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ZUSAMMENF ASS UNG 

Berlin 1987 

' Seit unseren ersten Vorarbeiten im Nordsudan im Jahre 1978 und verstarkt seit dem Beginn der 
Untersuchungen im Sonderforschungsbereich 1981 ist die bis dahin nicht bearbeitete Geologie des 
Nordsudan westlich des Nils und nordlich des Wadi Howar - die Geologie wesentlicher Teile Nubiens also 
- in groben ZUgen geklart worden. Die Schichtfolge umfal3t Uber dem Prakambrium sowohl palaozoische 
Sedimente (Kambrium, Ordovizium, Silur, Devon, Karbon und - vermutlich - Perm) als auch mesozoische und 
tertiare Schichtglieder (Trias, Jura, Kreide, Alttertiar). Gemessen an der frUheren, pauschalen 
Einstufung als "Nubische Serie" ist in der Stratigraphie erheblicher Fortschritt erzielt worden. Damit 
wurden auch die Voraussetzungen geschaffen fUr die Interpretation der palaogeographischen und der 
tektonischen Entwicklung dieses Raumes und fUr die Rekonstruktion der hydrogeologischen Ausgangssitua
tion sowie der lagerstattenkundlichen Moglichkeiten. 

Faziell handelt es sich fast ausschlieBlich um klastische Sedimente kontinentaler oder flachmariner 
Herkunft sowie um Palaoboden, lediglich im Alttertiar treten in einem sUdlichen Auslaufer der Oberkrei
de - Alttertiar Transgression norlich des Wadi Howar (Gebel Abyad) groBflachig Karbonatgesteine auf. 

Der tektonische Bau dieses bereits weitgehend pra-panafrikanischen konsolidierten Teiles des alten 
Gondwanakontinentes steht in enger Abhangigkeit von prakambrisch angelegten tektonischen Elementen. 
Tektonische GroBereignisse im Palaozoikum, Mesozoikum und Tertiar sind jedoch bestimmend fUr die 
Reaktivierung alterer Strukturelemente. Sie losen sowohl epirogene als auch bruchtektonische Bewegungen 
aus, die zusammen verantwortlich sind fUr den Bau und die Sedimentverteilung dieses kratonalen Raumes 
seit dem Kambrium. Der mehrfache Wechsel in der Bevorzugung bestimmter alt angelegter Bauelemente 1st 
in Abhangigkeit zu sehen von plattentektonischen Ereignissen. 
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Wahrend der letzten Jahre wurde vor allem die Stratigraphie der Gebiete ostlich und westlich des 

Abyad Plateaus geklart sowie der Nordteil des nach Khartoum fUhrenden Grabensystems (Wadi Milk) und 

der Nordteil des zum Darfur Gebirge fUhrenden Grabensystems (Gebel Tageru z.B.). Hierbei hat sich 
ergeben, daB im Gebiet Dongola _ Wadi Milk ein kretazischer Trog vorhanden ist, der wahrscheinlich alt 

angelegten Grabenstrukturen folgt. Das gleiche ist sUdlich des Wadi Howar der Fall, dort ist die 
altpalaozoische Anlage einer Graben/Trog-Struktur jedoch nachweisbar. In diesem Zusammenhang wurden 
erstmalig so weit im SUden palaozoische Sedimente einschlieBlich marinen Silurs nachgewiesen. 

ABSTRACT 

Important problems of the geology of northern Sudan north of Wadi Howar and west of the Nile have 
been solved during the last 6-8 years. The strata of Nubia above the Precambrian basement - formerly 
called "Nubia(n) Sandstone" or "Nubian Formation" was subdivided into lithological formations of 
Cambrian to Ordovician, Silurian, Devonian, Carboniferous, Permian to Lower Jurassic, Upper Jurassic to 
Lower Cretaceous, Upper Cretaceous and Tertiary age. Based on these stratigraphical and sedimentologi
cal results, an analysis is now possible on the paleogeographical and the structural development of 
this large area. At the same time, the results can be used as a base for hydrogeological models and for 
conclusions about the possibilities of the formation of mineral deposits. Except for shallow marine 
carbonates of Early Tertiary age present in a larger area north of Wadi Howar, all strata consist of 
elastics, deposited in shallow marine to mainly alluvial environment and interbedded in certain periods 

with paleosols. 
The structural development is dominated by two major elements: pre-existing structural trends of 

Precambrian age and their activation in response to major events of global tectonics. Orientation, 
internal tectonics of structural units as well as distribution of sediments in this cratonal area are 
mainly controlled by the major structural pattern formed during the cratonization and by plate motion. 
The latter was of influence for the preference of reactivation, which changed several times since the 

Cambrian. 
During the last years, our fieldwork in Sudan was centered on the areas west and east of Gebel 

Abyad, the Dongola _ Wadi Milk area and the area of Gebel Tageru south of Wadi Howar. Apart from the 

stratigraphical interpretation, reconstruction of paleogeography and structural development was 
undertaken. In the Gebel Tageru area, existence of an Early Paleozoic structural relief was proven. 

Further east, structural trends of Cretaceous age seem to follow the same Paleozoic pattern. 

1. INTRODUCTION 

The major aims of the research of subproject A4 within the Sudan during the periode 1984 to 1987 
was to consolidate our knowledge on the areas north and northeast of Gebel Abyad and to investigate the 
trough or graben system between Dongola and Khartoum as well as the trough or graben system between 
Wadi Howar and the highlands of Darfur (for locations see Fig. 1). These works were necessary for two 
major reasons: the areas to be investigated belong to the southern part of the groundwater model which 
we attempted to establish for the so-called Nubian Aquifer System and, from a geological point of view, 
the areas are possibly rift structures or other tectonical elements important for the understanding of 
the formation of major structural features on cratonal areas and their relationship to plate tectonics. 

The subproject A4 was not only responsible for the reconstruction of geological development in 

northern Sudan, but also for those parts of the Nubian Aquifer System in NE Africa, which were not 
investigated by other teams. A major part of the geological cross-sections used as a base for the 
groundwater model was constructed and interpreted by the A4 team. Important parts of the structural 
development of NE Africa were investigated in order to allow conclusions for the major aims of the 
Special Research Project as a whole. In this connection, the Chad part of the Kufra Basin was investiga-
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ted by means of remote sensing and literature (see HISSENE, 1986). At the same time, an analysis of the 

development of the Gulf of Suez/northern Red Sea was carried out (see LINKE, 1986). In order to 
understand the interfingering of continental and marine strata and the related structural movements, it 
was also necessary to do some stratigraphical work north of the working areas of subproject A3 in the 
northern part of the Eastern Desert (northern Wadi Qena), (see LEJAL-NICDL, 1986; KLITZSCH, 1986; 
KLITZSCH et al., 1987) and on Sinai. All the investigations carried out in or on areas distant from the 
Sudan or from bordering areas in Egypt were financed by third parties and not by this research project. 

The field work in the Sudan during the period 1984-87 was difficult to conduct from an Egyptian 
base as previously foreseen and we had to alter our original plans and carry out most of the field work 
from a base in Khartoum. In the meantime we lost one field season. One field trip was carried out to 
the western part of the Lakia Arbain escarpment (Permotriassic), to Nukheila and Atrun (Late Cretaceous 
and remains of Carboniferous diamicts), to Gebel Tageru (Silurian to Carboniferous) and back to Gebel 
Abyad (Late Cretaceous, Early Tertiary), the eastern part of the Lakia Arbain escarpment (Permotriassic 
to Lower Jurassic) and Selima (Lower to Middle Cretaceous). During this field trip, a rich flora was 
found in parts of the Cretaceous, the Permian to Jurassic and in the Carboniferous strata. A fauna was 
also found in the Silurian of northern Darfur (mainly ichnofossils) and in the Late Cretaceous to Early 
Tertiary strata of Gebel Abyad. At the same time, facies correlations between the different occurrences 
of Creataceous age were carried out and transport directions of fluvial sediments were identified. The 
structural situation of the northern foreland of Gebel Abyad and of the potential rift area west and 
south of Atrun towards Gebel Tageru and Darfur were investigated. During this field work, great 
emphasis was put on finding and sampling stratigraphical material, in field observations necessary for 
paleogeographical and structural reconstructions, and in the recording of complete sections of strata 
typical for the different areas. We also tried to locate areas of very thin sedimentary cover and 
erosional windows of Precambrian basement. 

A second field trip was carried out to the sedimentary basin around Dongola and the ~astern Wadi 
Howar, the Wadi Milk and the Wadi Mokatam. Here the main problem was again to work out the strati
graphy, to reconstruct the position of depocenters as well as areas of erosion and to identify the 
sedimentological characteristics in order to reconstruct paleogeographic and facies distribution 
models. This field trip resulted in important hints for the understanding of the paleogeographic and 
structural differentiation of the Cretaceous time in northern Sudan and _ like the other expeditions _ 
it was substantial for hydrogeological interpretations of the B4 subproject. 

A third field trip was carried out to the Darfur Mountains to El Fasher (Fig. 1) and from there 
northward to Gebel Tageru, Wadi Howar and back through Wadi Milk and Wadi Mokatam to Khartoum. Here the 
facies and southward distribution of the Paleozoic as well as the Mesozoic strata were investigated. 
Methods and aims were similar to the previous field trips. 

While most of the important problems of the areas north of Nukheila and Gebel Abyad are solved and 
the basic stratigraphy and facies correlation of the areas of Atrun, Nukheila, Gebel Abyad and Dongola 
are understood, the problems of the areas south of Dongola and south of Wadi Howar toward Darfur are 
only partially worked out, definitely more field work is necessary there. The remaining problems in 
areas further north are mainly related to interesting and possibly important observations of the 
development of paleosols and sedimentary mineral deposits as well as observations on paleoclimatical 
questions. 

Several hundred samples have been taken for paleontological as well as sedimentological and 
geochemical laboratory investigations. Apart from paleontological and palynological studies, the 
laboratory investigations included geochemical analysis (AAS, ICP/AES), X-ray diffraction and heavy 
mineral analysis as well as granulometric analysis. The aim of the above mentioned methods was to 
support the field observations and to improve the comparison and correlation of the sedimentary 
succession of northern Sudan with the better known Dakhla- and Asyut Basin in southern Egypt. 
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The marine (B, Rb, Mg, Ca, Fe) and terrestrical (Al, Zr, Ti, Cr, Li, Ga) indicator elements 
obtained from the geochemical analysis of the fraction smaller than two micron mainly from shale and 
siltstone, are used to evaluate and compare the paleo-environmental development with respect to the 
stratigraphical position. 

X-ray analyses reflect more or less a similar tendency of the clay mineral association kaolinite, 
smectite, illite, palygorskite and sepiolite, as in the Late Cretaceous to Early Tertiary strata of 
southern Egypt. 

The analysis of stable and unstable heavy mineral associations is used to help in stratigraphical 
and structural interpretations. Grain-size analysis was helpful for accurate sandstone-classification 
and for the ascertainment of permeability of the psammitic sedimentary units. 

Palynological samples are investigated by E. Schrank, samples of mega plant remains are identified 
by A. Lejal-Nicol. The main results of these works are published separately in this book. The special 
investigations carried out about the Gebel Abyad area by N. Barazi have already been published (BARAZI, 
1985). Ichnofossils are identified by A. Seilacher (partly in print, SEILACHER, 1987). 

2. STRATIGRAPHY 

As stated above, the subdivision of the strata in northern Sudan and southern Egypt is indispen
sable for the understanding of the geological development of northeast Africa since the Early Paleo
zoic. Reconstruction of structural development and its relationship to events of global character is 
based on the understanding of stratigraphy and paleogeography. The same applies to the reconstruction 
of the hydrogeological situation, which is based on the knowledg~ of the structure, facies changes and 
regional correlation of the rock units in response to paleogeographical alterations. The reconstruction 
of the stratigraphy was therefore the key to major questions of our project. This meant that we had to 
subdivide the so-cal led "Nubian Sandstone" into litho- and chronostratigraphical units. 

Since some of the time units are not represented in northern Sudan and others could only be dated 
further north, some of our field work had to include areas in Egypt (in close cooperation with subpro
ject AJ). As the results are important for the reconstruction of the structural development of NE 
Africa, the stratigraphy of the former "Nubian" strata in Egypt is briefly included in this article. 
The major results of the subdivision of "Nubian" strata and the correlation of these sediments into 
areas with more continuous influence of marine deposition is shown in Fig. 2. Due to difficulties of 
precise stratigraphical dating, some of the earlier stratigraphical interpretations were revised. 
Several interpretations are still not final. 

2.1 Cambrian and Ordovician 

Strata of Cambrian to Ordovician ageare long known from bordering areas in Libya (Gebel Arkenu, 
BUROLLET, 1963) and from the southern edge of the Ennedi Mountains in northeastern Chad. However, there 
is little paleontological evidence. In the Ennedi Mountains, the main proof is the position of the 
supposed Cambrian and Ordovician strata underneath the fossiliferous strata of Silurian age. In Gebel 
Arkenu in Libya, the proof is based only on sedimentological aspects. In both cases, the strata consist 
of more or less coarse elastics of predominantly or exclusively fluviatile origin. They are mainly 
cross-bedded friable sandstone beds with underdeveloped matrix, forming massive and steep escarpments 
and outliers at the southern edge of Ennedi and the northeastern rim of Gebel Arkenu. Between 17° and 
18° northern latitude, these strata are known from a short distance across the border in the Sudan but 
have not been investigated until now. 

From western Sinai (Um Bogma - Wadi Feiran area) and from northern Wadi Qena in the Eastern Desert 
of Egypt, up to 120 m of Cambrian strata were identified, consisting of several cycles of shallow and 
nearshore elastic sediments, interbedded with fluvial and deltaic strata. SEILACHER (lg87) identified 
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trilobite tracks of Lower Cambrian age: Cruziana aegyptica, c. cf. nabataeica, c. salanis and other 

trace fossils. Similar strata, but up to 1000 m thick, are known from the subsurface in the northern 
part of the Western Desert of Egypt. There, acritarchs, brachiopods and trilobites are found. After 
HASSAN (1967), we used the term Araba Formation for Sinai and also for the recently discovered section 
in the Eastern Desert (Somr el Qaa in the northern Wadi Qena). 

At Gebel Uweinat in Karkur Talh, more or less directly at the Sudanese/Egyptian border, several ten 
meters of well bedded shallow marine sandstone are intercalated with coarse to conglomeratic fluviatile 
sandstone. It is called the Karkur Talh Formation. MONOD found trilobite tracks near the base of these 
strata. This Cruziana rouaulti was identified by Seilacher (personal corrrnunication) and must be taken 
as evidence for Ordovician age. Thus, it is likely that the Ordovician sea temporarily reached northwes
tern Sudan and followed most likely the same structural pattern as later the Early Silurian sea . 
Distribution of the marine Lower Cambrian strata, however, does not seem to follow this pattern (cf • 
Fig. 3 and chapter on paleogeography). 

2.2 Silurian 

Within the area under discussion, Silurian strata were identified first in the southern foreland of 
the Abu Ras Plateau in Egypt not far north of the Sudanese border. There, near the Um Ras Passage, 
approximately 400 meters of fluvial, deltaic and nearshore marine sandstone are interbedded with rare 
silt- to fine sand layers, locally containing abundant Cruziana accacensis as well as Harlania harlani 
(KLITZSCH, 1979) and other ichnofossils and beds full of Skolithos sp. 

The same type of strata, also containing Cruziana accacensis, Harlania harlani and Skolithos beds, 
is present southeast and east of Gebel Kissu in northwestern Sudan and near the Egypt~an part of bebel 
Uweinat at Karkur Talh. There they rest on the Karkur Talh Formation of Ordovician age, whereas at the 
other locations, they rest directly on Precambrian metamorphics. We called these strata the Um Ras 
Formation (see also KLITZSCH and LEJAL-NICOL, 1984 and Fig. 3). This formation is typical for the 
interface of fluvial and very shallow marine environment near the edge of the Lower Silurian transgres
sion; it is similar to the Acacus Sandstone Formation in Libya (KLITZSCH, 1969) . 

During our latest field work, we identified strata of Silurian age also at Gebel Tageru, south of 
Wadi Howar and along the Gebel Tageru escarpment southward towards the Darfur Mountains. Here the 
Silurian strata have nearly the same characteristics as those near the Um Ras Passage in southwestern 
Egypt and in the Gebel Uweinat - Gebel Kissu area. They consist of interbedded fluvial to locally 
deltaic sandstone, of highly burrowed (Skolithos sp.) shallow marine sandstone and some silt- to fine 
sand layers, containing Cruziana cf. accacensis as well as Harlania harlani. The Graptolite shale 
facies, typical for the Silurian (Llandovery) strata further northwest in Libya and in Chad north of 
Fort Largeau, is missing. 

A more precise dating of the Silurian strata mentioned above until now was not possible. However, 
the maximum transgression of the Silurian Sea in Libya, northern Chad and northern Niger was known 
already to occur during the Lower Llandovery and the regression began towards the end of Lower Llando
very time (KLITZSCH, 1968), Thus, it is very likely that Silurian sediments with marine influence 
deposited at the outer rim of this transgression are not younger than Llandovery (Lower Silurian). 

2.3 Devonian 

Strata allocated to the Devonian in northwestern Sudan are not dated paleontologically. Part of the 
strata overlying the Silurian beds at Gebel Tageru, east and southeast of Gebel Kissu and at Gebel 
Uweinat (Karkur Talh area) are probably of Devonian age. Further north, in the Gilf Kebir - Abu Ras 
area of Egypt, the Devonian seems to be present above the dated Silurian. In northwestern Egypt, 
SCHRANK (1984) dated strata of Late Emsian to Early Givetian age by identifying numerous palynomorphs. 
There is evidence for the presence of Devonian west of Sudan in the bordering areas of Chad (HISSENE, 
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1986). The sediments interprete& to be of Devonian age within the Sudan and bordering areas in southern 
Egypt are exclusively fluvial and are compared with the fluviatile part of the Tadrart Sandstone 
Formation of southern Libya (KLITZSCH, 1969), which is typical for the southern and eastern foreland of 
the Devonian transgression in Libya, northern Chad and northern Niger. 

Comparable strata to those alloted to Devonian in the Sudan are exposed unconformably above the 
Silurian beds in the Karkur Talh area of Gebel Uweinat (eastern and northeastern slope). There, they 
assume a thickness of approximately 6D meters and are made up of tabular to partly trough cross-bedded 
sandstone, which is more or less unconformably overlain by well dated strata of Early Carboniferous 
age. East and southeast of Gebel Kissu, this formation is locally present, there it reaches only some 
meters to some ten meters in thickness. 

At Gebel Tageru, we found the Silurian beds unconformably overlain by approximately 80 m of fluvial 
sandstone, mainly cross-bedded with intercalations of parallel bedded silt- and fine-grained sandstone . 
Some beds are burrowed by Diplocraterrion sp., which might indicate shallow marine influence; marine 
Devonian is known from bordering areas northwestward in Chad. Near the top, plant remains like Barran

deinia sp. indicate Devonian age . 

2.4 Carboniferous 

From all strata of Paleozoic age in northeast Africa, Carboniferous sediments have been known for 
the longest time. BARRON (1907) and KLEBELSBERG (1911) first reported Carboniferous beds from Sinai in 
Egypt and MENCHIKOFF (1926) from Karkur Murr in the Sudanese part of Gebel Uweinat. We have added the 
evidence of Carboniferous occurrences southeast and east of Gebel Kissu in northwestern Sudan as well 
as in the Abu Ras - Wadi Abd el Malik area of southwestern Egypt and also in the Eastern Desert of 
Egypt {northern Wadi Qena - Wadi Dakhal, see also KLITZSCH and LEJAL-NICOL, 1984; KLITZSCH, GRtlSCHKE 
and HERRMANN-DEGEN, 1987). Carboniferous strata are al so proven in the subsurface of nor'thwestern Egypt 
(SCHRANK, 1984). 

In the Sudan, south of Wadi Howar, the upper part of the Paleozoic strata of Gebel Tageru might 
also be of Carboniferous age and between Atrun and the Rahib wells, we found chaotic sediments which 
may be remains of a Late Carboniferous glaciation. In both cases we have no stratigraphical proof up to 
present. 

Carboniferous sediments exposed on the surface of northern Sudan are exclusively or almost exclusi
vely of continental origin. While further north in the Abu Ras area of southwestern Egypt, remains of 
the Visean transgression deriving from northern directions, are interbedded with fluvial sediments, we 
found no clear indications of marine influence in northern Sudan (see Fig. 4). 

The Visean in northwestern Sudan and in southwestern Egypt is unconformably overlain by diamictites 
{glacial sediments). The type area for both is Wadi Abdel Malik in the Abu Ras Plateau of southwestern 
Egypt. We therefore called these strata Wadi Malik Formation (Lower Carboniferous) and Northern Wadi 
Malik Formation or Glacial Formation {Upper Carboniferous, KLITZSCH, 1979; KLITZSCH & LEJAL-NICOL, 
1984; see also Fig. 5). 

The stratigraphic evidence for the age of the two formations age is the presence of the following 
fossils (see also LEJAL-NICOL, this book): directly east and southeast of Gebel Uweinat as well as 
approximately 110 kilometers east of Gebel Kissu, both in northwestern Sudan, the following flora of 
Visean age was found: Archaeosigillaria vanuxemi, Lepidodendron veltheimi, Lepidodendropsis vander

grachti, Lepidosigillaria interTl"J3dia, Precyclostignn sp., Prelepidodendron aff. lepidodendropsis, 

Triphyllopteris cf. rhcnbifolia. 

At Gebel Uweinat, (Karkur Murr and Karkur Talh), the Wadi Malik Formation contains Cyclostigrrn 

ungeri, Lepidodendropsis cf. vandergrachti, L. aff. rhcnbiforrnis and Precyclostigrrn sp. 
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After the publication of the above flora (KLITZSCH and LEJAL-NICOL, 1984), a rich flora was 
discovered in the Wadi Abdel Malik type area, including Archaceosigillaria minuta, Lepidodendropsis 
cf. sinaica, Lepidosigil!arla intenredia, Pre!epidodendron !epidodendroides, P. rhorboidale, Rhacop

teris ovata, Triphyllopteris gothani. This flora proves a Tournaisian to Visean age. 
At Wadi Abdel Malik, we found this flora several meters below intercalations containing remains of 

different brachiopods, for example Camerotoechia sp. as well as abundant marine ichnofossils (see 
SEILACHER, 1983) including Asteriacites gugelhupf, Bifungites fezzanensis, Spirophyton sp., Cruziana 

sp. and many others. 
A very similar flora to that of the Wadi Abd el Malik area was found at Wadi Oakhal (Somr el Qaa 

Formation, northern part of the Eastern Desert in Egypt) and in the Um Bogma and the Wadi Mukattab 
areas in Sinai. There, this partly continental interval of Lower Carboniferous strata is underlain by 
marine and partly very fossiliferous sandy marl and carbonates also of Visean age (Um Bogma Formation, 
see also KORA, 1984 and KORA & JUX, lg86) and overlain by fluvial to marine beds, partly also full of 
ichnofossils like Cruziana costata, Spirophyton sp. and several others (Ataqa Formation, also of Lower 

Carboniferous age). 
The upper part of Carboniferous strata, which is mainly made up of diamictites, occurs in three 

different facies, which interfinger and which all rest unconformably upon the Wadi Malik Formation. We 
call this unit the Northern Wadi Malik Formation because the original type area (first discovery of 
glacial sediments in northeast Africa, KLITZSCH, 1978; 1983) is the northern part of Wadi Abd el Malik. 

The area is so remote that no other local names were known. 
The stratigraphical evidence of the Northern Wadi Malik Formation is the following (see also 

Figures 5, 14 and 15): 
At central parts of Wadi Abd el Malik, the formation rests above an erosional contact on sandstone 

of Lower Carboniferous age. The uppermost parts of the underlying strata contain plant remains like 
Triphyllopteris gothani. The upper part of the formation, which is here approximately 50-55 m thick, is 
overlain by a thin conglomerate followed by sandstone, containing among others Cordaites angulostria

tus, which, according to LEJAL-NICOL (1987) indicates Stephani an age. Moreover, the upper part of the 
northern Wadi Malik Formation - directly below the conglomerate ~contains Rhodea lontzenensis, which 

indicates Namurian age for the glacial formation. 
In northern Sudan, the exact age of the formation is difficult to ascertain. There also, it rests 

unconformably above the stratigraphically dated Lower Carboniferous Wadi Malik Formation and it is 
unconformably overlain east and southeast of Gebel Kissu as well as at Gebel Uweinat by strata of 

Permotriassic age. 
Facies changes within the Northern Wadi Malik Formation are controlled by the relief: uplifting of 

central and southern Egypt resulted in southward drainage, which controlled processes of erosion and 
sedimentation until the Early Jurassic. In Late Carboniferous time, areas under glaciation southward 
were replaced by areas of fluvioglacial deposition and (further south) by glacial lakes. Thus, sedi
ments of the Late Carboniferous in southwestern Egypt and northwestern Sudan within the same stratigra
phic position are tillite in the north, fluvioglacial sandstone and conglomerate in the middle and lake 

deposits made of varves in the south (see KLITZSCH, 1986 and Fig. 5). 

2.5 Permian, Triassic and Lower Jurassic 

Sediments of Permian to Lower Jurassic age are totally continental in origin in northern Sudan and 
most of Egypt. This is due to uplift and erosion in central Egypt and to the southward drainage into a 
large and shallow east-west striking basin, developing in northern Sudan, southeastern Libya and 
northeastern Chad (see Fig. 5). This development was caused by plate movements during the Carboniferous. 

Marine sediments of the above ages are known from coastal areas in northern Egypt (see Fig. 5). 
Continental occurrences are present southward from there, for example in the Gulf of Suez - Sinai area. 
Our contribution is the identification of continental strata of Lower Permian age (Qiseib Formation) in 
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Wadi Araba (see LEJAL-NICOL, 1987 and KLITZSCH, 1987). The following flora was identified: Asterotheca 
aff. leeukui!ensis, Ca!lipteris conferta, Dorycordaites sp., cf. Lobatannularia, cf. Sphenophyllum, 

Thinnfeldia aff. decurrens. 
The stratigraphical identification of the continental strata of Permian to Jurassic age in northern 

Sudan (and across the border in Chad and Libya) is less accurate: 
Lakia Formation. From the lower part of this exclusively continental formation, fossil wood (Dadoxy

lon sudanese) was identified and given a Permotriassic age (KLITZSCH and LEJAL-NICOL, 1984). Later we 
found a number of fragments of Calamites sp., Calcnvstachys sp. and NeocalCHiites, indicating a Carboni

ferous age. But since these plants are from a higher level than the Dadoxylon sudanese and since the Lakia 
Formation is underlain by Upper Carboniferous strata, it seems very likely that all or most of the forma
tion is younger than Carboniferous and that a substantial part of it is of Permian age. 

About 80 kilometers south of Selima, the uppermost part of the Lakia Formation contains OtozCHiites 
sp. and different species of Pterophyllum like Pterophyllum nubiense and is of uppermost Triassic to 
Lower or possibly Middle Jurassic age. 

2.6 Upper Jurassic and Lower Cretaceous 

Strata of Upper Jurassic to Lower Cretaceous age cover large areas near the Egyptian border in 
northern Sudan and in southwestern Egypt. While most of the Upper Jurassic and Lower Cretaceous strata 
in northern Egypt are marine, marine intercalations are rare in southern Egypt and especially in 
northern Sudan (see Fig. 6). A shallow but very effective transgression reached northern Sudan in Aptian 
time (Abu Ballas Formation or Lingula Shale) and short transgressions of Late Jurassic age, according to 
correlations of subsurface data (WYCISK, this volume) probably reached the Kharga and the Selima area. 
Most sediments of these ages, however, are deposited within the regime of northward flowing rivers. 

The low er part of this sequence is the Six Hills Formation, which unconformab l y o'ver 1 i es the Lakia 
Formation south of Selima and which is more or less conformably overlain by the marine Abu Ballas 
Formation. The Six Hills and the Abu Ballas Formations are replaced westward by the Gilf Kebir Forma
tion. The stratigraphical position of these groups is relatively clear for some time (BtlTTCHER, 1982; 
KLITZSCH, 1978 and KLITZSCH and LEJAL-NICOL, 1g34), The type areas of all three formations are in 
southern Egypt, but all three extend into northern Sudan. 

The Gilf Kebir Formation in the northeastern foreland of Gebel Uweinat close to the Sudanese border 
contains abundant flora (mainly ferns) of Jurassic to Lower Cretaceous age near the base of these 
strata: Cladophlebis aff. oblonga, C. aff. patagonica, Pagiophyllum sp., Ph!ebopteris aff. rruensteri, 
Podozamites sp., Meichselia reticulata, Xylopteris sp .. Meichse!ia reticulata has also been found near 
the Sudanese/Egyptian border south of Gebel Kamil in the Gilf Kebir Formation and recently northwest of 
Wadi Halfa in the Six Hills Formation. An Upper Jurassic to Lower Cretaceous age of the Six Hills 
Formation and the Gilf Kebir Formation in northern Sudan is not questionable. The overlying marine Abu 
Ballas Formation is more or less proven in the type area in Egypt and in the Dakhla area to be of Aptian 
age (BtlTTCHER, lg82; SCHRANK, 1983). Nearshore equivalents of this formation in the Selima area and 
northwest and west of Wadi Halfa contain remains of fruits, which are typical for this formation at the 
type area in the Oakhla Basin of Egypt. Near Wadi Halfa, we also found Meichse!la reticulata. From water 
wells near Kharga, SOLIMAN (1977) has proven marine Jurassic strata by means of micropaleontology. He 
reports foraminifera and palynomorphs of Upper Jurassic age. Based on these results and on data from 
deeper wells in the Western Desert west and northwest of Dakhla, WYCISK (this book) correlated logs of 
these wells with logs of water wells in the Bir Tarfawi area of southern Egypt and the Selima area of 
northern Sudan and came to the conclusion, that in these areas, the lower part of the section is of 
Jurassic age. 

Sediments similar to the Gilf Kebir Formation have been found between El Fasher in Darfur and Wadi 
Howar. These strata also contain Melchselia reticu!ata. 
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To conclude it seems to be certain that northern Sudan was reached by the Aptian transgression (Bir 
Misaha - Selima - Wadi Halfa area). Possibly, a short transgression in Jurassic time also reached this 
area (see Fig. 6). 

North of Wadi Howar up to 19° 30' NL, no strata of Upper Jurassic to Lower Cretaceous age were 
found. It is, however, very likely that sedimentation took place here, because neighbouring areas in 
Chad and southeastern Libya were in subsidence and several hundred meters of mainly or exclusively 
continental sediments were deposited (Soeka to Ounianga Formation, see Fig. 2 and HISSENE, 1986). 
Absence of Upper Jurassic to Lower Cretaceous strata in areas where they were deposited, may be due to 
uplifting and erosion, which probably began towards the end of Lower Cretaceous time and which formed 
escarpments in northern Sudan and in other areas (see Fig. 10). 

2.7 Upper Cretaceous and Early Tertiary 

Because the sediments of the Aptian transgression (Abu Ballas Formation or Lingula Shale) are topped 
by thick paleosols (in some areas of several generations), it is very likely that the overlying sedi
ments were deposited after a longer sedimentary break. Consequently, it is concluded that all or most of 
the Albian is not represented by sediments in southern Egypt and northern Sudan . 

The sediments overlying the Abu Ballas Formation or the Gilf Kebir Formation in southern Egypt and 
northern Sudan are mainly fluvial sandstone and some paleosol horizons, these strata are called Sabaya 
Formation or Desert Rose Beds. It contains relatively rare plant remains like Frenelopsis aff. parcera-

1T1Jsa, F. aff. ranvssissil'lll, Paradoxopteris strareri and Phlebopteris sp. It represents fluviatile 
coastal flood plain deposition before the arrival of the Cenomanian transgression. In northern Sudan it 
is present between 100 and 180 kilometers S and SE of Gebel Kissu, and in the Selima area, unconformably 
covering Gilf Kebir Formation. In bordering areas in Egypt, th·e Sabaya Formation makes up the higher 
parts of the Gilf Kebir Plateau, of Gebel Kamil and it is also present in the Bir Tatfawi area. 

Above the Sabaya Formation and in more or less conformable contact follows the Maghrabi Formation or 
the Plant Beds. In Egypt - except for the areas far to the west and near the Libyan border - this 
formation is marine to estuarine with some fluvial influence. In northern Sudan only north and west of 
Selima some marine influence is indicated (see Fig. ?).Continental equivalents of this formation made of 
paleosols interbedded with fluvial sediments occur 110 to 120 kilometers south of Gebel Kissu, also 140 
kilometers south of Gebel Kamil and they cover parts of the Gilf Kebir Plateau in southwestern Egypt. 
South of Gebel Kamil, we found a rich flora, including Credneria sp., cf. Celastrophyllum sp., Ficophyl

lwn sp., Laurophyllum sp., cf. Liriodendropsis sp., i\ttgnoliaephyllwn sp., cf. Sassafras sp. South of 
Gebel Kissu, we reported earlier (KLITZSCH and LEJAL-NICOL, lg84) Araliaephyllum sp., cf. CinnarrrnI1T0, 

Ficophyl lum sp., i\ttgnoliaephyllum sp., Platanophyl lum sp., cf. Populophyllum sp. and Sapindops is sp. 
In the Abu Tartur area of Egypt, the Maghrabi Formation contains brachiopods, lamellibranchiates and 

remains of fish and saurier. Further north at Bahariya (DOMINIK, lg85) it is represented by the Bahariya 
Formation, which is dated to be of Upper Cenomanian age (ammonites). Thus, the underlying Sabaya 
Formation is most likely of Lower Cenomanian age. 

A similar situation was found in the central parts of Wadi Qena (Eastern Desert): there, massive 
fluviatile and deltaic sandstone (Wadi Qena Formation, probably equivalent to the Sabaya Formation) is 
overlain by marine strata (Galala Formation), containing ammonites also of Upper Cenomanian age like 
Angulites rrernl3ti, Ai!tengonoceras dunpli and Neolobites brancai (KLITZSCH, GROSCHKE, HERRMANN-DEGEN, 
1987). Thus, the stratigraphic position of the Sabaya Formation and of the Maghrabi Formation is clear: 
both are of Cenomanian age. It cannot be excluded, however, that sedimentation of the Sabaya Formation 
began already in Albian time, as the result of uplift and erosion further south. Due to the slight 
uplifting of parts of the Sudan and bordering territory in Chad and southern Libya, sediments of 
Cenomanian age in northern Sudan are restricted to areas near the northern border of the country (Wadi 
Halfa - Selima - Bir Misaha area, thin covers south of Gebel Kamil and south of Gebel Kissu, see 
Fig. 7). 
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Due to our stratigraphic results and due to the reconstruction of the paleogeographic situation, we 
are almost certain that most of northern Sudan (except for the above mentioned areas) was under erosion 
in Albian and Cenomanian time. This situation most likely remained until the Turonian. The next sequence 
of sediments to be found over extensive areas in northern Sudan are of Coniacian to Maastrichtian and -
locally - Early Tertiary age . 

A key area to understand eolo ical develo ment in northern Sudan after the Cenomanian i s eastern 
~ In the Eastern Desert of Egypt (Wadi Qena, Gulf of Suez, Aswan area) we found out that the first 
transgression, which covered most of the lower parts of the post-Cenomanian relief, took place in 
Coniacian time. 

Well dated sediments of Turonian age underlying these strata in Wadi Qena are fluvio-continental 
southward and older strata wedge out southward towards a regional high, which formed most of the Eastern 
Desert of Egypt until the Cenomanian. At Aswan, fluvial sediments probably of Turonian age (Abu Agag 
Formation) directly overlie Precambrian basement and are overlain by partly fine elastic and oolite
bearing marine strata (Timsah Formation) of Coniacian to Santonian age. Apart from abundant Upper 
Cretaceous plant remains similar to flora from northern Sudan, we found within this marine formation at 
Wadi Abu Agag Inocer'7rUs (Platyceranus) cycloides, Inocerarus (Volvicer'7rUs) balli and other lamelli

branchiates like Isocardia egyptica and Unio sp. The well preserved Inocerarus specimen allow to date 
these sediments as Coniacian to Santonian. The same conclusion was reached by SULTAN (1985) with 
palynological means. At Wadi Qena, along 27° 34' N, equivalent beds contain among others a11111onites like 
A-Etatissotia cf. thtrrl3si (KLITZSCH, GR~SCHKE & HERRMANN-DEGEN, 1987), which also backs the given age. 

We now have to correct our previous nomenclature and the interpretation of strata in the Aswan area 
(KLITZSCH and LEJAL-NICOL, }g84). At that time, we were not aware of the formation names given by 

ZAGHLOUL (lg7o), which we now accept. Based on two new paleontologtcal and paleogeographical evidences, 
we now consider the Timsah Formation (formerly called Abu Agag Formation by us) to be of toniacian to 
Santonian age, and the underlying Abu Agag Formation (formerly called Aswan Formation by us) to be of 
Turonian age (probably equivalent to the Taref Sandstone). Strata overlying the Timsah Formation (Um 
Barmil and Kiseiba Formation) are more or less of Campanian age. 

Further west in the area between Aswan and Kharga - Baris - Kiseiba, the Kiseiba Formation rests 
directly on Precambrian rocks or on relatively thin equivalents of the Um Barmil or Abu Agag Formations 
(see Fig. 2). Until the Turonian, this area was part of a regional high situated east of the Dakhla 
Basin. 

In northern Sudan, there are three major areas where strata of post-Cenomanian or post-Turonian age 
were deposited. The marine transgressions, which reached these areas, however, came through southeastern 
Egypt (see Figures 8-10). Without the understanding of the stratigraphical subdivision of the former 
Nubian strata in the Aswan and Eastern Desert areas of Egypt, interpretation of these strata in Nubia 
would be much more difficult, since precise stratigraphic evidence is very rare. The areas in northern 
Sudan covered with post-Cenomanian or post-Turonian sediments are: 
1) Gebel Abyad and its southern foreland towards Wadi Howar and Wadi Milk; 

2) The Dongola area and the southward to Khartoum leading trough or 
graben; 

3) The Nukheila-Atrun area (sediments south of there are mainly older). 

The stratigraphical interpretation of strata in those areas bears the following aspects: the lower 
part of the several ten- to several hundred meters thick elastic sequences - the Wadi Howar Formation -
is mainly a fluvial deposit, containing silicified trees, remains of fructifications and - locally -
tracks of tetrapods . Near the top, this formation shows marine influence in the surroundings of the 
Gebel Abyad Plateau and southward toward Wadi Milk as well as near Nukheila and Aswan. In these parts of 
the section, locally abundant Thalassinoides burrows appear and - especially around the Abyad Basin -
also Rhizocoralliurn, Diplocraterion, Teichichnius and other ichnofossils. 
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As in Aswan, where a similar ichnofauna appears below the iron ore, iron oolite beds are present in 
parts of the Gebel Abyad foreland (this area has been investigated in detail by BARAZI, 1g95). As in 
Aswan, the surface layer of silicified or ferrugineous wood, locally is full with Cycadanyelon fourtani. 

Different from our earlier interpretations of the Aswan area which we have later revised, we now 
have good reason to place the upper part of the Wadi Howar formation in the Coniacian or Coniacian to 
Santonian. This does not preclude that sedimentation of this formation already began in Turonian time. 

The above mentioned Kababish formation (BARAZI, 1985) rests over paleosols and overlies older 
formations with a local unconformity. At Gebel Abyad, the formation is composed of marine near shore to 
back shore, lacustrine and fluvial sediments as well as paleosols and contains some layers with small 
gastropods and small lamellibranchiates as well as poorly preserved foraminifera. Most of the strata are 
highly burrowed and ichnofossils similar to those in the Wadi Howar formation are frequent. The degree 
of bioturbation is higher than in the Wadi Howar formation (BARAZI, 1985). Remains of fossil plants 
indicate Late Cretaceous age: 

Credneria sp., cf. Celastrophyllum sp., Ficophyllum sp., cf. f.tignoliaephyllum, cf. Sagenopteris sp., 
cf. Typhaephyllum sp. 

further east, in the eastern part of the Nile Valley near Dongola, beds equivalent to the Kababish 
Formation contain the following flora: Cinnanur7TJ)ides spectabile, c. sp., CinnOTTlXTlU11 cf. spectabile, 

CinnanurrrrJphyllum sp., f.tignoliaephyllum cf. obtusata, Nelurrbites schweinfurthii, cf. Paulliniacarpon 

sp., Tiliaephyllum sp. The entire flora has been identified by A. LEJAL-NICOL (personal communication). 
It proves a Late Cretaceous (or possibly younger) age of the Kababish Formation. Since this formation is 
overlain at Gebel Abyad by marine beds of Paleocene age, we exclude any Tertiary age for these strata 
and interpret it to be of Campanian to Maastrichtian age. In the Dongola area, marine influence is rare. 

from a water well approximately 120 kilometers south of Dongola, SCHRANK (personal communication) 
identified palynomorphs of tentatively Coniacian age from strata which either belong to the lower part 
of the Kababish or - more likely- to the upper part of the Wadi Howar Formation. 

West of the Abyad Plateau in the Nukheila and Atrun areas as in the Dongola area , marine influence 
is also more or less absent. While at and around Dongola fluvial deposition dominates, Cretaceous 
sediments of the Atrun and the Nukheila area are characterized by soil development, interrupted by 
fluvial deposition. Only the lower part of the section - equivalent to the Wadi Howar Formation - shows 
some indications of marine environment. The sediments equivalent to the Kababish Formation contain a 
rich flora: west and southwest of Nukheila, we found Credneria sp., Dipterocarpophyllum sp., Laurophyl

lum sp., f.tignoliaephyllum sp. sp., M.Jgnoliaephyllum angustifolia, M:rgnoliaephyllura obtusa, Salix sp. 
North of Atrun, strata probably somewhat younger than the beds near Nukheila in which we found the above 
flora, contain: Annonaephyl Zurn sp., CinnCl1l'U7JJides sp., Dipterocarbophyllum sp., M.Jgnol iaphyl lum sp., 
Nelurrbites sp., Neocalanites sp., Thallophytes sp., Yuccites sp. 

This flora was also identified by LEJAL-NICOL (personal communication). It shows great similarity 
with flora from Campanian to Maastrichtian sediments (Mut Formation, Kiseiba Formation) from southern 
Egypt (KLITZSCH and LEJAL-NICOL, 1984). 

At Gebel Abyad, the Kababish Formation is overlain by dolomite, limestone, marl and elastic sedi
ments of the Gebel Abyad Formation. This unit was first described in 1984 and redefined by BARAZI 
(1985), who improved the definition. The new definition would have been more acceptable had Barazi 
assigned the elastics of the lower parts of the section to the underlying Kababish Formation. According 
to BARAZI (1985), the Gebel Abyad Formation contains lamellibranchiates (Cardidacea, Corbulidae, 

Tellindae), remains of gastropods, remains of echinoderms, teeth of Stephanodus, Ostracodes and plank
tonic as well as benthonic Foraninifera: Acarininn planorotalis, Globigerina sp., Globorotalia sp., 
Aforozella sp .. Foraninifera typical of the Cretaceous like Globotruncana are missing. The fauna indicate 
an Early Tertiary - most likely Paleocene - age for the Gebel Abyad Formation. 

Further south, in the Khartoum area and at the southern slopes of the Darfur Mountains, strata of 
Early Tertiary age might be present, but there, we expect them to be of continental origin. PRASAD, 
LEJAL-NICOL & VAUDOIS-MIEJA (lg86) published a Tertiary age for the younger part of strata found near 
Khartoum. Additional investigations will be necessary to prove these results. Since the area around 
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Khartoum and at the southern slope of the Darfur Mountains is important for the understanding of the 

rift development in central Sudan, stratigraphical work in these areas is essential. 

3. FACIES DISTRIBUTION AND DEVELOPMENT 

The fluviatile sediments that characterize NW-Sudan and SW-Egypt, were repeatedly interrupted by 
marine transgressions rapidly progressing towards the south. The sediments assume various facies 
within the alluvial paleoenvironments and fluvial architecture varies according to the paleogeographic 
setting and to the sediment supply which were in turn tectonically controlled. The thin shallow marine 
intercalations developed intracratonically, and are widely distributed. They are, with a few excep
tions, thin, respectively rudimentarily developed and/or incompletely preserved. From Carboniferous 
time onward, soil-forming processes have affected the alluvial deposits. The processes became especial
ly active during the later part of the Early and Late Cretaceous in response to favourable climatic 

conditions. 
The sedimentary strata of NW-Sudan and SW-Egypt, previously referred to in a general sense as 

"Nubian" in former times, encompass the Karkur Talh Formation (Ordovician) up to the Abyad Formation of 
Early Tertiary age and can be divided on sedimentological and structural grounds into three megacycles. 

(KLITZSCH, 1984; 1986): 
a) The Lower Cycle includes sediments of Cambrian to Early Carboniferous age 
b) the Middle Cycle contains Karoo-type sediments of Late Carboniferous 

to Early Jurassic age and 
c) the Upper Cycle comprises Late Jurassic to Tertiary strata. 

As sedimentological processes are closely connected with the structural history of the region, a 
detailed description of facies development will be included in the following chapter, based on selected 
sections within the respective megacycles. The position of the reference sections is marked in the 

location map Fig. 1 and Fig. 11. 

3.1 Facies Development of the Lower Cycle 

The Lower Cycle of Paleozoic strata surrounding Gebel Uweinat and stretching south to Gebel Tageru 
comprises the Ordovician Karkur Talh Formation, the Silurian Um Ras Formation, the Devonian Tadrart 
Sandstone Formation and the Early Carboniferous Wadi Malik Formation (Fig. 11). Orodovician strata were 

only proven at Karkur Talh. 
Along the escarpment of Gebel Tageru, the Um Ras Formation starts with a thin basal conglomerate 

and medium- to coarse-grained sandstone which unconformably overlies the Precambrian basement. The 
heavy mineral assemblage is characterized by the occurrence only of stable minerals which are, in a 
decreasing order of abundance: tourmaline, zircon and rutile. Staurolite and epidote occur only 
sporadically. The lowermost part of the section (Fig. 12, Facies 1,2) can be interpreted as deposits of 
subtidal shoals and tidal channels. The coarsening-upward sequence at the lowermost part of the section 
is made up of interbedded laminated siltstone and fine-grained sandstone with wavy lamination and 
ripple cross-lamination. It contains the trace fossils Cruziana accacensis, Harlania harlani and 
others. The upper part of this coarsening-upward sequence is made up of fine- to medium-grained 
destratified sandstone, containing abundant Skolithos-burrows. This Skolithos-sandstone of up to 2 
meters in thickness is erosively overlain by tidal channel-sandstone, consisting of medium- to coarse
grained, trough and planar cross-bedding with intraformational lag-conglomerates at the channel floor. 

Bipolar paleocurrent directions to the NE and SW indicate tidal influence. 

.. c 
GI 
E 
c 
0 ... 
·; 
c 
w 

Ill ' c ii 
0 • 

I·- e 

0 l/J = :! .... c CD ~c: 
ftl ftl ... ~g 
~~Cl' 

... :a Ill 
GI ftl 

:iii:: a: 
.... :II ::.a 
CJ cc 

E 

\! 

0 
0 
~ 

Ill 

>... 
ftl .. ... 
GI 
I-

OI 

• u . 
c :!:: • " u :! . • • :; ..... 

" . D' •• 0 • • c 
- ! ·-• .c > =. "'=. :E ! 0. u 
"li :! I: 0 

.5! ! ~ : 
• 0 ~ ... 
¢ 9 

m 

c 
'ii 
al 
ID 
'a 
al 
>o 
.t:I 
c 

.. 
! 

ii • 
0." 

" -::::11 ~ ... "C -- -. - ... 
E = g,, 

iii 0 

ii 
0 • - "' . 

'11 .5 0 

; : ~ 
• c c 
.a ~ :! 
- u 0. . .., 
-;: 'i 
" . ;;: .. 

... 

.! c s:.-.Ill. 
al al cm 

c • 0 u ii c • !! ... .. 
ii ... .. c 
" • • .. -
0 ii E " 

.r>~ 
" " .. ;: ~ 

o9 ; ..... .., 
i: " . . ~ 

Jeddn 

0 
u 
c 
0 

" ;; 
.0 
;: 
• ~ 

¢ 

s:. 
OI 

" 0 

~ 
al 
s:. 
al .. 
j 

0 - .. 
" .5 " -"" - c .. c . . 
.0 .c 
ii u 
; 
~ 

t t t , llt r·· --.... ,, t ............ v ·" 

/ , J ---,j \j Ll 

- 115 -

IO ..,. "' N 

• • u .5 c 'i • • ... ... u 
'i 'i > 

c .. • 
" \! 0 

... • . ii -gg. 
I: .. 

" •• u 

u 
'iii 
Ill 
ftl ... 
:II .., 

0 
ii 

~ ... 
ii .. 
! E 

ci I~ -! •• 
" 0 c 
'g ; j 
.. - u 
• I .. E ,, :t: ... 

!1 .... 

u c 
'iii ftl 
Ill 'i§ 
ftl ... 
·;:: GI 
I- a. 

c 
~ • > 
:;: . 
~ :; 
!.:! 

ii 
c; 
• m 
ii 
; 
= 0 c; 
• m 

. 
i ! ~ .. 

c t ~: ii • ! 0 • "$ 
.E 0 .!' u 

.5 E ii 

9 ~¢¢ 
ii 
u. . - . 

: gt~~~ 
~'iE.:!• 
:II .... • E ';c:: E:; 
!i:!: 

! 0 

~:: 
.. .! "C 
"' > 0 .S .S! E • • • l!g ••• E - .c ... . 

.., 
c • . 
E . 
! 
•! 
... 0 
• .c .... 
.. ii .. 
.a c 

J8M 0 7 

... 
GI GI 
a. ii: 
a. 0 
::::>Ill ...I 

:II 
0 ... 
! ·c: 
0 
.a ... 
ftl 
0 

c 
ftl c 
0 
> 
GI c 

c 
ftl ·;:: 
.2 
c;; 

.. . 

.!! ~ 
~ d .. . .: G 

i: = QJ 

~ ~ u 
Q c: 

QJ ,_ 
QJ ..... 
QJ ,_ 

..... 
0 

c: 
0 
·~ ..... 
VI 
0 
c. 
QJ 

..c: 
I-

.: 
"' "'O 
::I 

VI 
I 

3: 
z 
"'O QJ 
c: ,_ 
"' ::I 

"' ...... ~ 
C.'+-
>, 
"' QJ W..C: 
I ..... 

3: 
VI '+-

0 
c: 
·~ QJ 

"'O 
c.·~ 
·~ VI 
..c: 
VI +.I 
c: ..c: 
0 "' •r- .,... 
..... ,_ 
"' ~ QJ 
QJ ..c: ,_ ..... 
~ ..... 
"' "' ,_ 
::I "'O ..... QJ 
U-"' 
::I ,_ ,_ 

"' ..... E 
VI 

QJ ,_ ,_ 
"' QJ 

..c:: ..... ..... x 
QJ 

"'O ..... 
c: 

"' QJ 
..c: 

VI +.I 
QJ 

c: 
u·~ 
>, 
U"'O 

QJ 
~.o 
,.,.~ 

u ,_ 
·~ u 
C» VI 
0 QJ 
~-o 
0 ..... VI 
c: c: 
QJ 0 
E·~ 
·~ ..... 
"'O u 
QJ QJ 

VI VI 

...... ...... 
,;, 

LL. 



- 116 -

Legend 

.c"'~"'Oi m .,_ OIO 
I I I I I 

c: 
ca 

Tadrart . ._ 
c: 

Sandstone Fm. 0120 
:=ii. 

3 Q) 
braided Q If 

~ Even-wavy bedding 

B Flaser & lenticular bedding 

I-LL -"-I Ripple cross-lamination 

110 streams I/I Epsllon cross-bedding 

~ Low-angle cross-bedding 

~ Convolute lamination 

l?;;?I Overturned cross-bedding 

~ Tabular cro11-beddlng 

Um Ras ~ Trough cross-bedding 

Formation ~ Paleosols 

3 .. braided - Massive mudstone 

streams 

ca ~ Diamlctlte . 
. ._ ~~f~~~~i:~~~ Massive sandstone 

::::s rm " 
lntraclasts .. . ._ ~ Plant remains 

Cl) 

' 
Yb' Trace foHlls 

Slrol/tho• 

Monocr•t•rlon /.. ;._ Root structures 

subtldal 
shoals and 2 -v- Mudcracks 

channels 

If 
tldal channels 1b .. S- SJ[ Degree of bloturbatlon 

II Mean paleocurrent direction 
Slrollthoa 

subtldal Cruz/en• 
1a Harlan/• 

Draft: P.Wyc/alr 

Fig. 12: Typical section through Um Ras F?r~ation an~ Tadrart Sandstone Formation at Gebel 
Tageru (NW-Sudan), showing depos1t1onal environments. 

- 117 -

The uppermost part of this first shallow marine unit (Facies 2, Fig. 12) is formed by Skolithos

bearing, medium- to coarse-grained sandstone which is poorly defined cross-bedded and partly conglome

ratic. This unit can be up to 18 m thick. The density of the Sko!ithos-burrows increases towards the 

top. The burrows are up to 2 cm in diameter and approximately 40 cm in length; the spacing resembles 
burrows of Monocraterion. The environment of origin is assumed to have been subtidal shoals, produced 
during more rapid sedimentation . 

A second minor shallow marine intercalation in the upper part of the Gebel Tageru section is only 
up to 5 m thick. It is composed of a fining-upward tidal-channel sequence with trough cross-bedded 
sandstone and fine-grained sandstone to shaly siltstones, with partly intensive bioturbation towards 

the top. Trace fossils such as Cruziana and Harlania are rare (Facies 4, Fig. 12). Locally, a subfacies 

of well-sorted, fine-grained sandstone exhibiting horizontal and low-angle cross-stratification with 

parting lineation occurs. This subfacies indicates upper-flow conditions within the nearshore environ
ment. The shallow marine intercalations can be traced to the area of El Akaba and south of the Abu Ras 
Plateau in SW-Egypt. TURNER (1980) described offshore and nearshore shelf deposits of Early Silurian 
age from the Kufra Basin northwest of the Gebel Uweinat. 

Deposits of non-cyclic, braided fluvial systems are the second major facies-type of the Um Ras 
Formation (Facies 3, Fig. 12). This sheet-like, medium- to coarse-grained sandstone is moderately 

sorted and exhibits small- to large-scale tabular cross-stratification. It has a thickness of approxi
mately 80 meters. Grouped sets of omikron cross-stratification (ALLEN, 1963) alternate with a minor 
facies of horizontal stratification, and low-angle cross-bedding and single pebbly layers. Deformed 

cross-bedding is frequent and may occur in successively superimposed sets. The style of deformation 
ranges from buckled to overturned and convolute foresets. Braided fluvial systems are subject to rapid 
fluctuations in flow velocity and cause the sediment to be deposited mainly in the form of channel 

bars. The planar stacked cross-bedded sandstone is attributed to high-stage deposition within trans
verse bars by straight-crested megaripples (sand waves). The facies association corres'ponds to rivers 

of low sinuosity with linguoid and partly transverse bars and "Platte-type macroforms" (CROWLEY 1983; 
MIALL 1978, 1985). The abundant overturned foresets within this facies are attributed to the action of 
current drag on a liquefied sand bed. According to TURNER (1980), there is an abundance of deformed 

cross-beds at certain stratigraphic levels in equivalent strata of the Kufra Basin. The coarse, friable 
nature of the sandstone make internal fabric conditions an unlikely cause of liquefaction. Thus, some 
external mechanisms such as earthquake shocks must be sought, which - if the assumption is correct -
implies source area tectonism contemporary to deposition. 

The paleocurrent patterns of these braided stream deposits are clearly uni-directional, and their 
directions vary within a range of only 30 degrees. Southeast of Gebel Uweinat and the Abu Ras Plateau, 
further paleocurrent directions to the NE occur in accordance with the paleogeographic situation as 

depicted in Fig. 3. The paleocurrent data indicate a source terrain to the southeast, the Uweinat-Howar 
Uplift, with progradation towards the northwest. 

Strata of Devonian age, the Tadrart Formation, in northwestern Sudan as mentioned earlier, have not 
been dated until now by fossils. L ithofacies and stratigraphic comparisons with tl1e corresponding 
sequences in the Kufra Basin suggest a stratigraphic connection between the fluviatile deposits in the 
Karkur Talh area of Gebel Uweinat and those southeast of Gebel Kissu as well as those in the Gebel 
Tageru vicinity (Figs. 11, 12) . 

The Devonian fluvial sandstone is medium- to coarse-grained, subangular to subrounded, and moderate
ly sorted. Small-scale to large-scale stacked tabular cross-bedding is the most common bedding-type. 
Minor lithofacies are the horizontal bedding, trough cross-bedding and the thin-bedded pebble-bearing 
sandstone layers. The predominantly non-cyclic fluvial sequences can be interpreted as braided river 
deposits of the "Platte type". Unlike the Silurian strata, these contain an increasingly high pebble 
content, especially southeast of Gebel Kissu. The pebbly sandstone can be seen as deposits from 

proximal outwash braidplains, including some shallow channels. The paleocurrent direction indicates a 
northwest to locally northeast drainage pattern. 
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The top of the Lower Cycle consists of deposits of the Early Carboniferous Wadi Malik Formation . 
Sedimentation development can be studied at the well exposed outcrops at Wadi Abdel Malik (Abu Ras 
Plateau) in SW-Egypt. The following distinct facies can be recognized from bottom to top of the 
succession. 

The lowermost facies consists of medium- to coarse-grained sandstone with grouped sets of small- to 
large-scale planar cross-bedding alternating with horizontally bedded medium-grained sandstone. The 
percentage of horizontally stratified sets increases towards the top. Overturned cross-bedding is less 
frequent in this facies. The facies type displays conditions of sedimentation similar to those of the 
Devonian strata and can be considered as extensive deposits of the "Platte-type" braided river. The 
dominant paleocurrent direction of the cross-bedding azimuths suggests northwestern and locally 
southwestern directions. 

The middle part of the succession {Fig. 2) shows a fining-upward sequence with a slightly erosive 
base made up of medium- to fine-grained sandstone and intercalated thin laminated shaly siltstone. This 
epsilon cross-bedded (ALLEN, 1963) pointbar sequence is 8 to 12 m in thickness and is topped by 
fine-grained, partly even laminated overbank deposits, which locally display pedogenetic features. 
These deposits of high sinuosity rivers occur in Wadi Abd el Malik, and in the northeast of the Abu Ras 
Plateau (Fig. 13, Facies 2). The third facies consists of fine-grained sandstone with shaly siltstone 
intercalations and horizontal strata. Main bedding types are ripple cross-lamination, even and wavy 
lamination and flaser-bedding. Parting lineation can be observed in the uppermost part of this unit. 
Ferruginous siltstone layers and reworked shale intraclasts within scour-and-fill structures occur. 
Asymetrical oscillation ripples are common on the bedding planes. Tadpool nest ripples indicate shallow 
water conditions in a predominantly low energy wave-generated environment. The influence of shallow 
marine conditions are confirmed by repeated intercalations of the following Facies 4. Facies 3 can thus 
be considered as a marine influenced sedimentary environment in a transition zone from alluvial to 
coastal plains . 

The uppermost facies (4) represents a shallow marine sequence of Late Visean age. The sequence is 
made up of various increasingly thick layers of tidal channel-filled sandstone with distinct erosive 
contact which interfinger with the above mentioned Facies 3. Channel-sandstones with a maximum thick
ness of up to 3 meters are overlain by thin-bedded fine-grained sandstone with interbedded clay-iron
stone layers. Intensive bioturbations, trace fossils such as Bifungites and remains of brachiopods 
confirm the marine origin of this probably tidal channel to subtidal paleoenvironment (Fig. 4). A 
facies interpretation of equivalent strata of the Kufra Basin was given by TURNER (1980), comprising 
deposits of the shelf-shoreface transition zone, the lower shoreface and subtidal channels. SEILACHER 
(1983) described a trace fossil collection from the Gilf Kebir - Abu Ras area in southwestern Egypt . 

To summarize the sedimentological development of the Paleozoic succession, we can say that stable 
conditions of sedimentation with little subsidence during the Silurian, and to a large extent also 
during the Devonian, led to non-cyclic, sheet-like fluvial deposits and abrupt shallow marine trans
gressive intercalations. Towards the end of the Lower Cycle, the architecture of the fluvial sequences 
became distinct with an increased fine grain component. The stabilisation of the mostly mixed-load type 
river systems of mostly mixed type can be seen in connection with the increasing density of vegetation 
and initial soil formation. Facies development during the late Early Carboniferous points to instabili
ty and increased local subsidence of the sedimentary system. The sediments are characterized mainly by 
textural and mineralogical maturity. 

3.2 Facies Development of the Middle Cycle 

The Middle Cycle comprises the strata of the Northern Wadi Malik Formation of Late Carboniferous 
age and the Lakia Formation including Permo-Triassic to Early Jurassic strata. The distribution and 
stratigraphic limitations of the deposits of this sedimentary megacycle have been discussed in a 
previous chapter. This cycle is stratigraphically comparable to the Karoo of southeast Africa regarding 
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the textural and mineralogical immature composition of the sediments (KLITZSCH 1984, 1986). 
The Northern Wadi Malik Formation is made up of diamict sediments that can be interpreted as 

tillite, and glaciofluvial deposits in the Gilf Kebir - Abu Ras area of southwestern Egypt, and either 
correspond to the extensive Dwyka glaciation or to an earlier one in±. Namurian time. In northwestern 
Sudan diamictite and glacial-lake deposits occur in the area southeast of Gebel Kissu, 80 kilometers up 
to Gebel Uweinat and between Rahib Wells and Wadi Howar. The lithofacies assemblage of tillite, 
glacio-fluvial and glacial lake deposits will be described in the order of the north to south oriented 
proximal to distal relationship of this local highland glaciation. 

The diamictic sediments of approximately 50 meters in thickness are exposed in the northern part of 
Wadi Malik and consist of a massive, kaolinitic and matrix supported sandstone which includes sedimen
tary blocks of up to several meters in size. The whitish kaolinitic silty fine-grained matrix contains 
angular to subangular quartz-grains and granules. Primary sedimentary stratification due to water 
transport conditions are not detectable. Scratched pebbles were not observed, but it is not surprising 
that ice-induced striations are not preserved in this exclusively poorly cemented sandstone. A detail 
of a section in the Northern Wadi Malik Formation with tillites attaining a maximum thickness of 
approximately 50 meters is shown in Fig . 14a. At this location (Loe. 114), tillites are topped by 
erosive channels which mark a new sequence. 

Toward the south, the glaciofluvial sediments predominantly belong to the braided r iver model of 
South Saskatchewan - and are partly Platte type deposits. The fluvial sediments consist of medium- to 
coarse-grained pebbly sandstone, moderately sorted, and exhibiting small- to large-scale tabular and 
trough cross-bedding as well as low-angle cross-stratification and horizontal bedding. Pebble-lag 
deposits and scour and fill structures with intraclasts are frequent. The heavy mineral assemblage is 
dominated by a stable association of zircon, tourmaline and rutile (70 %) and a less stable heavy 
mineral association of kyanite, staurolite and epidote (30 %). The presence of terrestrial clay 
minerals and of the elements Ga, Li, Cr, Ti, Al, which show maximum values, indicate the terrestrial 
character of the deposit (MANSOUR, in prep.). 

The distal facies of the glacially affected deposits of Late Carboniferous age is characterized by 
glacial lake sediments which occur southeast of Gebel Kissu and at Gebe.l Uweinat in northwestern Sudan 
(Figs. 5, 11). A coarsening-upward sequence of a glacial lake to delta-fan succession is shown in Fig. 
14b. The section can be divided from bottom to top into three distinct facies (1-3) which reflect the 
progradation of delta-fan sediments into a glacial-fed lake. 

Facies l: Siltstone, with fine horizontal laminated varve-like bedding, white to reddish brown in 
the upper part of the unit. Intercalated lamina of fine- to medium-size sand and erratically distri
buted individual, angular quartz-grains occur. There are no erosional structures observed. The degree 
of bioturbation is moderate to high and decreases towards the top of the facies. Abundant traces 
exclusively of Isopodichnus sp. occur parallel to the bedding planes (Fig. 15b). This bottom-lake 
facies attains a thickness of up to 15 meters in this section. The remarkable glacial-affected lake 
deposit will be discussed later . 

Facies 2: Fine-grained, even laminated and ripple cross-laminated sandstone overlies Facies 1 with 
a sharp but non-erosive contact. Some current ripples and climbing-ripple structures can be observed. 
The upper part of the unit coarsens upward into a medium-grained sandstone, which is horizontal and 
small-scale cross-bedded. Solitary sets of small-scale planar cross-stratification show the increase of 
current bedload energy conditions. This facies reflects an alternating wave-dominated and bedload-cur
rent influenced environment of the lower and middle parts of a prograding delta-fan environment. 

Facis 3 is made up of medium- to coarse-gra i ned, horizontally deposited sandstone with tabular 
small-scale cross-bedding and intercalations of minor siltstone layers and desiccation cracks. This 
facies represents the deposits of the uppermost part of the prograding delta-fan sequence. Fig . 15: a) Pushed zon~ of d iam~ctic deposits in t erpreted as til l ite from Northern Wadi 

Abd e] Mal ik Formation (northern Wad i Abd el Malik area SW-E t) 
b) Errat ic blocks from diamictic deposits . ' gyp · 
~)) Contor~ed bedding.and we?ge-shape fil l ings in the gl aciofluvial sequences . 

I(sopo~zchn~s sp. in glacia l-fed lake sediments of Northern Malik Formation 
section Fig . 14 B, NW-Sudan) . 

e) Varve-type si l tstone of a gl aci al -fed lake env i ronment (section Fi g 14 B· 
NW-Sudan) . · ' 

f) ~orizontally l aminated varv~-type si l tstone w i ~h intercalated f i nesand- l aminae 
'.om a glac i al-fed l ake env i ronment (thin -section, basal part of section 

Fig. 14 . 
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The l ower part of the succession is interpreted as a non-contact glacier-fed lake environment. The 

varve-like structures of Facies 1 and large contrasts in grain-size (up to medium-sizes quartz grains 
toward the top of Facies 1) indicate special depositional conditions due to density stratification 
within the lake-basin. Here, the rhythmites consist of couplets (sand-silt/clay-silt layers) and 
represent low suspended sediment concentrations (Fig. 15, c,d). The depositional conditions of the 
rhythmites are caused by interflow and overflow situations of incoming meltwater into the basi~. These 
conditions are common in thermally stratified lakes especially during late spring and summer time. 
Non-contact lake environments like these are also characterized by the dominance of fine-grained 
sediment influx and relatively light sediment loads, as reported by ASHLEY et al. (1985). Trace fossils 

are found frequently throughout the silt layers and in the top of the "winter" clay. 
The upper part of the Middle Cycle consists of Permo-Triassic to Early or Middle Jurassic sediments 

of the Lakia Formation, which extends over large areas of NW-Sudan (Figs. 5, 11). The sedimentological 
description and interpretation of these fluvial deposits was given for the first time by WYCISK (1984, 
1985). The Lakia Formation represents a succession of texturally and mineralogically immature arkosic 
fluvial sandstone and conglomerates of different depositional styles. The heavy mineral association 
comprises a high amount of unstable and less stable minerals of epidote, kyanite, staurolite and 
monazite (70 %) , as well as less frequent stable minerals such as tourmaline, zircon and rutile (30 %). 
Idiomorphic individual crystals reflect a short transport distance for these fresh and mineralogical:y 
immature detritic sediments. The elements Ga, Li, Cr, Ti and Al which are predominantly accumulated in 
terrestrical clay minerals (kaolinite, illite and partly smectite) show their maximum values (MANSOUR, 

in prep.). 
The sequence development of the succession and the evolution of fluvial depositional style differ 

remarkably in east to west directions. The area south of Gebel Kissu shows a coarsening-upward prograd
ing alluvial sequence in contrast to the fining-upward tendency of the whole Lakia Formation in the 
area of Lakia Arbain and southeastwards. In general, the paleocurrent patterns of the cross-bedding 
azimuths indicate a southwest to westward paleodrainage system towards the Kufra Basin (Fig. 5) · 

The section southeast of Gebel Kissu contains arkosic pebbly sandstone and conglomerates of 150 m 

in thickness. The lithofacies assemablage of the lowermost part of the section is interpreted as 
braided river deposits of the South Saskatchewan type. The section is made up of trough cross-bedded, 
medium- to very coarse-grained sandstone with scour-and-fill structures, crudely bedded pebbly layers 
showing horizontal to low-angle stratification and thin shale horizons with desiccation cracks. These 
sequences are interpreted as the result of a combination of channel and bar evolution within a relative

ly deep, low sinuosity river with isolated linguoid and transverse bars. 
The unit is overlain by gravelly braided river deposits of the Donjek type. This part of the 

section is mostly made up of pebbly coarse-grained, trough cross-bedded sandstone and crudely strati
fied conglomerates with boulders, which may be up to 60 cm in diameter. The latter can be found at the 
erosional base of the cycles. According to MIALL (1981), the gravel content is used to distinguish the 
Donjek type (10-90 %) from the South Saskatchewan type (less than 10 %). The type of braided river 
deposits exposed in this part of the succession is composed of well defined and distinct facies of 
active and elevated inactive channels with longitudinal and linguoid bars and lag deposits. 

The top of the section is made up of non-cyclic deposits of medium- to coarse-grained sandstone, 
which belong to the braided river deposits of the Platte type. Grouped sets of small- to large-scale 

tabular cross-bedded sandstone are typical of this lithofacies. Horizontal bedding and low-angle 
cross-stratification is less frequent. The foresets show an unimodal paleocurrent direction towards the 
southwest. The Platte type deposits occur in exceptionally broad, shallow rivers with migrating 
sandwaves, which lack a well defined topographic relief. The vertical development of this coarsening

upward succession reflects a gradual distal to proximal relationship on the same braided river domi
nated alluvial system. The influence on syndepositional processes by tectonic control will be discussed 

by SCHANDELMEIER et al. (this volume). 

- 123 -

In the eastern part of the outcropping Lakia Formation near Lakia Arbain and to the southeast, the 

development of fluvial architectu re is quite different . Fig. 16 represents a section southeast of Lakia 

Arbain. Similar to the strata in the west, the succession cons i sts of immature ar kos ic sandstone; 
conglomerates occur only in the lower part of the section. In contrast to the section south of Gebel 
Kissu, this succession consists mainly of superimposed, well-defined cyclic channel sequences with an 

increasing amount of mudstone and horizontal- and cross-laminated fine-grained sandstone in the 
uppermost parts. The intercalated mudstones are massive, reddish -brown, show pedogeneti c feat ures and 

sometimes root structures (rhizolites). They can be interpreted as overbank deposits. The silty 
fine-grained sandstone is predominantly horizontal- and ripple cross-laminated as well as flaser -bed
ded. This facies is composed of up to 15 m thick units of alluvial plain sediments which contain 
isolated stacked erosive channel bodies of 3-5 meters in thi ckness. In the uppermost part of the 

section, fining-upwar d pointbar sediments are more frequent. The facies associat i on of the succession 
reflects a sedimentary environment of low-sinuosity rivers with foreset macroforms, sandflats or shoals 
and isolated linguoid as well as transverse bars. This facies grades into a channel-dominated alluvial 
plain depositional system. 

The deposits of the Middle Cycle have been dominated by a fluvial sedimentary environment, includ
ing different depos i tional styles. The E-W trending depositional system is controlled by slow to rapid 
subsidence due to reactivated fault systems, predominantly towards the south and the west of t he basin. 
An increasing supply of fresh and mineralogical immature detritus is caused by the major uplift of the 

northern Uweinat source area (Fig. 11) . 

3.3 Facies Development of the Upper Cycle 

The sediments of the Upper Cycle comprise strata of Late Jurassic to Early Tertiar,y age. Along the 

bordering area of Egypt and Sudan, the lower part of this cycle includes the Gilf Kebir or the Six 

Hills Formation and the Sabaya Formation (Desert Rose Beds), the Maghrabi Formation (Plant Beds) and 
Taref Sandstone Formation. In northwestern Sudan, north of Wadi Howar between El Atrun and Dongola, the 
sediments of the Upper Cycle start in the Upper Cretaceous with the Wadi Howar Formation of probably 

Turonian to Santonian age which is overlain by the Kababish and the Early Tertiary Abyad Formation. In 

southwestern Egypt and northwestern Sudan , Late Jur assi c to Early Cretaceous strata are known from the 

surface and in the Selima Sand ·sheet area (Misaha Trough) from the subsurface as could be identified on 
wireline logs of the new water wells drilled by the GPC-Egypt (WYCISK, this volume). 

a) Southwestern Egypt 

The upper part of the sediments of the Upper Cycle is exposed in the eastern foreland of Uweinat, 
in the Gebel Kamil area, where sedimentation starts unconformably over Prec ambrian basement with the 

upper part of the Gilf Kebir Formation. This section from the Gebel Kamil are a (Fig. 17) comprises 
strata of the Gilf Kebir, Sabaya, Maghrabi and Taref Formations, equivalent to the succession in 
southeastern Dakhla Basin. The importance of this section with respect to facies development within the 
individual formation lies in its position at the northern rim of the Uweinat-Bir Safsaf Uplift as well 

as at the western flank of the Upper Jurassic to Lower Cretaceous filled Misaha Trough. Here, the 
succession is reduced in thickness due to uplifting and erosion. The stratigraphy and sedimentological 
aspects of the well known southern part of the Dakhla Basin were published by KLITZSCH (1978, 1984), 
BARTHEL & B~TTCHER (1978), KLITZSCH et al. (1983}, DOMINIK (1985) and HENDRIKS & KALLENBACH (1986). 

Sedimentation starts in the Gebel Kamil section with the upper part of the Gi lf Kebir Formation, 
which consists of intercalations of fluvial braided and minor tidal-channel deposits, overlying a thin 

basal conglomerate (Fig. 17). A first preliminary facies interpretation of this section was given by 
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WYCISK (1984). The heavy mineral association is composed of a large amount of stable heavy minerals 
like rutile, zircon and tourmaline with well rounded grains and a minor content of instable heavy 
minerals of approximately 10-20 %. Geochemically, the marine indicator elements (B, Rb, Ca, Mg and Fe) 
of the clay minerals point to higher values (MANSOUR, in prep.). 

The pebbly sandstone deposits at the lowermost part of the succession originate from South Saskat
chewan type braided rivers are medium- to coarse-grained, moderately sorted, tabular cross-bedded. They 
interfinger with thin conglomeratic layers. Horizontal stratification and low-angle cross-bedding are 
less frequent. Certain parts are composed of trough cross-bedded pebbly sandstone, which indicates 
deeper individual channel-fills. Interbedded minor thin tidal channel deposits are characterized by 
prevail i ng bimodal foreset azimuth distribution: a major mode to the northeast and a secondary mode to 
the southwest and west. These channel-fills are topped with horizontally destratified bioturbated 
1 ayers. 

Coarsening-upward sequences of increasing thickness towards the upper part of the Gilf Kebir 
Formation (in the range of two to six meters), are interpreted as lower to upper shoreface deposits. 
The lower shoreface deposits consist of grey, medium- to fine-grained sandstone with siltstone and 
shale intercalations. Wavy, flaser and lenticular bedding prevail in the lower part of the coarsening
upward sequence. Intensively bioturbated sandstone horizons, which also include burrows of Spongelio

Trl)rpha (up to 15 centimeters in diameter) top the sequence. The upper shoreface deposits are characte
rized by medium- to coarse-grained, well sorted, laminated and low-angle cross-bedded sandstone. 
Vertical tube-like burrows and backfill structures attributed to sea urchins also occur in this facies. 
Foreshore deposits, which correspond to the environmental zone of wave swash and backswash are less 
frequent. These nearshore sequences within the upper part of the Gilf Kebir Formation mentioned above 
are equivalent to the Abu Ballas Formation (Lingula Shale) of the. Aptian transgression, which flooded 
the Dakhla Basin from north to south (Fig. 6). HENDRIKS & KALLENBACH (1986) defined sev~ral distinct 
environments that document a retrograding-prograding shoreline development, comprising foreshore to 
backshore deposits as well as offshore claystones. 

The uppermost part of the Gilf Kebir Formation is characterized by a regressive facies of alluvial 
and probably coastal plain deposits, made up of medium- to silty fine-grained sandstone, exhibiting 
tabular cross-bedding as well as horizontal and ripple cross-lamination, indicating deposition along a 
retrograding shoreline. 

The Sabaya Formation (Desert Rose Beds)overlies the Gilf Kebir Formation with a sharp, partly 
erosive contact. The lower part of the Sabaya Formation exposed at Gebel Kamil is composed of medium
to coarse-grained, weak kaolinitic sandstone, tabular and trough cross-bedded and horizontally strati
fied, with pebble-lag deposits and scour-and-fill structures. This facies originates from relatively 
deep, low sinuosity rivers with foreset macroforms and isolated linguoid and transverse bars, locally 
resembling the South Saskatchewan type of braided river systems. 

The upper part of the Sabaya Formation is made up of an unique medium-grained sandstone, showing 
stacked small-scale tabular cross-bedding with single, horizontally stratified sets. This facies 
reflects a Platte type braided river environment, dominated by migrating sandwaves, attributed to a 
northeastward tending paleocurrent drainage system. 

The development and architecture of the fluvial sequences of the Sabaya Formation reflect a 
decreasing level of transport energy of distinct braided river types as one proceeds upward in the 
section. Towards the Dakhla Basin, this formation grades laterally from a braided river to a more 
channel-dominated environment with intercalations of fine-grained sediments and soil formations. 

The Maghrabi Formation (Plant Beds) unconformably overlies the Sabaya Formation with a thin basal 
conglomerate . This formation attains a thickness of 8-10 meter s and is made up of f i ne-grained sand
stone with shale intercalations. The major facies of horizontal bedding and ripple cross-lamination 
reflect low-energy transport conditions. The occurrence of less frequent agglutinated foraminifera 
indicate probably Cenomanian age (personal communication, M. ANDRAWI, GPC-Egypt). A conclusive environ
mental interpretation of the Maghrabi Formation in the surroundings of El Kharga (SE-Dakhla Basin) was 
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given by HENDRIKS (1986). He interpreted the deposits as belonging to a mixed-estuarine and tidal flat 

environment. 
The Taref Sandstone Formation overlies the Maghrabi Formation with a sharp to slightly erosive 

unconformity. It represents the uppermost part of the Gebel Kamil section (Fig. 17) and is made up of 
unique, non-cyclic medium- to coarse-grained sandstone with small to large-scale tabular cross-bedding 
and some shaly sandstone intercalations. The predominant paleocurrent direction indicates an eastward 
sediment transport within a low-sinuosity fluvial braided environment with migrating straight crested 

megaripples over a low topographic relief. 

b) Northwestern Sudan 

The Late Cretaceous to Early Tertiary strata, which attain an exposed thickness of approximately 
300 to 400 meters overlie the Precambrian basement in the south, and Permo-Triassic to Early Jurassic 
strata in the north of the Gebel Abyad Plateau. As already mentioned, sedimentation in the Abyad Basin 
started probably during the Late Turonian time with the Wadi Howar Formation. The Kababish Formation is 
of Campanian to Maastrichtian age and the Abyad Formation is most likely of Paleocene age. Both 
formations complete the succession and make up the uppermost part of the Upper Cycle in Northwestern 
Sudan. The succession of the Gebel Abyad Plateau was investigated by BARAZI (1985), who worked out 
especially the mode of environment by the use of sedimentological methods, emphasizing X-ray diffrac
tion analysis and geochemical methods, in order to identify alternating fluvial and shallow marine 

deposits. 
The facies of the lower part of the Wadi Howar Formation comprise fluvial bed-load deposits, which 

indicate a relatively unique fluvial environment of braided rivers and low-sinuosity channels with a 
mean paleocurrent direction to the northwest. According to BARAZI (1985), the Wadi Howar Formation is 
characterized by a dominance of stable heavy mineral associations (up to 82 % of zircon, tourmaline and 
rutile) and a minor amount of unstable heavy minerals (18 % of kyanite, staurolite, epidote, monazite, 
hornblende, garnet and apatite). Glauconite, carbonate and phosphate particles occur only sporadically. 
The clay mineral association of the intercalated shale consists of kaolinite (75 %) , smectite (19 %) 
and illite (6 %). The elements Zr, Ga, Li, Cr, Ti and Al, characteristic of high accumulation in 
terrestrial clay minerals, reach maximum values within the Gebel Abyad succession. The locally kaolini
tic medium- to coarse-grained sandstone beds of the Wadi Howar Formation overlie the Precambrian 
basement. They consist of tabular and minor trough cross-bedding, low-angle cross-bedding, horizontal 
stratified sets, pebble-lag deposits with shale interclasts. The lower part of the Wadi Howar Formation 
in the area of El Atrun, Gebel Abyad and Dongola does not reflect any important lateral facies differen-

ciation within the fluvial deposits (Fig. 18). 
Intercalated low-angle cross-bedded nearshore sandstones, layers of iron-oolithes and beds includ-

ing marine trace fossils such as 'Ihalassinoides, RhizocoralliUTTI and Skolithos are predominantly found 
in the lower part of the section in the surroundings of the Abyad Plateau. These thin intercalations 
point to short but extensive shallow marine incursions. In the Dongola area, only fluvial deposits 
prevail. The sedimentary environment of the lower part of the Wadi Howar Formation can be summarized as 
a braided river dominated coastal plain or coastal lowland with a very shallow topographic relief, as 
it is illustrated in Fig. 20. The upper part of the Wadi Howar Formation shows significant lateral 
differences in facies. Paleosols and rhizolithe-bearing alluvial deposits from the area southeast of 
the Abyad Plateu and towards El Atrun gradually change towards the northeast into channel-filled and 
partly braided river deposits. The paleosols consist of badly sorted, kaolinitic sandstone, with an 
extensive mottling zone of vertically oriented ferriferous rhizocreations. Most of the paleosols in the 
SE of the Abyad Plateau show intensive, most probably polycyclic soil formations of single, superim
posed sequences with a partly well developed iron-rich B-ox horizon. Laterally, these paleosols 
interfinger within a range of several hundred meters with fluvial, fine-grained sediments. A classifi-
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cation and detailed description of paleosols and rhizolithes from NW-Sudan and S-Egypt will be given by 
WYCISK (in prep.). 

The upper part of the Wadi Howar Formation gradually gives way to predominant channel-filled 
sandstones towards the east, braided river deposits become of secondary importance. The tendency of 
decreasing grainsize continues toward the Dongola area with fluvial mi xed-load depositional deposits. 
These mixed-load systems are characterized by fining-upward point bar sequences, which consist of fine
to medium-grained sandstone. The point bar sequences show epsilon cross-stratification (ALLEN, 1963), 
tabular and trough cross-bedding and horizontal layers of ripple cross-lamination and flaser bedding 
with an increasing amount of siltstones toward the top of the sequence. Fine-grained overbank deposits 
as well as siltstone-mudstone intercalations of probably oxbow-lakes indicate a fluvial environment of 
high sinuosity, meandering rivers, with a predominant transport direction toward the northwest (Figs. 
8, 20). 

The Kababish Formation with siltstone and fine-grained sandstone units also shows significant 
lateral differences in facies. According to BARAZI (1985), the heavy mineral association is comparable 
to the Wadi Howar Formation and reflects a decrease in stable heavy minerals (75 %) , while the unstable 
heavy mineral content increases slightly (25 %) . The detrital clay mineral kaolinite percentage 
decreases significantly (33 %), and smectite reaches its maximum value (56 %) . Illite is still represen
ted in small quantities. A mixed layer of illite-smectite (2 %) occurs only in this formation. The 
marine indicator element values B, Rb, Ca, Mg and Fe of the clay minerals increase markedly. The 
typical facies development of this formation can be observed at the eastern foothill of the Gebel Abyad 
Plateau. A section of reference is shown in Fig. 19. Alternating, thin fining- and coarsening-upward 
sequences of foreshore to backshore environments, including tidal flats, predominate within this 
paleogeographic setting (Figs. 9, 20). The succession reflects low-energy, wave-dominated conditions 
with a minor tidal influence, reflecting NNE-SSW paleocurrent directions. 

In contrast to the low-energy backshore deposits, shallow marine, highly bioturbated medium-grained 
sandstone with abundant burrows of Polykladichnus occur. This ichnofossil Polykladichnus irregularis 
shows vertically Y-shaped burrows and occurs within a coarsening-upward sequence in all sections along 
the eastern escarpment of the Abyad Plateau. The occurrence of Polyklad.ichnus is typical of an environ
ment of very shallow marine conditions of extensive, wide strandplains or outer lagoonal beaches of 
higher energy conditions (KENNEDY & MACDOUGALL, lg69, WERNER, 1986). The environmental setting of 
Polykladichnus is comparable to the Skolithos-ichnofossils of SEILACHER (1967). FURSICH (1981) des
cribed Polykladichnus-burrows from a probably deltaic- to shallow marine transition zone with changing 
salinity conditions. 

Fine-grained silty sandstone beds of large lateral extension containing Glossifungites-ichnofacies 
occur several times in the section (Fig. 19). Large spreitenbauten of Rhizocorallium (Glossifungites) 

and back-fill structures as well as a high bioturbation rate, increasing toward the top of these beds, 
reflect the presence of omission surfaces of firm to semi-consolidated substrates in a littoral or 
sublittoral environment . This facies implies a lack of detritus and a very low rate of deposition. 
These shallow marine omission horizons interfinger to the south and southeast of the Abyad Plateau with 
continental deposits, which show an increasing amount of calcareously and ferrugeniously cemented 
rhizolithes. 

Toward the area of El Atrun and Nukheila, the Kababish Formation consists of unusual, up to 70 
meters thick, superimposed hydromorphic paleosols of a probable coastal plain environment. The ferru
gineously mottled, kaolinitic, massive silty sandstone reflects a predominating monocyclic soil 
formation, due to a high accumulation rate and also due to local increasing subsidence within this 
coastal plain paleoenvironment, that protected deposits from erosion (Figs. 18, 20). In the Dongola 
area, the Kababish Formation is made up mainly of fluvial mixed-load and lacustrine deposits. Northeast 
of Dongola, a complete nearshore sequence can be found, but this seems to be the only shallow marine 
intercalation in the area. 
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Fig. 20: Ge~era~ized.de~ositi~nal model of Gebel Abyad area, illustrating the lateral facies dis
tr1but1on w1th1n Wadi Howar, Kababish and Gebel Abyad Formations. 
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The Abyad Formation is made up of shallow marine shale, marl and carbonate, which are restricted in 
their present extension to the Gebel Abyad Plateau and the surrounding outlayers. According to BARAZI 
(1985), palygorskite (24 %) and sepiolite (8 %) appear for the first time in the clay mineral associa
tion. Smectite (48 %) shows a slight decrease, kaolinite (8 %) sinks to its minimum value and illite 
(12 %) remains unchanged. In this formation, the marine indicator elements reach their highest values. 
A microfacies interpretation of the carbonates given by BARAZI & KUSS (1987) reflects a shallow-water 
shelf facies with a transition to a restricted, dolomitic evaporite facies. Wackestones, containing 
bioclasts and foraminifera represent a shallow subtidal environment; stromatolites intercalated with 
washed-out grainstones were also formed near the shoreline. Supratidal and lagoonal, sabka-like 
deposits of micritic wacke/mudstone add to this carbonate tidal flat environment (Figs. 9, 19, 20), 
with some benthonic (Miliolina) and planktonic (Globigerina) foraminifera. 

The succession of the Abyad Basin represents the uppermost part of the Upper Cycle in northwestern 
Sudan and reflects a depositional environment with a low to very low deposition rate and a minor supply 
of detritus, also breaks in sedimentation, indicated by well developed omissional surfaces of large 
lateral extension within a microtidal-dominated strand or delta plain. Paleosols represent the equiva
lent facies of the structurally controlled continental side of this depositional system in the Kababish 
Formation. The facies development of the complete succession of the Abyad Basin reflects a depositional 
system that can be described as a starving depocenter of a shallow graben structure, covered by 
transgressive sediments of the Kababish and Abyad Formation and belonging to a new structural and 
paleogeographic situation during the Campanian to Early Tertiary (Figs. 9, 20). 

4. PALEOGEOGRAPHY AND STRUCTURAL DEVELOPMENT 

The paleogeography of northeast Africa since the Cambrian has been highly affected by the structu
ral consequences of plate motions and these were highly influenced by pre ~existing structural phenomena 
of Precambrian age. Thus, plate motion and stability of structural patterns control the development of 
cratonal units like basins, uplifts, grabens or rifts and horsts. In addition, the combination of 
epirogenic movements and erosional consequences control parts of the paleogeographic development in 
typical cratonal areas. For example, relief inversion caused by uplift can lead to transgressions onto 
formerly uplifted areas and next to former basins. 

Because the structural development of northeast Africa is discussed in another article in this 
book, we will now mainly discuss the distribution of erosional and depositional areas of the different 
periods of time. This cannot, of course, be done without some reference to the main structural events 
and their impact. 

The only time within this long period, which is not or probably not controlled by unique structural 
patterns is the Lower Cambrian: as far as we know, all of the Sudan and most of Egypt was at the 
northern edge of the large Gondwana Continent and only Sinai, the northern part of the Eastern Desert 
of Egypt and the northern part of the Western Desert were temporarily transgressed by a shallow sea 
(Fig. 3). From Sinai and from the subsurface of the northern Western Desert in Egypt, local occurrences 
of limestone are known within the dominating monotonous elastic sequences. Therefore, the climate 
cannot have been exclusively cold. 

During the Cambrian, large NNW trending graben and horst structures developed, which allowed later 
transgressions to proceed much further south than the Lower Cambrian transgression did. At Ordovician, 
probably Upper Ordovician time, a marine transgression reached as far south as Gebel Uweinat and Gebel 
Eghei (western part of Kufra Basin in Libya). The incomplete remains of this marine episode contain 
Skolithos burrows and locally trilobite tracks. Further south, from the Ennedi Mountains in Chad, only 
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fluvial sediments of this age are known and in the Western Sahara, Late Ordovician is represented by 
glacial deposits of an extensive glaciation. 

More extensive and better known is the paleogeography of Silurian time. The Lower Silurian sea at 
Llandovery time followed the NNW trending structural relief at least as far south as Darfur in Sudan 
(Fig. 3). Shallow marine facies of the Lower Silurian occur in many locations west of 27° or 280 E 
between the Mediterranean coast and the southern prolongation of Gebel Tageru northeast of El Fasher. 
The same facies is present in the Ennedi Mountains. Further north and west, the facies changes into an 
open marine environment (graptolite shale facies, Tanezzuft Shale Formation in Libya). 

The fluviatile and the deltaic intercalations in Sudan and Egypt show northwestern directions of 
transport. Areas further east in Egypt and Sudan have either been exposed to erosion at that time or 
they were subject to continental deposition but were later eroded. 

The Devonian sea has followed almost the same pattern (see Fig. 4). However, different from the 
Silurian strata, only fluvial deposits are known from surface exposures in northern Sudan and southern 
Egypt. The limits of the Devonian sea are known relatively well from boreholes and from surface 
exposures in Chad and Libya. The fluvial deposits indicate northern to western directions of transport 
in northern Sudan and Egypt. Most of Sudan and Egypt was evidently solid land and under erosion during 
the Devonian. 

For the first time since the Cambrian, the Lower Carboniferous shows a somewhat different distribu
tion of land and sea (Fig. 4) while the old trough at the corner between Libya, Chad and Sudan _the 
Erdis Basin - (see Fig. 5, SCHANDELMEIER et al., this volume) continues to be a depocentre also during 
the Lower Carboniferous, areas further east were transgressed by the Carboniferous sea in Visean time 
and continental (fluvial) sedimentation took place in the foreland of this transgression. Only south
eastern Egypt and the major part of eastern Sudan remained land and area of erosion. The climate at 
Lower Carboniferous time was evidently moderate: continental strata are full of plant remain~ and at 
least temporarily, the sea was warm enough to allow carbonate to be deposited and corals to grow. 

This situation ended suddenly with the Hercynian event. A large part of the northeast African plate 
was uplifted along an east-west trending axis. These movements were accompanied by the formation of 
east-west striking fault systems, which in Late Permian and Early Triassic time were used by phonolitic 
to trachytic intrusions. Upper Carboniferous strata in southwestern Egypt are mainly made up of glacial 
deposits of a local highland glaciation. Southward drainage at that time led to the formation of 
glacial lakes in northwestern Sudan. Later during the Permian and until the Lower or Middle Jurassic, 
an east-west trending shallow basin developed (see Fig. 5) and was filled with fluvial and lacustrine 
strata. Further west, a large part of the Paleozoic Erdis Basin was included in this process. The 
climate - after the cold interval in the Upper Carboniferous - was warm and moist. Most of the strata 
of the continental Karroo-type basin in northwestern Sudan and northeastern Chad contain remains of 
large trees (some reaching up to almost 40 meters in length) and other plant remains as well as root 
structures and paleosols. 

The northern coast remained not far from the present coast. Permian and Triassic sediments of 
northern Egypt also indicate warm and moist climate. 

The NNW striking structural and paleogeographical elements disappeared during plate collision in 
Carboniferous time and east-west elements dominated; this was at least partly due to the reactivation 
of structural alignments of Precambrian age (see SCHANDELMEIER et al., Fig. 5). The old situation, 
however, was re-established after the large continent "Pangea" disintegrated in Jurassic time. From now 
on, also the old structural pattern which already existed in Early Paleozoic time, was reactivated. 

The Jurassic sea, however, remained mainly north of the plate edge in the vicinity of the present
day coastline. Short southward transgressions nevertheless seem to be likely. At Late Jurassic time, 
most of Egypt was under continental deposition or under erosion. The same is probable for most of 
northwestern Sudan. This situation remained unchanged until the Aptian in Lower cretaceous time, when 
a shallow sea transgressed on more than half of Egypt's width southward to the Sudanese border. At the 
same time (Late Jurassic to Aptian) fluvio-continental deposition took place in most of southeastern 
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Libya, northeastern Chad and northwestern Sudan. Along pre-existing faults and into the eastern part of 
the Permotriassic basin of northern Sudan, the Aptian Sea transgressed into the area around Abu Simbel 
and Wadi Halfa (see Fig. 6). 

The climate of the whole time must have been warm and humid. The fluvial sediments are full of 
silicified trees and contain other plant remains like ferns and many fructifications. The marine 
environment was highly saline but full of different species of animals. Little is known about the 
Albian, it is likely that at this time, the uplifting of southern Libya, northeastern Chad and northern 
Sudan began. At Cenomanian time, however, this development becomes evident. In the Syrte Basin of 
Libya, large graben and horst structures develop and the Sea transgressed from there eastward into 
northern Egypt and from there southward to the Sudanese border in Egypt (Fig. 7). It still follows more 
or less the structural low areas of the Aptian transgression but does not extend as far as the Aptian 
sea. Below the marine deposits, thick sequences of fluviatile to deltaic sandstone was deposited into 
this basin, indicating upward movements and stronger erosion in the areas around the basin (see Fig. 
7). The result was the development of escarpments at the southern and eastern edge of the basin (for 
example Lakia Arbain escarpment) and thus, the basin was partly cut off from supplies. Since differen
tial epirogenic movements did not continue, the next main transgression affected only uplifts which 
earlier suffered relief inversion. The Coniacian sea - possibly in a restricted area preceded by the 
Turonian sea - entered large parts of the former Aswan-Kharga high as far southward as the Gebel Abyad 
Plateau in Sudan and possibly even further south (Fig. 8). To the west, it was bordered by small 
escarpments of the eastern edge of the Dakhla Basin (called "Kharga Uplift" by some geologists). To the 
east, it was obstructed from further eastward transgression, because this area began to rise, in slight 
response to uplift and later formation of the Red sea Rift. 

Possibly interrupted by short intervals of regression, the sea remained more or less in this small 
southwestward corridor until Early Tertiary time. Throughout the Upper Cretaceous, the climate must 
have been warm and moist. Later, during the Tertiary, it became at least temporarily dry. Cenomanian 
and Coniacian to Maastrichtian sediments indicate the presence of lakes and fluvial to estuarine 
environment full of plants and (in some areas in Egypt well preserved) vertebrates. 

It is very likely that the present-day course of the river Nile .in northern Sudan and southern 
Egypt is the result of the Upper Cretaceous to Lower Tertiary embayment, which stretched far into the 
Sudan. (see Figures 8,9). It is also likely that in former times, the Nile flew directly from the 
Khartoum area through Wadi Mokhatam towards the interface of Wadi Howar and the present-day Nile 
Valley. During Late Cretaceous and Early Tertiary times, however, areas of fluvial and lacustrine 
deposition west, east and southeast of Gebel Abyad formed low topography which governed later drainage 
systems. 

Further north, in the Western Desert of Egypt south of Six Hills, it can be proven that since the 
Paleocene the present-day Abu Tartur-Dakhla escarpment has been eroded backwards at least 100 kilome
ters. South of Six Hills, remains of Paleocene limestone are preserved in the collapse caldera of 
volcanic structures. 

The formation of landscape in the western foreland of the Red Sea - Gulf of Suez rift is also 
impressive: here, the formation of escarpments must have started during the Eocene (first graben 
displacements and consequent uplifts of graben shoulders). Thus, the large system of escarpments was 
formed between approximately Middle or Late Eocene time and now in southern and eastern Egypt and in 
northeastern Sudan. The regression of the Tertiary sea had almost reached the present-day northern 
coast-line in Upper Eocene time, only northernmost Egypt was still under marine conditions. In Miocene 
time, and after rift development had formed a deep graben structure, the sea entered this graben system 
from the north and transgressed southward into the area of the present-day Sudanese coast. The rift 
development, however, followed structural trends, which already existed in the Paleozoics and which 
were probably formed in the Precambrian (SCHANDELMEIER et al., this book). 
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Gebel Uweinat and Gebel Kissu in northwestern Sudan are intrusions of the same age as the beginning 
of rifting of the Red Sea rift: Eocene. Development of landscape there also went on since the Eocene 
The intrusions are placed on fractures of the same structural trend as the Red Sea rift (see Fig. 10 j. 

The development of the Lakia Arbain - Lakia Umran escarpment, however, must be basically older: it 
began already during the Middle Cretaceous and the presence of marine sediments of Late Cretaceous age 
in large parts of northern Sudan is partly the result of this erosion and the northward movement of the 
Lakia escarpment. 
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