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ABSTRACT

The Tethyan region is a major petroleum province. The paleogeographic position and tectonic 
history is a major control on sedimentation across the region, and this has influenced the se-
questration of hydrocarbons in the region. The North African-Arabian plate evolved along 
the Tethyan margins (Proto-Tethys, Paleo-Tethys, Neo-Tethys) from Pre-Cambrian to Recent. 
Paleogeographic maps have been reconstructed for selected time intervals: Cambrian, Late 
Ordovician, Early Devonian, Early Permian, Permian-Triassic boundary, Norian, Callovian, 
Aptian, Cretaceous-Cenozoic boundary, and Late Eocene. For each time interval both the gen-
eral picture of the major plate tectonic configuration and a detail of the paleogeography and 
paleoenvironment of North Africa to the Middle East are presented. On these maps, the major 
paleoenvironmental settings (from continental to shallow marine and deep ocean) are shown 
for the area stretching from North Africa to Afghanistan in all the selected time slices. Be-
sides the major tectonic events, the global climate evolution and their interplay are discussed, 
which in some cases led to significant biotic turnovers or even to mass extinctions (e.g., Late 
Ordovician, Permian-Triassic boundary, Cretaceous-Cenozoic boundary). Paleogeographic 
maps have been compiled from literature, selecting those based on sound paleomagnetic/
paleobiogeographic data. Each map is accompanied by the description of the major tectonic 
events that characterized the considered time interval. When contrasting paleogeographic re-
constructions were available, their differences have been discussed. In general, major differ-
ences concern the interpretation of the setting and positioning of the microplates and terranes 
between the major continental plates. This chapter provides the introductory overview of the 
paleogeographic location and general tectonic history of the Tethyan margin through time. 
This is elaborated on and linked with depositional systems and hydrocarbon endowment in 
the subsequent chapters.

Berra, F. and L. Angiolini , 2014, The evolution of the Tethys region throughout  
the Phanerozoic: A brief tectonic reconstruction, in L. Marlow, C. Kendall and 
L. Yose, eds., Petroleum systems of the Tethyan region: AAPG Memoir 106, 
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and closing of the Proto-Tethys, Paleo-Tethys, and 
Neo-Tethys oceans.

PALEOGEOGRAPHIC MAPS

The paleogeographic reconstructions presented here 
are mainly derived from well-established databases. 
Most of the maps have been produced with GMAP 
(Torsvik and Smethurst, 1999) and integrated with 
new data where available. Paleozoic paleogeography 
is well represented by Cocks and Torsvik (2002) and 
 Torsvik and Cocks (2004), from which most of the 
Paleozoic maps derive. For the Mesozoic, from the 
Late  Triassic on, new data come from recent paleogeo-
graphic projects which produced detailed maps for the 
southern and northern margin of the Tethys (mainly 
the Neo-Tethys; MEBE project; Barrier and Vrielynck, 
2008). The large database enables production of global 
maps that are generally accepted, though different in-
terpretations exist (in terms of size and positions) for 
smaller plates, as with the Sanandaj-Sirjian.

Paleoenvironmental settings have been derived both 
from unpublished data and from Guiraud and  Bosworth 
(1999), Konert et al. (2001), Sharland et al. (2001), and 
Guiraud et al. (2005) for the Paleozoic, and from the 
MEBE Project maps (Barrier and Vrielynck, 2008) and 
Guiraud et al. (2005) for the Mesozoic and Cenozoic.

The paleogeography of the Earth during the 
Phanerozoic reflects the breakup of Rodinia and the 
formation of Pangea and its later breakup. Sedimen-
tation was affected by the latitudinal position of the 
continents, the global climate conditions, and the sea-
water chemistry at the largest scale, and at the basin 
scale by the gradual changes in the local tectonic en-
vironment that accompanied the formation and de-
struction of the Tethyan oceans. Each global map is 
coupled with a more detailed map of North Africa 
and the Middle East. On these maps, the major depo-
sitional settings (emerged land, continental, shallow 
marine, and deep marine environments) are shown. 
These maps are a simplified view of the Western 
Tethys  region, whereas the detailed facies distribu-
tion of the major domains is described in the chapters 
that follow in this book. The time-position of these 
paleogeographic maps is framed by the Phanerozoic 
history, so each map is viewed in the context of the 
evolution of the sea- water chemistry (aragonite vs. 
calcite sea, KCl vs. MgO4 evaporites), the global sea-
level curve, the major  volcanic events, the global cli-
mate, the  major geodynamic events, and the age of the 
five major  extinctions of the Phanerozoic (Figure 1). 
The interplay between these changing parameters is 

INTRODUCTION

Global paleogeographic reconstructions are the result 
of the multidisciplinary study of undeformed and de-
formed rock assemblages. These reconstructions derive 
from all the branches of geology, the most important 
of which are paleomagnetism (apparent polar wander 
paths, APWPs), paleontology (paleobiogeography), 
stratigraphy (basin analysis), and geophysics and 
structural geology (plate tectonics). Paleogeographic 
reconstructions enable the interference of the possible 
evolution/successions of unknown areas (either eroded 
or buried at depth) while explaining the similarities 
and/or differences between paleogeographic domains. 
Recently, different projects (funded both by public in-
stitutions and private companies) have focused on the 
production of detailed sets of paleogeographic maps 
from different time intervals, either selected regions 
(e.g., Peritethys Projects, Mebe Programme) or at a glo-
bal scale (Cocks and Torsvik, 2002; Stampfli and Borel, 
2002; PALEOMAP Project, Scotese, 2003; Torsvik and 
Cocks, 2004). The high level of interest in paleogeo-
graphic maps by oil companies in recent years dem-
onstrates the importance of this approach to the study 
of regional geology as outlined in the publications of 
many geologists, including Murris (1980), May (1991), 
Beydoun (1986, 1988, 1991), and Sharland et al. (2001).

Global reconstructions are generally reliable for the 
larger plates and at least from late Paleozoic to the 
present, although they become less reliable for small 
plates in geodynamically complex settings. Therefore, 
different or even contrasting interpretations occur for 
certain time intervals and geodynamic settings, which 
can be solved only when new data become available. 
Where logistic or local problems (i.e., key successions 
missing due to erosion/burial or metamorphism/ 
tectonics) prevent new data acquisition, the existence 
of different reconstructions will remain controversial. 
These indirect lines of evidence mean that the details 
of some reconstructions remain largely speculative.

Despite these limitations, the production of paleo-
geographic maps is important for many reasons, par-
ticularly its control on the deposition settings and 
hydrocarbon entrapment. Paleogeographic maps not 
only highlight relationships among different sources 
and types of data, but also reveal problems which 
could be underestimated if not cross-checked, as re-
quired in paleogeographic reconstructions.

Here we show the paleogeographic evolution of a 
large portion of northern Gondwana in North Africa 
and the Middle East during the Phanerozoic, when 
this part of the Earth experienced a succession of com-
plex geodynamic events, resulting from the opening 
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Figure 1.  Time-position of the paleogeographic maps. Each map is displayed in the context of the evolution of the sea-water 
chemistry (aragonite vs. calcite sea, KCl vs. MgO4 evaporites), the global sea-level curve, the major volcanic events, the global 
climate, the major geodynamic events, and the ages of the five big extinctions of the Phanerozoic.
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available on climate, which based on the general char-
acter of the sedimentary section was probably temper-
ate warm to temperate cool, but arid at low latitudes. 
No ice seems to have been present at the poles.

Along North Africa and North Arabia, clastic con-
tinental deposits fringed a shallow water platform 
comprising both shales and mixed siliciclastic and 
carbonate facies (Guiraud and Bosworth, 1999; Konert  
et al., 2001). 

Late Ordovician (about 440 Ma)

Late Ordovician paleogeography (Figure 3) is repre-
sented by Cocks and Torsvick (2002), Robardet (2003), 
and Ruban et al. (2007), and shows that most conti-
nental blocks/terranes were located in the southern 
hemisphere except for Siberia and Tarim, which were 
entirely within the northern hemisphere. South China 
lay across the equator. The major oceans were not too 
large to prevent biotic exchange; thus the biota is quite 
cosmopolitan.

The collision of Avalonia and Baltica occurred dur-
ing Late Ordovician time, as documented by paleo-
magnetic, tectonic, isotope, and faunal data (Cocks and  
Torsvick, 2002; Robardet, 2003). Baltica, after the ac-
cretion of Avalonia, was positioned at intermediate 
latitudes NW of the Northern Gondwana margin and 
could have deflected the South Equatorial current 
southward. The Iapetus Oceanic lithosphere was sub-
ducting beneath the Laurentian active margin and its 
width was decreasing. The Rheic Ocean was several 
thousands of km wide with Perunica in the northern 
part, having probably detached from NW Gondwana 
in mid-Ordovician time. According to von Raumer and 
Stampfli (2008), the Rheic Ocean was subducting be-
neath the Peri-Gondwanan blocks placed along the 
northern margin of Gondwana. The Panthalassic 
Ocean was very large and mostly covered the north-
ern hemisphere. Cocks and Torsvick (2002) suggest this 
ocean was comparable in size to today’s Pacific. Peri-
Gondwanan blocks were located along the Gondwa-
nan margin at high to intermediate southern latitudes. 
However, some faunal data (e.g., Villas et al., 2002) 
suggest lower latitudes, as well as the existence of pe-
ripheral blocks detaching from North Gondwana. The 
position and the architecture of the Armorica composite 
plate is still discussed (e.g.,  Robardet, 2003). Nysæther 
et al. (2002) suggested that by the Late  Ordovician, it 
is possible that part of Armorica had rifted off the NW 
Gondwanan margin; however, Robardet (2003) casted 
doubts on the reliability of the paleomagnetic data on 
which the evolution of the Armorica was based and 

important as it controls and explains the distribution 
of climate belts (and thus the distribution of the cli-
mate-sensitive depositional environments), the depth 
and area of the submerged shelves, and the biogenic 
contribution to sediment production.

Cambrian (late Cambrian, about 500 Ma)

During Cambrian time (Figure 2) most of the con-
tinents were gathered in the southern hemisphere 
(Cocks and Torsvik, 2002; Torsvik and Cocks, 2009). 
Gondwana stretched from the equator (Australia) to 
the South Pole (North Africa). Tectonic movement was 
active mainly as a consequence of the relative rotation 
of the different cratons that built Gondwana (Veevers, 
2004). Extensional tectonics that controlled the deposi-
tion of major evaporitic successions in the Arabic pe-
ninsula (Hormuz Salt Basin) and surroundings (e.g., 
Punjab Salt Basin) close to the Precambrian–Cambrian 
boundary (see dashed faults in Figure 2) came to an 
end, and no important tectonic activity is observed in 
the late Cambrian (500 Ma). Laurentia lay astride the 
equator in both hemispheres and was separated from 
Gondwana by the Iapetus Ocean. Avalonia, Armorica, 
Perunica, Baltica (180° geographically inverted), North 
and South China, and all the Cimmerian blocks fringed 
peripheral Gondwana at moderate to high southern 
latitudes. Torsvik and Cocks (2009) show that South 
China was located close to the Equator. According 
to von Raumer and Stampfli (2008), the Proto-Tethys 
ocean, which separated North China (to the north) 
from the other blocks along the peripheral Gond-
wana, was subducting toward the south and backarc 
extension, which is suggested by oceanic Cambrian 
seaways between the peripheral Gondwanan blocks. 
Torsvik and Cocks (2009) recognized that their concept 
of the Ran Ocean used for the Cambrian-Ordovician 
ocean existing between Baltica and Gondwana is com-
parable to that of the Proto-Tethys (sensu Stampfli and 
Borel, 2002), and herein we prefer to use the latter 
term. Siberia was positioned at low latitudes and was 
separated from Laurentia and Baltica by oceanic crust. 
Avalonia rifted off Gondwana in the Early Ordovician 
with the opening of the Rheic Ocean (Nysæther et al., 
2002), although some authors suggest even older ages 
for its opening (Torsvik and Cocks, 2009).

The scanty fossil record makes reconstruction of 
Cambrian paleobiogeography difficult. This fauna 
mostly comprises pelagic trilobites and articulated 
brachiopods (Cocks and Torsvik, 2002). Cocks and 
Torsvik (2002) recognized Laurentia, Siberia, and peri-
Gondwana as distinct faunal provinces. Few data are 
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Figure 2. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Cambrian (about 500 Ma), modified after Cocks and Torsvik (2002). Proto-Tethys concept sensu Stampfli and Borel (2002). 
The Proto-Tethys waters encroached northern Gondwana, extending over parts of the present day African-Arabian plate mar-
gin as evidenced by facies distribution across these regions. The position of major Late Precambrian–Cambrian faults and 
rift zones (inactive at the time of this paleogeographic reconstruction), where salt deposition occurred, is indicated by the 
dashed faults. 
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Figure 3. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Late Ordovician time (about 440 Ma), modified after Cocks and Torsvik (2002).
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(Raup and Sepkoski, 1982) of the Phanerozoic, with 
disappearance of 85% of species, 61% of genera, and 
12–24% of families (Sepkoski, 1997). The close correla-
tion between the Ordovician extinction and the glacia-
tion suggests climatic change as the proximate cause. 
However, the extinction was probably a complex 
event (Brenchley et al., 1995). A sea-level fall and rise, 
changes in oceanic structure (Wilde and Berry, 1984), 
nutrient fluxes (Brenchley et al., 1995), and develop-
ment of anoxia (Fortey, 1989; Briggs et al., 1998) were 
all ultimately related to climatic change and may have 
contributed to the crisis (Brenchley et al., 2001).

Early Devonian (about 400 Ma)

During Early Devonian time Gondwana was centered 
on the Southern Pole, with northern Africa and Ant-
arctica located toward the equator (Figure 4). The con-
tinental plates that would form future Laurasia were 
located immediately to the south of the equator, so 
that most of the continental masses were in the south-
ern hemisphere. The Iapetus Ocean had been closed 
by the collision between North America and Baltica, 
giving rise to the Caledonian orogeny. The Avalonia 
Ocean between southern England and Scotland was 
still present, and other minor oceanic seaways sepa-
rated different blocks. These blocks would later form 
the components of Europe, assembled during the Car-
boniferous Variscan orogeny, with the closure of the 
Rheic Ocean. The width of the Rheic Ocean is still ques-
tioned, but the paleobiogeographic distribution of dif-
ferent groups of fossil organisms between Laurasia and 
Gondwana suggests that this ocean was relatively nar-
row during Early Devonian (Wehrmann et al., 2010). 
The Paleo-Tethys Ocean was opening along northern 
Gondwana, generating a fringe of microplates (e.g., 
Armorica, Adria, Pontides, Hellenic, and Moesia ter-
ranes). We follow the interpretation of Torsvik and  
Cocks (2004), who considered Adria and Apulia as 
separate microplates split apart by the opening of 
Paleo-Tethys. The width of the Paleo-Tethys Ocean 
at this time is still a matter of discussion. According 
to Robardet et al. (1990), the detachment of Armorica 
from Gondwana is not older than Late Devonian, and 
Robardet (2003) considers a fiction even the concept 
of an Armorica microplate. Other reconstructions 
(Stampfli and Borel, 2002; Torsvik and Cocks, 2004; von 
Raumer and Stampfli, 2008) suggest that the opening 
of the Paleo-Tethys occurred before Early Devonian, 
and this is more certain for the eastward extension 
of this ocean (Metcalfe, 2002). Besides the strongly  
debated concepts of Armorica (e.g., Cocks and Torsvik, 

proposed a different scenario in which the southern 
European blocks remained attached to the northern 
Gondwanan margin from  Ordovician to Devonian 
(Robardet, 2003, Figure 9).

Global climate deteriorated at the end of Ordovician 
time, resulting in the Hirnantian glacial episode. The 
glaciation is documented by sedimentary evidence 
and isotopic data (Brenchley et al., 1994) and lasted 
about 0.5–1 million years. Peri-Gondwanan and Gond-
wanan glacial deposits occur in North Africa (where 
a N-S high was present in Egypt; Schandelmeier and 
 Reynolds, 1997), South America, Arabia, and South 
Africa, and periglacial features are known also from 
Armorica and Avalonia. Several interpretations have 
been offered on the distribution of the ice caps during 
the Hirnantian glaciation (a single large ice cap vs. a 
number of smaller ice caps), as summarized in Veevers 
(2004). This glaciation followed a period of climatic 
amelioration along the Northern Gondwana mar-
gin, evidenced by deposition of temperate bioclastic 
limestones and pelmatozoan-bryozoan mud-mounds, 
which overlie a very thick terrigenous succession of 
Early-Middle Ordovician age. The change from pre-
Hirnantian “greenhouse” climates to Hirnantian “ice-
house” conditions was rapid and was not preceded by 
any climatic fluctuations, which might have helped 
acclimatize the biota to the climate change (Brenchley 
et al., 1994). If the pre-Hirnantian benthos was wide-
spread in epicontinental seas and inland basins, the 
Hirnantian shelly fauna (e.g., Sutcliffe et al., 2001; Jin 
and Copper, 2008) was mostly restricted to the conti-
nental margins, due to the sea-level drop caused by 
the glaciations in the latest Ordovician. The Hirnan-
tian glaciation seems to have occurred during times 
of very high levels of the greenhouse gas CO2 (14–18 
times the present atmospheric value). Brenchley et al. 
(1994) considered that the onset of glaciation was the 
result of an early Hirnantian increment in burial rates 
of organic carbon acting as a major sink for the atmos-
pheric CO2. However, according to Villas et al. (2002), 
the accumulation of great volumes of carbonates in 
the pre-Hirnantian late Ordovician served as the sink 
of the atmospheric CO2. At the end of the Hirnantian, 
the ice cap melting caused a rapid, eustatic sea-level 
rise and the development of low-oxygen conditions on 
the shelves (Rong and Harper, 1988; Owen and Rob-
ertson, 1995). The end of the glaciation was followed 
by the deposition of organic-rich shales (Lower Silu-
rian “hot shales”) which represent the most important 
source rocks in North Africa and one of the major in 
the  Arabian peninsula (Luning et al., 2000).

A very important event at the end of the Ordovi-
cian was the first of the Big Five Mass Extinctions 
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Figure 4. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Early Devonian time (about 400 Ma). 
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Permian time. This relative motion causes the trans-
formation of Pangea from an Early Permian configura-
tion of the B-type, where Africa is placed south of Asia 
and South America is placed south of Europe (Irving, 
1977; Morel and Irving, 1981; Muttoni et al., 1996; Torq 
et al., 1997; Bachtadse et al., 2002; Irving, 2005; Angio-
lini et al., 2007), to a Late Permian configuration of the 
 Wegenerian A-type, where Africa is placed immediately 
south of Europe and South America is placed south of 
North America. The presence of a E-W trending trans-
Pangean seaway (connecting the Paleo-Tethys to the 
Panthalassa oceans) persisting until the Late Permian 
is proposed by Vai (2003) based on his interpretation of 
facies analyses and paleobiogeographic distribution of 
floral, reptile, and marine benthic organisms.

The proposed Early Permian reconstruction is from 
Muttoni et al. (2009b), which is based on Early Per-
mian poles that support a Pangea B configuration es-
sentially similar to that originally proposed by Irving 
(1977) and confirmed by subsequent analyses (Morel 
and Irving, 1981; Muttoni et al., 1996; Torq et al., 1997; 
Bachtadse et al., 2002; Muttoni et al., 2003, 2004; An-
giolini et al., 2007). The Cimmerian terranes (alter-
natively named Cimmeria Superterrane) are placed 
close to the Gondwanan margin in Early Permian 
time on the basis of geological, paleontological, and 
paleomagnetic evidences (Stöcklin, 1968, 1974; Berbe-
rian and King, 1981; Wendt et al., 2005; Muttoni et al., 
2009b). 

Neotethyan rifting along the eastern Gondwana 
margin from India (Garzanti and Sciunnach, 1997) to 
Oman (Al-Belushi et al., 1996) started in Carboniferous 
times and was followed by continental breakup and 
formation of oceanic crust in Early Permian time (mid-
Sakmarian; Garzanti, 1999; Angiolini et al., 2003; Met-
calfe, 2006). In the same time interval, a major zone of 
northward subduction of Paleotethyan oceanic crust 
was active along the Eurasian margin and persisted 
through most of Permian–Triassic times (e.g., Der-
court et al., 1993; Alavi et al., 1997; Besse et al., 1998; 
Metcalfe, 2006). Transpressive strike-slip tectonics was 
responsible for basin inversion in Lybia and Egypt 
(Schandelmeier and Reynolds, 1997).

In Pennsylvanian–Early Permian times, an ex-
tensive glaciation affected much of Gondwana (e.g., 
Stephenson et al., 2007; Frank et al., 2008), leaving 
widespread glacial deposits at high to intermedi-
ate southern latitudes. The tropical belt was thus re-
stricted to very low latitudes, which benefited from 
a warm westward-flowing equatorial current, which, 
upon reaching the continental shelves of the western 
Tethys Gulf, deflected southeastward, bringing warm 
surface waters toward the northern corner of Arabia 

2002; Nysæther et al., 2002; Robardet, 2003; Torsvik 
and Cocks, 2009), also the relative position of the mi-
croplates detached from Gondwana with the opening 
of the Paleo-Tethys differs in several reconstructions: 
Stampfli and Borel (2002) and von Raumer and Stamp-
fli (2008) identify a major continental block (Hun su-
perterrane), whereas Torsvik and Cocks (2004) suggest 
the presence of different independent microplates. In 
fact, the separation of these various microplates may 
have been diachronous. 

Most of the Asian terranes, mainly located imme-
diately north of the equator, were still separated by 
seaways before their collision with and incorpora-
tion into Pangea. The position and vergence of sub-
duction among these blocks is not clear, and different 
models have been proposed (e.g., Stampfli and Borel, 
2002; Torsvik and Cocks, 2004; Ruban et al., 2007; von 
Raumer and Stampfli, 2008).

During Early Devonian time, a global sea-level fall 
was responsible for the reduction of the neritic belts. 
The occurrence of a wide depositional hiatus close to 
the Early Devonian in most of the Middle East is as-
cribed to this sea-level low-stand, probably enhanced 
by a tectonic uplift (Ruban et al., 2007). The middle 
latitude position of North Africa and part of Arabia fa-
vored the development of alluvial deposits. Tectonic 
activity was weak and limited volcanic flows are doc-
umented (Meneissy, 1990) mainly in Sudan and in the 
southern area of the Eastern Desert of Egypt (Schan-
delmeier and Reynolds, 1997).

Early Permian (about 290 Ma)

The late Paleozoic was a period of major plate tectonic 
reconfiguration (Figure 5). The Variscan orogeny led to 
the assembly of Gondwana and Laurasia into one su-
percontinent, Pangea. Adria and Apulia, previously 
separated, are from here onward assembled as a micro-
plate that is referred to as Adria in the Early Permian 
and subsequent maps. The opening of the Neo-Tethys 
Ocean along the eastern margin of Gondwana, from 
Arabia to Australia, created the Cimmerian terranes 
(Iran, Central Afghanistan, Karakorum, Qiangtang). 
These migrated northward across the Tethys Ocean 
from southern Gondwanan paleolatitudes in Early 
Permian time to subequatorial paleolatitudes by the 
~Middle Permian–Early Triassic times (e.g., Sengör, 
1979; Dercourt et al., 1993; Besse et al., 1998; Metcalfe, 
2006; Muttoni et al., 2009a). According to Muttoni   
et al. (2003, 2004, 2009b), the Neotethyan opening is in 
part coeval to a major dextral motion of Laurasia rela-
tive to Gondwana that takes place essentially during 
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Figure 5. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Early Permian time (about 290 Ma).
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The present-day North Africa was located along the 
southern passive margin of Neo-Tethys and was char-
acterized by the development of extensional basins 
in Lybia and Levant (probably transtensional basins; 
Schandelmeier and Reynolds, 1997). Paleogeographic 
reconstructions are more complex in the western part 
of the Tethys, as the narrowing of the oceanic basin 
along with the closer proximity of the Neo-Tethys 
ridge and the Paleo-Tethys subduction zone com-
plicate the definition and precise position of the nu-
merous blocks which can be identified in this zone. 
Furthermore, the position and significance of blocks 
such as the Taurides and Apulia are still a matter of 
debate. Paleogeographic reconstructions in the west-
ern part of the Tethys Ocean are often contrasting (e.g., 
Dercourt et al., 2000; Stampfli and Borel, 2002). Dif-
ferences can be ascribed to the puzzle of small plates 
and to the complex history of aperture and closure of 
small oceanic branches which characterize, for most of 
the Mesozoic, the Alpine and Dinaric domains. There 
are also different interpretations of the significance of 
the multiple extensional events along northern Gond-
wana, which is the most likely to represent breakup 
and formation of the passive margin at any particular 
location.

The Permian-Triassic boundary was characterized 
at a global scale by low sea level, reflected by wide-
spread continental or shallow marine facies. The 
beginning of Triassic time was characterized by a sea-
level rise that can be traced worldwide.

The end Permian crisis is generally considered the 
most dramatic extinction of the last 600 million years 
(Erwin, 2006) and led to the extinction of 75–96% of 
species. Some of the invoked mechanisms included 
rapid sea-level change and/or anoxia or euxinia (e.g., 
Wignall and Twitchett, 2002; Hays et al., 2007); extra-
terrestrial impact (e.g., Becker et al., 2001); enormous 
volcanic eruptions and/or an extreme global warming 
(e.g., Kidder and Worsley, 2004; Svensen et al., 2008; 
Reichow et al., 2009); or ozone layer collapse (e.g., 
Beerling et al., 2007). The pattern of the latest Per-
mian extinction evaluated statistically (Jin et al., 2000; 
Shen et al., 2006; Groves et al., 2007; Angiolini et al., 
2010) indicates that the extinction was a sudden event 
occurring during a sea-level rise. The evidence that 
the extinction was abrupt in different latest Permian 
paleogeographic settings is consistent with scenarios 
in which mass extinction resulted from climatic and 
environmental deterioration triggered by the Siberian 
Traps volcanism, which also increased greenhouse 
gas emissions into the atmosphere and thus global 
warming and ozone depletion. This is also supported 
by the pronounced negative d13C excursion recorded 

(Angiolini et al., 2007). This compressed tropical cur-
rent gyre was bounded to the south by the thermal ef-
fects of the Gondwanan glacial climate, which directly 
controlled the distribution of cold biota in most other 
peri-Gondwanan terranes.

Permian-Triassic Boundary (251 Ma)

The beginning of the Mesozoic was marked by the end 
of the transitional stage from the Pangea B to Pangea 
A configurations (Irving, 1977; Morel and Irving, 1981; 
Muttoni et al., 1996; Torq et al., 1997; Bachtadse et al., 
2002; Irving, 2005; Angiolini et al., 2007). The change 
in the configuration of Pangea required a west to east 
translation of Laurasia of some 3000 km (1864 mi) 
with respect to Gondwana (Figure 6). The dextral 
movement was accommodated along a lithospheric 
shear zone which runs from the subduction zone of 
Panthalassa eastward to a triple junction joining this 
shear zone, the Neo-Tethys ridge, and the subduction 
of Paleo-Tethys below the southern margin of Laura-
sia. This triple junction was located along the northern 
margin of the Tethys, close to southern Europe (Mut-
toni et al., 2009b).

Northern Gondwana was characterized by the 
development of a mature passive margin along the 
Neo-Tethys Ocean, which started to open with a time-
transgressive trend beginning in Carboniferous time 
(Al-Belushi et al., 1996; Garzanti and Sciunnach, 1997). 
Oceanic crust began forming as early as Early Permian 
time (Garzanti, 1999; Angiolini et al., 2003; Metcalfe 
2006). The opening of the Neo-Tethys was responsi-
ble for the northward flight of the peri-Gondwanan 
blocks: in Early Triassic time these continental blocks 
were moving northward toward the southern mar-
gin of Asia. These blocks include a number of minor, 
semi-independent blocks such as Apulia, Taurides, 
Iran (NW and Central), Sanandaj Sirjian, Heland, and 
Northern Tibet (Ruban et al., 2007). In detail, Iran was 
crossing the equator (Muttoni et al., 2009b) before its 
docking to Eurasia, which gave rise to the Cimmerian 
orogeny. In contrast, to the east most of the blocks 
were still located south of the equator. The different 
velocities of the peri-Gondwanan blocks were proba-
bly controlled by the presence of roughly N-S trending 
transform faults, which defined portions of the Neo-
Tethys oceanic ridge characterized by different rates of 
spreading. The existence of a complex network of oce-
anic branches during the opening of the Neo-Tethys 
has been suggested by Sengor (1990), who interpreted 
the peri-Gondwanan blocks as three independent rib-
bons migrating northward.
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Figure 6. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) at the 
time of the Permian-Triassic boundary (about 251 Ma).
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evaporitic facies and coastal and continental fluvial to 
playa environments. Arid climate conditions probably 
favored the early, widespread, and pervasive dolo-
mitization observed on most of the Norian carbonate 
platforms (Frisia, 1991; Iannace and Frisia, 1993). The 
arid belt probably extended beyond 40° latitude north 
and south, as reflected by the distribution of climati-
cally sensitive facies. Climate reconstructions (Ziegler 
et al., 2003; Sellwood and Valdes, 2006) indicate that, 
during most of Triassic time, the arid belt extended to 
the equator, and a humid equatorial belt was probably 
absent. Pervasive dolomitization of carbonate plat-
forms ended close to the Norian-Rhaetian boundary in 
the Western Tethys due to a shift to humid conditions 
(Berra et al., 2010; Berra, 2012), reflected also by the 
increase of siliciclastic deposits, which can be traced 
along part of the northern margin of the Tethys.

Callovian (about 164 Ma)

The breakup of Pangea continued in Callovian time 
with spreading in the Central Atlantic and the com-
plete detachment of Africa from North America  
(Figure 8). A rifting event along the future axis of the 
North Atlantic Ocean caused the development of a 
network of roughly parallel rift basins along the Ibe-
rian margin and Newfoundland. Oceanic crust was 
also forming between India and Arabia, following an 
Early Jurassic rifting stage. In the Tethys area the situ-
ation was more complex (Barrier and  Vrielynck, 2008), 
due to the existence of an extensional regime in the 
west (spreading in the Alpine Tethys, also known as 
the Penninic Ocean) and to the south (spreading in the 
Mesogea Ocean) and to the onset of the Neo-Tethys 
subduction along the southern margin of Laurasia, 
which followed the docking of the peri-Gondwanan 
blocks with Laurasia in early Middle Jurassic time 
(Middle Cimmerian orogeny). The northward subduc-
tion of the Neo-Tethys was responsible for the devel-
opment of a volcanic belt bordering to the north the 
subduction zone, whereas retro-arc basins formed 
between the margin of Laurasia and the volcanic arc. 
Sedimentation in the backarc basins ranged from 
deep to shallow marine carbonates and clastics. The 
opening of the Mesogea Ocean separated the margin 
of Arabia and North Africa from a major continen-
tal block, composed of a large carbonate platform 
and related peri-platform basins, which would later 
form part of the Turkish jigsaw and the Dinaride- 
Pelagonian blocks. The southern coast of the Mesogea 
Ocean was marked by coastal deposits along present-
day northern Africa (Guiraud and Bosworth, 1999), 

worldwide near the latest Permian extinction event 
(e.g., Baud et al., 1989; Retallack and Krull, 2006; Hora-
cek et al., 2007).

Norian (about 205 Ma)

The Norian represents a key interval in the evolu-
tion of the Paleo-Tethys Ocean (Figure 7). During this 
stage the first evidence for the closure of the Paleo-
Tethys Ocean was recorded by the onset of the Cim-
merian orogeny along the southern margin of Asia, 
due to the collision of the Iran blocks with the active 
margin of Turan. This collisional episode is known as 
the “Eocimmerian” event, which was followed during 
Jurassic time by additional collisions of other micro-
plates (Zanchi et al., 2009).

All the microplates that detached from Gondwana 
were approaching Southern Asia, which was an active 
margin situated above a north-dipping subduction 
zone. The Neo-Tethys Ocean was widely open. The 
paleogeographic situation is clear in the central part of 
the Tethyan Gulf, but the geodynamic setting was ex-
tremely complex close to the triple junction located in 
the western part of the Tethys. Intense extensional to 
strike slip tectonics (likely transtension) was recorded 
along the southern margin of Europe, close to the fu-
ture axis of the Alpine Tethys. This tectonic activity 
was connected westward with the Central Atlantic, 
where rift basins were forming during Norian time 
(Newark Basins). Among the different small plates 
in the Mediterranean region (Apulia, Greece, Tur-
key), minor deep-water seaways, partly floored with 
oceanic crust, have been recognized. Northern Africa 
and Arabia acted as the southern passive margin of 
the Neo-Tethys, with extensional basins in Lybia and 
Egypt (Schandelmeier and Reynolds, 1997). Exten-
sional tectonics (Palmiryde Basin) was recorded along 
the Lebanon-Northern Israel shelf. Emplacement 
of basalts, probably related to local rifting, is docu-
mented in Israel. Intraplate alkaline magmatic activity 
(intrusive and subvolcanic) occurred in Sudan and S-E 
Egypt (Schandelmeier and Reynolds, 1997).

Frequent unconformities associated with extension 
along the Neotethyan margin (from Syria to Libya 
through Arabia) can be interpreted as far-field effects 
of the Cimmerian orogeny. Alternatively, they can be 
interpreted as local extensional events that preceded 
late Triassic-Liassic breakup between Apulia (sensu 
lato) and northern Gondwana (Robertson et al., 2003).

During Norian time, climate was generally arid 
at Tethyan latitudes: Carbonate facies that were de-
posited along the Tethys margin were bordered by 
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Figure 7. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Norian time (about 205 Ma).
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Figure 8. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Callovian time (about 164 Ma).
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Egypt, where extensional basins were formed; Schan-
delmeier and Reynolds, 1997) fluvio-lacustrine depos-
its passed seaward to deltaic clastics and evaporites 
( Mesogea Ocean coast). Volcanic activity is recorded 
in Israel (alkali-basaltic lavas), whereas syenitic intru-
sions are reported from NE and S Sudan (Schandel-
meier and Reynolds, 1997).

During Albian time the paleoceanographic setting 
was characterized by a major anoxic event that can be 
traced all across the Albian seas.

K-T Boundary (65.5 Ma)

At the end of Cretaceous times the present-day con-
tinents were completely defined (Figure 10). Only 
the northernmost Atlantic Ocean was not completely 
opened (rifting was still active between Greenland 
and Canada). Africa detached from Antarctica and 
 India, which began its northern flight that would 
eventually lead to the Himalayan orogeny. The Alpine 
Tethys and related basins, which linked the Central 
Atlantic Ocean with Neo-Tethys, were in a convergent 
plate regime. The large and complex puzzle of blocks 
of Adria, Greece, and Turkey were approaching the 
southern margin of Eurasia, after the almost complete 
subduction of the Neo-Tethys Ocean. The collision 
between these complex assemblages of different mi-
croplates would produce the Alpine-Dinaric and Turk-
ish orogenic belts. In the Alpine area the lower plate 
was represented by Eurasia, whereas east of the Alps 
Laurasia represented the upper plate. This change 
can be ascribed to the different age and origin of the 
subducting oceanic crust (Alpine Tethys in the Alps, 
Neo-Tethys in the east). The possible occurrence of mi-
nor oceanic basins (Vardar, Pindos, and Lycian oceans; 
Stampfli and Borel, 2002) north of the Mesogea Ocean 
between the Alpine Tethys and Neo-Tethys accounted 
for the presence of multiple verging subduction zones. 
To the north of the subduction-collision belt it was still 
possible to recognize the occurrence of backarc basins, 
from the Black Sea to the Caspian Sea. The progressive 
closure of the Neo-Tethys also affected the evolution 
of the passive margin of Arabia, where the Peri-Ara-
bian Massif high delivered sediments both northward 
(toward the Neo-Tethys) and southward. The origin 
of this high was related to the approach of the lower 
plate (Arabia) to the southern margin of Laurasia (rep-
resented by the Sirjan blocks of central Iran) or, alter-
natively, to an intra-oceanic subduction zone (Stampfli 
and Borel, 2002). The southern margin of Arabia was 
probably represented by a transform separating this 
plate from India. South of the Peri-Arabian Massif, on 

whereas shelf carbonates were deposited on most of 
the eastern to southern Arabia. The latter, bordered to 
the north by the Mesogea Ocean, faced to the south 
the new oceanic seaway, which began to separate Ara-
bia from India. This geodynamic position, between 
two extensional basins, probably favored the devel-
opment of deep seaways (at least partially controlled 
by extensional tectonics, as the Arabian Basin) on the 
Arabian shelf.

Aptian (about 120 Ma)

The major oceanic seaways that characterize the 
present-day configuration are readily recognized in 
the Aptian map (Figure 9). The North Atlantic Ocean 
was opening between Iberia and Newfoundland, 
whereas the northernmost part of the future Atlantic 
Ocean was characterized by the development of a net-
work of rift basins seen between Canada, Greenland, 
and Scandinavia. Africa was separated from India 
and Antarctica by narrow seaways. The South Atlan-
tic Ocean was opening between southern Africa and 
the southernmost part of South America. Continental 
South America and Africa were still connected along 
the future Equatorial Atlantic. The Alpine Tethys 
connected the Central Atlantic with the Neo-Tethys 
Ocean. The passive margin of North Africa and north-
ernmost Arabia faced the Mesogea Ocean ( Barrier 
and Vrielynck, 2008). The active southern margin of 
Laurasia was still characterized by the subduction of 
the Neo-Tethys Ocean beneath it. Along this margin 
it was still possible to recognize a volcanic arc with 
backarc basins. The central part of the Neo-Tethys was 
characterized by the slow northward motion of a com-
plex puzzle of blocks, including parts of future Tur-
key, Greece, Dinarids, and Adria microplates. Within 
this block, bordered by passive margins facing to the 
north the Neo-Tethys Ocean and to the south the Me-
sogea Ocean, extensional tectonics were responsible 
for the development of a major basin (Pindos-Olonos 
basin). Albian time probably marked the beginning of 
the compressional regime in the Alpine Tethys, with 
the possible onset of its subduction. During Aptian 
time sea level was close to its Phanerozoic maximum, 
so the size of the continental shelves are very large. 
Along the uplifted shoulder of the southern coast of 
Mesogea the coastal deposits were represented by a 
narrow belt, whereas most of the eastern and south-
ern part of the Arabian block were characterized by 
shallow to deep carbonate deposits. The future Red 
Sea area was uplifted and emergent, whereas in its 
surroundings (mainly in the present-day Libya and 
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Figure 9. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) during 
Aptian time (about 120 Ma).
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Figure 10. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) at the 
time of the Cretaceous-Paleocene boundary (about 65.5 Ma).
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(evolving into the Eastern Mediterranean Basin) below 
the newly accreted terranes on the southern border of 
Eurasia. The Peri-Arabian Massif was approaching 
Laurasia, which initiated development of the Zagros 
deformation front (Barrier and  Vrielynck, 2008). The 
emerged area of the north-eastern side of the Ara-
bian plate can be interpreted as the peripheral bulge 
of the lower plate. The docking of Arabia to Eurasia 
led to partial separation between the Indian Ocean to 
the east and the Eastern Mediterranean Basin to the 
west. The Arabian plate was significantly uplifted, so 
that the former shelf area was almost entirely exposed. 
Sedimentation (shallow marine carbonate passing to 
deep-water clastics, Kirkuk Basin) was reduced to a 
narrow belt along the future Mesopotamia and Per-
sian Gulf. Northern Africa was still characterized by a 
passive margin facing north toward the Eastern Medi-
terranean Basin. Deep marine clastics were deposited 
in the Sirt Gulf, whereas continental deposits accumu-
lated in present-day Egypt, Libya, and Sudan. Close 
to the time of the Eocene-Oligocene boundary, intense 
magmatic activity was recorded in the Afar area (Afar 
Traps). Volcanics were also deposited along the west-
ern margin of the Arabian Plate, where a rift valley, in 
which alluvial-lacustrine sediments were deposited, 
marked the beginning of the opening of the future 
Red Sea. A complex network of rift basins developed 
along the future Aden Gulf, and volcanic activity was 
recorded within the orogenic belts of southern Eurasia 
(mainly Lut Block, Central Iran, and Armenia; Barrier 
and Vrielynck, 2008).

DISCUSSION: PALEOGEOGRAPHY AND 
PETROLEUM PLAYS

The paleogeographic and tectonic evolution of the 
southern Tethys area during the Phanerozoic plays an 
important role in determining the distribution of the 
source rocks and reservoirs as well as the origin of 
stratigraphic and tectonic traps, both strictly related to 
the geodynamic evolution of the area. This recognition 
of these controls on hydrocarbon resources and accu-
mulation of oil and gas along the Tethyn margin has 
been the major thrust of the publications of many ge-
ologists, including Murris, 1980; Beydoun, 1986; Bey-
doun, 1988; Beydoun, 1991; May, 1991; and Sharland  
et al., 2001.

The giant fields of North Africa, Arabia, and the 
Middle East reflect episodes of enhanced primary pro-
ductivity with high export production and storage of 
this organic matter in the sedimentary successions of 
different types of sedimentary basins. 

the Arabian plate, sedimentation was represented by 
prevailing deep-sea clastics and shallow-water car-
bonates passing to a large coastal plain with deposi-
tion of alluvial sediments. Extensional basins with 
deep-sea carbonates (Sirt Basin) developed along the 
northern passive margin of Africa and into the Sirt 
gulf. Rift basins (filled by continental clastic deposits) 
were also present across the interior of central-eastern 
Africa to the south.

End-Cretaceous time recorded the last of the Big 
Five mass extinctions (e.g., Ward, 1990; Bambach 
et al., 2004), so drastic and so close in time to leave a 
biogeographic imprint even on modern biota (Krug 
et al., 2009). Extinctions happened both in the sea 
(marine reptile, cephalopods, foraminifers, brachio-
pods, sharks) and on land (dinosaurs, pterosaurs, 
some bird groups, marsupial mammals). However, the 
pattern of this extinction is still disputed, with some 
groups interpreting gradual decline before the K-Pg 
boundary, and others catastrophic die-off (Ward, 1990; 
 Benton and Little, 1994; MacLeod et al., 1997). One 
of the first proposed causal mechanisms was a major 
asteroid impact (Alvarez et al., 1980; Ocampo et al., 
2006) with proposals of craters, such as Chicxulub 
Crater, Yucatan (Hildebrand et al., 1991). Among other 
suggested triggering mechanisms are global warming 
and flood basalts (Deccan Traps) (Courtillot, 2005).

Eocene-Oligocene Boundary (about 34 Ma)

The opening of the Atlantic and Indian Oceans was 
coupled with the movement of Africa toward the 
southern boundary of Eurasia and with the gradual 
closure of the Neo-Tethys Ocean (Figure 11). The rapid 
northward flight of India was responsible for the con-
tinental collision and the development of the Hima-
layas, following the complete closure of the eastern 
Neo-Tethys. The former complex puzzle of microplates 
that was present north of the Mesogea and south of 
the Neo-Tethys was sandwiched in the collision zone 
along an area stretching from the Alps to India (e.g., 
Dercourt et al., 1993; Barrier and  Vrielynck, 2008; Moix 
et al., 2008). This time-transgressive collision gave rise 
to the orogenic belts from the Alps to Himalaya, in-
cluding the Serbo-Pelagonian area, the Pontides, and 
the Taurus. North of the collision belt, basins such as 
the Carpathian Flysch Basin, the Black Sea, and the 
Caspian developed. After the collisions, recorded by 
this complex assemblage of microplates, the contin-
ued compressional regime related to the counterclock-
wise rotation of Africa produced the development 
of the northward subduction of the Mesogea Ocean 
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Figure 11. Global paleogeography (top) and major depositional settings in the southern margin of the Tethys (below) at the 
time of the Eocene-Oligocene boundary (about 34 Ma).
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between two continents (19.73%). These types of ba-
sins are common in the succession of North Africa 
and the Middle East. Due to the geodynamic evolu-
tion of this area, rift basins (mainly formed due to the 
opening of the Tethys oceans and to the extensional 
events affecting North Africa) rapidly evolved to pas-
sive margins (e.g., evolution of the peri-Gondwanan 
blocks) and then to active margins, with the develop-
ment of collision-related basins (e.g., foredeep related 
to the accretion of the peri-Gondwanan blocks to the 
southern margin of Eurasia). 

As a consequence, different types of sedimentary 
basins were continuously created by the movement 
of continental blocks, so that at any time different ba-
sin types can be recognized (e.g., divergence on the 
southern side of the Tethys and convergence on the 
Asian margin) in North Africa and the Middle East. 
Therefore, favorable conditions for the development 
of petroleum plays were almost continually present. 
Though there are some differences in tectonic evo-
lution across the margin plate scale, correlations of 
stratigraphy and thus petroleum systems are possible 
(Murris, 1980; Beydoun, 1986, 1988, 1991; May, 1991; 
Sharland et al., 2001). 

When considering the distribution of the giant oil 
and gas fields, two major groups of sedimentary ba-
sins can be identified: one in North Africa mainly 
dominated by rift, sag, and passive margins, and one 
in the Middle East, where oil fields are mainly pre-
served in sag and passive margin and collision-related 
basins (Al-Husseini, 2000; Ziegler, 2001). In the latter 
sector, oil fields are clustered in two major sets: East-
ern Arabia-Persian Gulf-Zagros and Caspian Sea.

North Africa experienced several stages of alternat-
ing passive margin (e.g., Devonian, Carboniferous) and 
rift settings, related to different geodynamic events 
(e.g., effects of the Tethys opening in late Paleozoic) 
which recurred in this area. Rift and passive margin 
stages are commonly separated by local or regional 
compressional events (e.g., Cretaceous) with reactiva-
tion/inversion of extensional structures (Boote et al., 
1998). Favorable environmental conditions controlled 
the deposition of major source rocks, such as the Hot 
Shale during the Silurian. This unit reflects the environ-
mental changes (warming and sea-level rise) that post-
dated the Ordovician glaciations (Figure 3). The history 
of repeated rifting, sag stage, and folding favored the 
creation of a large number of stratigraphic and tectonic 
traps that store, at different stratigraphic levels, several 
giant fields (Boote et al., 1998; Macgregor, 1998). The 
presence of a wide, shallow-water shelf in an arid en-
vironment (Triassic-Jurassic) led to the deposition of 
thick and widespread salt layers, which represent an 
efficient seal at the regional scale (Boote et al., 1998).

The factors that control primary productivity are 
light intensity, nutrient inputs (nitrate and phosphate), 
and climate (Begon et al., 1996). Today maximum pro-
ductivity in the oceans is recorded on the inner shelf of 
the continental platforms and in ocean upwellings be-
cause of high nutrient concentration and relatively clear 
water (Haines, 1979; Barnes and Hughes, 1982). The 
paleogeographic configurations of the late Paleozoic-
Mesozoic time interval is dominated by E-W oceans, 
particularly in North Africa, Arabia, and the Middle 
East, where they extended mainly from the equator to 
the tropics; indeed, for most of this interval the Teth-
yan Seaway was present at very low latitudes north 
of  Africa and Arabia, indenting the Pangea superconti-
nent. Paleocurrent models for a general Pangea configu-
ration (e.g., Kutzbach et al., 1990; Kiessling et al., 1999; 
Winguth et al., 2002, 2005) envisage a westward-flowing 
equatorial surface current which, upon reaching the con-
tinental shelves of the western Tethys Seaway, deflected 
southeastward and northeastward; in the meanwhile, a 
deep water circulation brought cold waters from high 
latitudes to the equator. Ocean upwellings of these cold 
and nutrient-rich bottom waters were created by mon-
soonal wind circulation (Crowley et al., 1989; Parrish, 
1993; Peyser and Poulsen, 2008) along the Gondwanan 
margin and in the lee of continental blocks scattered in 
the Paleo- and Neo-Tethys, as well as at the equatorial 
divergence zone. 

The combination of extended continental platforms 
in the proximity of a nutrient-delivering supercon-
tinent and developed ocean upwellings caused the 
increase of primary productivity during favorable cli-
mate conditions, particularly at low latitudes where 
light intensity was higher and rate of mineralization 
(hence greater nutrient supply) more rapid. Storage 
of increased production as organic matter in the sedi-
ments was in turn enhanced by high sedimentation 
rates and availability of accommodation space.

The latitude and relative position of the Pangea and 
the Tethys therefore favored the deposition of source 
rocks, whereas the continuous and time-transgressive 
generation and evolution of different sedimentary 
basins controlled the creation of reservoirs and traps 
(such as those related to tectonic inversion of exten-
sional structures), leading to the impressive concentra-
tion of oil and gas fields in this area.

The distribution of giant oil fields is related to the 
nature of the sedimentary basins. According to Mann 
et al. (2003), most of the giant oil and gas fields known 
until 2000 are related to continental passive margins 
facing the major ocean basins (34.66%), continental 
rifts and overlying sag basins (especially failed rifts 
at the edges or interiors of continents; 30.90%), and 
collisional margins produced by terminal collision 
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oceanic lithosphere along the northern margin of the 
Paleo-Tethys, preserving the Tethys Ocean until the 
beginning of Cenozoic time. The subduction of the 
Paleo-Tethys led to the accretion of microplates that 
today characterize the Middle East outside of Arabia. 
Accretion started in Triassic time with the Cimmerian 
orogeny and persisted up to today, with the collision of 
Arabia along the Zagros suture. The present day rela-
tionships among orogenic belts are further complicated 
by the presence of important strike-slip movements, 
which accommodated the different convergence rates 
among plates, from the Alps to the Himalayas.

The Mesozoic and Cenozoic evolution of the Tethys 
Oceans was also affected by the plate reorganizations 
caused by the breakup of Pangea. The opening of the 
Atlantic Ocean further complicated the geodynamic 
settings of the Laurasian and Gondwanan margins 
due to the changes in stress fields during different 
stages that characterized the breakup of Pangea. In 
particular, the movement and rotation of Africa, con-
trolled by the opening of the central and southern At-
lantic oceans, heavily controlled the relative motions 
among the numerous plates (which suffered alterna-
tively both extensional and compressional tectonic 
regimes) in the Tethys. The present-day setting of 
south Mediterranean and Middle East regions is there-
fore the result of the global reorganization derived 
from the closure of the Tethys Ocean(s) and the time- 
transgressive opening of the Atlantic Ocean.

Different and sometimes incompatible reconstruc-
tions exist for some intervals and, as data can be either 
contradictory and/or scarce, it is frequently a matter 
of interpretation which of several alternative recon-
structions should be favored, and which should be 
discarded. For these reasons, paleogeographic maps 
should always be viewed as a work in progress, and 
should be continually revised and reconsidered in the 
light of new data. Also, differences mainly increase 
with the detail of the maps. Therefore, the maps pre-
sented here constitute just one of the possible solutions 
and do not aim to represent definitive paleogeographic 
reconstructions. In our opinion, these maps generally 
honor the available data, which mainly summarize 
long, complex, and multidisciplinary studies from re-
gions that are not always easily accessible (sometimes 
for political reasons).

The distribution of giant oil and gas fields in North 
Africa, Arabia, and the Middle East is the result of the 
interplay between the paleogeography of oceanic and 
continental areas, which favored the creation of source 
rocks, and the geodynamic evolution of Pangea and the 
Tethys Oceans during the Phanerozoic. There is a range 
of different basin types, with a dominance of rift and 
sag basins, passive margin basins, and collision-related 

If in North Africa the basins are mainly related to 
rift basins followed by passive margin, the accretion of 
the peri-Gondwanan blocks to the southern margin of 
Eurasia led to the formation of a major concentration 
of giant fields along the northern passive margin of 
the peri-Gondwanan blocks and in the overlying pe-
ripheral basins related to their collision. In the south-
ern Caspian Sea area, the giant fields are mainly stored 
in collision-related basins (Mann et al., 2003) whose 
origin was controlled by the docking of the peri-Gond-
wanan along the southern margin of Eurasia (e.g., 
Cimmerian orogeny). A similar origin is suggested 
for the Northern Caucasus Basins (Mann et al., 2003), 
whereas a complex history (from cratonic backarc ex-
tension and rifting followed by a sag basin stage) is 
recorded in the Pricaspian Basin (Weber et al., 2003).

In the Arabian peninsula, Mann et al. (2003) identi-
fied three basin types preserving giant fields:  continent–
continent collision for the elongate fields along the 
Zagros Mountain front; passive margin basins of the 
southern shore of the Neo-Tethys (central Arabian 
peninsula and Persian Gulf area); and continental rifts 
with overlying sag basins on the eastern Arabian Penin-
sula. Source rocks and reservoirs are present at different 
stratigraphic levels, reflecting a complex interaction of 
depositional and tectonics events (Fox and Ahlbrandt, 
2002; Pollastro, 2003). 

CONCLUSIONS

In the Tethys region, the evolution of North Africa and 
the Arabian Plates are intimately involved with the oc-
currence of hydrocarbons in both regions. In the Early 
Paleozoic, paleogeography was characterized by the 
breakup of Rodinia and by the re-arrangement of the 
major continental plates in the Pangea supercontinent. 
During the assemblage of Pangea, a major role was 
played by the transformation from Pangea B to Pan-
gea A during Permian time by means of dextral mo-
tion of Laurasia relative to Gondwana, which changed 
the relative position of the Paleozoic and Mesozoic do-
mains facing the east-west oriented Tethys Gulf (Mut-
toni et al., 2009a, b).

Since late Paleozoic time, the southern margin of the 
Tethys was affected by the time-transgressive open-
ing of the Neo-Tethys, which gave origin to a complex 
mosaic of peri-Gondwanan terranes. They gradually 
collided, during Mesozoic and Cenozoic times, with 
the northern margin of the Tethys, as the oceanic litho-
sphere of the Paleo-Tethys Ocean was subducted be-
low Laurasia. Collisions were distributed irregularly 
along the northern margin of the Tethys. The spread-
ing of the Neo-Tethys balanced the subduction of the 
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Berra, F., 2012, Sea-level fall, carbonate production, rainy 
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platforms (Western Tethys, Southern Alps, Italy): Geol-
ogy, v. 40, p. 271–274.

Berra, F., Jadoul, F., and Anelli, A., 2010, Environmental con-
trol on the end of the Dolomia Principale/Hauptdolomit 
depositional system in the central Alps: Coupling sea-
level and climate changes: Palaeogeography, Palaeocli-
matology, Palaeoecology, v. 290, p. 138–150.

Besse, J., Torcq, F., Gallet, Y., Ricou, L. E., Krystyn, L., and 
Saidi, A., 1998, Late Permian to Late Triassic palaeo-
magnetic data from Iran: Constrains on the migration 
of the Iranian block through the Tethyan Ocean and ini-
tial destruction of Pangea: Geophysical Journal Interna-
tional, v. 135, p. 77–92.
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dle East: A review: Journal of Petroleum Geology, v. 9, 
p. 5–29.
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and petroleum resources: Scientific Press, Beaconsfield, 
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Bathymetric and isotopic evidence for a short-lived Ordo-
vician glaciation in a greenhouse period: Geology, v. 22, 
p. 295–298.

basins, often evolving from one type to another. The 
interplay between sedimentation and tectonics con-
trolled both basin development and post-depositional 
deformation, favoring the creation of a large number 
of structural and stratigraphic traps that store a signifi-
cant percentage of the world’s oil and gas reserves.
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