with but few intervening 
patches of high ground. Such detached hills as the Nuba Mountains, and the 
basalt hills of Meidob and others, naturally receive more rain than the sur- 
rounding plains, a distinction that we found to hold good even in the middle 
of the desert, in the hill-group that we traversed in I932 east of the Gilf Kebir. 

The eastward drainage of the mid-African watershed fails progressively 
from south to north. In the far south the tributaries of the White Nile flood 
annually: of these the Bahr el 'Arab is the most northerly. It is succeeded on 
the north by a group of streams flowing from the hills or local highlands 
toward the Nile which are dry for a large part of the year. They flood in the 
summer rains, but the water sinks into the sand before it gains the Nile. Of 
these the Khor Abu Habl, which the railway from El Obeid follows from Er 
Rahad to Tendelti, is an interesting example: normally its waters fail to reach 
the Nile, but there are reports of their doing so in exceptional years. 

Farther north the distances attained by water flowing from the main water- 
shed decrease rather rapidly, but in certain districts wadis adjacent to the 
Nile are in spate annually or at irregular intervals: such are the Wadi el Melik 
and Wadi Abu Dom in Dongola, the most northerly watercourses on the west 
bank of the river to contribute to its volume with any frequency. North of 

Geogr. Y., vol. 82, I933, PP. 103-I29, 211I-235. Reference should also be made to 
the illustrations for the special purposes of the present paper. The title 'North-Western 
Sudan' refers to the frontiers up to I934, i.e. including the Sarra Triangle which has 
been handed over to Italy since this paper was written. 
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SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

Dongola surface water reaches the Nile from the west only on rare occasions. 
Even springs are virtually absent on the west bank north of the region, but a 
hot spring occurs a little south of Ukma (Akasha), and is marked on the 
Halfa sheet of the i : 250,000 Sudan map. This is doubtless the "hot sulphur 
spring of Okmeh" visited by R. Lepsius in I844, and described by him in his 
'Letters from Egypt, Ethiopia, and the Peninsula of Sinai' (translated by 
L. and J. B. Homer, London, I853, p. 238) as follows: 

.. .. a square tower . . . has been erected over the spring, which is now 
called after its builder Hammam Seidna Soliman . . . the stream of water, 
about the thickness of a man's wrist, issues from the eastern side of the tower; 
on the other side, within the space of a square foot, sixteen little whirlpools 
rise out of the sand, and here, where the water is hottest, it is quite 44? R. 
(I3I? Fahr.). It tastes sulphurous and a white substance is deposited on the 
earth round the spring. Every year the river rises above it, and even the 
tower which stands half-way up the river bank. 

"Somewhat farther down the river another spring of water appears, which 
has a temperature of 40? R. (I22? Fahr.)." 

Thus the headwaters of former tributaries survive in northern Darfur; their 
courses to the Nile have been obliterated, but in the riverine provinces water 
may flow from local elevations to the river along the beds of tributaries 
formerly continued from the continental watershed, or along local khors and 
wadis. 

The most northerly river valley to leave the continental watershed on its 
east side is the Wadi Hawa. Water is present in it probably in most rainy 
seasons, but there is very little indication of surface flow. East of the longitude 
of Bir Natrun the wadi fades out in the desert, and such water as reaches the 
plain from the highlands is evaporated, absorbed by vegetation or sinks into 
the ground. On the east side of Ennedi and Erdi deep trenches have been cut 
by water, but little now flows and that small quantity is held in basins at the 
foot of the hills. On the western side however Col. Tilho has shown that 
there is some surface flow towards Lake Chad, but, as in Wadi Hawa, the 
water sinks into the ground in the plains. The surface drainage of Tibesti 
appears to be of the same type as that of Ennedi, especially on the east side, 
but the rainfall is very slight. 

Rainfall 
In 'Uweinat, the Gilf Kebir, and neighbouring hills, rain is extremely 

rare, but evidently surplus of surface run-off collects in small basins, filled 
with sand and gravel, at the foot of the hills opposite mouths of wadis. Small 
superficial supplies may thus be temporarily available in rock pools and in 
seepages from sand and gravel, but the only considerable bodies of water lie 
below the static water-level, which may be at great depth: this source is 
immediately available in the oases as shown by Dr. Ball.I With the exception 
of this underground supply the water available to any population, whether 
settled or nomadic, depends on local rainfall or on flow from adjacent high 
ground that receives rain. Supply therefore depends on (I) the arrival of 

1 "Problems of the Libyan Desert," Geogr. J., vol. 70, 1927, pp. 21-38, I05-I28, 

209-224; and vol. 82, 1933, pp. 289-314. 

4I3 
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414 SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

rain-bearing clouds; (2) altitude of land; and (3) to a certain extent on the 
temperature of the air above the sun-scorched ground. The third point is 
explained by two experiences near 'Uweinat. In October 1932 we saw rain 
falling from clouds drifting from the west: no moisture reached the intensely 
hot ground, it was evaporated and retained in the heated lower air. On the 
night of 31 May/i June I934, on the other hand, heavy rain fell for several 
hours and damaged the quarters of the Sudan Defence Force Patrol then 
stationed in the plain below Karkur Murr, 'Uweinat. 

South of Wadi Hawa we enter the inter-tropical rain-belt and, irrespective 
of height or temperature of the surface, rain falls to an increasing extent 
southward in every year. A belt of varying width up to about ioo miles near 
the flanks of Ennedi, on the north side of Wadi Hawa, receives a few fine 
showers annually, sufficient to produce a variable crop of gizu grazing. The 
nomad tribes take their camels northward after the rains, as circumstances 
permit, and in 1932 we found enormous herds of antelope, gazelle, ostrich, 
and other animals ranging over it. The Wadi Hawa is thus in more than one 
sense the southern border of the desert. The country immediately on its 
south is included in the rain-belt of Ioo-200 mm. by Hurst and Phillips 
('The Nile Basin,' vol. i, I93I, pl. 8-23 and text), but the position of the belt 
has necessarily been estimated by analogy with the Nile valley, northern 
Darfur and Kordofan, and I doubt if it stretches so far north, except in the 
immediate vicinity of the hills of Wadai and Ennedi, where the rainfall may 
exceed these figures. Even so, the wadi may reasonably be assumed to receive 
50-I00 mm., and west of 24? E., 200oo mm. in most years. The rain falls in 
the hot months, but the degree of cloudiness is high, and so is humidity, 
evaporation thus being correspondingly reduced. 

In the north-western deserts, near the border of the Sudan, Egypt, and 
Italian territory, if rain falls at all it may be expected from the same Atlantic 
winds that bring it to the south in the hot months. The degree of cloudiness 
is low, and so is humidity in these overheated deserts, and evaporation, as we 
have already seen at 'Uweinat, may entirely prevent the moistening of the 
ground by rain. These contrasts are shown in the accompanying table: 

SUMMARY OF PROBABLE CLIMATIC CONDITIONS (BASED ON DATA GIVEN BY HURST 

AND PHILLIPS) 

July-August. January. 
S. Side of Wadi S. Side of Wadi 

NW. Hawa. East NW. Hawa. East 
Region. of 24? E. long. Region. of 24? E. long. 

32? C. 34? C. I4? C. I8? C. Temperature, mean of day, un- 
=90? F. =94? F. =57? F. =64? F. corrected for altitude. 

29 23 45 31 % Relative humidity, mean of day. 
No satisfactory figures: compare- 

Dakhla for Merowe for 
NW. Region. Wadi Hawa. 

o-I 2-3 o-I o-I Cloudiness, scale I-Io. 
0-25 mm. 50-Ioo - Nil Nil Rainfall. Many years rainless in 

200 mm. N.W. region. 

South of Wadi Hawa and west of long. 24? E. the summer rainfall probably rises 

quickly above I00-200 mm. and humidity to about 32 per cent. summer, and 38 per cent. 
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Nyima Jebels, Nuba Mountains: high level alluvial basin 

Nyima Jebels: pool at margin of basin shown above 
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Nyima Jebels: women carrying water from high-level pool; goz plain beyond 

Malha crater: fresh water (foreground) running from crater wall to salt lake 
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SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

winter (=per cent. relative humidity at Atbara). A. Knox, in his 'Climate of the 
Continent of Africa,' 191I, gives the rainfall of Tibesti as about 2 inches (50 mm.), 
falling in July only. He points out that the mountains are at the extreme northern 
limit of rainfall, even in favourable years. 

Water held on or near the surface: Rock-reservoirs and their overflow 
A considerable range of water sources may usefully be included in this 

group.I The dominant character is collection more or less in situ, the surplus 
water (if any) being in a state of flow. The reservoir may be more or less 
charged with rock debris, sand and gravel. Among the most important 
sources in the western provinces (e.g. the well "field" at El Obeid) are saturated 
pockets of rotted granite. In the Sudan, as in most of inter-tropical non-arid 
Africa, granite weathers commonly to a depth of 40 feet, frequently more. 
The residual quartz debris and clay serve as an admirable sponge for direct 
rainfall and local surface drainage. Masses of granite injected among imper- 
vious schists, gneisses, amphibolites, and similar hard metamorphic rocks, 
serve as valuable reservoirs. Geological skill is needed to locate the patches, 
frequently below surface accumulations of sand. The development of this 
source, which gives no surface indication of its presence, was in large measure 
the work of Mr. G. W. Grabham. It demands local rainfall for its maintenance, 
there is little transmission of supply. 

More obvious are the cisterns (Galt, or Gelta), sometimes overflowing, that 
occur on the flanks and towards the base of hills projecting above the general 
level. Saturation of the higher rocks, and frequently of the detrital filling of 
hollows on their flanks, is also seen. Thus Mr. C. H. L. Skeet, then District 
Commissioner at Dilling,2 Nuba Mountains, showed me this source of supply 
in the Mandal and Nyima Jebels in December I932. Here the surplus water 
overflows down the mountain sides for a few months after the rains and 
saturates the sand (goz) of the plains that surround them. For a variety of 
good reasons the villages are situated here. As the year advances the water 
supply has to be followed farther and farther up the hillsides. The saturated 
sand at their feet, opposite the springs, maintains enormous shade trees, and 
elsewhere in the plains little but thorn and grass can be seen. The pools on 
the mountain sides are surrounded by luxuriant Palmyra palms, Euphorbia, 
and other southern species. 

The counterpart of such a supply is seen in the peaks of 'Uweinat, in the 
midst of the desert. The now well-known pool of 'Ein Dua, discovered by 
Hassanein Bey barely ten years ago, is situated at the level of the plain that 
surrounds the massif. The water lies among enormous boulder-like masses 
of granite, which are however for the greater part in situ and not fallen from 
the upper slopes. The source of supply can only be rain which falls at rare 
intervals and finds its way downward through joints and cracks. It is probable 
that a considerable body of water is thus held in cups and pools, only the outer 
margin of the underground reservoir being visible. A similar supply is at 
times available at 'Ein Zuwaia, on the west side of the massif, but it was dry 

1 In this and the next. group it is necessary to describe briefly, for purposes of com- 
parison, some sources that are in everyday use by British residents in the Sudan: such 
descriptions are intended for other readers. 

About 70 miles SSW. of El Obeid. 
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SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

in I932. I am inclined to think that at some of the water-holes of 'Uweinat 
sand and gravel washed from the mountain and accumulated immediately at 
its foot acts as a sponge from which water may seep back into the pool. If this 
is so, the level of saturation of the loose material rarely ascends to a height that 
benefits more than the few acacias that maintain themselves at or near the 
water-holes. There is but little salt encrustation and grasses die a few years 
after rains. 

Alluvial material probably plays an important part in conserving waters in 
Karkur Murr and at Karkur Talh. In the former there are two sources: 
(I) The upper pool in the gravel and sand of the wadi floor, between walls of 
hard siliceous sandstone, water being visible under a large boulder. It is 
possible that the water is thrown out as a spring along a line of unconformity 
in the sandstones, and that it is held in the gravel: in any case the source of 
supply is direct rainfall, at infrequent intervals, on the higher parts of the 
'Uweinat massif. (2) The lower pools probably gain their supply from the 
upper by percolation along the bottom of the steep-sided wadi. The gradient 
of the valley is severe and a rock-step is visible above the lower pools: in I932 
the step was wet and a small quantity of water was trickling out of the boulders 
and sand above the step, passing over it, and seeping out of the sand and gravel 
not far from its foot. Thick coarse grass and young palms cover this part of 
the valley floor and the visible water was intensely saline. At Karkur Talh 
water is occasionally obtainable among huge masses of fallen rock lying among 
sand and gravel at the foot of a dry waterfall.I A large acacia (talh) maintains 
itself here and there are others farther down the valley. No water was obtain- 
able in I932, but the shower of I934 has probably raised the level of saturation 
again. The water-hole reported by Hassanein Bey in Arkenu, a number of 
water-holes in Erdi and Ennedi (e.g. Erdi-ma Aga, Bao), in the Teiga 
Plateau (Umm Lehai and Teiga, described by H. C. Maydon, Geogr. J., 
vol. 6I, I923, pp. 34-41), and at the head of the Wadi Hawa drainage basin 
(Umm Buru and others) may probably be placed in the class of water source 
described above. 

The lava plateaux, such as Jebel Meidob and the Berti Hills, have their 
own system of water-holes governed principally by the interbedding of 
porous and more solid flows (cf. Abu Buzna, a deep cave recorded by Maydon). 
Caldera and craters caused by volcanic explosion illustrate the decrease of 
rainfall from south to north in a striking manner. In Jebel Marra,2 west of 
El Fasher, craters are supplied with rain water and by springs so that they are 
permanently well filled. Far to the south and west they are filled almost to 
the rim, and the flanks may be densely covered with forest.3 Most of the water- 
containing craters seem to draw their supplies partly from direct rainfall, 

I See photograph accompanying paper by W. B. K. Shaw, Antiquity, 1934. 
2 See J. A. Gillan, "Jebel Marra and the Deriba Lakes," Sudan Notes and Records, 

vol. i, I918, pp. 263-267; and H. F. C. Hobbs, "Notes on Jebel Marra, Darfur," 
Geogr. J., vol. 52, 1918, pp. 357-363. 

3 See recent articles in the Geographical Journal: Noel Humphreys, "Ruwenzori: 
Flights and further Exploration," vol. 82, I933, illustration opp. p. 503; M. Maclaren, 
"Lake Bosumtwi, Ashanti," vol. 78, 193 I, pp. 270-276; also E. B. Worthington, "The 
Lakes of Kenya and Uganda," vol. 79, 1932, illustrations opp. p. 277; and especially 
E. J. Wayland, "Katwe," Uganda Journal, vol. i, 1934, pp. 96-106. 
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SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

partly from water table, partly from deep-seated volcanic sources. Many of 
the crater lakes are sulphurous or saline. In Malha,I on the west side of 
Meidob, we see a crater well below the general surface containing a salt lake, 
while the water between Nubian sandstone and granite-and-gneiss, exposed 
in the crater sides, provides abundant springs, which in turn supply some water 
to the lake. The level of the lake is reputed to change suddenly at rare intervals, 
with strange noises from below. The craters between 'Uweinat and the Gilf 
Kebir, although some 800 metres above sea-level, are dry, and in I932 not 
even the most miserable bushes survived in them. It was evident however 
that in the remote past all the hollow cones had held true crater lakes which 
breached the walls to varying depths. At the present day rare rains nourish 
temporarily better grass and bigger bushes in the craters than those that 
spring up on the surrounding plains. 

Surface, flowing, and sub-soil water 
Thefula and the tumud need little introduction. The former is a pond, or a 

lake dammed up in the course of a river that flows perhaps for no more than 
a few weeks or days in a year, retaining the final part of the annual surface 
flow: that at El Fasher is a most important source of supply for a long period 
after the summer rains. The tumud is a hole dug in the floor of a watercourse 
after the surface flow has disappeared.2 It taps that large body of water that 
percolates through the alluvial sand and gravel. The rocky floor of the wadi 
may be buried to considerable depth, but it may be supposed to provide a 
lower limit for the percolating water. As the year advances the tumud is dug 
deeper and deeper until it becomes impracticable as a source. The sides tend 
to "slump." Moreover the hole usually fills with sand and gravel when the 
wadi is next in spate and the process of excavation has to be repeated annually. 
The third type of source that one might include here is the rahad, a natural 
pool or lake (turda) among sand dunes, in natural hollows, or in depressions 
or broad lines of infrequent drainage.3 The source of supply may be direct 
rainfall, filling the hollow, or run-off from neighbouring slopes; frequently, 
after surface run-off has ceased, springs arising in saturated rocks and super- 
ficial accumulations continue to supply the rahad. Thus the surplus water of 
stabilized dunes may flow into it. Many of the rahads in the northern Sudan 
are ponds held in red clay and black mud, which also form an impermeable 
layer under neighbouring stabilized dunes. How far do these sources, so 
common in the inhabited parts of Kordofan and Darfur, make their appear- 
ance in the northern fringes of these provinces and in the arid regions beyond? 
The tumud 

This develops in an interesting way into a permanent well,4 which may be 
stone-lined by local enterprise or by official action to prevent caving of the 

I Cf. Geogr. J., vol. 81, 1933, illustration opp. p. 122; and G. V. Colchester, Sudan 
Notes and Records, vol. x, I927, p. 233. 

2 For an interesting method of obtaining water from this source see also T. F. Chipp, 
Geogr. J., vol. 79, 1930, p. 134. 

3 D. G. Thompson gives a valuable report on playas and the water supply of 
structural depressions filled with alluvial material in U.S. Geol. Survey Water-Supply 
Paper 578, " The Mohave Desert Region, California," 1929. 

4 I.e. a sani : see G. W. Grabham, Geol. Mag., I909, pp. 265-271, 311-3 8. 
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sides. Thus between El Fasher and Malha, after passing normal tumuds in 
the wadi beds, e.g. in the Wadi Beida near Mellit, one reaches the wells of 
Sayyah and Madu, situated in broad but clearly defined wadis with rocky or 
sandy banks. The depth of sand and gravel in the wadis is not actually known, 
as far as I am aware, but certainly exceeds 25 feet. These wadis, that in which 
Madu well is situated in particular, may not have surface flow annually at or 
near the sites of the wells. There is however surface run-off in the higher 
parts of their courses and occasionally on neighbouring rock slopes. The water 
so transmitted to the wadi sinks through the alluvial filling and flows through 
it at some depth. The rocky floor is probably covered throughout the year by 
water-saturated sand and gravel, and after the rains the level of saturation 
rises. The wells have been sunk 20 feet or more, into the saturated material. 
They have been stone lined, and to prevent erosion of the soft sides by ropes 
when water is drawn a platform is built out over the well mouth, or at least 
the sides are reinforced at the top by baulks of timber. Hollowed tree trunks 
are used as troughs for watering animals. Tumud supply is also available at 
E1 'Ein, NE. Meidob, at a depth of about 12 feet, and Maydon (ibid.) got water 
by digging in W. Magrur. He also describes wells, abandoned and sand-filled, 
on the top of the sandstone plateau, but close to the Wad el Haraz, 60 miles 
NW. of Meidob. 

As we go north however rainfall, vegetation, and herds disappear, and with 
them the tumud. Thus in the course of the Wadi Hawa east of 25? E., at its 
nearest point about 50 miles NW. of Wad el Haraz, there are at present no 
tumuds. In its headwaters, on the other hand, there are wells that draw water 
as described above from the sand and gravel. After rains graziers may dig 
pits in the water floor, and especially at a place like Furawiya small fields of 
tumuds may spring up. Sindia, in a northern tributary of Wadi Hawa, is a 
well of the same type, also Bueira in the main wadi. 

Tumuds and Wadi Hawa 
The wadi has been crossed at a number of places, but is still imperfectly 

known. Thus in recent years Hassanein Bey passed from north to south 
across its headwaters on his way from Ennedi to Kutum (Geogr. J., vol. 64, 
1924), Newbold and Shaw crossed its eastern part en route from Kordofan 
to Merga and Wadi Halfa (Sudan Notes and Records, vol. xi, I928), and New- 
bold had been in the same district at an earlier date (ibid., vol. vii, I924). It 
has been visited by Sudan officials on duty, and the whole of its upper course 
was mapped and levelled by the Boundary Commission (Grossard, 'Mission 
de delimitation de l'Afrique Equatorial Francaise et du Soudan Anglo- 
Egyptien,' Paris, 1925, see especially feuille 8; and P. K. Boulnois, Geogr. J., 
vol. 63, I923, pp. 465-479). In I932 we crossed it in three places, and ran for 
considerable distances along its course. 

It is thus possible to gain a fair idea of its longitudinal and transverse 
sections. The following table summarizes the rate of fall from the water- 
shed at the head of the long southern tributary which flows from Undur 
through Tini and Bahai Wells. Detailed levels of this country and along 
the Wadi Hawa to 24? E. are given in the maps accompanying Grossard's 
report. 
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Fula, El Fasher 

Tumud in Wadi Beida 

Madu Well: Zayadia Arabs watering camels; Berti Hills (volcanic) on horizon 
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Thorn scrub north of Malha, near Jebel Aysa 

Dry rahad with dead trees: between Malha and Jebel Aysa 

Nuba Mountains: fertile valley between granite hills 
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SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

Approx. dist. in 
Height in miles from place Average fall in Totalfall 

Place. metres. next upstream. feet per mile. in feet. 
Watershed (Undur 950 

district). 
Near Tini Wells .. 900 15 II I64 
Wadi floor at Camp 670 150 5 748 

34, I932. 
Camp 46, 1932 .. 574 Ioo 3 320 
Newbold and 533 90 I I 133 

Shaw's crossing. 
Total .. 355 1365 

The fall between Furawiya (in a tributary) and Camp 34 is about 800 feet in 
Ioo miles. The approximate area drained by the wadi and its tributaries west 
of 24? E. is 10,500 square miles. 

From its headwaters to Lat. I5? 45' N., Long. 24? Io' E. the valley sides 
are of the ancient complex of granite, gneiss, schist,1 etc., drained by short, 
steep tributaries with a luxuriant growth of thorn scrub and tall grasses among 
which are deep nullahs and steep-sided watercourses. When in spate during 
the rains these drainage channels carry a great deal of sand and gravel into the 
main wadi. Between our two camps the ancient complex passes beneath the 
Nubian Sandstone, the northern side of the valley flattens out into the great 
plain; the southern side, on the other hand, remains fairly high. Thus be- 
tween the north-east corner of Jebel Teiga and the wadi there is a drop of 
about 600 feet in 75 miles, and from the north end of Jebel Tageru about 575 
feet in about half that distance, the country-rock throughout being Nubian 
Sandstone. In this sector however there is little run-off. Throughout its 
length there appears to be a continuous filling, of unknown thickness, of sand 
and gravel, and into this sinks a large part of the rain that falls directly upon it 
or is brought in by torrents which drain the hard rocks of the complex. 

If we assume that from the headwaters to 24? E. the average rainfall is 
200 mm., i.e. about 8 inches over about Io,500 square miles, we can assess 
within certain limits the amounts of water which will probably pass into the 
alluvial filling. East of 24? E. the rainfall is evidently sporadic and dwindles 
rapidly. The figures quoted above give a total of I95,148 millions of cubic 
feet, or about 5Iz cubic kilometres. Generally a third may be assumed to be 
evaporated, a third to run off into rivers, and a third to be absorbed more or 
less where it falls. In this region however evaporation is high, so also is the 
run-off from hard rocks into deep channels: this means that more than the 
usual amount may reach the alluvial filling of the main valley, and less than a 
third may be locally absorbed. Probably not less than a third passes into the 
sand and gravel of Wadi Hawa, to which must be added any run-off from the 
country east of 24? E. and south of the wadi. Although these figures are 
speculative, we may assume, I think, that not less than I2 cubic kilometres of 
water pass into the sand and gravel of the wadi floor in most years. Grossard 
lays special emphasis on "immense mares qui sont peu a peu absorbees par 
le sable" (p. I32). 

It is very desirable that actual figures of rainfall, run-off and evaporation, 

I There are a few patches of the overlying Nubian Sandstone. 
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and above all of thickness of sand and gravel in the wadi bed should be obtained. 
The filling of the wadi guides water from about 900 metres above sea-level to 
about 550-530 metres and brings it there in direct contact with the Nubian 
Sandstone on its northern bank. There is reason to suppose therefore that the 
southern part of the Libyan Desert gains a substantial amount of underground 
water from this source. Shaw has pointed out to me that similar examples of 
rivers conducted underground in their alluvial accumulations of earlier periods 
(when they flowed on the surface) are well known in the Algerian Sahara. 
E. F. Gautier deals with them in 'Le Sahara,' Paris, I928, chapter 3. He 
describes how the Wadi Saura conducts water some 350 miles into the desert, 
passing under the Great Occidental Erg en route. Such wadis are reported 
to be recognizable only from the riband of vegetation that indicates their 
underground channels, the banks having virtually disappeared. 

There are four further problems of the wadi: (I) Why are there no tumuds 
east of 24? E.? (2) Why is there no surface flow in that part of the wadi? 
(3) Why is the wadi not invaded and submerged by sand from the north? 
(4) How do the big trees of the wadi maintain themselves and why do they 
die in patches? 

(i) If my figures are even approximately correct it is clear that there is 
much water in the alluvial filling of the valley west of 24? E.I and, since the 
wadi floor falls toward the east there is good reason to suppose that water 
percolates also in this direction. On the other hand, if my supposition is 
correct, there is considerable lateral loss (to the Nubian Sandstone) where the 
slope of the wadi becomes gentle. There are in fact native reports of a well in 
this region, but it appears to have gone out of use and its site to have been 
forgotten.2 There is no proof that water is not available in tumuds here as it 
is farther upstream. All we can say is that the camel graziers go there in the 
rains and leave when the best of the ground-grazing is gone. The tree-browsing 
of the acacias, so attractive to camels, may be scarcely touched, and this, if 
exploited, should keep the nomads in the wadi almost continuously. I am 
inclined to think that the reason has been mainly one of security. The people 
are quite used to living on camel milk and can dispense with drinking water 
for long periods, especially when the cool weather comes. On the other hand 
autumn raids by the Guraan and other neighbours have been serious for a 
number of years, and conditions were probably far more insecure before the 
pacification of the Sudan in I898 and the occupation of Darfur in I916. In 
I932 we found evidence of abundant standing pools of water almost as far 
east as 25? E., and I feel convinced that many of them could have been followed 
downward by digging as they dried. We found no people, and saw no attempt 
at such excavation. I believe that more settled times or a small post at Sindia 
would speedily lead to the reoccupation of the wadi, and that tumuds would 
soon appear. 

(2) Why does the water not flow on the surface? The wadi surface is dry 
and parched when water first reaches it: a large part of the annual supply is 

1 Boulnois states that water could usually be obtained by digging about 15 feet, but 
the tributaries W. Tini and W. Bahai contained few points at which it was worth digging 
for water. His paper gives photographs of Lake Undur and Sindia Wells. 

2 Information in a letter from Mr. Anthony Arkell, Deputy Governor of Darfur. 
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probably absorbed immediately it enters the deposit-laden valley from the 
short tributaries. A large measure of the supply is thus used, gradually re-filling 
the sponge-like sand and silt. Shallow basins may be filled by direct rainfall, 
or if at lower levels than their neighbours, by percolation through the loose 
sand and gravel. At a later stage, when there is a genuine surplus of water, 
gentle overflowing of one sheet of water into the next, hindered by grasses 
and other vegetation, may produce such runnels as one sees. If the rain con- 
tinued for another month, with heavy showers, the wadi must assuredly pass 
from this dying vestige of a river into something clo?ely akin to its occasionally 
torrential analogues of central Darfur and Kordofan. The direct rainfall is 
just insufficient, and the rainfall of the watershed is swallowed up by the 
alluvial filling of the upper part of the wadi's course. If the grade of the 
valley were steeper, and if there were less sand and gravel, water might be 
expected to run from the upper reaches into the plain. 

(3) If my explanation of the submerging of parts of the surface, without 
much flow, is correct, I think it is understandable that sand blown into the 
wadi during the preceding dry months would find a gentle angle of subaqueous 
repose, and that drying up would subsequently conceal most of it under fine 
mud. Some such process may account for the notable absence of drift sand 
in all but the eastern part of the wadi: it would also cause the thickness of 
superficial deposits in the wadi bed to increase annually. 

(4) If acacias alone grew in the eastern part of the wadi there would be no 
need to assume the presence of considerable moisture. They survive in many 
remote places over the Libyan Desert, and between the Nile and the Red 
Sea, and seem to thrive on only occasional showers: they are at their best, 
perhaps, when they grow in wide shallow depressions. The luxuriant growth 
of a much wider range of shrubs and bushes testifies to the amount of rainfall 
in Wadi Hawa.' With the type of flow already outlined, deep-rooting trees, 
as well as grasses and shrubs, have the best chance of growth: the trees get 
the last of the water. There is every reason why the trees and shrubs should 
continue in a broad belt to the longitude of Bir Natrun. That some should 
die in patches is perhaps fairly clear: the ground of such areas usually seems 
to have a veneer of fine mud so perfect that it shines like water, so hard set that 
it is difficult to break; it may be almost air-tight. Moreover the ground below 
such basins may remain waterlogged for prolonged intervals, and the chances 
of over-concentration of vegetable acids and other solutions are considerable. 
In a word, I believe the trees die from drowning or poisoning, aided perhaps 
by the selectivity of the cells diminishing with age. We found similar 
patches of dead trees north of Malha, always in slight muddy hollows where 
one might expect them to flourish most: so indeed they do for some years, but 
they then probably have been killed by the water trapped round them. 

In certain instances no doubt deep cracking during the dry months allows 
air to reach the roots of trees, and so kills them. In most of this region however 

I For the indication of underground water by plants, see 0. E. Meinzer, U.S. Geol. 
Survey Water-Supply Paper 577, I927. See also Kirk Bryan, Ecology, vol. ix, I928, 
pp. 474-478. For flora of the Libyan Desert, see W. B. K. Shaw, Kew Bulletin No. 7, 
I934, pp. 28I-289; see also Chipp's papers in Geogr. J., vol. 75, 1930, pp. 123-I43; 
and vol. 76, 1930, pp. 126-I37. 
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the subsoil is not homogeneous enough to crack to such depth. I noticed 
repeatedly that the veneer of shining mud, on cracking into polygons of which 
the margins curve upwards and inwards, revealed loose sand without cracks. 
The extraordinary concentration of very flourishing trees and entirely dead 
trees in patches led me to the explanation given above. In such patches of 
dead vegetation I cannot recall seeing any that had escaped death, such as 
one would expect if localized cracking were responsible. According to their 
distribution.the deep-rooted trees tended all to be dead, dying, or reasonably 
healthy or flourishing. For the foregoing reasons I am inclined to think that 
water percolates eastward, and that Bagnold's well-reasoned alternative 
explanation of the living and dead trees (Geogr. J., vol. 82, I933, p. I 15) need 
not be adopted. 

The rahad 

During the rains there are considerable pools of water in the upper part of 
Wadi Hawa and its tributaries which merit the definition of turda, lake: of 
these Lake Undur is the largest; Boulnois reports that it dried up in May, 
and that thereafter digging produced no water. Along its course, as already 
described by Grossard (ibid.), pools, or rahads, lie in slight depressions for a 
while after rain. South of the wadi similar sheets of water, impounded among 
stabilized dunes or in rock-hollows, provide for the wants of flocks in increasing 
degree south of a line running approximately from Furawiya to Malha. 
Probably all of them are dry by the middle of October and tumuds take their 
place. Many of them are indicated between rains by flat pans of brick-red 
mud, surrounded by thriving acacias and other bushes which are usually a 
little above their level. Shrubs and grasses may grow on the pans, but are very 
frequently lacking. The perfection of the mud film, and, I believe, water- 
logging or the salinity of the water when it is drying up, seem to hinder coloni- 
zation. Moreover the next rains, by filling the rahad, drown and kill the greater 
part of such growth except near the margins of the area covered by water. I 
think many published photographs of the "encroaching Sahara" illustrate 
this drowning process and not encroachment. I know of no true rahads north 
of Wadi Hawa. 

Water in sand-dunes and pans north of Wadi Hawa 

At certain points north of Wadi Hawa in the great sea of undulating, partly 
stabilized, sand we found patches of large acacia trees. In some instances the 
trees were dead and had been cut away by sand-blast, in one place a thriving 
"oasis" was encountered. Thus a patch of very large acacias was noticed just 
south of lat. I8? N. on our way from Murdi to Guroguro, and the question of 
their water supply arises. They were situated among rolling sand-dunes 
between 620 and 626 metres above sea-level: the Wadi Hawa at its nearest 

point is 574 metres but almost due south of the patch stands at 642 metres, 
and is about 80 and Ioo miles distant respectively. The wadi is unlikely to 
have been the source of supply: if it had been similar patches, in more flourish- 

ing conditions, should have been found in increasing number in hollows as 
the wadi was approached. Instead, we met only the remarkable "oasis," with 
thriving trees, about 17 miles north of the wadi but about 60 metres above its 
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level (701 metres and 642 metres). A feature of this patch was a red mud-pan, 
as in a rahad, with blown sand below and stabilized dunes around it. Probably 
all such vegetation is kept supplied by the small amount of annual rain (less 
than 5 inches) and the mud-pan may serve to protect from evaporation water 
that falls in the hollow or percolates under it from the surrounding dunes. In 
none of the above is there any prospect of obtaining water at any rate till the 
Nubian Sandstone is reached. The conservation of rain-water in the lower 
parts of dunes, and its availability in hollows among them, is discussed by 
Dr. W. F. Hume in his 'Geology of Egypt,' vol. i, I925, pp. 55, 78. 

These observations are not without significance when we consider another 
line of traverse, from the north side of Wadi Hawa in about I7? N., 25? 45' E. 
northward for about 60 miles, i.e. the district of the supposed W. Shekaya. 
Over a large part of this distance we found mud-pans, surrounded by old 
sand-dunes and occasional outcrops of sandstone, with desert plants such as 
tundub, hadh, sellim, growing luxuriantly. Pans and plants die out towards 
the north, but in many of the pans, and in the north side of* Wadi Hawa, I 
found small shells that cannot live indefinitely without water.I They were not 
found in the acacia-patches described above, yet they occur here, appreciably 
nearer the outer limit of rain, and at lower levels-between 574 and 56I metres, 
some of the pans probably being slightly below 550 metres. For this form of 
life to occur only in the low regions remote from rainfall, whereas they are 
absent where rain is more likely, suggests to my mind a northerly transmission 
of ground water from Wadi Hawa. 

In the arid regions to the north small mud-pans, in or near which tundub 
and other bushes survive for many years without water, occur on the high 
ground. We saw them in the plains around 'Uweinat and they were particu- 
larly noticeable on the high plateau of siliceous sandstone that we traversed 
between Merga and Laqiya, but all were empty and dry. If however this high 
ground is followed towards 'Uweinat we can readily understand the report 
of Bir Hamra given by Hawawir Arabs and the Bedai guide Bidi Audi quoted 
by Newbold (Sudan Notes and Records, vol. xi, i928, footnote, p. i88). This 
source is located 30 miles south of 'Uweinat, i.e. 600-700 metres above sea- 
level, in "cotton soil" with water at 2 feet. Bidi's caravan watered I68 camels 
at it in the winter of 1915. This evidently was a substantial supply, but if 
we treble Bidi's estimate of distance the site would still appear to be more 
than oo00 metres above the known water table of Merga and the adjoining 
oases. "Cotton soil" no doubt refers to mud-pan, which is probably indicated 
also in Bidi's choice of a name: hamra means red. This, at such an altitude, 
was certainly a surface supply, and purely temporary unless, as has been 
suggested, there is a very deep hollow or volcanic crater here, as at Malha. 

To conclude our list of surface and shallow sources of water mention should 
be made of the collecting of temporary pools such as that of the "false oasis" 
of Jebel Hadid, in the Jef-Jef plateau between Tekro and 'Uweinat, described 
by Bagnold (Geogr. J., vol. 82, 1933, p. iio, and illustration opp. p. 215). 
Here occasional showers of rain provide water which runs down opposing 

I Major M. Connolly kindly identified these for me: Bulinus strigosus (Mts.), Planorbis 
pfeifferi Krs., P. stanleyi Smith, Melanoides tuberculata (Mull). These and others 
will be the subject of a separate report. 
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cliff-sides, transporting sand, gravel, and stones. Broad fans of talus are 
formed with a low angle of repose: the cliffs remain uncovered by debris. 
Blown sand is perpetually being added to the hollows between cliff-sided 
sectors of the plateau. Surplus run-off water lies in these depressions for a 
while after showers or storms and saturates the lower parts of the sand and 
gravel. As a source of water such pools are ephemeral, but in the example 
mentioned above a pool had lasted long enough for the brackish or freshwater 
shell, Melanoides tuberculata,I to colonize and multiply exceedingly. It is 
highly probable, in my opinion, that some shells bury themselves deeply in 
still damp sand and gravel and remain alive until the next storm fills the pool 
and restores them to activity. I believe also that shells survive at some depth 
in W. Shekaya. 
Water-table 

Among the varied sources of water supply south of Wadi Hawa the drawing 
of water from beneath the level of saturation of the solid rock does not occupy 
a prominent place. The involved structure, hardness, indifferent porosity, 
and local variation of the fundamental complex, and the thickness of superficial 
deposits upon it, have limited the use of deep wells. When Nubian Sandstone 
covers the complex, water may be expected above the contact, and, as already 
noted, springs are thrown out between the two in Malha Crater, which pene- 
trates below the water-table. North of the Wadi Hawa the surface of the 
complex sinks, and is everywhere covered with Nubian Sandstone. We are 
thus introduced to that great hydrographic province of the Libyan Desert, 
the subject of Dr. John Ball's papers in this Journal.2 At the time of his first 
paper the limits of exploration from Egypt were Sarra Well, SSW. of Kufara, 
and Merga, in the centre of the southern part of the desert. Hassanein Bey 
had accomplished his journey from the Mediterranean through Kufara, 
'Uweinat, Erdi, Ennedi to Darfur, and about the same time (I927) Newbold 
and Shaw visited Bir Natrun (where Newbold had been in I923), Merga and 
Selima. The many aneroid observations collected during the last-named 
journey are of the greatest value. In I932 we completed the reconnaissance 
from Sarra to within sight of Tibesti and then to Tekro on the one hand, 
and on the other revisited Bir Natrun, Merga, Selima, and went to the Laqiya 
springs. The region of Nubian Sandstone between Meidob, the Wadi el 
Melik, and the Nile presumably forms a part of the Libyan hydrographic 
province, and its underground water supply remains to be studied in detail. 

The Map 
From available sources 3 I have attempted to produce a contoured map of 

the southern and south-western parts of the desert, coupling it first with Dr. 

I With a few freshwater snails, Planorbis herbini Bgt. The relation of water to these 
hollows between bare cliffs may be usefully contrasted with the comparatively rich 
valleys of, for example, the Nuba Mountains, between scantily vegetated hills. 

2 Geogr. J., vol. 70, 1927, pp. 21-38, 105-I28, 209-224; and vol. 86, I933, pp. 289- 
314. 

3 Mentioned in the text; especially Ball (1927), Newbold and Shaw (1928), Dr. 
Ball's remarks in this paper and in Hassanein Bey's (1924), Grossard, the French maps 
I/M (1927) and I/5M (193I), War Office G.S.G.S. 287I I/2M (I928), Beadnell (193I), 
and P. A. Clayton, Geogr.J., vol. 8I, 1933. 
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Ball's map, and, after its completion, with the i/M sheets newly published 
by the Survey of Egypt. Altitudes based on the I932 journey are derived 
from Shaw's observations with interpolated inter-camp readings of my own, 
correlated with Shaw's three times a day. Upon this I have superimposed 
the outcrops of the ancient complex as mapped in 1932. Mr. G. W. Grabham 
has given me details of the exposures in northern Darfur, Kordofan, and 
Dongola. With the exception of the volcanic rocks, the whole of the rest of 
the territory is known or presumed to be made of sandstone. The sandstones 
of 'Uweinat, Erdi, Ennedi include Palaeozoic as well as Nubian (Cretaceous) 
rocks, but it is not clear that the variations of dip and strike among them affect 
the flow of water. The rocks of the ancient complex, although they may not 
affect static level, certainly are for the most part poor water-bearing and water- 
transmitting rocks.' It is clear from the map that a ridge of sandstones runs 
from 'Uweinat towards Erdi, and, in terms of topography, we may speak of 
the Sarra corridor, which connects Kufara with the Chad Basin via Tekro-a 
most important physiographical factor. On the east side of the 'Uweinat- 
Erdi-Ennedi ridge is the basin-shaped southern end of the sandstone outcrop, 
which, farther north, dips under younger sediments and supplies Kharga 
and Dakhla with artesian water. I think we must keep these two units clear 
in our minds when we consider problems of water supply. 

Determinations of water-level 
The following figures have become available in recent years: 

(I) Sarra corridor between Chad Basin, Kufara, and the north 
Col. Tilho's paper in this Journal provides much valuable information 

(vol. 6i, I920, pp. 8I et seqq.), and a recent official French map gives a number 
of levels, of which the northernmost are quoted here. The height of Tekro 
is given as 420 metres, whereas our determination in 1932 was 448 (see 
Afrique nord. est, feuille No. 2, Service Geographique de l'Armee, Paris, 
I93 I I: 5,ooo,ooo). The height of the water at Sarra is still open to question. 
Prince Kemal el Din stated that it was reputed to vary within 20 metres, and 
gave the figures 390-4II metres. In 1932 the water was I95 feet from the 
surface of the well and we determined the ground-level to be 1723 feet, 525 
metres above sea-level, and the water therefore at 466 metres. This is a major 
discrepancy that remains to be cleared up. In the following list the figures in 
brackets are alternative determinations discussed above. With the exception 
of Sarra and Bishara, the sources are natural pools or lakes with expanses of 
salt, the water in many being more or less sulphurous (as at Sarra), in some, 
as at Tekro, a foot or so of sand or salty "pan" covers the whole area. Well- 
sites near the hills which may be supplied by superficial run-off are omitted. 
Bogar, at the western end of the Murdi Depression, is included provisionally. 

I For geology see Abstracts of Proceedings of the Geological Society of London for 
27 June 1934. For outcrops of the ancient complex remote from route of 1932 see 
i/2M Geological Map of Egypt, 1928; H. J. L. Beadnell, Geogr. J., vol. 77, 1931; 
Denaeyer, in 'Atlas des Colonies francaises,' I932. I am very much indebted to Mr. 
G. W. Grabham for tracings of the outcrops in the Sudan which he had made for me. 
For some indications of distribution of sand dunes, etc., see map in Geogr. J., vol. 82, 
I933. 
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The altitudes of some salt-pans which yield water, and from which salt is 
dug, are lacking. 

Kuruadi' .. 
Kishikishi .. 
'Ein Galaka 
Faya .. 
Bokalia 
Yarda .. 
Kurudi 
Unianga Kebir 
Unianga Serir (? Saghir) 
Madadi 
Umm el Adam 
Guro 
Jikjik ... 
Tekro (420) ... 

Bogar (Murdi) 
Sarra (390-41I) 
Bishara I 

Kufara (Awadel) 
Kufara (Ezeila) 

Metres. 
,. .. ... .. I85 

.. .. .. .. 205 
.. .. .. .. 215 

.. 215 
.. .. .. .. 255 

.. .... 275 
.. .. .. .. 294 

....... * 345 
.. .. . . . 360 

..... .. 365 

.. ... .. 380 
........ 395 
..~.... ~.. 410 

... . .. - .. 448 
....... . 495 

... 466 
........ 432 

..*.. 434 
.. .. . .. 389 

I am inclined to think that Sarra is virtually at the highest point attained in 
this region by the Libyan Desert water table. Dr. Ball has expressed the opinion 
(Geogr. J., vol. 70, 1927, pp. IIo-II7) that the water may be percolating 
water from a more or less local rainfall, conveyed by higher-lying permeable 
strata than those which contain the supplies of Kufara and of the Egyptian 
oases. He suggested that, as the static level should lie here at about 500 metres, 
a better and more stable, even overflowing artesian, source of water might be 

tapped by deepening the well. But a reconnaissance westward has shown 
that Sarra lies on the NE. side of an anticlinal or dome-structure, and that 
the beds fall away in dip and altitude towards Tibesti and Tekro. It is there- 
fore unlikely that the water table rises to 500 metres in this region. It seems 
that Sarra, with its warm and sulphurous water, and Tekro belong to the 
northern Lake Chad province, so far as water table is concerned, and that the 
former is on the boundaries of this and of the Kufara-Libyan Desert province. 
On the map therefore I have ventured to show these relations by contours 
of static water-level. The line Tekro-Sarra-Bishara-Kufara suggests that 
the 500-metre static water contour bends sharply round the north-west flank 
of the Erdi-'Uweinat high ground. 

(2) Southern Libyan Area 
The following records for Bir Natrun (El Atrun), Merga, Laqiya, Selima, 

are quoted by Bagnold (Geogr. J., vol. 82, 1933, p. 228), most of them 
derived from Dr. Ball's work, from Dr. Ball's computations of Newbold and 

I Bruneau de Laborie gives the depth of this hand-cut well in solid rock as i xo feet: 
see Illustrated London News, 5 April 1924, p. 579. The surface-level is given as 446 
metres on the 1931 French map quoted above. 
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Shaw's readings, and from the journeys of 1930 and 1932. I have converted 
his figures in feet to the nearest metre, and have added the altitude of water 
in Wadi Husein, near Merga, of the Akasha (Ukma) spring in the Nile valley, 
and some levels given by Ball (I927) and Beadnell in Geogr. J., vol. 77, 
193I, pp. 245-250, as amended on i/M International sheet 1934. The figures 
without brackets are deemed to be the most accurate where alternatives are 
available. 

Bir Natrun (El Atrun) 
Bir Milani 
Bir Natrun . 
Bir Sultan 

Merga (Nukheila) (498-504) 
Wadi Hussein 
Laqiya el Arba'in 
Laqiya 'Umran (333) 
Selima (246-261) 
Bir Misaha (hand-dug well) .. 
Bir Sahra (hand-dug well) 
Bir Terfawi 
Bir Safsaf ...... 
El Sheb .. 
Bir Abu Husein 
Bir Kiseiba 
Bir Murr 
Akasha (Ukma) springs . 
Dakka .. .. 

Metres. 
.. ~.. .. 521 
..... .494 

. . 504 
.. 509 

.. . 497 
..... .. 346 

.324 
..~.... 246 

..250 
. 242 

.. ~.. .. 240 

.. ~.. .. 230 

.. ~.. .. 215 
...... I74 

.. .. .. i66 
.. ~.. .. 154 

... I72 

.... 99 
From the new data thus available I have been enabled (with Dr. Ball's full 

concurrence) to make slight amendments to the courses of the more southerly 
portions of some of the static underground water contours shown on his map 
of 1927, and also to prolong them southward in the Sudan and to supplement 
them by additional static contours in the northern part of the Chad basin. 
The proximity of his estimated levels to those actually measured subsequent 
to the publication of his paper are sufficient indication of the accuracy of his 
forecasting. Dr. Ball's results also seem to answer in the negative the question 
of the Nile supplying water to the Libyan Desert: the contours rise towards 
Ennedi and in particular towards the southern end of that watershed, where, 
significantly enough, Wadi Hawa is situated. The level of the Nile coincides 
with that of Bir Natrun and Merga south of Rejaf on the White Nile and south 
of Roseires on the Blue Nile, near the Uganda and Abyssinian borders respec- 
tively: the altitudes of Laqiya and Selima are met on the Nile near the Fifth 
and Fourth Cataracts respectively.3 The springs of Ukma (Akasha) might be 

I Actual levels of water surface, the readings were taken 6 feet above water, for 
which allowance is here made. 

2 Lepsius stated that the springs were about half-way between low-Nile and the bank. 
I have accordingly assumed them to be about 4 metres above the level of low-Nile at 
Akasha. 

3 These remarks do not refer to water in the Wadi el Qa'ab, near Dongola, a 
depression below the level of the immediately adjacent Nile. See also Dr. Ball's figure 
in Geogr. J., vol. 70, 1927, p. 31. 
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428 SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 

deemed to be Nile water absorbed by the Nubian Sandstone and returned to 
it at this point, but their warm and sulphurous nature (as at Sarra Well) are 
by no means accounted for by such a supposition. On the other hand Dr. 
Hume ('Geology of Egypt,' vol. i, 1925, p. 140) notes that the level of the 
warm spring of 'Ein el Sira near Cairo varies with the height of the Nile. 

Dr. Ball indicated the Erdi-Ennedi highlands as the origin of the artesian 
water of the Libyan Desert and, if my observations on Wadi Hawa and its 
vicinity are correct, we might conclude that Ennedi and the boundaries of 
Western Darfur are the most important sources of origin. Every geological 
advantage for conducting water into the permeable sandstone of the SW. 
Libyan Desert seems to be present. In Ennedi and Erdi the Palaeozoic sand- 
stones are horizontal or inclined gently in N.-S. direction: the Nubian 
Sandstone which lies on their eastern flank has according to my observations 
a slight but distinct easterly dip, and the ground falls steadily with it from the 
hills to Bir Natrun-Merga. 

In the Wadi Hawa basin the ancient complex tends to concentrate run-off 
into the wadi, the alluvial filling of its bed to conduct it to the broad regions 
east of 24? E., and to place it in direct contact with the Nubian Sandstone 
which there flanks the wadi. By these means water is conducted from high 
southern regions of distinctly heavy rains to the permeable beds of the arid 
plains. The situations of the oases themselves are directly related to the 
incidence of wind erosion upon the varied rocks of the Nubian Sandstone, 
influenced also by structure, dip, and strike. The Bir Natrun water-holes lie 
at the foot of a N.-S. scarp, which stretches in the direction of Merga. As we 
approached the former from the west we were ascending a well-defined suc- 
cession of Nubian Sandstone strata dipping E.-SE. Both at Bir Natrun and 
Merga soft sandstones in the series have been deeply eroded by wind, causing 
scarps to form, and to recede: the soft beds have thus been revealed at greater 
depth down the slight dip-slope. Many miles of the more resistant bed below 
the weak member form a featureless plain west of the oases. There is no sign 
that Merga-Natrun mark either anticline, syncline, or fault. Between Merga 
and Laqiya the Nubian Sandstone dips slightly E.-SSE. or is slightly undulat- 
ing, few striking features occurring till small anticlinal crests, broken by 
denudation, make their appearance about 30 miles south-west of Laqiya el 
Arba'in, increasing in frequency till the Laqiya water-holes are reached, 
situated between rolls or anticlinal flexures. 

Laqiya 'Umran is entered from the ESE. by a defile between high sandstone 
cliffs, which open out unexpectedly to reveal the water-hole in the middle of a 
broad depression. The route of entry lies in fact along the crest of an anti- 
clinal roll with E.-W. or ESE.-WNW. strike: the water is in the centre 
where the core has been laid bare by denudation. Dips suggest that the 
structure is pitching slightly to the ESE. revealing lower beds in the series 
as one goes westward. 'Umran is thus situated near the foot of the scarp 
formed by the "raw edged" east end of the roll. As we go westward we cross 
the broad flank of an associated undulation or roll with trend about NW.-SE. 
Accordingly the cliffs fall back into a broad bay, stretching northward almost 
at right angles to the 'Umran depression. Again the water is found near the 
point at which the water-bearing bed emerges from the foot of the scarp. 
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The overlying beds can be traced in the scarps from one well to the other, and 
the opposed undulations traced. At the point at which the strike changes 
from about ESE.-WNW. to about SE.-NW. the north scarp is at its lowest, 
is least tilted, and least broken. This is almost midway between the two wells 
and affords a poor route for cars: the only alternative routes seem to me to 
make a wide detour round the whole of the folded structures, since the scarps 
are precipitous. The Laqiya wells, with their superficial deposits around 
them, seem to show that locally the water table is modified by structure, by 
the degree of folding of the optimum water-bearing strata (with associated 
impermeable beds). Midway between Laqiya and Selima northerly dips 
predominate. Selima again introduces marked dips, deep erosion of soft 
members of a tilted series, scarp formation, and revelation of water at the foot 
of the scarp. Scouring elsewhere in the vicinity must have approached so 
close to water-level that shallow boring would almost certainly produce water 
if required. North and north-east of Selima the inclinations of the beds, 
though gentle, suggest the presence of broad anticlinal flexures with axes 
running about ENE.-WSW. or almost E.-W. 

It emerges that all the oases of the southern Libyan Desert, north of Wadi 
Hawa, are intimately connected with disturbance of the horizontality of the 
Nubian Sandstone, and that water-level is reached in such areas by differential 
erosion of (a) anticlinal rolls, (b) soft members of a dipping series of beds. 
Faulting appears to play no part here, though it enters into the scheme of 
things in Kharga. The wide differences of level in the Bir Milani-Bir Natrun- 
Bir Sultan group is, I think, explained by Dr. Ball's conclusion (appendix to 
Newbold and Shaw's paper, Sudan Notes and Records, vol. xi, 1928) that the 
highest recorded level is the most accurate. In other words, two of the wells 
and their salt-pans are considerably below the top of the water table. Inter- 
digitation of white sandstones and white shales and clays (virtually imper- 
meable) which I noticed in 1932 in the Nubian Sandstone in this locality, and 
northward to Merga, tends to split the water-bearing beds into upper and 
lower layers. 

To conclude: while I do not propose to enter the lists of the Zerzura dis- 
cussion, I think we can reasonably make the following deductions: 

(I) In the south-west the country of the so-called Wadi Shekaya, especially 
near Wadi Hawa, would, I am confident, yield water at slight depth, and after 
rain an additional supply, held up in the sand and pans, might be expected. 
I think traditions of water in this district are founded on fact. 

(2) This line of probably fruitful ground may be continued northward of 
Merga on its west side. Reports of water here, e.g. by Newbold, in Sudan 
Notes and Records, vol. xi, 1928, pp. I87-I89, gained from Hawawir Arabs 
and from the guide Bidi Audi, may well be correct.' Probably the water-holes, 
whether now open or sanded up, were, or are, tapping the water table. The 
only travellers who have passed this ground in the critical part are Prince 
Kemal el Din and Dr. Ball. The results were by no means finally negative. 

1 I.e. Bir Bidi, found by Bidi Audi (sometimes called Wad Awad) in 1904, not 
to be confused with his Bir Hamra or with the well found in 1931, 5 miles west 
of Jebel Kashafa, Bir Natrun; see Newbold, Geogr. J., vol. 72, 1928, p. 551, and 
Anthony Arkell, Sudan Notes and Records, vol. v., I922, p. 133. 
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Much of the country adjacent to 26? E. between 17? N. and 20? N. lies at about 
560 metres, so far as we yet know, and, according to my estimate, is as low 
as 550 metres in Wadi Shekaya. Static water-level is evidently at 500 metres 
between Wadi Hussein and Merga, but is as high as 52I metres at Bir Milani. 
As the static level is rising steadily westward there is good reason to suppose 
that the difference in altitude between surface and static water contours is 

very small in Wadi Shekaya. If moreover water is passing northward in this 
locality from the Wadi Hawa, as I believe it to be, the water table is likely to 
be yet nearer the surface. Therefore I think it is improbable that available 
water is more than 90 feet below the surface and probable that it is within easy 
digging distance-perhaps 20 feet or less in hollows. The mysterious well of 

Teigo may represent its appearance at surface. With the present knowledge 
of both types of contour the hunt for lost oases can be narrowed to certain 
predicted areas. 

(3) Geological structure may be responsible for the flow of true water- 
holes, as in Laqiya and Selima, in certain circumscribed districts not yet 
thoroughly searched. In my opinion a search of the country west and 
south-west of Laqiya and south of Selima might yet produce other natural 
sources. Farther afield, the Nubian Sandstone east of Tibesti may contain 
such springs on or very near the surface, and there is hearsay evidence to 
that effect. 

Summary of Sources of Water 

The following summary may be useful. Storage of water in tanks and other 
purely artificial means such as the filling of hollowed tebeldi (baobab) trees 
with water are omitted: such methods are employed in the more densely 
populated areas between El Obeid, El Fasher, and the Bahr el 'Arab. 

Country south of Wadi Hawa. 
I. Surface flow of khors and wadis, tor- 

rential during rains, gradually sub- 
siding to tumuds. 

2. Rock pools, especially in Granite and 
Gneiss country and volcanic hills. 

3. Rock pools with superficial deposits as 
reservoirs. 

4. Wells sunk in rotted granite, etc. 
5. Springs flowing into volcanic craters. 
6. Fulas (artificial). 
7. Tumuds, also lined wells. 
8. Rahads in goz (stabilized dunes) or in 

hollows of superficial deposits. 

9. Pools and rahads on slightly permeable 
rocks. 

IO. (?) 

I. Springs supplied by underground 
water. 

Southern Libyan Desert. 
See discussion of Wadi Hawa: 

otherwise occurs only after rare 
storms. 

Occur in the hills of the continental 
watershed. 

As above. 

See I, above. 
Pans among dunes, water rarely 

available: rare temporary pools 
in broken country. 

Ephemeral. 

Rainwater held up in superficial 
deposits above subjacent water- 
table (pools after rains). 

Surface of ground below static 
water-level, oases. 
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SOURCES OF WATER IN THE NORTH-WESTERN SUDAN 431 

I2. Feasible in extensive areas of Nubian Digging of wells to underground 
Sandstone, special difficulties in water-level. 
Granite and Gneiss country. Shallow 
wells locally draw water from lower 
part of stabilized dunes where resting 
on impermeable platform. 

I wish to record my indebtedness and sincere thanks to Dr. John Ball for 
reading a draft and the typescript of this paper, for criticizing it in detail and 
giving me much valuable advice, and to Mr. G. W. Grabham for making 
much of the work possible and for enabling me to see some of the sources 
under his guidance in the field. 

Postscript.-Mr. C. G. T. Morison has recently observed in the Bahr el 
'Arab and neighbouring regions that acacias cannot live in the hollows filled 
with black cotton soil. The ample rains cause the hollows to be waterlogged 
annually for considerable periods, and only grasses grow in them. Acacias 
flourish on the neighbouring sandy slopes and rocky ground. Far from the 
dead trees of Wadi Hawa and of the red pans and rahads indicating an 
encroachment of desert, it is clear that they show, as I have suggested, that 
there is locally too much surface water. 
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