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Abstract During the Early Paleozoic, transgressions 
and the distribution of sedimentary facies on the north- 
ern Gondwana margin were controlled by a regional 
NNW-SSE to almost north-south striking structural re- 
lief. In Early Silurian times, a eustatic highstand ena- 
bled the sea to reach its maximum southward extent. 

The counterclockwise rotation of Gondwana during 
the Cambrian and Early Ordovician caused the north- 
ern Gondwana margin to shift from intertropical to 
southern polar latitudes in Ordovician times. Glacial 
and periglacial deposits are reported from many locali- 
ties in Morocco, Algeria, Niger, Libya, Chad, Sudan, 
Jordan and Saudi Arabia. The Late Ordovician glacia- 
tion phase was followed by a period of a major gla- 
cioeustatic sea-level rise in the Early Silurian due to the 
retreat of the ice-cap. As a consequence of the decreas- 
ing water circulation in the basin centers (Central Ara- 
bia, Murzuk- and Ghadames basins), highly bituminous 
euxinic shales were deposited. These shales are consid- 
ered to be the main source rock of Paleozoic oil and gas 
deposits in parts of Saudi Arabia, Libya and Algeria. 

The following regression in the southern parts of the 
Early Silurian sea was probably caused by a second gla- 
cial advance, which was mainly restricted to areas in 
Chad, Sudan and Niger. Evidence for glacial activity 
and fluvioglacial sedimentation is available from rocks 
overlying the basal Silurian shale in north-east Chad 
and north-west Sudan. The Early Silurian ice advance 
is considered to be responsible for the termination of 
euxinic shale deposition in the basin centers. 
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Introduction 

After the major compressive period of the Pan-African 
orogenic event (ca. 700 Ma; Stern and Kr6ner 1993), 
most parts of north-east Africa were peneplained due 
to uplift and erosion during Late Neoproterozoic and/ 
or Cambrian times. Through most of the Early Paleo- 
zoic, north-east Africa formed a stable subsiding shelf 
at the northern Gondwana margin. This margin is over- 
lain by a thick sedimentary sequence, which can be 
traced from Morocco via Algeria, Libya, Niger, Chad, 
Sudan, Egypt and Sinai into Jordan and Saudi Arabia. 
A Cambrian to Cretaceous age was assigned to this se- 
quence and its evolution has been interpreted in many 
different ways (McKee 1962). However, the entire se- 
quence has been shown to be the result of three major 
depositional cycles: the Paleozoic cycle, the Karoo cycle 
and the Nubian cycle (Klitzsch and Squyres 1990). 

,During Cambrian times, the structural development 
and related sedimentary processes were largely con- 
trolled by normal faulting, which utilized the structural 
grain of the Precambrian basement (NW-SE, NE-SW 
and north-south directions; Wolfart 1981). Generally, 
the structural development in north-east Africa be- 
tween Cambrian and Late Devonian to Early Carboni- 
ferous times was characterized by ENE-WSW oriented 
extension, which produced NNW-SSE striking graben 
structures and intervening relative highs from the end 
of the Cambrian onwards (Schandelmeier et al. 1987). 
This structural trend is supported by gravity data from 
the Murzuk Basin in Libya (Klitzsch 1970) and by aero- 
magnetic data from north-western Sudan. However, the 
NW-SE trending Najd fault system of the Arabian 
Shield (Fig. 1) was generated between Late Neoprote- 
rozoic to Early Cambrian times (Beydoun 1991). 
Throughout the Paleozoic, strain was probably accom- 
modated along the Trans-African Lineament (Nagy et 
al. 1976) as strike-slip movements with a changing 
sense of shear. This may have had a significant in- 
fluence on the formation of intra-cratonic basins such 
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Fig. 1 Major tectonic features of north-east Africa in Early Pale- velopment of parts of the northern Gondwana margin, 
ozoic times particularly with regard to glacial periods. 

as the Ghazalat Basin in north-west Egypt (Keeley 
1989) or the Kufra Basin in south-east Libya (Bellini et 
al. 1991), both situated north of the lineament (Fig, 1). 
It is assumed that this structural pattern facilitated 
transgressions from the sea in the north to advance far 
south onto the African plate, reaching their maximum 
extent in Early Silurian times (Klitzsch 1968; 1970; 
Klitzsch and Wycisk 1987). In general, the sedimenta- 
tion processes were controlled during Cambro-Ordovi- 
cian times by tectonic movements, whereas eustatic 
control predominated during the Silurian. 

This paper mainly concentrates on the structural de- 
velopment and sedimentation processes within the low- 
er part (Cambrian to Silurian) of the Paleozoic cycle. 
Recent publications, especially from Saudi Arabia 
(McGillivray and Husseini 1992; Mahmoud et al. 1992) 
and our own investigations in Sudan, Chad and Libya 
(Jas 1993; Klitzsch and Semtner 1993; Semtner 1993; 
Klitzsch eta!.  1993) enabled us to revise earlier inter- 
pretations of the structural and paleogeographical de- 

Infra-Cambrian and Cambrian 

In north-east Libya, a thick sandy sequence of re- 
stricted marine environment, which was traditionally 
assigned to the Cambro-Ordovician, contains Neopro- 
terozoic (Late Riphean, 650-1000 Ma) acritarchs. This 
sequence is overlain by sediments containing a Late 
Ordovician (Caradoc-Ashgill) palynomorph assem- 
blage (E1-Arnauti and Shelmani 1988; Baudet 1988). 
This implies that sediments of Cambrian to Mid-Ordo- 
vician age are not yet identified in this area. Similar se- 
diments of Infra-Cambrian age were reported from the 
south-eastern and north-eastern margins of the Murzuk 
Basin and from the eastern side of Tibesti (Hecht et al. 
1963; Bellini and Massa 1980). In Saudi Arabia, depos- 
its of the J'Balah Group (Delfour 1970) unconformably 
overlie granite which has been dated geochronological- 
ly at 620 Ma. The J'Balah Group, which is composed of 
conglomerate, sandstone, shale, cherty limestone, ande- 
site and basalt is unconformably overlain by Cambrian 
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Fig. 2 Stratigraphic correlation chart of Lower Paleozoic sedi- 
ments in north-east Africa 

and Ordovician sandstone. Neoproterozoic to Early 
Cambrian clastic sediments are also known from south- 
ern Jordan, Yemen and Oman. These sediments consist 
mainly of sandstone with conglomeratic layers and oft- 
en contain carbonates and evaporites in the upper part. 
They were deposited under shallow marine to tidal flat 
conditions along the passive Gondwana margin (Bey- 
doun 1991). 

Predominantly fluvial to shallow marine clastic sedi- 
ments, with minor carbonate intercalations, were de- 
posited in Libya, Egypt, Israel, Jordan and Saudi Ara- 
bia during the Cambrian (Fig. 2). Sediments of proba- 
bly Cambro-Ordovician age are reported from the En- 
nedi area in north-west Sudan (Klitzsch et al. 1993), but 
these lack unambiguous paleontological evidence. In 
Egypt, Early Cambrian deposits are reported from Si- 
nai in the area between Umm Bogma and El Tor (A1- 
lam 1989; Klitzsch 1990; Seilacher 1990) and from the 
Eastern Desert north of Wadi Qena (Klitzsch 1990). 
This may be due to the fact that northern Egypt was 
situated in a marginal position with respect to the Early 
Cambrian transgressions (Klitzsch and Squyres 1990). 

In Sinai, the Cambrian sediments rest on Precambrian 
basement and are overlain by well dated Carboniferous 
carbonates of the Umm Bogma Formation. The base of 
the succession is made up of some meters of limestone 
containing stromatolites and archaeocyathids of most 
likely Early. Cambrian age (Omara 1972). This age is 
confirmed by the occurrence of abundant Cruziana 
(Seilacher 1990). The clastic sequence comprises sev- 
eral cycles of fluvial to nearshore marine sediments 
(Klitzsch 1990). It is subdivided into the Araba Forma- 
tion (Said 1971) of Early Cambrian age and the Naqus 
Formation (Said 1971) of probably Cambrian age, the 
latter being an equivalent to the Netafim Formation of 
Weissbrod (1969). Between Wadi Qena and Wadi Dak- 
hal in the Eastern Desert, Cambrian strata, similar to 
those from Sinai, are exposed (Klitzsch 1990). In the 
Western Desert of Egypt, Cambrian strata of the Shifa 
Formation (Mid-Cambrian to Mid-Ordovician) are 
known from subsurface rocks of the Ghazalat Basin. 
This formation consists of predominantly sandstone 
with interbedded conglomerate, claystone and skeletal 
carbonates. Varying lithology and the local abundance 
of acritarchs at different stratigraphic levels indicate re- 
peated marine incursions onto a broad alluvial plain 
(Keeley 1989). 
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No Cambrian, Ordovician nor Silurian sediments 
are known from eastern Egypt west of the river Nile 
and from northern Sudan. This may indicate that a 
north trending area of non-deposition extended from 
Sudan through Egypt to the northern edge of Gondwa- 
na during the Early Paleozoic. This area was bounded 
in the east and the west by the epicontinental sea dur- 
ing the periods of Ordovician and Silurian transgres- 
sions (Fig. 3). This interpretation is supported by gen- 
erally diverging fluvial transport directions in Silurian 
and Ordovician strata on both sides of the uplift 
(Klitzsch and Semtner 1993). 

posits are entirely absent in exposures as well as in the 
subsurface. This may be due to truncation (Weissbrod 
and Perath 1990), but it is also possible that Sinai and 
Israel formed the northward extension of the supposed 
regional uplift area of Sudan and Egypt and thus have 
been an area of non-deposition. The Ordovician suc- 
cession is generally characterized by fluvial sandstone 
with interbedded shallow marine littoral sandstone and 
clayey siltstone (upper part of Saq Formation and Qa- 
sire Formation in Saudi Arabia; Karkur Talh Forma- 
tion in south-west Egypt; Memouniat, Melez-Chograne, 
Haouaz and Achebyat Formations in Libya, Dirurba 
Formation in Sudan). In Jordan exclusively marine se- 
diments were deposited from the Llanvirn to Llandove- 
ry (Bender 1974). 

Ordovician 

During the Ordovician, the sea reached southern Lib- 
ya, as proved by acritarch and chitinozoan assemblages 
from subsurface strata of the Kufra Basin (Grignani et 
al. 1991). In the Red Sea Hills north of Port Sudan, 
sandstones and siltstones contain various species of 
Cruziana of Ordovician age (Semtner 1993). In Saudi 
Arabia, an Ordovician age of sediments is indicated 
from graptolite and Cruziana occurrences (McClure 
1978; Vaslet 1989, 1990; McGillivray and Husseini 
1992). In Sinai and Israel, Ordovician and Silurian de- 

Ordovician glaciation phase 

During the Cambrian, the northern Gondwana margin 
formed a wide continental shelf, which gradually passed 
into an unknown outer basin. The counterclockwise ro- 
tation of Gondwana during the Cambrian caused a 
gradual shifting of northern Gondwana from intertropi- 
cal towards southern polar (60 °) latitudes, which were 
reached during the Early Ordovician (Courjault-Rad~ 
et al. 1992). At this time the palaeo-south pole was sit- 
uated west of north-west Africa (Bachtadse and Briden 
1990; 1991). The Late Ordovician glaciation was accom- 
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panied by a major regression, which was possibly re- 
lated to early Caledonian orogenic events (Vaslet 
1990). 

The earliest Ordovician glacial sediments, recorded 
from an area north-west of the Hoggar mountains, are 
of Caradocian (early Late Ordovician) age as inferred 
from graptolites and brachiopods (Beuf et al. 1971). 
However, glacial deposits in northern Gondwana gen- 
erally seem to be diachronous (Vaslet 1990). For exam- 
ple, the oldest glacial deposits reported from Morocco 
are underlain by sediments containing a fauna of Ash- 
gillian age (Destombes et al. 1985). The main ice- 
spreading centers were probably located south of the 
Sahara and the propagation of the ice sheet was to the 
north and north-west, as well as to the north-east onto 
the Arabian craton. In Late Ordovician time, the polar 
ice-cap reached temporarily as far north-east as central 
Arabia (Fig. 3). During the advance and later retreat of 
the glacial systems, the Zarqa and Sarah Formations 
consisting of tillite, fluvioglacial sandstone, siltstone 
and boulder clay were deposited in Saudi Arabia (Vas- 
let 1989). These glacial sediments fill deep channels, 
which were cut into the underlying Qasim and Saq For- 
mations of Middle Cambrian to Late Ordovician age 
(Vaslet 1989; McGillivray and Husseini 1992). Rocks of 
the Zarqa Formation have yielded an Ordovician mi- 
croflora and an Early Silurian association of acritarchs 
and chitinozoans was found in the Hawban Member, 
which represents the upper part of the Sarah Formation 
(Vaslet 1990). 

Late Ordovician glacial deposits have been reported 
from southern Jordan (Abed et al. 1993). The fluviogla- 
cial sediments of the Ammar Formation, which is a 
stratigraphic equivalent to a part of the Conularia 
Sandstone (dated by an Ashgillian trilobite fauna, Wol- 
fart et al. 1968), contain faceted and striated exotic peb- 
bles and cobbles that are confined to paleovalleys of 
various depths and sizes. On the base of graptolites, the 
Ammar Formation can be dated as Ashgillian to Early 
Llandovery and is overlain by mudstones, which indi- 
cate a major marine transgression (Abed et al. 1993). 
Glacial deposits (tillites) underlying the Silurian shales 
are described from Libya (from the eastern margin of 
the Murzuk Basin and from Jebel Gargaf; Klitzsch 
1981), from Algeria (Beuf et al. 1969; Bellini and Massa 
1980), south-west Egypt (Beall and Squyres 1980) and 
from the Djado Basin (southern part of Murzuk Basin) 
in northern Niger (Martin, personal communication). 
A Late Ordovician age was tentatively assigned to til- 
lites from northern Ethiopia (Dow et al. 1971; Ham- 
brey 1981) because the overlying siltstone unit contains 
a Late Ordovician trace fossil assemblage (Saxena and 
Assefa 1983). 

No Late Ordovician strata are preserved in north- 
west Egypt. The hiatus there between the Shifa Forma- 
tion and the Kohla Formation is probably due to glacial 
erosion during the Late Ordovician (Keeley 1989), but 
may also have been related to lithospheric compression 
associated with Caledonian orogenic events. 

Silurian 

In general, the Silurian deposits on the northern Gond- 
wana margin are characterized by two specific facies 
types. The lower part, consisting of fine clastic material 
with a mainly nektonic and planktonic fauna (graptol- 
ites) as well as brachiopods and orthocerids, represents 
a transgressive cycle, whereas the upper part, which is 
dominated by fine-grained sandstone and siltstone con- 
taining trace fossils of a shallow marine environment 
(Cruziana, Skolithos, Arthrophycus), was deposited 
during a regressive phase (Klitzsch 1981). Bellini and 
Massa (1980) interpreted this as diachronic south to 
north progradation in connection with the gradual re- 
treat of the Silurian Sea. For example, in the Ghadames 
Basin, the Tanezzuft and Acacus Formations are litho- 
logically similar but younger in age than in the southern 
basins. 

Lower Silurian deglaciation phase 

The deglaciation of the ice-cap in Early Llandoverian 
time was followed by a major and rapid glacioeustatic 
sea level rise, which led to the deposition of thick shale 
sequences. At its maximum extent in Middle Llandov- 
erian time, the Silurian sea covered more or less all of 
Libya, northern Chad and Niger, north-western Sudan, 
western Egypt and most of the Arabian Peninsula. It is 
suggested that the major part of the present day Ara- 
bian shield was covered by Silurian sediments before 
Late Paleozoic or younger uplift and erosion (Mah- 
moud et al. 1992). As a result of the eustatic highstand, 
the stagnation of water circulation caused euxinic con- 
ditions in the basin centers, which led to the deposition 
of highly bituminous euxinic shale in the Central Ara- 
bian Basin (Qalibah Formation, Mahmoud et al. 1992), 
in the Ghadames and Murzuk Basins of Libya (Tanez- 
zuft Formation; Klitzsch 1981) and possibly also in 
parts of the Kufra Basin. This black 'hot shale' is con- 
sidered to be the main source rock of Paleozoic oil and 
gas in Saudi Arabia, Libya and Algeria. Silurian and 
Devonian sandstone in general, and locally Cambrian 
and Ordovician sandstone, are the main reservoir 
rocks. The Kohla Formation in north-west Egypt, 
which is characterized by predominantly siltstone, 
sandstone and mudstone, is a stratigraphic equivalent 
to the Qalibah and Tanezzuft Formations, but it con- 
tains neither sapropelic kerogen nor graptolites. This 
indicates an important environmental change east of 
Libya and west of the Arabian Platform (Keeley 1989) 
and may be another hint of the existence of the pre- 
viously mentioned north-striking regional uplift 
(Fig. 3). 
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Silurian glaciation phase 

Partly, as proved in Saudi Arabia, the Ordovician gla- 
ciation phase extends into the Silurian (upper part of 
Sarah Formation, Fig. 2) (Vaslet 1989; 1990). There is 
now evidence for a second phase of glacier advance in 
Early Silurian times. Extension of this Early Silurian in- 
land ice was more restricted and the ice sheets reached 
only to northern Sudan and northern Chad (Fig. 3). 
Deposits of glacial origin, which overly the basal ma- 
rine units (Fig. 4) were found at many locations in the 
eastern Ennedi area of Chad and Sudan and at Jebel 

Tageru and its northern vicinity in Sudan (Klitzsch et 
al. 1993). The marine deposits are built up by 30-60 m 
shale, silty shale and siltstone, interpreted to be a strati- 
graphic equivalent of the Tanezzuft Formation from 
the Kufra and Murzuk basins (Klitzsch et al. 1993) and 
are overlain by 30-50 m shallow marine siltstone and 
sandstone. In the latter deposits, the Lower Silurian 
trace fossil Cruziana acacensis and two new species of 
Cruziana were found (Seilacher, personal communica- 
tion). Cruziana acacensis is known from the Acacus 
Sandstone of Libya along the western margin of the 
Murzuk Basin (Seilacher 1969), where graptolites in the 
underlying shales suggest a Lower Silurian age (Bellini 
and Massa 1980) and from the San Pedro Sandstone in 
northern Spain (Rupke 1965), which underlies the low- 
ermost Devonian. Cruziana acacensis was also found in 

Fig. 5 Geological profile sho- 
wing the glacial deposits in 
the area of the eastern Ennedi 
mountains in Sudan 
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Fig. 6 Glacial outwash sandstone with glacial striations and frac- 
tures of Late Ordovician and early Silurian age. The striae are 
orientated N350°W (Martin, personal communication), (Djado 
Basin, southern part of Murznk Basin, Niger; photo by G. H. 
Martin 1993) 

Fig. 7 Probable trace of iceberg scooping in glaciomarine shales 
at the base of an inundated glacier valley, which is indicated by 
underlying continental striated glacial deposits (Djado Basin, sou- 
thern part of Murzuk Basin, Niger; photo by G. H. Martin 
1993) 

the Jebel Uweinat area of southern Egypt and in the 
Tabuk Formation of Saudi Arabia (Seilacher and Ali- 
dou 1988). The marine strata are overlain by fluvial 
sandstone which contains large dropstones. The entire 
sequence is deeply eroded and filled with chaotic sedi- 
ments consisting of huge blocks of Silurian or older 
strata and conglomerate, all embedded in a fine- 
grained matrix (Klitzsch and Semtner 1993). We inter- 
preted this sequence to represent glacial activity (Fig. 
5), although glacial features such as striations or 
grooves could not be identified. In the overlying strata 
at eastern Ennedi, plant leaves from Protosigi l lar ia  aca- 
cuense  were found, which have been dated as Lower 
Devonian (Ldjal-Nicol 1980). In the Jebel Tageru area, 
the chaotic sediments are unconformably overlain by 
Cretaceous braided stream deposits (Jas 1993) and the 
stratigraphic attribution is based on the similarity to the 
sequence at eastern Ennedi. However, a Late Carboni- 

ferous age of the glacial deposits at Jebel Tageru could 
not be excluded on stratigraphic evidence up to now. It 
is worth mentioning that Jas (1993) interpreted the 
chaotic channel fills at Jebel Tageru as alluvial fans. 
They may have been deposited during a short-lived 
structural event (e.g. an earthquake), which reactivated 
the older NNW trending fault system as normal faults. 

Large-scale glacial striations have been reported 
from the Djado Basin in Niger (Figs. 6 and 7), inter- 
preted to represent three different phases of glacial ac- 
tivity in Ordovician and Silurian times (Martin, person- 
al communication), thus supporting our previous inter- 
pretation. Graptolites from glacimarine shales, which 
are intercalated between the different glacial floors at 
the Djado Basin, were dated as Late Caradoc to Early 
Llandovery (Gomes-Silva et al. 1962 in Beuf et al. 
1971). Striae, glacial gorges and drumlins are generally 
orientated north-south and were measured at the west- 
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ern flank of the Djado Plateau between N30°E and 
N330°W (Martin, personal communication). 

The second advance of the ice-cap, which most likely 
caused the regressive cycle during the Silurian, was 
probably responsible for the termination of euxinic 
conditions in the basin centers. This could explain why 
'hot shale' in Saudi Arabia, Libya and Algeria is re- 
stricted to the lowermost parts of Silurian strata. 

Conclusions 

Northern Gondwana experienced extreme climatic con- 
ditions during the Early Paleozoic due to its location in 
high southern latitudes. The paleo-south pole was situ- 
ated offshore north-west Africa during the Ordovician 
(Bachtadse and Briden 1990) and shifted to approxi- 
mately south-west Libya in Middle Devonian times 
(Bachtadse and Briden 1991). This would imply a Silu- 
rian pole position somewhere in between, probably in 
Algeria. The glacial period from Late Ordovician to 
Early Silurian was evidently characterized by fluctua- 
tions with repeated glacier advance and retreat. Two 
ice advances can be recognized, documented by Early 
Silurian shallow marine sandstones and siltstones un- 
derlying the upper glacial unit. The more restricted ad- 
vance of the Early Silurian glaciers in northern Gond- 
wana and the absence of glacial deposits or features 
above the Early Silurian shales in Saudi Arabia, in spite 
of a more eastern position of the paleo-south pole at 
this time, still awaits resolution. 
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