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INTRODUCTION

A SYNTHESIS OF CURRENT UNDERSTANDING 
OF THE STRUCTURAL EVOLUTION OF NORTH AFRICA

G. Badalini+*, J. Redfern* and I. D. Carr* 

THE AIM OF  this introduction is to highlight the key tectonic events which have had 
significance in terms of the petroleum geology of the North African region at a basinal

scale. We attempt briefly to summarise the geodynamic evolution of the ancient North
African palaeocontinent, and to review the major orogenic events which deformed it during
its migration from high southern latitudes in the Early Palaeozoic to its present-day position.
These include the major Hercynian and Alpine orogenies and the Mesozoic extensional
phase, as well as a series of “minor” though still significant tectonic events which reactivated
north, NE, NW and ENE-striking structures inherited from the Pan-African Orogeny (Figs.
1, 2 and 3).

North Africa comprises over 20 Palaeozoic basins many of which are world-class
petroleum provinces (Fig. 1). The petroleum geology of North Africa has been  controlled
to a large degree by the structural evolution of these basins. Large-scale plate tectonic
controls provided the main driving force for regional subsidence and inversion, and
consequently for basin formation and evolution, sediment supply and distribution, and
trap formation and style. The tectonic evolution of these sedimentary basins has influenced
reservoir distribution and quality, the timing and state of source rock maturity, oil migration
and preservation, and the distribution and types of traps which are present. A knowledge
of the structural development of the region is fundamental to a better understanding of the
relative timing of hydrocarbon generation and trap formation. More details on the structural
history and petroleum systems of North Africa can be found in recent publications by
Boote et al. (1998), Guiraud (1998), and MacGregor and Moody (1998). 

Post Pan-African and Pre-Hercynian

The collision of a number of micro-continents during the Pan-African Orogeny resulted
in the formation of a large, stable cratonic block that formed the continental margin of
Gondwana and Tethys. The Precambrian basement and underlying structural lineations
exerted a significant control on the subsequent Post Pan-African and Pre-Hercynian history
of North Africa, which was characterized by extension, transpression and transtension
together with intraplate processes. During the Cambrian, North Africa and Arabia underwent
extension and intracratonic subsidence that resulted in the deposition of sediments in basins
across Morocco, Algeria, Libya, Oman and Saudi Arabia. An Infra-Cambrian extensional
phase is recognised, and this was followed by local transpressional and transtensional
reactivation. 

The deposition and present-day distribution of the Late Ordovician reservoir intervals
and Early Silurian source rocks (the Tannezuft Shales) are strongly influenced by Cambro-
Ordovician tectonism. In Libya and Algeria, Lüning et al. (2001) have demonstrated that
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the deposition of basal Silurian, organic-rich “hot shales” is restricted to palaeotopographic
depressions. 

The Ordovician drifting of Baltica and Avalonia from Gondwana was completed during
the Silurian, with the two continents being accreted to Laurentia (Stampfli, 1996). This
resulted in deformation, uplift, and local erosion (Aliev et al., 1971; Boote et al., 1998). A
regionally significant unconformity can be recognised in the Late Silurian, followed by a
series of progradational siliciclastics which form important reservoir units. 

Devonian

By the Middle to Late Devonian, initial collision of Laurussia and Gondwana resulted
in further modification of pre-existing structures (Boote et al., 1998). In western Morocco,
extension / transtension and crustal thinning at this time created a series of turbiditic pull-
apart basins (Piqué et al., 1993).

Carboniferous

Pre-Hercynian intra-Carboniferous deformation in central North Africa has been
identified within the Murzuq Basin but not, as yet, in the Algerian basins (Lüning, pers.
comm.). Glacio-eustatic sea-level changes became more important during the Early
Carboniferous (Ziegler, 1989), yet many major intra-Early Carboniferous sequence
boundaries — evident, for instance, on the North American craton and on the Moscow
Platform — cannot be correlated with each other. This suggests that they are not of global
eustatic origin but are more probably related to intraplate deformation (Ziegler, 1989).

Hercynian Orogeny

The Hercynian Orogeny represents an intense period of uplift and erosion caused by the
closure of the Proto-Tethyan Ocean and the Late Carboniferous collision between
Gondwana and Laurussia. The intensity of deformation decreases from west to east, with
folding, thrusting and strike-slip faults in NW Africa, folds and faulted folds in central north
Africa, and gentle folds, disconformities and low-angle unconformities in central east
Africa. The present-day maturity levels of the main Palaeozoic hydrocarbon source rocks
decrease eastwards across North Africa, parallel to a decrease in the intensity of the
Hercynian deformation (MacGregor, 1996). 

The Hercynian Orogeny exerted significant control on hydrocarbon maturity, charge and
trap configuration in North Africa. Pre-Hercynian structures were modified by Hercynian
uplift and erosion, destroying many potential hydrocarbon traps for example in the Reggane
and Tindouf Basins of Algeria. Remaining prospectivity often relies on assessing the
potential for secondary migration and trap development. Effective Pre-Hercynian traps still
exist in areas less affected by inversion. The Hercynian tectonic activity also formed broad
regional arches, which acted as the foci for hydrocarbon migration from huge areas,
resulting in a number of super-giant oil- and gasfields, such as Hassi Messaoud in Algeria.
These structures were sufficiently large to preserve their integrity through two subsequent
phases of uplift (Boote et al., 1998).

Permian - Jurassic

The initial phase of the post-Hercynian break-up of the Pangaea supercontinent spanned
Late Permian to Middle Jurassic times, and culminated in the development of a new
divergent/transform plate boundary between Gondwana and Laurussia (Ziegler, 1988;
Lambiase, 1989; Stampfli et al., 1991; Guiraud and Bellion, 1996). Repeated phases of
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rifting and inversion have affected the North African margin from the Permian to the present
day. According to Guiraud (1998), rifting propagated westwards during the Permian and
Triassic from the NE Arabian margin to Morocco. The Neotethys Ocean was formed in the
Late Permian between Gondwana (North Africa) and the Cimmerian continental blocks,
which thereafter moved rapidly northward (Stampfli, 1996). During the Late Permian to
Late Triassic, Gondwana drifted northwards as an integral part of Pangaea (Schandelmeier
and Reynolds, 1997). The Cimmerian continents, which had started to rift away from the
NE margin of Gondwana, accelerated their separation from Gondwana during the Triassic,
the Neotethys Ocean thus growing at the expense of Palaeotethys (Sengör et al., 1988). The
opening of the Neotethys and the inception of the Gondwana rifts introduced a fundamental
plate reorganization that was associated with the Mesozoic break-up of Pangaea (Dewey,
1988; Ziegler, 1989). Rifting continued into the Triassic/Early Jurassic associated with the
break-up of Gondwana, and rifts developed into broad sag basins to the west covering
Algeria, Tunisia and Libya.

Early Cretaceous

Within many basins, the Jurassic-Cretaceous transition is marked by discontinuities
(hiatuses and unconformities) in the stratigraphic series (Fourcade et al., 1996). This may
be associated with the sharp drop in sea level in the Late  Jurassic (late Tithonian, Fig. 3),
but it may also be related to tectonic events (Donze et al., 1974; Guiraud, 1998). A latest
Jurassic tectonic event (the “Cimmerian event”: Guiraud, 1998 and references therein) is
recognized in Israel and Sinai, the Tellian Atlas, the Saharan Atlas, Morocco, the Babors,
the High Atlas and around the Horn of Africa, and corresponds to the distal effects of
tectonic activity (including thrusting) which occurred in southern Europe.

The Early Cretaceous opening of the Atlantic was accompanied by deformation within
the African Plate, re-activating pre-existing zones of crustal weakness corresponding to the
Pan-African fold belts. A phase of rifting occurred along the northern African-Arabian
margin and within the intraplate domain during Neocomian to Early Aptian times (Fig. 3)
(Guiraud and Maurin, 1992). Numerous rift basins were generated, and some earlier rifts
were reactivated. Along the Egyptian-Libyan margin, several east-west to ENE-WSW
trending half-grabens underwent strong subsidence during Neocomian-Barremian times.
East-west rifting is also identified in Tunisia, where subsidence occurred along the Saharan
Atlas-Aures Troughs (Guiraud, 1998) and the Riffian-Tellian Troughs. A second phase of
rifting or subsidence occurred during the Middle-Late Aptian and the Early Albian, as
evidenced by the presence of an unconformity within many basins (Guiraud and Maurin,
1991, 1992).

Austrian Phase

The Aptian also recorded an approximately north-south compressional event
corresponding to the Austrian phase described in the European Alps (Guiraud et al., 1987).
This event can be considered as a precursor to the Alpine Orogeny sensu stricto, and is
recorded by a regionally important intra-Aptian unconformity evident in numerous African
basins as well as in the Brazilian marginal basins (Chang et al., 1992). It inverted Early
Cretaceous rift systems and reactivated older structures as far south as Central Africa
(Maurin and Guiraud, 1993). In North Africa its effects were largely confined to the Atlas
area and adjoining basins. Thrusting and nappe formation occurred in the northern Atlas
(Tellian Basin), passing into milder inversion in the northern Pelagian Basin (Bishop, 1975;
Morgan et al., 1998) with additional minor effects in the Ghadames-Triassic Basins
(MacGregor and Moody, 1998). This orogenic phase resulted in uplift and deformation,
with tilting of structures and associated gas flushing.
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Fig. 2. Stratigraphic time scale, tectono-sedimentary events and chronology of generalized
Palaeozoic sea-level fluctuations. Modified from Schandelmeier and Reynolds, 1997.
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Late Cretaceous 

The Late Cretaceous was characterised by the Senonian (Turonian/Coniacian and the
more intense late Santonian) compressional event, corresponding to the first stage of the
collision between the African-Arabian and Eurasian Plates, and of the closure of the
Neotethys Ocean. Folding and inversion of many basins was recorded along the African-
Arabian Tethyan margin (Guiraud et al., 1987, 1992). Rifting recommenced in parts of the
northern African-Arabian margin in the early Campanian and continued to the late
Maastrichtian or the Paleocene (Guiraud, 1998). 

Tertiary / Alpine Orogeny

The Cretaceous-Tertiary boundary often exhibits unconformities, suggesting the
influence of a tectonic event. Along the NE African-Levant margin, a latest Maastrichtian
compressional event is recorded, continuing into the early Paleocene. Major thrusting took
place in the Palmyrides (Salel and Séguret, 1994) and the Syrian Arc fold-belt developed
from Lebanon to Cyrenaica (Guiraud, 1998). Some deformation also occurred along the
Maghrebian Alpine fold belts, with local thrusting in the Moroccan High Atlas. 

Alpine Orogeny
The Alpine Orogeny sensu stricto in North Africa started in the Late Cretaceous. Many

of the Late Triassic-Early Jurassic grabens were inverted. The Atlas Mountains in Morocco
(Brede et al., 1992; Lowell, 1995; Beauchamp et al., 1996, 1999; Bernini et al. 1999),
western Algeria and Tunisia (Mickus and Jallouli, 1999), the Syrian Arc Fold Belt in NE-
Egypt (e.g. Lüning et al., 1999) and NW Arabia (e.g. Cohen et al., 1990; Chaimov et al.,
1992), the Cyrenaica Platform in NE Libya (Röhlich, 1991) and parts of the Murzuq Basin
in SW Libya were all affected.

During the Late Cretaceous to Paleocene Early Alpine orogenic cycle, progressive
closure of oceanic domains in the western and central Mediterranean area, followed by the
full-scale collision of Africa-Arabia and Europe, was accompanied by important intra-plate
compressional deformation both in Europe and in North Africa (Ziegler, 1992). The Africa-
Arabia convergence with Europe occurred in a rotational counter-clockwise mode,
controlling the main and late phases of the Alpine Orogeny (Savostin et al., 1986; Dercourt
et al., 1986).

Pyrenean-Atlasic Event
The Middle Eocene represents a period of major plate reorganization (Besse and

Courtillot, 1991). During Lutetian times, the Alpine orogeny caused crustal shortening and
inversion of sedimentary basins in NE Africa and on the Arabian platform (Schandelmeier
and Reynolds, 1997). This compressional event is related to a major stage in the collision
between the African and European Plates, known as the end Lutetian Pyrenean or Pyrenean-
Atlasic event (ca. 40 Ma). Many basins were tilted and uplifted, with spillage and re-
migration of hydrocarbons and hydrodynamic flushing from pre-existing structures (Boote
et al., 1998) — and the subsequent loss of huge volumes of hydrocarbons. An
understanding of the timing and nature of this Tertiary inversion is crucial to the
prospectivity of many North African basins.

The Pyrenean-Atlas phase is very important in the Atlas and Aures and also affects  the
Tellian Chain (Guiraud et al., 1987), affecting the Saharan platform with less intensity. Its
effects are also recorded in the Triassic Basin of Algeria (Boudjema, 1987), in northern
Libya, the Atlas Basins of Morocco and Algeria, and the Benue Trough in West Africa
(Guiraud et al., 1987; Bellion and Guiraud, 1988). 

During late Eocene-Recent time, other compressional events occurred (Guiraud and
Bellion, 1996). Thrusting (and metamorphism) characterize the Aquitanian-Burdigalian
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Fig. 3. Stratigraphic time scale, tectono-sedimentary events and chronology of generalized
Mesozoic -Cenozoic sea-level fluctuations. Modified from Schandelmeier and Reynolds, 1997.
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boundary and probably resulted in the end of Oligocene-early Miocene rifting. Another
important event, responsible for dextral, transpressive deformation along the NE African
and northern Arabian plate margins, took place during the Tortonian. Finally, an early
Pleistocene event occurred in Africa-Arabia, characterized by NW-SE to north-south
shortening, which is documented along the northern margin. 
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