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Abstract The major contributions to our knowledge of 
the geological history of the East Saharan countries are 
described. Much work has been published on the history 
and progress of geographical, socioeconomic and archa- 
eological exploration in North Africa. Little attention, 
however, has been paid to the question of how our 
knowledge of the geology of this vast area was developed. 
Thus, even though progress in geology is vital to the 
development of Saharan countries, little has been recor- 
ded of this progress. Without an understanding of 
regional geology and without a good knowledge of 
groundwater, mineral and petroleum potentials, these 
countries would be in very different situations today. The 
author has, over the last 35 years, been involved in 
scientific research and exploration of petroleum, mineral 
and groundwater resources in Libya, Egypt, Sudan and 
Chad. 
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Introduction 

Present day knowledge about the geology of the Eastern 
Sahara regions developed from many different roots. To 
some extent, the history of geological exploration in the 
Eastern Sahara reflects the development of geoscientific 
knowledge in general, but initially it was clearly over- 
printed by the motives of colonization and the commer- 
cial interests of the industrialized nations. These influen- 
ces are still visible in the internal structure of the different 
African national geological surveys and universities. In 
Egypt and Sudan, for example, hard rock geology is still 
the dominating topic because, during colonial times and 
in the early years of independence, mineral prospecting 
was greatly emphasized. Although the national surveys 
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had a continuous interest in Precambrian geology, they 
did not use the modern methods of plate tectonics and 
petrology which led to a satisfactory understanding of the 
geological consolidation of the East Saharan countries. 
This was achieved mainly through the efforts of scientists 
in African, American and European universities. 

A systematic understanding of the geological history of 
the sedimentary sequences overlying the consolidated 
basement rocks first began in Libya, and it was initiated 
by exploration for oil. Oil companies used modern 
geophysical methods and had the financial means for 
exploring large areas. These companies also had the 
advantage that modern methods of sedimentology, stra- 
tigraphy, basin analysis, geophysics and remote sensing 
were already more or less developed. As a result, most 
sedimentary areas in Libya, Chad, Sudan and Egypt have 
been well explored by oil companies and scientists from 
different universities. In some areas of the Eastern 
Sahara, the availability of data and facts, as well as their 
interpretation, is better than in large areas of Europe. 
This is true for the Sirte Basin of Libya and the Gulf of 
Suez area. On the other hand, north-eastern Chad and 
bordering areas in Libya and Sudan are poorly explored. 
Major problems of the Proterozoic consolidation of the 
Eastern Sahara and its influence on structural processes 
during Phanerozoic times, however, are now well under- 
stood. The palaeoclimatic history of Late Pleistocene and 
Holocene times is also fairly well reconstructed. More 
over, due to excellent exposures, the Eastern Sahara 
remains a very favorable area for studying the principal 
problems of geology. 

Until the middle of this century, however, serious 
scientific attention was not focused on one of the vital 
geological factors of East Saharan countries. This factor 
is the understanding of groundwater and its relationship 
with the geology and the late climatic history of this vast 
and remote area. Hard rock geologists were not interested 
in groundwater problems. In Egypt, oil exploration and 
the understanding of basin development had mainly been 
restricted to the Gulf of Suez area, which is not a major 
groundwater province. In Libya, Chad and Sudan, oil 
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exploration started only in the last half of this century. At 
the same time, intensive use was already being made of 
groundwater in practically all Saharan countries. In several 
areas groundwater was exploited without the scientific 
background necessary for the responsible management of 
these resources. One reason for the obvious drawbacks in 
this essential matter was the lack of coodination. In most 
countries concerned, no institute or organization coordinat- 
ed the progress made in regional geology and palaeoclimato- 
logy with the problems of hydrogeology. The need to use 
groundwater and to explore the possibilities and the limits of 
its exploitation results mainly from remarkable increases in 
population. Thus groundwater and its geological and 
ecological background remains a very important issue. 

Early geological observations 

In ancient Egypt, knowledge about mining, mineral 
resources and the use of construction materials was well 
developed. Little of this knowledge, however, has been 
recorded and handed down to modern times. The recon- 
struction and documentation of ancient Egyptian activities 
is now in the hands of archaeologists and geologists (Klemm 
and Klemm, 1992). Scientific interest in Egypt in modern 
times began with Napoleon's expedition to Egypt 
(1798-1801) and with the publications of the many 
scientists who accompanied him. The Description de 
l'Egypte contains, in volume two, the first map of the 
Eastern Desert of Egypt (Said, 1990). By 1798, F. 
Hornemann (K6nig, 1802) had travelled from Cairo to 
Murzuk in Central Libya and gave the first realistic 
description of the large basalt plateau of Gebel Haroudj in 
the Fezzan (Fig. 1). He also described the marine limestone 
formations in the area. Hornemann, like many other 
explorers after him, was backed by the African Association 
(founded in 1788 by J. Banks) and he was also helped by 
Napoleon. Between 1836 and 1838, J. Russegger underto ok 
a number of journeys to different parts of Egypt and Sudan 
and published the first geological map of most of Egypt 
(1842). This map differentiated basement complexes from 
Cretaceous and Tertiary formations. Russeggger named and 
mapped the clastic sediments 'Sandstein von Nubien und 
dessen Mergel' and placed these sediments in the Lower 
Cretaceous. This map was later reproduced by W. F. Hume 
(1934). Russegger's pioneering work ironically became 
a burden, because in north-east Africa and parts of the Near 
East his 'Sandstein von Nubien' began to be used for most 
strata underlying marine Upper Cretaceous Sediments 
regardless of its age and facies. Only recently was this 
nomenclature problem unravelled (Klitzsch and Squyres, 
1990). 

In 1850 the young geologist A. Overweg (1851) travel- 
led with H. Barth from Tripoli through Fezzan to the 
Lake Chad area. Reports and fossils from the first part of 
his journey were sent back from Murzuk to Berlin. They 
include the proof and documentation of marine Palaeo- 
zoic formations in southern Libya. Other well known 
journeys of that time through Libya to Chad, Sudan or to 

the Tibesti Mountains (for example, G. Nachtigal 
1869-74) were very informative with regard to geo- 
graphical and ethnological aspects, but contributed little 
to our early knowledge of the geology of these regions. 

It is interesting to note that the only journey of the well 
known explorer G. Rohlfs, which was very successful from 
a geological viewpoint, received little credit otherwise 
(Rotberg, 1970): on Rohlf's expedition to the Western 
Desert of Egypt (1874-75) he was accompanied by the 
palaeontologist K. v. Zittel, who is considered to be the 
founder of modern Egyptian geology (Said, 1990). His 
achievements included the first reliable geological map 
(scale 1 : 300 000) of the northern parts of the Western Desert 
of Egypt, together with the detailed subdivision and 
documentation of strata of Late Cretaceous and Tertiary 
age. Zittel also collected, identified and published very 
valuable palaeontological material (Zittel, 1883). 

At this time, G. Schweinfurth (1864; 1910) had under- 
taken a number of travels to remote parts of Egypt and 
Sudan. For more than 50 years he was the central figure of 
the early phase of exploration of geology and natural 
history. Schweinfurth influenced many other scientists. 
K. v. Zittel made extensive use of his experience as did 
J. K. Walther, who published in detail the palaeontology 
and stratigraphy of the Carboniferous ofWadi Araba and 
the reefs of the Gulf of Suez area (1888; 1890), and also on 
the general characteristics of desert formation (1900: 
'Das Gesetz der Wfistenbildung'). Until the outbreak of 
World War 1, G. Schweinfurth remained the initiator of 
geological research in Egypt. He founded the Geographi- 
cal Society of Egypt and he was president of the Institut 
d'Egypt (founded by Napoleon) for many years. 
Schweinfurth created the scientific atmosphere for the 
systematic exploration of geology in Egypt and Sudan 
which began with the foundation of the Geological 
Survey of Egypt in 1896 under H. G. Lyons. 

Beginning of systematic geological exploration 

As the period of individual, but rather unco-ordinated, early 
geological observations ended in Egypt and was replaced by 
a more systematic approach, Libya, Chad and most of 
Sudan remained largely unexplored geologically. 

In Egypt it was mainly the Geological Survey which 
initiated geological fieldwork. Most important was W. F. 
Hume with his voluminous books on the geology of Egypt 
(1925-65) and his 1:l million geological map of Egypt 
(1912). Much of Hume's work was based on the publica- 
tions of scientists such as J. Ball, M. J. L. Beadnell, 
M. Blanckenhorn, R.Fourtan and other workers from 
the period of early geological observations. 

The following decades, until the Egyptian revolution in 
1952, were characterized by the accumulation of detailed 
knowledge along the Nile Valley, the desert oases and the 
Gulf of Sinai area. The activities of university geologists, 
geologists from the Suez Canal Company and oil comp.a- 
nies added valuable information to the regional picture of 
the areas investigated, but large regions, especially of the 
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Fig. 1. Travel routes  o f  some  of  the  i m p o r t a n t  early explorers 

Western Desert of Egypt, remained little known. Excep- 
tions are the results of the travels of Prince Kamel el Dine 
(1925-26) to Gebel Uweinat and to other very remote 
areas, from which N. Menchikoff (1926), among many 
other geological observations, reported the existence of 
Carboniferous strata. Other important journeys were the 
expeditions of R. A. Bagnold and K. S. Sandford during 

the early 1930s, which brought back the first information 
on many stratigraphic questions and on many other 
aspects of geology, including hydrogeology, from the 
so-called Libyan Desert in southern Egypt, n o r t h -  
western Sudan and the Ennedi Mountains in Chad (Sand- 
ford, 1935). Bagnold's The Physics of Blown Sand and 
Desert Dunes, resulting from this and other journeys, 
became a classic (Bagnold, 1941). 

After 1952 the Geological Survey of Egypt began 
intensive efforts to back the attempts of industrialization 
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of the Nasser administration by exploring mineral deposits, 
such as the iron ores of Aswan and Bahariya, the phosphate 
deposits of the Upper Nile Valley and many other potential 
mineral and industrial resources. At the same time, extensive 
exploration for groundwater was carried out in parts of the 
Western Desert, unfortunately without adequate investiga- 
tions into the geology of its basins. The overall geological 
knowledge of that era was published by R. Said in his well 
known book on the geology of Egypt in 1962. Later, an up 
to date geological map (1 : 2 million) with explanatory notes 
(Said 1971) was added. These works were just in time for 
a new generation of geologists who, under the influence of 
R. Said and several others, began to complete and 
modernize the picture of the geology of Egypt. 

In Libya, sudan and Chad, systematic exploration 
began much later than in Egypt. In Libya, it was mainly 
due to the pioneer work of A. Desio (1939; 1950) and 
a number of other Italians who had travelled over all of 
Libya for two and a half decades. Desio created the first 
framework of Libyan stratigraphy. Much of it was 
documented in several volumes of the Annali del Museo 
Libico di Storia Naturale between 1939 and 1940. Before 
oil exploration began in the 1950s, the work of Desio and 
co-workers was completed in certain areas by several 
Franch geologists during the period of French occupation 
of the Fezzan. Geologists such as P. Bellair (1944), J. M. 
Freulon (1951) and M. Lelubre (1952) were originally 
influenced by C. Kilian and other geologists who had 
explored Algeria during the 1920s and 1930s. Except for 
R. Pfalz (1938) and G. Knetsch (1950), contributions 
from German scientists were rare in this early period of 
systematic exploration in Libya. As much as the establish- 
ment of a first framework of Libyan geology was the work 
of Desio and other mainly Italian geologists and palaeon- 
tologists, the beginning of the next phase, oil exploration, 
was under the influence of French efforts in Algeria. By 
then, some of the surface geology of northern Libya and 
the western parts of Fezzan was fairly well understood. 
However, the subsurface geology of the large basins in 
southern and central Libya, which were to become 
economically so important to Libya, was still unknown. 
The Sirte Basin in Libya in particular was to yield vast 
amounts of oil and gas. 

The geology of northern Chad was first explored and 
documented in the 1950s by a group of French geologists 
who came to this area to extend their experience from 
Fezzan in Libyan and other areas under French influence 
in North Africa. The group worked for the Direction des 
Mines et de la G6ologie of French Equatorial Africa in 
Brazzaville. In 1958, R Wacrenier published a geological 
map (1 : 1000 000) of the Borkou-  Ennedi - Tibesti area, 
which subdivided the Palaeozoic strata and also gave 
detailed interpretations of the Precambrian sequences 
and the young volcanic series of Tibesti. The team was 
accompanied by prominent geologists such as J. M. 
Freulon, A. Bonnet, B. Geze and R Vincent. In contrast 
with Desio and his collaborators, who had to work 
without reliable topographic maps, the French group in 
northern Chad already had access to air photographs and 

photo-mosaics, which allowed much more detail in 
regional interpretation. Both groups were the direct 
precursors of the era of oil exploration in Libya and 
northern Chad. 

The only valuable geological information before this 
early French period of systematic exploration on north- 
ern Chad came from M. Dalloni (1934) and his expedition 
to Tibesti in 1930-31 and from the above-mentioned 
K. S. Sandford's travels to the Ennedi Mountains and 
the Mourdi Depression in north-eastern Chad, where 
he proved the existence of fossiliferous Palaeozoic 
strata. 

Sudan, like Egypt, attracted numerous gold and miner- 
al prospectors during the Egyptian-  Sudanese collabora- 
tion. These prospects came mainly from Egypt and 
followed traditional travel routes along the Nile and to 
ancient mining places for gold, copper and iron. In 1905 
the Geological Survey of Sudan was founded. T. Barrow 
was the first head. This survey produced many reports, 
mainly on prospecting possibilities. Only a few of them 
were published, and attempts to understand the regional 
geology of this very large and partly remote country were 
rare. The Geological Survey mainly followed contempo- 
rary traditions of other British-dominated surveys whose 
aim was to explore mineral resources without paying 
much attention to the scientific background and aspects 
of regional geology. A first general account of Sudanese 
geology was published in 1948 by G. Andrew, ironically 
in a book on Sudanese agriculture. 

As a result of the major interest in mineral resources in 
Sudan during this first period of exploration, far more 
attention was given to basement geology than to the geology 
of the sedimentary cover. For the latter, Russegger's 
subdivision of the sedimentary rocks became a burden. On 
the first geological maps of Sudan, marine Palaeozoic and 
Mesozoic strata and even an extensive limestone plateau of 
Early Tertiary age (Gebel Abiad) was placed in the so-called 
Nubian Formation. This tendency was the same in the early 
exploration periods in Egypt, Libya and Chad, but in the 
Sudan it was more persistent and lasted longer than in the 
other countries. A. J. Whiteman's book on the geology of 
Sudan (1971) summarizes the knowledge of that time, and it 
shows the tendencies of the beginning of a new era of 
exploration. By the 1960s the Geology Department of the 
University of Khartoum had become an influential factor. 
People such as D. C. Almond, A. J. Whiteman and later 
J. R. Vail brought much progress towards an overall 
understanding of the geology of the Sudan. They also 
encouraged several Sudanese geologists such as Badr E1 Din 
Khalil, W. Iskander, M. K. Kheiralla to undertake scientific 
geological and hydrogeological research. In 1978, J. R. Vail 
published, together with a summary geological report, a first 
geological map (1:2 million) of Sudan. This was followed in 
1981 by a map of the same scale by the Department of 
Geology and Mineral Resources Khartoum [Geological 
Survey, now Geological Research Authority of the Sudan 
(GRAS)]. These maps and Whiteman's book represent the 
knowledge of the geology of the Sudan before the most 
recent phase of exploration. 
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Oil exploration, remote sensing and exploration of university 
groups 

As far as its influence on the present day geological 
interpretation of the East Saharan countries is concerned, 
the last period of exploration began first in Libya during 
the 1950s. At that time Egypt was still actively exploring 
its mineral resources. Oil exploration in the Gulf of Suez 
area and the Western Desert of Egypt was more or less 
isolated from the international scene of geosciences. In 
contrast, Libya opened the country to international oil 
companies, who believed that Libya's vast desert regions, 
with their large sedimentary basins, held good reserves of 
petroleum, similar to Algeria. After little exploration 
success in northern Cyrenaica and western Fezzan, the 
Sirte Basin of Libya was identified by surface geology, 
aeromagnetic and gravity surveys as a good target. 
Within a short time, most areas with any potential in 
Libya were under concession. Large fields were discover- 
ed in the Sirte Basin and production began in 1959. This 
development alone would not necessarily have resulted in 
new approaches in geology outside the direct interest of 
oil companies. It was, however, accompanied by the 
scientific spirit of a number of French geologists such as R 
F. Burollet and D. Massa, together with several Ameri- 
can, Italian and German colleagues who founded the 
Petroleum Exploration Society of Libya (PESL) and who 
produced the first stratigraphic lexicon of Libya (pub- 
lished by R F. Burollet in 1960 and later revised by 
S. Banerjee in 1980). F. T. Barr and A. Weegar (1972) 
added detailed stratigraphic information on the sirte 
Basin. The active PESL organized field trips every year 
and published excellent geological guidebooks. The so- 
ciety also held the first Saharan symposium in Tripoli in 
1963 (PESL, 1963) and actively participated in the 
preparation of a modern geological map (1:2 million), 
which was published by L. C. Conant and G. H. Goudarzi 
in 1964. J. R. Jones (1964) published first groundwater 
maps of Libya in a USGS project. 

The high level of field activity of many geologists 
resulted in a great increase in the knowledge of the 
geology of Libya. At that time, Geologische Rundschau 
published the first modern interpretation of the geology 
of Libya and later a structural analysis of the central 
Sahara. Both were the result of the fieldwork of German 
geologists and their collaboration with European and 
American colleagues (Hecht et al., 1963; Klitzsch, 1970). 
However, it was mainly the spirit of the PESL which 
created a co-operative scientific atmosphere in Libya, 
resulting in many valuable publications, conferences and 
field trips. Fortunately, this spirit was continued by 
Libyan colleagues who during the 1970s took over most 
of the responsibility for exploration and scientific 
research in Libya. After C. Gray (1971), M. J. Salem, 
M. T. Busrewil and several others organized scientific 
meetings in Libya (in 1978 and 1987), which resulted in the 
publication of seven excellent volumes on many different 
aspects of the geology of Libya (Salem et al., 1980; 1991). 

The Industrial Research Centre Tripoli took the re- 
sponsibility of mapping Libya at a scale of 1:250 000 (still 
in progress) and to explore for mineral resources. 
Groundwater exploration came under the responsibility 
of the General Water Authority with the advantage that 
oil exploration had already proved the structural exten- 
sion and depth of potential aquifers (Pallas, 1980). The 
major outcome is the great man-made river project in 
which fossil groundwater from the Kufra Basin and other 
basins will be used for irrigation in coastal areas. The 
positive side of this conception is that irrigation in coastal 
areas, where farming traditions are established and where 
evaporation is relatively low, is more realistic than in 
remote desert areas. However, the question remains open 
as to what extent this project will be feasible over decades 
and whether or not the highly saline groundwater of the 
coastal areas will be lifted by irrigation (as in the Murray 
Basin in Australia), eventually destroying farming. 

Basin areas in Chad and bordering areas of Niger were 
explored by oil geologists shortly after oil exploration in 
Libya began. As early as 1960, B. Plauchut published an 
excellent 1:500000 map with explanatory notes on the 
Djado Basin (southern Murzuk Basin) with detailed 
interpretations and documentations, particularly of its 
Palaeozoic strata. Similar work was carried out by De 
Lestang in the Mourdi Basin in Chad (southern Kufra 
Basin) in the early 1960s (De Lestang, 1965). Not much 
later, G. H. Martin (1978) Convinced American oil 
companies to explore rift structures following the Benue 
graben trend towards the Chad Basin of central and 
southern Chad. These successful activities were interrupt- 
ed by cicil war in Chad during the 1970s and later 
resumed. During the period of interruption, other oil 
companies used similar concepts to explore rift structures 
filled with continental Mesozoic and Tertiary strata in 
Sudan. The results of rift exploration in Niger, Chad and 
the Central African Republic were published by J. Genik 
(1993). 

Most geological field activities took advantage of the 
fact that by this time aerial photographs and photo- 
mosaics were available, which allowed geologists to 
identify problem areas and to reconstruct the regional 
geology better than before. The use of modern geophysi- 
cal methods was another important advantage for the 
reconstruction of structural geology. Remote sensing 
from satellite images, however, was not yet developed at 
this major phase of exploration in Libya and Chad. Egypt 
and Sudan entered this last period of exploration in the 
late 1970s. Modern remote sensing techniques were then 
used extensively. 

In Egypt, the beginning of a new era of exploration 
was largely due to the influence and spirit of C. Squyres, 
who had already backed the scientific activities of the 
PESL. Before his arrival in Egypt in 1974, the country 
had opened large areas for oil exploration, and this 
field of activities came under the influence of open- 
minded Egyptian oil geologists such as M. Ayouti, 
H. Kamel and G. Hantar, and accompanying scientific 
activies were backed by R. Said. Oil companies now 
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resumed exploration over large areas in the Western 
Desert. At that same time, the German Research Foun- 
dation began to sponsor geologists from the Technical 
and the Free Universities of Berlin for work in Egypt. 
Under the author's direction and after some years 
of successful stratigraphical and hydrogeological works 
in the Western Desert during the 1970s, a large research 
group was formed. Its aims were the reconstruction 
of the influence of plate tectonics on the cratonal 
areas of Egypt and Sudan and to establish and up 
to date stratigraphic and sedimentological framework 
for this large area. This mainly meant to subdividing, 
dating and interpreting the many formations traditionally 
grouped under the term 'Nubian Formation'. Another 
aim was to improve our knowledge of groundwater, 
its recharge and its relationship with climatic changes 
during Pleistocene and Holocene times. These studies, 
which now are in the final process, were carried out 
in close co-operation with the General Petroleum Com- 
pany of Egypt which was, for some time, also responsible 
for groundwater exploration in the Western Desert 
of Egypt, with the Geological Survey of Egypt and 
with GRAS (Fig. 2). Colleagues of several Egyptian 
and Sudanese universities became involved in these 
activities. A total of 115 PhD theses were written during 
this period, of which 30 were the work of young 
African scientists. This was the first time that a group 
of geoscientists had tried to reconstruct nearly the 
whole geological history from consolidation in Precam- 
brian times through the Phannerozoic basin and rift 
developments and its mineral aspects to the formation 
of groundwater and Holocene climatic changes. Results 
of these efforts have been published in Berliner Geo- 
wissenschaftliche. Abhandlungen in comprehensive vol- 
umes on the research in Egypt and Sudan (Klitzsch 
et al. 1984; Klitzsch and Schrank, 1987; 1990). Through 
the interest and active co-operation of C. Squyres, 
R. Said, F. List and M. Hermina, a geological map 
of the whole of Egypt (1:500000 in 20 sheets, 1987) 
became an important by-product. This map represents 
the first modern geological map of Egypt (Klitzsch 
et al., 1987). It is the result of fieldwork combined 
with remote sensing and detailed stratigraphic and pe- 
trographic studies, and it is accompanied by explanatory 
notes (Hermina et al., 1989). It was later extended: 
by several sheets (1 : lmillion) to include northern Sudan 
(Jas et al., 1988). Parallel to these investigations, several 
groups of scientists from European and American uni- 
versities, together with Egyptian and Sudanese col- 
leagues, carried out modern sedimentological studies 
(Van Houten et ~tl., 1984) or elaborated concepts of 
crustal accretion and aspects of global influences on 
geological features in Eastern Sudan and Eastern Egypt 
(Stern, 1981 ; Kr6ner, 1985; Morgan et al., 1985; E1 Gaby 
and Greiling, 1988). 

Following suggestions of C. Squyres, R. Said (1990) 
edited a second book on the geology of Egypt. It includes 
contributions from many Egyptian and foreign geologists 
active in geological exploration within the last 

10 -15  years, and it also makes use of data resulting from 
oil exploration in northern Egypt and the Gulf of Suez 
area, including the works of Israeli geologists during their 
time of occupation in Sinai. 

R. Said's latest book on the geology of Egypt, together 
with the 1987 geological map (1:500 000) and its explana- 
tory notes represent the present state of knowledge on 
most major aspects of Egyptian geology including oil 
exploration, mineral resources and groundwater. 

The fieldwork of groups of geologists from the German 
Research foundation was successively extended from the 
beginning in the late 1970s to northern Sudan as far south 
as approximately 15°N. Together with Sudanese col- 
leagues, Pan-African and older crustal aggregations as 
well as zones of ophiolite and younger magmatic activities 
were identified and dated (Schandelmeier et al., 1987; 
Abdel Rahman, 1993). 

The former 'Nubian strata' were subdivided into 
mappable formations of Cambrian to Tertiary age and 
the palaeogeographical and structural development of 
northern Sudan was reconstructed and partly published 
in several volumes of Berliner Geowissenschaftliche Ab- 
handlungen, as already mentioned. In parallel projects 
GRAS (1988) published a geological map (1 : 1 million) in 
16 sheets of all of Sudan with the assistance of Robertson 
Research and for northern Sudan) of the research groups 
of the German Research Foundation. As in Egypt, 
progress in stratigraphic precision would not have been 
possible without the interpretation of a rich palaeoflora 
from the Late Palaeozoic and the Mesozoic part of the 
former Nubian strata and ichnofossil assemblies from the 
older parts. The first was carried out in numerous 
publications by A. Lejal-Nicol (for example, 1990), the 
latter by A. Seilacher (1991). 

During the oil exploration had reached parts of central 
and northern Sudan and successfully explored rift struc- 
tures of Mesozoic to Tertiary age. Different from Libya, 
these activities had no immediate impact on general 
geological exploration. J. D. Fairhead (1986; 1988), 
however, used geophysical data from oil exploration in 
Nigeria, Chad, the Central African Republic and Sudan 
to interpret the process of rifting in connection with the 
opening of the Atlantic and the Indian Ocean. At present, 
geophysical data and drilling results are used by Sudanese 
and German scientists to specifiy the different processes 
of rifting in Sudan and to integrate them into the 
structural development of north-east Africa. 

On a greater regional scale, modern exploration for 
groundwater and the investigation of climatic develop- 
ments during the Holocene took much advantage of oil 
exploration in the Central and Eastern Sahara. The 
reconstruction of large basin areas in Libya and later in 
Egypt, Sudan and Chad coincides with the attempts of 
K. O. Mfinnich and J. C. Vogel (1962) and C. Sonntag (in 
Klitzsch et al., 1976) to prove groundwater ages, and with 
the establishment of a research station of Free University 
Berlin in Bardai/Tibesti (1962). The latter was initiated by 
H. Hagedorn und G. H6vermann, who worked on 
palaeoclimatic problems of the Central Sahara together 
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with other topics. Later H. J. Pachur (1973; 1987) 
extended these investigations over large areas in Libya, 
Egypt and Sudan and contributed to the hydrogeological 
investigations of C. Sonntag, U. Thorweihe and the 
author. The most important results were the reconstruc- 
tion of the ecological situation of the Central and Eastern 
Sahara during the Late Pleistocene and the Holocene and 
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a geologically based groundwater model for the whole 
Nubian aquifer system (Brinkmann et al., 1988). Together 
with the efforts of  Egyptian hydrogeologists and hydrolo- 
gists, such as M. A. Ezzat (1974) and S. Nour  (Amer et al., 
1981) and the results of modern basin analysis, this model 
represents an important  scientific background for the 
future use of  groundwater studies in the Eastern Sahara. 

The Quaternary history of  north-east Africa and the 
history of  the Nile attracted also a number of  other 
scientists such as D. Adamson, W. Butzer, F. Wendorf, 
M. A. J. Williams and F. W. Williams as well as R. Said. 
The results were published by M. A. J. Williams and 
E Faure (1980) and by R. Said (1981; in press). 

Outlook 

Great strides have been made in understanding the 
geology of  the Eastern Saharan countries in the past 
40 years. As noted above, individual geologists made an 
early impact, but as the science of geology became more 
complex and expensive, geological surveys, oil companies 
and universities became the vehicles for the advancement 
of  geology in Africa. 

Oil companies quickly unravelled the subsurface geolo- 
gy in basins where they drilled for oil. They left behind 
a vast residue of  data and in many areas advanced the 
science of  geology. However, oil companies generally had 
little interest in an overall synthesis of  the geology of  an 
area as they could see no economic gain in this. The 
geological surveys of  the individual countries relentlessly 
pursued the exploitation of  minerals. The universities in 
Africa have very limited funds. Thus the synthesis of  the 
geology has mainly been left to research groups and 
universities in Europe and North  America. Together with 
their African partners, the German Research Foundat ion 
and the Technical and Free Universities of Berlin, in 
particular, have published useful volumes on the geology 
of  north-east Africa and are preparing an overall synthe- 
sis. 

Finally, the great importance of  groundwater to desert 
and semi-desert countries is self-evident. Unfortunately, 
this resource has not always been managed properly. This 
is partly due to misleading interpretations of  groundwater 
recharge and ill-conceived applications of hydrodynam- 
ics (Ambroggi, 1966; Ahmad and Eddib, 1975). Apart  
from these discrepancies in the interpretation of  research, 
however, it is one thing to map and understand water 
aquifers, but it is quite another to persuade government 
agencies to use these data wisely. More effort should be 
expended in disseminating information and in educating 
government agencies about the management of  ground- 
water resources. 
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