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ZUSAMMENFASSUNG 

STRUCTURAL DEVELOPMENT OF NORTH-EAST AFRICA SINCE 

PRECAMBRIAN TIMES 

by 

H. SCHANDELMEIER, E. KLITZSCH, F. HENDRIKS and P. WYCISK 

Diese Arbeit bildet die Synthese der Arbeitsergebnisse der Teilprojekte Al, A3 und A4 unter dem 

Blickwinkel der strukturellen Entwicklung Nordost-Afrikas vom Prakambrium bis in die heutige Zeit. 

Sie stellt damit den Versuch dar, die auf Grund mehrjahriger Forschungsarbeiten in Agypten und im 

Nordsudan gewonnenen Erkenntnisse im Hinblick auf ein spezielles Thema - der Intraplattendeformation des 

Nordost-Afrikanischen Kontinents - komprimiert und sich erganzend darzustellen. Detailergebnisse der 

einzelnen Teilprojekte sind sowohl in mehreren Fachzeitschriften, als auch in diesem Band 

veroffentlicht. 

Die Krustenentwicklung des Ostsahara Kratons in Nordost-Afrika begann im Spaten Archaikum, durchlief 

vermutlich ein polyzyklisches Ereignis der Krustenneubildung und Krustenremobilisation im FrUhen bis 

Mittleren Proterozpikum und endete mit der weitverbreiteten Spatproterozoischen (Pan-Afrikanischen) 

tektono-thermischen Oberpragung. Am Ende der Pan-Afrikanischen Konsolidierung war NE Afrika westlich des 

Nil durch den regionalen NE-SW orientierten Faltenbau der "Northern Zalingei Fold Zone", sowie durch 

vier regionale Storungssysteme strukturell gekennzeichnet: 55°, 70°, 80° und 150°. Die Entwicklung 

dieser Schersysteme von teilweise transkontinentaler als auch regionaler Dimension, war eng verknUpft 

mit den zeitlich verschiedenen Episoden von Deformation wahrend des Proterozoikums. 

Phanerozoische Intraplattendeformation, Erosions- und Sedimentationsvorgange wurden im allgemeinen 

von diesen Prakambrisch entstandenen Strukturelementen beeinfluBt. Vom Kambrium bis ins Unterkarbon war 

die pala~geographische Situation durch etwa 150° streichende, regionale horst- und grabenartige 

Strukturelemente kontrolliert. Als Falge der Kollision Gondwanas mit den Nordkontinenten im Oberkarbon 

und unterstUtzt durch regionales Aufdringen des Mantels, wurden in SUdagypten, SUdlibyen und im 

Nordsudan die alten E-W streichenden Strukturen reaktiviert und bestimmten vom Perm bis in den Unteren 
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Technical University Berlin, AckerstraBe 71-76, 1000 Berlin 65, FRG. 

F. Hendriks; Institut fUr Geologie und Palaontologie, Technische Universitat Berlin, 

Ernst-Reuter-Platz 1, 1000 Berlin 10, FRG. 
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Jura di e kontinentale Sedimentation sowie die.entstehenden Beckenkonfigurationen. Ab Mittlerem Jura, 

etwa ze 1tgleich mit dem beginnenden Zerfall von Pangea, wurde das pra-oberkarbone Strukturrelief erneut 

dominierend. Intraplattentektonische Deformation war auf weitraumige, sanfte Krustenbewegungen 

beschrankt, so daB es zu keiner nennenswerten Reliefentwicklung kommen konnte. Folgerichtig konnte bis 

ins Alttertiar das Meer mehrfach zum Teil weit bis in den Nordsudan auf die Kontinentalplatte Nordost 

Afrikas vordringen. Nach dem Eozan kam es dann zu einer drastischen Reliefentwicklung in Ostagypten und 

im Nordostsudan in Falge der beginnenden Heraushebung der Riftzone des Roten Meeres - Anzeichen fur den 

Beg1nri des aktiven Riftings im Miozan. Die heutige Riftachse des Roten Meeres liegt etwa parallel den 

alten Prakambrischen NNW-SSE Strukturelementen. 

ABSTRACT 

The structural development of the East Saharan Craton in NE Africa began in the Late Archean and 

was, after having undergone various crustal forming and deformational events in the Early and Middle 

Proterozoic, completed under the Late Proterozoic (Pan African) tectono-thermal episode. Apart from the 

regional NE-SW trend of the Northern Zalingei Fold Zone, four major fault systems were established at 

the end of the Pan African consolidation of the Proterozoic craton : 55°, 70°, 80° and 150°, These fault 

systems represent major transcontinental and regional shear zones which originated during different 

episodes of crustal deformation in the Proterozoic. 

Phanerozoic intraplate deformation and related processes of erosion and sedimentation were generally 

controlled by structural processes which frequently reactivated the above mentioned fault systems. From 

the Cambrian to the Early Carboniferous, the regional 150° fault trend dominated the paleogeographic 

situation with its large-scale horst and graben type structures. Due to the collision of Gondwana with 

the northern continents in Late Carboniferous times and supported by regional mantie forces, the east

west oriented fault system was reactivated in southern Egypt and northern Sudan, establishing its 

structural control on sedimentation and facial distribution from the Permian to the Early Jurassic. 

From the Middle Jurassic onward, coinciding with the beginning of disintegration of Pangea, the pre

late Carboniferous structural relief again began to dominate depositional processes in NE Africa, but 

intraplate deformational processes were of a mild crustal warping type. Structural differentiation was 

limited and the sea could enter the NE African plate several times far southward into northern Sudan 

during the Cretaceous and Early Tertiary. During this period the east-west oriented structures were of 

minor importance and were only reactivated in the Late Cretaceous in southern Egypt when the small 

graben and horst structures were formed in the Bir Safsaf-Aswan uplift. 

In Post-Eocene times relief differences increased dramatically as a result of regional uplift in 

eastern Egypt and northeastern Sudan, announcing the onset of rifting of the Red Sea, the rift axis 

being parallel to the old Precambrian 140° to 150° fault trend. 

1. INTRODUCTION 

North-East Africa between the Mediterranean Sea in the north, the Wadi Howar in the south (northern 

Sudan), the Tibesti (southern Libya, northern Chad) in the west and the Red Sea in the east is 

characterized by a number of large intracratonic basins, which are separated from each other by 

Precambrian basement outcrops of various size (Fig. 1). The high grade polymetamorphic and granitoid 

rocks west of the Nile are part of the pre-Pan African East Saharan Craton (SCHANDELMEIER et al,, in 

press), while the basement east of the Nile comprises the Pan African metavolcanic-metasedimentary

ophiolite and related granitoid assemblages of the Nubian Shield (KRONER, 1985; VAIL, 1986; Fig. 1). 

Rocks of Late Archean age occur only in a limited basement complex in the surroundings of Gebel 

Uweinat (KLERKX & DEUTSCH, 1977). The basement rocks west of the Nile are part of a regional NE-SW (in 
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northern Sudan) to E-W (in southern Egypt) striking fold belt which is bordered in the east with a 

conspicuous tectonic contact by the Nubian Shield. The major structural trends in this fold belt have 

been established during an Early to Middle Proterozoic compressive tectonic event which caused the 

regional trends of foliations and fold axes in the metamorphic basement. Particularly in the eastern 

part of the area additional structural trends were generated, due to compressive stress during the Late 

Proterozoic when the oceanic terrain assemblages of the Nubian Shield were accreted onto the marginal 

East Saharan Craton. 
After the consolidation of the basement of NE Africa at the end of the Pan African, the structural 

development of the whole area was exclusively of intraplate character. The evolution of large 

intracratonic basins, of graben structures and of domal uplifts as well as the related processes of 

erosion and sedimentation mainly followed the pre-existing structural trends. Thus, the Phanerozoic 

structural processes in NE Africa were, progressively developing, time-space related intraplate 

deformations toward advanced structural differentiation of the rigid continental plate. During the 

Eocene, however, a new plate margin developed in NE Africa with the onset of rifting of the Red Sea. 

2. STRUCTURAL DEVELOPMENT AND RELATED PROCESSES OF SEDIMENTATION AND MAGMATISM. 

2. 1 The Precambrian structural pattern 

Structural investigations in S Egypt and N Sudan have shown that all basement areas are part of a 

regional fold belt, the Northern Zalingei Fold Zone (SCHANDELMEIER et al., in press), This fold belt has 

a regional trend of fold axes and metamorphic foliations which is N-NNE-NE-ENE (Fig. 2). Sr, Pb and Nd 

isotope data supply evidence that the age of this belt is Early to Middle Proterozoic (2300 Ma to 1800 

Ma; KLERKX & DEUTSCH, 1977; DIXON, 1981; HARRIS et al., 1984; SCHANDELMEIER et al., in press). The 

three-stage deformational event in the Early to Middle Proterozoic (RICHTER, 1986) was characterized by 

an initial folding at about 2100 Ma, drift and rotation of Gondwana at around 2000 Ma, the subsequent 

formation of transcontinental shear zones and, as a result of this, the r otation of principal stress 

directions. These processes resulted in the typical sigmoidal bending of the metamorphic foliation which 

is documented on LANDSAT images (RICHTER, 1986). Apart from the folded layers, the most prominent 

structural trends in the Gebel Uweinat-Gebel Kamil area at about 1800 Ma were 55° dextral wrench faults 

as well as a structural lineation which strikes about 150° and which is identical with the initial 

direction of maximum compression. A second major deformational event affected NE Africa during the Late 

Proterozoic. The formation of transcontinental shear zones in the Late Pan African was the result of 

compressive stress on the margins of the continental plate during the collision with the West African 

Craton (KRONER, 1979; BLACK, 1984) and with the Nubian Shield (EL RAMLY et al., 1984; KRONER, 1985; 

BERNAU et al., 1987). The major structural zones cutting North Africa and Arabia are : l) the Trans 

Africa Lineament (NAGY et al., 1976; NEEV, 1977) extending from the Benue Trough in Nigeria to the Nile 

Delta in Egypt, 2) the Central African Lineament (BROWNE & FAIRHEAD, 1983) extending from Cameroons to 

south of the Darfur Dome in western Sudan, and 3) the Najd Fault System in Saudi Arabia (DAVIES, 1984). 

All other lineaments shown in Fig. 3 might also be of Precambrian origin but are not yet studied in 

detail. In southern Egypt, the major faults belong to a dextral 80° striking wrench fault system which 

is considered to be the conjugate shear system to the Najd Fault System (EL GABY, 1983; BERNAU et 

al., 1987). In northern Sudan, the major structural trend is 70° which is identical with the direction of 

the Central African Lineament. Besides a number of minor structural trends, four major directions were 

established on the continental plate of NE Africa at the end of the Pan African (Fig. 3: 55°, 70°, 80° 

and 150°), controlling the intraplate deformation, structural differentiation and related sedimentation 

during the Phanerozoic. 

The major structural trends of the East Saharan Craton west of the Nile are the result of 

Precambrian deformation. They are more or less identical with those reported from the Gulf of Suez area 

(LINKE, 1986). The latter, however, comprise lineaments in the Precambrian basement rocks, in pre-

Fig. 2: 
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Miocene sediments as well as in post-Oligocene deposits which are of different age. These indicate that 

the Gulf of Suez area repeatedly has been affected by a reactivation of structures along the Precambrian 

structural pattern. 

NE Africa (west of the Nile) Gulf of Suez area 

Precambrian lineaments Precambrian, Pre-Miocene and 

(SCHANDELMEIER et al., in press) Post-Oligocene lineaments 

(LINKE, 1986) 

145° 150° ± 5° Gulf of Suez 

20° 20° ± 5° Gulf of Aqaba 

110°-115° 110° ± 5° Abu Bakr 

135° 135° ±. 5° Abu Daraq 

175° 180° ± 5° Abu Rudeis 

70° 65° ± 5° Wadi Araba 

2.2 The Paleozoic structural pattern 

Structural development in Northeast Africa between Cambrian and Carboniferous time was controlled by 

ENE-WSW oriented tensional forces, probably resulting from perpendicular regional compression, caused by 

the Pan African episode. The major consequence of this extensional regime was the formation of large 

NNW-SSE striking structural blocks, which are generally wide, graben-type structures and smaller horst 

blocks (Fig. 4). Very similar features have been identified and described from central North Africa 

(KLITZSCH, 1970, Figs. 3, 4, 5, 8, 10). In contrast to the Eastern Sahara, stratigraphical control is 

better in Libya, northern Chad and northern Niger, because the stratigraphical column of the Paleozoics 

there is more complete. The beginning of the above mentioned structural development, however, can be 

better controlled in Egypt: sediments of Cambrian age in central North Africa are mainly continental, 

consequently, their stratigraphical interpretation is only tentatively correct - a more precise age is 

not known. 

Cambrian sediments in northeastern Egypt are marine and are of Early Cambrian age, at least in 

Sinai and in the northern Wadi Qena area of the Eastern Desert (SEILACHER, 1987). Distribution of 

Cambrian sediments in Egypt indicate that there was not much structural relief in Early Cambrian time 

(Fig. 3, KLITZSCH & WYCISK, this volume). On the other hand, the unprecisely dated Cambrian sediments of 

Libya, northern Chad and northern Niger clearly indicate the presence of NNW trending graben or trough 

structures and parallel striking horsts. It is therefore assumed that this structural pattern became 

active during the Middle or Late Cambrian and that the Cambrian strata of the central Sahara is mainly 

of Middle and/or Late Cambrian age. Later, toward the end of Ordovician and in Early Silurian time, 

basaltic magmatism occurred at both sides of the Murzuk Basin and in the Ennedi Mountains at the 

southwestern rim of the Kufra Basin (PLAUCHUT, 1960; KLITZSCH, 1970). The observations which confirm the 

above characterized NNW trending structural relief in the central and eastern Sahara are: 

At Mouri Ide (eastern Murzuk Basin, around 24° N and 15° 30' E), an uplift is bordered by fault 

systems striking between 150° and 160°. Northeast and southwest of the faults, Cambrian and Ordovician 

strata are several hundred to more than 1000 meters thick, whereas on the uplift only a thin Ordovician 

blanket of sediments is present and in some areas, marine strata of Llandovery (Lower Silurian) age rest 

directly on Preacambrian rocks. Toward the SE, this horst structure forms the northeastern flank of the 

Murzuk Basin and in the Tibesti, it underlies the young volcanos Tarso Toon, Tarso Voon and Emi Koussi. 

To the NW, the horst can be traced over at least 300 kilometers through deeper parts of the younger 
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Murzuk Basin. It is illustrated on gravity interpretations as an elongated NNW (± 160°) striking gravity 

high of 40 to BO kilometers width (KLITZSCH, 1970, Fig. 5). In the northwestern prolongation of this 

horst structure, the Hamra Basin of NW Libya splits into an eastern and a western part. The southeastern 

prolongation forms the southwestern edge of the Kufra or Erdis Basin (Fig. 4). 
At northern Dor el Gussa (also eastern part of Murzuk Basin in Libya), a 145° to 150° striking fault 

system has displaced and tilted more than 1700 meters of pre-Ordovician sediments, which are almost 

horizontally truncated by Ordovician strata. SW-ward a deep trough of Ordovician to Early Carboniferous 

age occurs. Toward the SE the horst structure which borders this trough is indicated on gravity 

interpretations as an elongated SW-ward trending high, which reaches the western Kufra Basin at about 

23° E (Fig. 4 and KLITZSCH, 1970). The large Paleozoic trough between the two horst structures is 

characterized by a thick succession of strata of Cambrian to Early Carboniferous age (2000 to more than 

3000 meters), striking NW-ward toward the deep eastern part of the Hamra Basin in northern Libya. SW

ward it strikes into the main part of the Paleozoic Erdis-Kufra Basin, where it seems to become part of 

another large trough trending NNW-SSE. This trough extends from the much younger Syrte Basin, where most 

of the Paleozoic strata were eroded after the Lower Carboniferous, to the northern part of the Darfur 

mountains in Sudan. There, at Gebel Tageru, Silurian to Early Carboniferous strata are exposed west of a 

structural high, trending 150° to 160°. 
The structural high directly east of Gebel Tageru (Uweinat-Howar Uplift) is bordered by a fault 

system in the west which strikes across Wadi Howar and through the area of Atrun and Nukheila toward the 

western part of the Gebel Uweinat high. The alkaline intrusions of Gebel Kissu, Gebel Uweinat and Gebel 

Arkenu are related to this fault system. All these intrusions of Eocene age most likely are restricted 

to faults which were already reactivated in the Early Paleozoic. Toward the NNW, Gebel Gardeba - another 

Paleozoic high exposed at surface - is situated on the prolongation of this horst structure. Further 

north, this structure forms the eastern edge of the Cretaceous Syrte Basin. The area where this 

structure reaches the Syrte Basin is characterized by magmatism of Late Paleozoic age. Between northern 

Darfur and Gebel Uweinat this high is not covered by sediments of Cambrian age and Ordovician strata are 

only present in thin and isolated patches in the Uweinat-Arkenu area. Further north - probably due to 

the regional tilt of the plate in this direction - Cambrian and Ordovician strata are present at least 

as a thin blanket. Later, the Silurian transgression also covered most of the Uweinat-Howar Uplift at 

least in the Uweinat area and further south, it covered its western edge. 
Generally , the NNW trending structural relief allowed Paleozoic transgressions to proceed far south 

onto the African Plate. The maximum transgression was of Llandovery (Early Silurian) time (KLITZSCH, 

1968; KLITZSCH, 1970; KLITZSCH & WYCISK, this volume, Fig. 3). Depocenters of the different periods of 

transgression were situated within the previously described troughs. During the transgressions of 

Ordovician, Silurian, Devonian and Early Carboniferous time, the Uweinat-Howar Uplift acted as a barrier 

against further extension to the east. Only in northern Egypt, this high did not function as a total 

barrier, probably because of the general northern or north-northwestern dip of the plate. In Silurian, 

Devonian and Early Carboniferous time, distribution of sediments in southern Egypt, NE Chad and NW Sudan 

is clearly controlled by the structural situation (Figs. 3 and 4, KLITZSCH & WYCISK, this volume). 

Direction of transport within the fluvial sediments, bordering the rim of the transgressions in Egypt 

and Sudan, is generally NW toward the basin centers with local variations (mainly west or SW-ward). 

The impact of structural development east of the Uweinat-Howar Uplift during the Paleozoic is more 

difficult to reconstruct. The northern part of that region (northern Egypt) is mainly covered by younger 

sediments. Where Paleozoic strata is exposed, the regional frame is too small to draw general 

conclusions, especially because young structural displacements (Gulf of Suez, Red Sea) are parallel to 

the structural relief of the Paleozoic system. In southern Egypt and northern Sudan, however, it is 

obvious that most or all Paleozoic transgressions did generally not exceed further east than to the 

Uweinat-Howar Uplift. In the vicinity of this uplift, the strata have already fluvial character. Only in 

the northwestern corner of Egypt, a deep paleocenter , filled with more than 300 meters of Paleozoic 

sediments, seems to be placed east of this high (Fig. 4). Further SSE and NW of Selima, at Gebel Abyad 

and NW of Khartoum, depocenters of Cretaceous age are placed within a NNW trending structural low, which 
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very well might have been active with minor subsidence already during the Paleozoic. The same can be 

postulated for the area between Asyut and south of Abu Simbel near Lake Nasser, where distinct 

depocenters of Cretaceous age suggest reactivation of an older structural pattern. This situation is 

indicated on Fig. 4. We suggest that, at a time when further west the whole western part of Egypt and of 

northern Sudan was already influenced by structural movements during the Paleozoics, the NNW trending 

zones of subsidence during Cretaceous time are the result of rejuvenation of older structures. This 

might also include the Red Sea rift axis which follows the same structural trend. The similarity of this 

trend with the Precambrian structural pattern is obvious (Fig. 3). It will be one of the major aims of 

future work, to investigate the relationship between these developments of different age and their 

initial reasons. 

2.3 Permo-Triassic fault reactivation 

As outlined above, depositional processes on the continental NE African Plate from the Cambrian 

until the Early Carboniferous have been controlled by a persisting NNW-SSE trending structural relief. 

During Early Devonian, NE Africa, as an integrated part of Gondwana, started to drift in a NNE direction 

(SARADETH et al., this volume). In the Late Carboniferous the collision of Gondwana with the northern 

continents established a stress regime on the NE African plate with an average major compressive stress 

which acted from approximately NNE direction. Resulting from this compression, Precambrian originated 

ENE trending dextral wrench fault systems were reactivated as conjugate sinistral shear faults. The 

reactivation was particularly effective in a limited area north of the border between Egypt and Sudan 

which extended from about 600 km west of the Gebel Uweinat into the Aswan area. The collision itself was 

not necessarily responsible for the regional uplift in southern Egypt since the compression along the 

collisional front could have been compensated by lateral strike slip movement along the megashear planes 

without causing uplift. This event therefore is thought to be due to a combination of global and 

regional mechanisms. 

As mentioned above,the collision of NE Africa with the northern continents initiated the ENE 

trending structures by re-opening of pre-existing zones of structural weakness which have been more or 

less inactive since Precambrian times. This lithospheric shear opening triggered the melting of the 

upper mantle and of a part of the lower crust. Rising magmas caused a gradual domal uplift in the Gebel 

Uweinat area and probably also in the Aswan area. It nowadays is accepted that continental rifting 

begins with uplift, succesively followed by alkaline magmatism and by rifting (BURKE et al., 1977). In 

the Gebel Uweinat-Bir Safsaf uplift subaerial alkaline magmatism occured at the end of the Permian and 

during the beginning of the Triassic, a long time after the Late Carboniferous collision. This suggests 

that the initial forces which were induced by the shear opening, persisted from the Carboniferous to the 

Triassic at the base of the corroded plate. A flow pattern, providing enough heat supply under the 

uplift has probably existed for more than 50 Ma. Its surface expression was manifested by domal uplift. 

The rifting energy, however, permitted only a limited extension, accompanied by the extrusion of 

alkaline volcanics and probably by a formation of incipient graben and horst structures in the uplift 

system (Fig. 5). Rifting energy was certainly too low to convert the initial structures into a real rift 

system. A change from alkaline to more tholeiitic continental volcanism which is often a clear 

indication for a widening rift system (GIRET & LAMEYRE, 1985), has never occured in the Gebel Uweinat

Bir Safsaf Uplift System. Alkaline volcanics in the Gebel Uweinat area have been dated by KLERKX & 
RUNDLE ("1976) by the K/Ar method to yield 235 ± 5 Ma. K/Ar ages derived from alkaline rocks of the 

trachytic-phonolithic suite from the Gebel Kamil area yielded 233 ± 9 Ma and 240 ± 7 Ma respectively 

(FRANZ et al., 1987). The Nusab El Balgum alkali-rhyolitic subvolcanic complex (north of the Bir Safsaf 

Complex) yielded a whole rock Rb/Sr isochron of age 216 ± 5 Ma (SCHANDELMEIER & DARBYSHIRE, 1984). This 

period of domal uplift, without any widening of the incipient graben and horst structures, presumably 

lasted long enough to allow continuous erosion of the domal structure until basement rocks were exposed 
at surface. 
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Coinciding with uplifting and southward tilting of parts of NE Africa, an extensive basin developed 

in northern Sudan bounding in the north on the Uweinat-Bir Safsaf-Aswan Uplift System. This depression 

was gradually filled up with fluvial sandstones and conglomerates of the Permo-Triassic to Lower 

Jurassic Lakia Formation (Fig. 6). With respect to the lateral and vertical changes of the facies 

pattern (WYCISK, 1984; KLITZSCH & WYCISK, this volume), major subsidence is thought to have occured 

along a roughly E-W trending axis reflecting the rejuvenation of the pre-existing, ENE-WSW oriented 

fault system. The paleocurrent directions of cross-stratified strata for the area south of Gebel Kissu 

and the Lakia Arbain area indicate a predominating drainage of the river system toward the south and SW 

(Fig. 7), documenting the main dip of the paleoslope. South of the Lakia Arbain area and north of the 

Gebel Abyad-Nukheila area, however, prevailing SW-ward directions of foresetting suggest a re

orientation of the paleodrainage pattern due to a basement high occurring towards the south. Parts of 

this swell region are exposed east of Nukheila and NE of the Gebel Abyad Plateau due to repeated 

uplifting along faults trending 60°. 
In the area south of Gebel Kissu a gradual coarsening upward of grain sizes as well as a rapid 

supply of detritus being rich in feldspar and reworked intraclasts, documents an initial increase of 

transport energy within a South Saskatchewan- and Donjek-type braided-stream environment, due to a 

gradual uplifting and intensified erosion of the crystalline Uweinat Basement Complex in the north.and 

NW. These deposits grade upwards into Platte-type braided-river sediments characterizing decreasing 

energetic conditions and a low topographic paleorelief, due to attenuating synsedimentary tectonic 

movements. Coinciding to the vertical evolution of the stratigraphic sequence in this area, which 

attains a maximum thickness of 180 m and which suggests a conspicuous structural control on 

sedimentation, toward Libya in the west, the main depocenter of the depression developed due to 

continuating subsidence, favouring the southwestward drainage of the river systems. This process 

presumably was supported by the reactivation of 150° striking faults occuring along the western rim of 

the Uweinat-Howar Uplift. In contrast to the above area, the sedimentary succession of the Lakia Arbain 

area north of the Gebel Abyad Plateau reflects distal conditions of deposition. 
This lateral change of facies from the NW to the SE documents an increasing subsidence along the E-W 

trending axis of the depression. The stratigraphic sequence of the Lakia Formation, which in this area 

shows a maximum thickness of 250 m in surface exposures and which reflects more balanced transport 

conditions, is characterized by a general fining upward of grain sizes. Consequently kaolinitic, medium

to coarse-grained sandstones of a South Saskatchewan- and Platte-type braided-stream environment upwards 

grade into sandstones, siltstones and mudstones representing depositional processes within channeling 

rivers of increasing sinuosity. These sediments characterizing an alluvial-plain environment, comprising 

stream-channel sediments of meandering rivers as well as flood-plain deposits with paleosols, toward the 

north (south of Selima) laterally grade into predominating isolated stacked channel-fill psammites of 

shallow rivers, again suggesting a low topographic paleorelief. Altogether the accumulation of the Lakia 

Formation of northern Sudan thus reflects a sedimentation within a continental basin, the formation of 

which is thought to be due to a large-scale rejuvenation of pre-existing structural elements during the 

Late Carboniferous. 
Although subsidence along the E-W trending trough axis continued constantly during the Permo-

Triassic to Lower Jurassic, intense synsedimentary tectonism, however, only affected the area bounding 

on the Uweinat basement complex of NW Sudan. These tectonic movements are supposed to be correlative to 

the local alkali-olivine basaltic magmatism (KLERKX & RUNDLE, 1976) as well as to the local alkaline 

trachytic-phonolitic magmatism (FRANZ et al., 1987) of Lower to Middle Triassic age, which occurs in the 

Gebel Uweinat-Gebel Kamil area and which followed the domal uplifting of the Uweinat Basement Complex. 

2.4 Late Jurassic fault reactivation 

The structural regime controlling sedimentation and basin differentiation since the Late 

Carboniferous ceased to dominate in NE Africa in the Early to Middle Jurassic. This was approximately 
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the time when the disintegration of the large supercontinent Pangea began. During the Late Jurassic the 

old structural pattern on the NE African Plate was re-established although a distinct structural and 

magmatic record is not well expressed. Continental volcanism occurs only locally and is difficult to 

assign to a special structural pattern. In the Gebel Umm Shaghir area of southern Egpt two alkali-

ol ivine basalts were dated by the K/Ar whole rock method yielding 155 ± 4 Ma and 157 ± 4 Ma respectively 

(BERNAU et al., 1987). Taking additionally the paleogeographic situation of Egypt and northern Sudan 

into account (KLITZSCH & WYCISK, this volume), the structural differentiation of this region altogether 

has been rather poor. The physiographical differences of the landsurface have not been very pronounced, 

thus favouring repeated extensive transgressions of the sea during the Cretaceous and Early Tertiary. 

The only important structural feature of southern Egypt and northern Sudan is the Bir Misaha Trough 

(Fig. 1). This structure is about 250 km wide and bounds in the west on the Gebel Kamil and in the east 

on the Bir Safsaf Basement Complexes. Basing on geophysical investigations (BURKHARDT et al., this 

volume) and on an evaluation of subsurface drill hole data, SCHNEIDER (1986) illustrates that the low 

ground area between Gebel Kamil and Bir Safsaf is bound by peripheral normal faults and therefore 

represents a graben structure. Comparable to the major structural units in pre-Late Carboniferous time, 

the bordering major faults trend NNW-SSE. There is evidence for the beginning of subsidence during the 

Late Jurassic. However, widening of the graben was very limited and faulting did probably not reach the 

mantle or even the lower crust. Consequently volcanic lavas could not reach the surface. The 

reconstruction of graben development therefore has to be exclusively based on the study of the 

sedimentary fill of the graben structure. 

These investigations are based on an interpretation of GR-log subsurface data, originating from 

several localities aligned more or less parallel to the axis of major subsidence of the Misaha trough 

(WYCISK, this volume). In comparison with subsurface data from the Dakhla Basin they allow a lithologic 

subdivision and correlation of the stratigraphic sequence due to the appearence of conspicuous pelitic 

marker beds (A-D) and to the lithofacial characteristics of individual sandstone intercalations as 

illustrated by the log pattern. 

The sedimentary succession altogether comprises four distinct units, the lowermost two of which are 

limited to the central parts of the Misaha Trough (Fig. 8) • They consist of sandstones, which attain a 

thickness of 200 m (unit 1) and which are of fluvial provenance, interfingering toward the north with 

alternating mudstones and sandstones (unit 2) which originate from a shallow marine environment. These 

units are thought to be of Jurassic age and reflect a deposition within a rapidly subsiding embayment, 

opening toward the north. 

The development of this depression and the restricted distribution of the wedge-shaped fluvial 

sandstone body have been controlled by an intense downfaulting along pre-existing lineaments. Locally, 

the top of the crystalline basement shows a vertical displacement of up to 200 m, suggesting the 

existence of major graben systems. Minor tectonic events of Upper Jurassic age are additionally 

indicated by the subsurface data from the El Kharga-Baris area as well as from the western rim of the 

Kharga Uplift (WYCISK, this volume). 

The stratigraphic sequence overlying the above units is made up of sandstones which partially are 

characterized by the occurrence of fining-upward sequences (unit 3). These sediments, having a more or 

less constant thickness of 50 to 80 m, are thought to be of Lower Cretaceous (Neocomian) age. They 

upward grade into the sedimentary succession of the uppermost unit (unit 4), the deposition of which, 

comparably to the underlying strata of unit 3, obviously has not been affected by any important 
synsedimentary tectonism. 

Unit 4 comprises the fluvial sandstones of the Six Hills Formation and the pelitic and psammitic 

sediments of the overlying Abu Ballas Formation, which appear in an extensive area of the southern 

Dakhla Basin and which are of open to marginal marine origin (HENDRIKS & KALLENBACH, 1986). The latter 

strata are of Aptian age (BOTTCHER, 1982; SCHRANK, 1982) and correspond to marker bed D. The thickness 

of this unit increases from 100 m in the south to 250 m in the north suggest 1·ng an increasing subsidence 
toward the Dakhla Basin. 

Summarizing, it seems conclusive, that the intraplate deformation of NE Africa between Late Jurassic 
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and Midd le Cretaceous was of very weak ep irogenetic "crustal warping" character. The Bir Misaha Trough 

as well as the othe r depocenter s of Cretaceous to Lower Tertiary age which occur i n parts of Egypt and 

in nort hern Sudan, developed along pre-exis ting structural trends (Fig. 4). The quasi-stationary 

cond i tion of Gondwana during th e Mesozoic corresponds well with the limited t ectonic activity on the 

continent al pla t e of NE Af rica. 

2. 5 La t e Cretaceou s fa ult reactivat ion 

According to KLITZSCH & WYCISK (this volume), sedimentation during the Middle Cretaceous on regional 

scale was dominated by a NNW-SSE directed relief, documenting a structural control on basin development. 

During the Late Cretaceous the structural differentiation of the NE African plate increased, indicating 

the beginning of the Red Sea rifting by the progressive uplifting in the southeasternmost part of Egypt 

and eastern Sudan. Due to the north to NW- ward drift of the African plate and the strong resistance 

which acted at the northwestern foreland of the plate (KLITZSCH, 1986), a maximum horizontal compression 

was induced from approximately NW and SE. Consequently, sinistral strike-slip faulting occurred along 

the pre-existing fault system of the later Red Sea-Gulf of Suez rift axis. Second order conjugate Riedel 

shears were formed sinistral under a low angle of about 15° to the main wrench direction. Especially in 

southern Egypt, dextral strike-slip faulting occurred along the pre-existing ENE striking faults (Fig. 

9). 

Due to the NW-SE-ward directed maximum compression, the fold axes in the Wadi Araba and in the 

northern Sinai anticlinal structures were oriented approximately perpendicular to the major stress 

direction. The undeformed sediments occurring in the surroundings of Wadi Araba, which are of Late 

Campanian age (KUSS, 1986), indicate that folding occured prior to the Late Campan\an. This correlates 

well with the formation of graben structures and its related volcanism in the area of the Bir Safsaf

Aswan Uplift. The Gebel El Asr and Gebel Umm Shaghir areas in this part of southern Egypt are 

characterized by a system of minor, more or less parallel graben structures with a maximum vertical 

displacement rate of ZDO meters along normal fault planes. These faults, which strike ENE-WSW and which 

originated from the Late Proterozoic dextral wrench faults, have been reactivated during the Permo

Triassic as sinistral wrench faults and subsequently converted into normal faults under tensile forces. 

The collision of the NE African plate in the Late Cretaceous reactivated these faults again as dextral 

strike slip faults. In connection with the continuing collision and the gradually increasing sinistral 

strike slip movements along the later Red Sea rift axis, strike slip movement along the ENE striking 

faults attenuated and the faults were converted into normal fauls of the now developing "pull apart" 

structures. The extensional forces on the developing graben structures were oriented N-S. These in 

combination with the gradual uplifting of this area, as the result of upwelling mantle forces, formed 

deep reaching fractures trapping the mantle and initiated the extrusion of olivine-basaltic lavas which 

are particularily voluminous in the southern Gebel El Asr area. For these volcanics K/Ar whole rock and 

mineral ages (HORN and MULLER-SOHNIUS, pers. comm.; MENEISY & KREUZER, 1974) range from Santonian to 

Turonian. However, since crustal stretching necessarily must have occurred prior to volcanism, the 

initiation of graben formation must be Pre-Santonian. 

With respect to the results of combined sedimentological and stratigraphi cal studies, th i s event 

affecting extensive areas of SE Egypt, is of Middle Turonian age (HENDRIKS et al., this volume). 

Coincidingly, the paleogeographical situation within this part of the NE African Plate rapidly changed. 

This reorganization of the paleogeography, however, is nothing but one step in the Cretaceous structural 

evolution of this intracratonic region (HENDRIKS, 1987), which started with the renewed subsidence of 

the Paleozoic Dakhla Basin (Fig. 1) and its southward shallowing, marginal parts north of the Gebel 

Uweinat-Bir Safsaf Uplift and west of the Kharga-Aswan Platform . Within this area, from the Late 

Jurassic or Early Cretaceous to the Lower Turonian, sediments of continental and marine origin 

accumulated, the latter of which reflect two transgressions of the sea, Probably due to the collision of 

the NE African Plate, subsidence, however, attenuated temporarily and a gradual uplifting commenced in 
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reverse, initiating a gradual regression. This retreat of the sea terminated the deposition of the 

marine strata of the Maghrabi Formation which can be correlated with the ammonite-bearing Upper 

Cenomanian to Lower Turonian Galala Formation of central Wadi Qena. Marine sedimentation was followed by 

a fluvial and aeolian accumulation of psammites, representing the Taref Formation, the coeval 

equivalents of which comprise the lower regressive sequence of the Umm Omeiyed Formation within the Wadi 

Qena area. Whereas in the latter region these terrestrial deposits are overlain by a marine succession 

which indicates a new transgression during the Upper Turonian (upper transgressive sequence of the U11111 

Omeiyed Formation), the strata of the Dakhla Basin were exposed to a continental erosion which persisted 

from the Middle Turonian to the Lower Campanian, due to slight uplifting. 

Resulting from relief inversion of the Kharga-Aswan Platform, at the same time a new intracratonic 

depression developed in the Qena-Aswan stretch. In the Abu Simbel-Bir Safsaf area a more or less E-W 

striking graben type depocenter completed earlier subsidence also during the Late Cretaceous and was 

included into the areas of low relief. Transgressions reached from Asyut through the Aswan area far into 

northern Sudan. These depressions were initially occupied by river systems accumulating coarse-grained 

siliciclastic detritus during the Turonian (Abu Aggag Formation), which originated from the denudation 

of outcropping basement complexes. These terrestrial deposits grade upward into marine strata which are 

of Coniacian to Santonian age (Wadi Qena and Qena-Kom Ombo stretch: Hawashya Formation, Korn Ombo-Aswan

Bir Safsaf stretch: Timsah Formation) documenting a transgression of the sea from the Asyut Basin in the 

north, a depocenter in which Mesozoic sedimentation presumably started during the Early Cretaceous or 

before. Whereas this stratigraphic sequence is of more or less open marine provenance in the Wadi Qena

Kom Ombo area, an increasing shallowing is indicated by the deposits in the Korn Ombo-Aswan-Bir Safsaf 

stretch. 

During the Santonian or Lower Campanian the southern part of the Dakhla Basin renewed subsidence, 

resulting in a subsequent invasion of the sea and an accumulation of marine strata of Campanian age (Mut 

Formation). In central Wadi Qena these movements are probably reflected in the occurrence of Santonian 

to Lower Campanian regressive sediments (upper regressive sequence of the Hawashya Formation), These 

upwards grade into marine deposits (upper transgressive sequence of the Hawashya Formation) which are 

more or less coeval to the transgressive strata of the Dakhla Basin. In the Bir Safsaf-Aswan area 

fluvial controlled accumulation dominated during the Santonian to Lower Campanian (Umm Barmil Formation) 

after a regression of the sea, due to gradual uplifting. Local highs were intensely eroded (HENDRIKS et 

al., 1985). Due to a subsequent subsidence, however, the sea flooded this area again during the 

Campanian and marginal marine sediments were deposited (HENDRIKS, 1987). 

All over SE Egypt the overlying sedimentary succession which is of Upper Campanian to Lower Eocene 

age, repeatedly suggest tectonic control on deposition (HENDRIKS & LUGER, this volume) as a consequence 

of the rejuvenation of pre-existing fault systems. 

2.6 Structural impact of the Red Sea rifting on the continental plate 

Starting in the Early Tertiary, the development of the Red Sea Rift advanced spectacularly toward 

the development of a new plate margin. Up to the Albian, the Cretaceous development was preceeded by 

minor uplift and consequent erosion of older strata between the Kharga-Bir Safsaf area and the Red Sea. 

Later, during the Lower Cenomanian, fluvial sedimentation preceeded different shallow transgressions at 

Upper Cenomanian, Turonian, Coniacian to Santonian, Campanian, Maastrichtian and Early Tertiary times, 

which occupied this area of relief inversion, formed prior to the Turonian. Some of these transgressions 

reached as far as the eastern Wadi Howar area in Sudan (KLITZSCH and WYCISK, this volume, Figs. 6-10). 

It is mainly the changing regional distribution of Cretaceous sediments, which indicates the beginning 

of uplifting in the northern Sudanese and Egyptian parts of the Red Sea area. While up to the 

Cenomanian, the entire northern Red Sea-Gulf of Suez region must have had a general, slightly north

northwestern regional dip, uplifting of the later Red Sea Rift area began during the Turonian or the 

Coniacian. This development is indicated by the fact, that, beginning in these times, areas of permanent 
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erosion east of the areas which were transgressed by the Coniacian to Lower Eocene Sea, were restricted 
to a relatively narrow stretch, slowly extending northward. This updoming, however, did not become 

drastic prior to Middle or Late Eocene time. The Early Eocene Sea still covered a similar part of the 
later Northern Red Sea area as the Late Cretaceous sea did. 

It was more or ·iess shortly after the Early Eocene, that differential N-NW-ward movement of the 
Nubian-Arabian plate again resulted in strike slip faulting of NNW direction, accompanied by the 

development of feather graben systems (Fig. 10; LINKE, 1986; KLITZSCH, 1986). In Late Eocene time, the 

sea had already surrendered the whole northern Red Sea region. Development of feather graben and strike 

slip fault systems was followed by a slight rotation of the now separating Arabian plate (Fig. 10). This 

anti-clockwise rotation around a pivot point in Jordania caused the progressively northward opening of 

the Red Sea Rift. The reason for both might have been strong resistance against further northward 
movement at the African side of the former Nubian-Arabian plate. The rotational movement of the 

developing Arabian plate was accompanied by mainly antithetic block faulting of the pull apart graben 

type in the Rift area. It began during the Eocene or Oligocene and caused erosion from the uplifted rift 
shoulder. At the edge of the original outer faults of the rift, west of Esh el Melaha in the northern 

Red Sea area, at least six periods of strong displacement can be documented by the re-deposition of 
progressively older strata from the shoulders of the rift. This all took place long before erosion 

finally reached Precambrian basement in Early Miocene time. During the Miocene, the sea entered the rift 

from the north. Along the fault bounded shoreline large fans, which are composed of eroded basement 

rocks from the uplifted rift shoulders, developed. Within the rift, these fans interfinger with marine 
sediments of Miocene age (KLITZSCH, 1986, Fig. 5). During the Miocene, antithetic block faulting 

continued in the northern Red Sea and the Gulf of Suez area. Tilting of these blocks compensated the 
opening of the Gulf of Suez graben. 

Finally, toward the end of the Miocene and up to now, the Arabian plate moved northward along the 

Akaba-Dead Sea fault system, the Red Sea now opened rapidly and continues to open, forming a new plate 

margin. During the same time, the development of the Gulf of Suez graben came more or less to an end. 
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The impact of rift evolution occurs widespread in Egypt and in northern Sudan, although in a much 
less exciting form. Throughout the Tertiary, cont1nental alkaline volcanics ascended and a few alkal1ne 

ring complexes intruded. In several areas these occupy the old structural trends which were already 
dominating in Early Palaeozoic times. Alkal1-olivine basalts of Paleocene, Eocene and Oligocene age 

occur in the Gilf Kebir and surround1ng areas in Egypt, in the Nubian Desert basement of northern Sudan, 
west of the river Nile (FRANZ et al., 1987) and in the Lake Nasser area of southern Egypt (MENEISY & 
KREUZER, 1974: Darb el Arbain). The opening of the southern Red Sea Rift and the subsequent formation of 
oceanic crust dur1ng the Miocene was frequently accompanied by continental volcanism 1n Egypt and 
northern Sudan, These occurences, however, will not be discussed here in detail. In the Gebel Uweinat 
area three alkaline ring compl~xes, two of which, the Gebel Uweinat and the Gebel Arkenu ring complex, 
are of Early Eocene age. The Gebel K1ssu ring complex is not yet dated (VAIL, 1985). The three ring 
complexes are aligned along a structural lineament which is parallel to the Red Sea rift axes, providing 

good evidence for a considerable upl1ft during the Early Tertiary in the Uweinat area by the 
reactivation of paleo-lineaments (Fig. 4). 

CONCLUSIONS 

The intraplate structural evolution of Egypt and northern Sudan impressively demonstrates the 
development of a Precambrian consolidated crustal plate in space and time by episodic reactivation of 
old lineaments. The different intraplate tectonic events which progressively modified the plate, 

culminated with the structural differentiation and individualization of the intracratonic sedimentary 
basins which evolved during the Phanerozoic. Depositional and erosional processes as well as the facies 
pattern within the stratigraphic sequences and the occurrence of continental magmatism are distinctly 

correlated to structural events in the crustal plate. The intraplate deformations have been due to 

various mechanisms. Globally, the dr1ft history of Gondwana with its characteristic intervals of quasi

stationary and rapid drift episodes is of outstanding importance. Regionally, however, the impact of 
deep seated mantle forces which are responsible for vertical movements (uplift or subsidence) in the 
plate, play a prominent role, 

Thus, with the establishment of a structural pattern by a major crustal forming event, as it 

happened in the Precambrian of the East Saharan Craton in Egypt and northern Sudan, the presupposition 
is given for repeated reactivations of older lineaments which causes a progressive deformation of the 

rigid plate. If mantle forces in a certain area of the plate are strong enough, as it happens nowadays 
in the southern Red Sea rifting zone, old structural lineaments are consequently opened and intraplate 
tectonics are replaced by plate margin tectonics. 
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Subproject A 1: "K rustengenet i sche Analyse des k ri s ta 11 i nen Unterbaus der i ntrakratona l en Sed i mentbecken 

Sudagyptens und des Nordsudan" 

ZUSAMMENFASSUNG 

THE EAST SAHARAN CRATON IN SOUTHERN EGYPT AND NORTHERN SUDAN: 

lithology, metamorphism, magmatism, geochronology and 

structural development 

by 

H. SCHANDELMEIER, A. HUTH, U. HARMS, G. FRANZ 
and R. BERNAU 

Die GrundgebirgsaufschlUsse westlich des Nil und nordlich des Wadi Howar ~n ~gypten und dem Sudan 
wurden petrologisch, strukturell, geochemisch und geochronologisch untersucht. 

Die unterschiedlichen Vorkommen sind wahrscheinlich Teil einer groBtektonischen Einheit 

kontinentaler Kruste; die lithofaziellen Eigenschaften aller Grundgebirgsbereiche sind sich sehr 

ahnlich. Die altesten Gesteine stammen aus dem westlichen Teil des Gebietes, wo Archaische Kruste 

granulitfaziell im spaten Archaikum uberpragt wurde. Reliktische granulitfazielle Paragenesen in 

Kalksilikaten wurden aber auch in anderen Gebieten nachgewiesen und stellen moglicherweise die altesten 

Zeugen einer frUhen Kruste dar. Eine Fruh- bis Mittel-Proterozoische Bildung kontinentaler Kruste laBt 
s1ch durch Nd lsotopenuntersuchungen nachweisen. Im Spatproterozoikum (Pan African) wurde das 

granitische Grundgebirge durch Krustenverdickung deformiert und van S-Typ Graniten intrudiert. Die 

nachfolgende Konsolidierung der Kruste im Spaten Pan-African schuf durch Hebungsvorgange Raum fUr die 

Intrusion von I-(Kaledonischen) Granittypen; eine spate GrunschieferUberpragung fand wahrscheinlich zur 
gleichen Zeit statt. Das Geschehen im Kraton wahrend der Pan Afr1'kan1'schen Ep

1
·sode 

wurde im wesentlichen 
durch die Akkretion des ensimatischen Arabisch-Nubischen Schildes bestimmt. 

Im Phanerozo ikum wurden die alten Bruchmuster 1' n mehreren Per1·aden, d 
Bewegungen der afrikanischen Lithospharenplatte standen, reakt1·v 1·ert. 

ie in Zusammenhang mit 

war vielfach van anorogenem alkalinem Magmatismus begleitet. 
Diese bruchtektonische Deformation 
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