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Abstract: The purpose of this short contribution is to provide an overview of our current state
of knowledge of Africa's petroleum systems as an introduction to the detailed volume accounts
that follow. Toward that end we introduce a set of maps on a supplementary CD compiled by
Purdy as part of a confidential report provided to industry subscribers some ten years ago. The
maps include subsurface as well as surface structural information but, because of their vintage,
have not taken account of more recent information. Nonetheless, the regional geological frame-
work apparent on the maps has not changed and, in that sense, the maps are as relevant today
as when they were first compiled. Moreover the maps serve as a useful building block on which
more recently acquired exploration data can be readily added by others using facilitating com-
puter programs.

Map compilations

Two map compilations are provided on the sup-
plementary CD (Purdy 2003). The first is entitled
Exploration Fabric of Africa and includes not only
conventional outcrop geology but also pertinent
subsurface structural trends, including the depths
and bottom-hole formations of shallow onshore
boreholes that have exploration significance (e.g.
in Botswana, Sudan and Nigeria). Bathymetry is
also shown along with the location, bottom-hole
formations and thickness of section penetrated by
the Joint Oceanographic Institutions for Deep Earth
Sampling (JOIDES) and Deep Sea Drilling Project
(DSDP) holes prior to 1989.

The second compilation map is entitled Sedi-
mentary Basins of Africa and illustrates the areal
extent and distribution of basins within the general
evolutionary framework of Africa described by
Burke et al. (2003) The basins are classified by
name and age of principal hydrocarbon-bearing
reservoir play, illustrated against an outcrop back-
ground of Precambrian basement, infra-Cambrian
sediment, volcanics (mainly Mesozoic and
Tertiary) and important subsurface trends. The
delineation of infra-Cambrian sediments is viewed
as particularly important because there are several
basins in Africa that are underlain by significant
thicknesses of unmetamorphosed, unfossiliferous
sediments lying above Precambrian crystalline

basement and below the first age-diagnostic fos-
sils.

The map's basin classification follows the ter-
minology of Kingston et al. (1983) with two major
modifications. The first is the designation of delta
sag (DS) for large basins that are dominated by
delta fill. The second is the addition of a W
subscript for those basins in which the structural
style has been markedly affected by subsequent
wrench-fault movements. Some of these may turn
out to be expressions of a single divergent wrench
couple rather than separate phases of interior frac-
turing and wrenching. Also indicated is the gen-
eralized stratigraphic age of each stage of basin
evolution. For example the Niger Grabens desig-
nation of IF/IS (KL-Tp/TN) translates as an Early
Cretaceous to Paleogene Interior Fracture Basin
succeeded by an Interior Sag Basin during the Neo-
gene. This classification is important in providing
an indication of the type of structures generally
present and, in some instances, provides some indi-
cation of the size of structures that may be present
by comparison to structural sizes known to be gen-
erally associated with specific structural styles. It
should be noted that the seaward extent of the
mapped basins was arbitrarily limited to the
1000m water-depth contour. In many West
African marginal sag basins, however, recent
exploration in deeper waters has demonstrated the
occurrence of Tertiary reservoir intervals that are
demonstrably more important than the older Cre-
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taceous reservoir plays identified on the map.
These major required revisions are detailed in the
following discussion.

Main African reservoir plays
There follows a summary of each of the main res-
ervoir plays identified on the map. These are sum-
marized with respect to age and basin type and are
based on innumerable references and personal
communications with industry workers, with only
the key sources listed as references. For each of
the identified reservoir plays, a brief assessment is
made both of the proven petroleum provinces dis-
cussed by Hemsted (2003) and of frontier basins
that may be analogous to these. A view is also
taken of the critical exploration factors and techno-
logies applicable to each category. Finally, obser-
vations made on key reservoir and petroleum sys-
tems are simplified into a number of themes that
characterize current hydrocarbon exploration on
the continent. For further details of the cited
reserves, please refer to the tables and references
in the following paper by Burke et al. (2003)

Infra-Cambrian reservoirs within interior
sag and fracture basins
Widespread areas of interior central and southern
Africa are characterized by the occurrence of thick
sequences of unfossiliferous sediments overlying
Precambrian basement and conformably underly-
ing the earliest fossiliferous beds, which are typi-
cally of Silurian age. The largest of these include
the Zaire Interior Basin, the Barotse Basin of Ang-
ola, the Etosha Basin of Angola and Namibia, the
Kalahari Basin of Botswana and the Volta Basin
of Ghana.

These beds are typically referred to as 'infra-
Cambrian' and are assigned a Vendian-Ordovician
age. Such strata are productive on the Arabian plate
of southern Oman, where the petroleum system
benefits from a thick Mesozoic overburden, but
there have been no infra-Cambrian discoveries in
Africa. This might reflect a lack of drilling as there
are no more than a handful of true exploration
wells in the basins concerned and, within this
sequence, a number of good source rocks have
been mentioned in the literature. However, these
are frequently assessed as being overmature. More-
over, burial history relative to phases of trap forma-
tion, uplift and potential flushing is difficult to
assess. These problems are manifested in the best-
documented basin of Zaire (Daly et al. 1992).
Here, Lawrence & Makazu (1988) have struggled
to find source levels in outcrop which are not over-
mature and additionally could have undergone a
Mesozoic reburial phase that post-dated major

uplift and erosion of the infra-Cambrian interval.
With these difficulties in mind, the prospectivity of
the infra-Cambrian section is considered to be less
than encouraging.

Palaeozoic within North African interior sag
basins

The North African Palaeozoic play is presented in
this volume by Coward & Ries (2003) and in an
earlier publication by Boote et al. (1998). Reser-
voirs ranging in age from Cambrian to Early Car-
boniferous in the Ghadames (Grand Erg), Illizi,
Hamra, Murzuk and Ahnet basins contain around
18.5 billion barrels oil equivalent (BBOE), consti-
tuting 8% of Africa's petroleum resource. Over
half of these reserves are oil in the Cambrian Hassi
Messaoud Field. Hydrocarbons were generated
from Silurian and Devonian source rocks predomi-
nantly during Mesozoic reburial, pre-Hercynian
generation having been largely ineffective,
although the Ahnet Basin gas reserves could, as
Coward & Ries (2003) point out, be exceptions to
this general rule. The impact of the secondary
Devonian source rocks has been significant for the
most recent discoveries and these are described in
this volume by Liming et al. (2003) Technologies
that are contributing and will continue to contribute
to the discovery of more petroleum in these Palaeo-
zoic systems include improved seismic imaging in
areas of unfavourable surface conditions, such as
shifting sand dunes (Drummond et al. 2003)), and
shallow carbonate occurrences. Improved petro-
physical and engineering practices in some of the
tighter reservoirs, particularly the Ordovician flu-
vioglacial sands, will undoubtedly contribute to
increased recovery of in situ hydrocarbons.

The Silurian source rock is widespread across
most of the frontier basins in this class (Macgregor
1996; Boote et al 1998), parts of the Kufra Basin
being an exception. Consequently, the critical fac-
tors for frontier areas in this basin category are bur-
ial history and preservation. The absence of a sig-
nificant Mesozoic burial phase in most of the
frontier basins seems to be a key difference
between these and the productive basins.

Karroo megasequence within interior
fracture and foreland basins

The 'Karroo' is a broad lithostratigraphic term
applied to sediments extending from the Late Car-
boniferous 'Dwkya' glacial section up to the
Triassic-Liassic 'Stormberg' volcanics. These infill
interior fracture and foreland basins developed dur-
ing or following Permo-Carboniferous tectonism.
Despite fairly significant exploration in sediment
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of this age in Madagascar and South Africa, sig-
nificant hydrocarbon occurrences are limited to the
near-outcropping Bemolanga tar sands of Madaga-
scar, with a reported resource of 22 billion barrels
in-place. This oil occurrence is tied to thick Per-
mian shallow marine or lacustrine shales that have
not as yet been recorded outside of Madagascar
(Raveloson et al. 1991) and which seem to be lim-
ited to narrow rifts developed at this time. The
thick Permian coals that occur elsewhere seem to
be predominantly gas-prone (though occasional
torbanites are reported) and high maturities are
reported from many basins (e.g. Kreiser et al.
1998).

The critical factors for Karroo plays thus seem to
be presence of an oil-prone source rock, maturation
timing relative to structuring, and the potential
destructive effects of the numerous phases of uplift
that have occurred. The main unexplored areas are
the narrow rifts of Zambia, Zimbabwe and Mozam-
bique. A typical exploration case study in one of
these is provided by Barnes et al. (1995).

Triassic and Early Jurassic in interior sag
and fracture basins

Triassic sands in Algeria, Tunisia and Libya are
one of Africa's most significant plays, with an esti-
mated 31 BBOE of reserves, over half of which is
gas in the giant Hassi'R Mel Field. These consti-
tute about 14% of Africa's petroleum reserves
(Boote et al. 1998). The majority of reserves lie
in fluvial sands below Triassic salt and are
Palaeozoic-sourced. There are also major reserves
at this level in the Sirt Basin, sourced strati-
graphically downward from Cretaceous source
rocks (Burwood et al. 2003). Imaging of undrilled
traps below shifting sand dunes and salt is a criti-
cal-technology technique that has led to consider-
able recent success (Drummond et al. 2003).

Triassic reservoirs were also developed in wide-
spread Tethyan rifts and plays are developing in
areas such as Morocco, where a recent discovery
is speculated to be sourced from the Silurian. A
separate play is developed in Triassic-Early Jur-
assic fluvial sands in syn-rift sequences in Somalia
and Ethiopia (Tietz 1991), which, at least in the
case of Somalia, is an extension of a play
developed at this level in rifts in Yemen. Deep bur-
ial and complex burial/uplift histories characterize
much of this play, and the best possibilities may lie
in areas such as the Darror Rift of eastern Somalia,
distant from the areas of uplift around the Afar
Plume and Gulf of Aden.

Jurassic-Early Cretaceous in interior
fracture/marginal sag basins

Reservoir plays of this age are developed along
oceanic margins that rifted during the Jurassic,
namely the northwestern African margin, the east-
ern Mediterranean margin and the East African
margin. With the exception of a number of Egyp-
tian rifts, such as the Shushan Basin (Keeley et al.
1998), some small petroleum systems in Morocco
and the small Songo-Songo discovery in Tanzania,
these reservoirs have been surprisingly unproduc-
tive in exploration to date and have certainly
underperformed relative to other basins of this age
elsewhere in the world. While it is clearly difficult
to generalize over such wide areas, it can be said
that the plays most typically comprise either Jur-
assic carbonates (of variable reservoir quality) or
Early Cretaceous elastics (e.g. Slind et al. 1988;
Jabour et al. 2000). Unlike the younger plays
described below in younger marginal sag basins,
there seems to be no clear regional source level.
Lean Late Jurassic source rocks and Early Cre-
taceous reservoirs are a combination that appears to
work in some of the Egyptian basins and in Songo-
Songo, but extensive geochemical analyses along
many of the margins indicate only sporadic source
quality. Many of the East African basins concerned
have also undergone upper stage uplift in the Ter-
tiary, which may have caused remigration and
flushing. Possibilities may exist along these mar-
gins for Triassic-Liassic lacustrine source rocks
within the rift sequences (e.g. Jabour et al. 2000),
as has been locally observed in the Newark rifts of
the US Atlantic margin. In many basins, however,
these are very deep and may lie, or have previously
lain, in the gas window.

Early-Late Cretaceous in interior
fracture/marginal sag basins

The continental margins developed during the
Early Cretaceous are considerably more productive
and also can be shown to contain a series of prom-
ising new plays. The margins concerned extend
from Senegal to South Africa, with discoveries to
date concentrated in the Aptian Salt Basin between
Nigeria and Angola (Coward et al. 1999). Most
traps are anticlinal, related to salt tectonics (Tari et
al. 2003). A series of petroleum systems in these
areas is now well documented (Tiesserenc et al.
1989; Katz 2000; Schoellkopf & Patterson 2000),
with a total resource base in Cretaceous reservoirs
of around 13 BBOE, or 6% of Africa's petroleum.
Several petroleum systems can be simplistically
subdivided into pre-salt sources charging pre-salt
and post-salt reservoirs, and post-salt source rocks
charging post-salt reservoirs. Syn-rift Early Cre-
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taceous source rocks charge pre-Aptian salt reser-
voirs as well as post-rift carbonates and clastic res-
ervoirs in salt-induced structures, while two
regional post-salt source levels in the Albo-
Cenomanian and Turonian charge primarily clastic
turbidite reservoirs. Late Cretaceous deep-water
strata comprise an emerging play in these margins,
although there is still much information needed
about drainage patterns, that were clearly very dif-
ferent from those of today (Taylor 2000). Further
exploration successes continue in moderately deep
waters in Equatorial Guinea in Late Cretaceous res-
ervoirs with an increasing emphasis on strati-
graphic traps and with drilling now heavily driven
by direct hydrocarbon indications (DHI) tech-
nology (Dailly & Goh 2000; www.tritonenergy.
com). This success is stimulating the search for
similar plays in areas such as the wrench margin
from Cote d'lvoire to Benin (Macgregor et al.
2003) and as far afield as Senegal and the
Gambia.

South of the Walvis Ridge, discoveries are lim-
ited to gas in Barremian (Kudu Field) and Albo-
Cenomanian (Ibhubezi Field) reservoirs
(Jungslager 1999), with the contributing source
rock believed to be an anoxic event in the Aptian
(van der Spuy 2003). Salt is absent south of the
Walvis Ridge, contributing to a deficiency in struc-
tural traps and a stratigraphic component seems to
be a key element in the discoveries made to date.
3-D seismic imaging of the reservoirs and traps is
therefore particularly key in this region.

Early-Late Cretaceous in interior wrench
basins

The Early Cretaceous source-rock play extends
into the intracratonic rifts of Central Africa (Genik,
1993). The wrench-controlled basins of Chad are a
significant developing petroleum province in which
only the Doba Basin has been significantly
explored to date. Development of an estimated
reserve of 1 BBO in Late Cretaceous fluvial reser-
voirs in this basin is imminent and the existence of
a pipeline will undoubtedly stimulate more serious
exploration in adjoining basins.

Late Cretaceous and Palaeogene in interior
fracture basins

Basins in this set include NW-SE-trending rifts,
often initiated in the Late Jurassic-Early Cre-
taceous, or possibly earlier, but with play systems
developed primarily in the Late Cretaceous and
Palaeogene (Guiraud & Maurin 1992). In the Sirt
Basin (Burwood et al. 2003), which is the predomi-
nant hydrocarbon province within the class, the

productive stratigraphic interval extends downward
stratigraphically to include the important Albian
sandstone play (Gras & Thusu 1998). Other basins
in this class include the Gabes Basin of Tunisia and
the interior rift basins of Sudan and Niger. With
the exception of Sudan, where an Early Cretaceous
lacustrine section is the source rock (Schull 1988),
the main source level within these basins is the
Late Cretaceous marine section, which feeds reser-
voirs ranging in age from Cambro-Ordovician and
Triassic to Neogene (Burwood et al. 2003).
Excluding the Palaeozoic reservoirs discussed earl-
ier, this class of petroleum provinces contains
around 40 BBOE of reserves, or about 17% of
Africa's petroleum.

The majority of these basins have been explored,
but many probably still have significant amounts
of undiscovered reserves. Large areas of rift basin
in Sudan remain untouched by the drill, and several
authors have pointed out the low exploration
maturity of the Sirt Basin, relative to producing
rift-basin analogues, and the limited subtle trap
exploration (e.g. Gras & Thusu 1998). The remain-
ing frontier basins in this group include a number
of smaller rifts in Sudan and Niger and the Anza
Rift of Kenya (Bosworth & Morley 1994), where
a number of wells have been drilled without suc-
cess on valid structures. A source quality or timing
problem may well exist in this basin and reservoir
risks may also be high.

Tertiary interior fracture basins, northeast
and East Africa

This group of basins extends from the Suez Graben
in the north through the Red Sea and includes the
East African Rift Valleys to the south. All are
characterized by thick Neogene fill and active
extensional tectonics. To date the only productive
basin is the Gulf of Suez, notable for its very high
productivity of 7.4 BBOE in an area of only
19000km2 (Alsharan 2002). This productivity
relates to its high-quality Miocene and pre-rift res-
ervoirs and the presence of an underlying Late Cre-
taceous source rock. Future potential of this
densely drilled basin would seem to be dependent
on improving seismic quality below the obscuring
Miocene salt to delineate heretofore unrecognized
structural traps.

The Red Sea has long been proposed as an ana-
logue to the Gulf of Suez, yet exploration results
have been disappointing (Bunter & Abdel Magib
1989). To some extent, this may be due to poor
seismic definition associated with the overlying
salt, but it seems clear that the Late Cretaceous
source-rock ingredient of the Gulf of Suez pet-
roleum system is missing. The modest discoveries
made to date have been of gas, probably reflecting
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the high heat flow that characterizes the Red Sea
and which increases toward the south.

In the East African rift system widespread seeps
identify the presence of a petroleum source that
may reflect Miocene lacustrine deposition. Good
reservoir potential is more speculative, but the
main concern is whether or not the size of the
extensional structures is commensurate with poten-
tial commercial viability, especially in Lakes
Malawi and Tanganyika, where water depths
exceed 500m and 1000m, respectively. In Lake
Albert, water depths of less than 100m offer a
more reasonable exploration target, other factors
being equal. As most structures are likely to be
faulted to surface, petroleum retention is a key
issue in such plays.

Tertiary delta sag basins

Nearly half the African petroleum discovered to
date has been found within three Tertiary delta sag
basins, namely those of the Niger, Nile and Congo.
An estimated total of around 96 BBOE has been
established to date, and is continuing to increase as
new deep-water discoveries are made in turbidite
reservoirs. It is the deeper-water parts of these bas-
ins that have been the location of most of the new
discoveries in recent years (Hemsted 2003).

It is in plays of this class that the appended Sedi-
mentary Basins of Africa map must be considered
somewhat dated. At the time of map compilation,
petroleum plays were only considered as far as the
1000 m water-depth contour, which is now known
to be shoreward of several major Tertiary deep-
water depocentres. The Tertiary delta play area
identified for the Congo Fan, therefore, should now
be expanded considerably seaward into deep-water
regions. More speculatively, a number of other,
lesser order Tertiary depocentres, such as those off
Cameroon, Senegal, Mauritania, Tanzania and
Kenya, should now be reconsidered with respect to
their deep-water potential.

The three major petroleum provinces of this age
have some similarities in their petroleum attributes
and some key differences. The Niger Delta, with
around 80 BBOE of reserves to date, is by far the
largest province. The basin contains both deltaic-
and turbidite-producing reservoirs ranging in age
from Eocene to Pliocene that are charged from
Eocene-Oligocene shales. These sources contain a
high proportion of terrestrial kerogen that seems to
generate gas simultaneously with oil (Haack et al.
2000). Onshore trapping is related to growth faults
whereas deep-water trapping is associated with
mud diapirism and gravity sliding. Stratigraphic
traps formed by pinchouts on diapir flanks have

become important in recent years (e.g. Bonga
Field). The key exploration factor, particularly in
deep water, is the distinction between oil fill and
gas fill, which does not seem, as yet, to be well
constrained by either geochemical or geophysical
technologies.

The deep-water Congo Fan petroleum system
comprises Oligocene-Miocene turbidite reservoirs
(Dickson et al. 2003) within salt-induced trapping
geometries charged by a primary source in the Late
Cretaceous and a secondary source in the Palaeo-
gene (Coward et al. 1999). In contrast, the Nile
Delta houses a Miocene-Pliocene gas system, with
a mixture of thermogenic gas that is thought to
originate from sources ranging in age from Jurassic
to Miocene (Doulson & Bucher 2002), and bio-
genie gas generated within the shallow pro-delta
section.

Exploration in these systems continues to move
progressively into deeper water where a higher
component of Stratigraphic trapping must usually
be invoked. In the case of the Nile and Niger sys-
tems, the deep-water regions have been speculated
to be more oil-prone due to lesser burial of the
source rock and a lesser proportion of terrestrially
derived kerogen within the source bed. The pres-
ence of oil seeps in Oligocene quartz sands on the
island of Sao Tome, hundreds of kilometres off the
Niger Delta, provides evidence that these young
petroleum systems may extend far beyond both the
continental slope and the regions of currently
active exploration. DHIs of various types on 3-D
seismic have proved crucial in achieving high suc-
cess rates in all three deltas and, if anything, will
prove even more critical as exploration seeks to test
more subtle types of traps.

Exploration to date in Tertiary depocentres has
concentrated on searching for stepouts within pre-
viously established petroleum systems within the
largest Tertiary deltas. The only such delta that has
not proven productive to date is the Zambezi, prob-
ably because of the apparent absence of a
regionally developed source rock. Attention is now
being given to smaller Tertiary depocentres,
including deltaic systems that may have been sig-
nificant in the past (Taylor 2000). Indeed, the dis-
covery of a new petroleum system in deep-water
Mauritania (Brown 2002), albeit one with probable
close analogues in terms of reservoirs and source-
rock ages to those described above, will continue to
stimulate exploration of smaller offshore Tertiary
depocentres. Targets include offshore Kenya, Tan-
zania (Cope, in press), the Mozambique Rovuma
Basin and Morocco (Jarvis et al. 1999). The pres-
ence of salt or mud diapirism (Tari et al. 2003)
provides a structural basis for high-grading such
basins.
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Summary: future themes and technologies
in African exploration

Africa exploration success has continued at high
rates in recent years (Hemsted 2003), but the vast
majority of new discoveries have been within, or
are, deep-water extensions of petroleum systems
identified many years ago. Consequently, there
have been few new petroleum systems discovered,
deep-water Mauritania perhaps providing the main
such exception. For example, the discoveries in the
Rio Muni Basin of Equatorial Guinea can be
argued to be extensions to petroleum systems dis-
covered in the 1960s in offshore Gabon (Katz et
al. 2000), while the deep-water discoveries in Ang-
ola and Nigeria are extensions of the petroleum
systems on the adjoining shelves. This conclusion
is also supported by the fact that the appended map
of reservoir plays requires little modification,
despite having been completed many years ago.
With this in mind, it seems likely that future dis-
coveries will continue to be concentrated in regions
where working plays have already been established
or in adjoining regions showing a high degree of
analogue to these. More specifically, in North
Africa, exploration success will continue to reflect
the occurrence of a Mesozoic depositional load that
matured Palaeozoic source rocks. Elsewhere in
Africa the presence of a Tertiary and, to a lesser
extent, a Late Cretaceous depositional load will
continue to be a key control on future reserves dis-
coveries, controlling the maturation of Cretaceous
and Early Tertiary source rocks. The areal extents
of Tertiary and Late Cretaceous turbidite fairways
are likely to be expanded further along the West
African margin while analogous fairways provide
a promising new frontier in the deep-water exten-
sions of the northwestern and East African mar-
gins, where Mesozoic plays have underperformed
to date on the adjoining shelves.

Additionally, ever-improving technology will
aid the identification of traps and reduce risk to the
point of exploration acceptability. This is parti-
cularly true where seismic trap definition has been
hampered by surface and outcrop conditions, or by
overlying salt or carbonates. Indeed, increased seis-
mic resolution beneath salt offers the greatest tech-
nological potential for significantly increasing the
amount of discovered reserves in the Gulf of Suez,
the Aptian Salt Basin and Algeria, perhaps even
more so than conventional new discoveries.
Increased seismic resolution and related direct
hydrocarbon recognition technologies also offer
hope for continued success in further seaward step-
outs from existing deep-water discoveries within
regions where stratigraphic traps may dominate.
Finally, increased knowledge of basin-timing
events relating thermal history, petroleum gener-

ation and trap formation to periods of uplift and
erosion that may have adversely affected trap
integrity will enhance wildcat success ratios and
certainly should focus exploration efforts on the
frontier basins most likely to provide commercial
success.
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