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Assessment of Undiscovered Oil and Gas Resources 
of the Sud Province, Central-East Africa

By Michael E. Brownfield

The U.S. Geological Survey estimated mean volumes 
of undiscovered, technically recoverable conventional oil 
and gas resources for the Central African Rifts Assessment 
Unit in the Sud Province. The mean volumes are estimated 
at 7,310 million barrels of oil, 13,218 billion cubic feet 
of gas, and 353 million barrels of natural gas liquids. The 
estimated mean size of the largest oil field that is expected to 
be discovered is 1,112 million barrels of oil, and the estimated 
mean size of the expected largest gas field is 3,677 billion 
cubic feet of gas. For this assessment, a minimum undiscov-
ered field size of 1 million barrels of oil equivalent was 
used. No attempt was made to estimate economically 
recoverable reserves.

Introduction
The main objective of the U.S. Geological Survey’s 

(USGS) National and Global Petroleum Assessment Project is 
to assess the potential for undiscovered, technically recover-
able oil and natural gas resources of the United States and the 
world (U.S. Geological Survey World Conventional Resources 
Assessment Team, 2012). As part of this project, the USGS 
in 2012 completed an assessment of the Sud Province (fig. 1), 
an area of approximately 978,800 square kilometers (km2) that 
covers parts of the of Central African Republic, Chad, Ethiopia, 
and Sudan. This assessment was based on data from oil and gas 
wells, field production records, and published geologic reports. 
A geologic map of central-east Africa is shown in figure 2.

The Sud Province was assessed because of increased 
energy exploration activity and interest in its future oil and 
gas potential. The assessment was geology based and used the 
total petroleum system concept. The geologic elements of a 
total petroleum system consist of hydrocarbon source rocks 
(source-rock maturation and hydrocarbon generation and 
migration), reservoir rocks (quality and distribution), and traps 
(for hydrocarbon accumulation). Using these geologic criteria, 
the USGS defined the Cretaceous-Tertiary Composite Total 
Petroleum System (TPS) with one assessment unit, the Central 
African Rifts Assessment Unit (AU) (fig. 1), encompassing 

Abstract
The main objective of the U.S. Geological Survey’s 

National and Global Petroleum Assessment Project is to assess 
the potential for undiscovered, technically recoverable oil 
and natural gas resources of the United States and the world. 
As part of this project, the U.S Geological Survey recently 
completed an assessment of the Sud Province, an area of 
approximately 978,800 square kilometers that covers parts of 
the of Central African Republic, Chad, Ethiopia, and Sudan. 
This assessment was based on data from oil and gas wells, 
field production records, and published geologic reports.

The Sud Province was assessed because of increased 
exploratory activity and interest in its future oil and gas 
potential. The assessment was geology based and used the 
total petroleum system concept. The geologic elements of a 
total petroleum system consist of hydrocarbon source rocks 
(source-rock maturation and hydrocarbon generation and 
migration), reservoir rocks (quality and distribution), and traps 
(for hydrocarbon accumulation). Using these geologic criteria, 
the U.S. Geological Survey defined the Cretaceous-Tertiary 
Composite Total Petroleum System with one assessment 
unit, the Central African Rifts Assessment Unit, encompass-
ing about 848,825 square kilometers, that extends beyond the 
Sud Province boundary. The assessment unit contains parts of 
the Central African Republic, Chad, Ethiopia, Kenya, Sudan, 
and Tanzania.

Hydrocarbons were generated from Cretaceous and 
Paleogene lacustrine rocks in the rift basins and from 
Paleogene lacustrine source rocks and possibly from 
Cretaceous marine source rocks in the Kenyan Anza rift 
basin. Generation most likely began in the Late Cretaceous 
and continues to the present. Hydrocarbons migrated into 
Cretaceous and Paleogene reservoirs and structural traps. 
Traps include tilted fault blocks, rollover folds, draped 
anticlines, and reverse-faulted structures. Some inversion 
features are recognized. Reservoir seals are Cretaceous and 
Paleogene shale. Rift-sag and continental analogs were used 
for sizes and numbers because of similar source and reservoir 
rocks and trapping mechanisms.
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about 848,825 km2, that extends beyond the USGS-defined 
Sud Province boundary (Klett and others, 1997). The 
assessment unit includes parts of the Central African Republic, 
Chad, Ethiopia, Kenya, Sudan, and Tanzania (fig. 1). The 
total petroleum system was defined to include Cretaceous 
and Paleogene lacustrine and marine source rocks, and the 
assessment unit contains Cretaceous and Paleogene clastic 
reservoirs, shale seals, and traps that mostly are structural and 
associated with extensional and transtensional faulting and 
minor compressional inversion.

Tectonic History and Geology of the 
Sud Province and Central African Rifts 
Assessment Unit, Central-East Africa

The Central African Rift system was initiated during 
the Early Cretaceous, at the commencement of regional 
northwest-southeast extension and the opening of the South 
Atlantic Ocean. The rifting continued into the Neogene and 
can be divided into two major rifting events in the western part 
and three rifting events in the eastern part. The rift basins of 
central Africa are linked along the Central African shear zone 
right-lateral fault system (figs. 1, 3). Several thousand meters 
of Lower Cretaceous clastic sediment, mostly lacustrine shale, 
siltstone, and sandstone were deposited during this rifting 
phase (Genik, 1992, 1993).

The Cretaceous-Tertiary rift basins of the western part 
of the Sud Province (fig. 1) are transtensional and are filled 
with Lower Cretaceous to Neogene sedimentary rocks, 
ranging in thickness from about 3,000 meters (m) to more 
than 7,500 m (figs. 4, 5), that were deposited in fluvial and 
lacustrine environments (Genik, 1992, 1993). During the 
Early Cretaceous the first rifting event allowed deposition of 
fluvial and lacustrine rocks in rift basins of southern Chad and 
the Central African Republic (fig. 2). In the Late Cretaceous 
(Cenomanian to Turonian), a regional rifting event deposited 
thick continental clastic rocks in the eastern part of the 
province. During the Late Cretaceous and Paleogene, transten-
sional faulting and sag events in the western part of the Sud 
Province led to deposition of fluvial and lacustrine rocks.

The extensional and transtensional rift basins in the 
eastern part of the Province are filled with Jurassic? to 
Neogene sedimentary rocks (figs. 6, 7) that range in thickness 
from 6,000 m to more than 13,000 m; these rocks were 
deposited in fluvial and lacustrine environments (Mohamed 
and others, 2000, 2002; Dou and others, 2007). The initial 
rifting event began in the latest Jurassic and continued through 
the Early Cretaceous (fig. 3), resulting in the deposition of 
Lower Cretaceous lacustrine source rocks (figs. 3, 4). The 
second rifting event began in the Turonian and continued 
into the Senonian, and the third rifting event occurred during 
the Paleogene, at the same time that Red Sea rifting began 

(Mohamed and others, 2000). Each rifting event was followed 
by a sag event, during which thick continental clastic rocks 
were deposited (fig. 3).

The central African rift basins are known to contain 
Cretaceous to Paleogene lacustrine and marine source rocks 
that have generated hydrocarbons since the Late Cretaceous 
(Genik, 1992, 1993; Mohamed and others, 2002). Hydrocar-
bons migrated into Cretaceous and Paleogene reservoirs and 
structural traps.

Source Rocks

Primary source rocks are Lower and Upper Cretaceous 
and Paleogene lacustrine rocks, ranging from 2,500 m to 
5,000 m thick that were deposited in the rift basins (figs. 5, 6). 
Lacustrine source rocks range from 1 to more than 5 weight 
percent total organic carbon (TOC) and average 2 to 3 weight 
percent TOC; their hydrogen index (HI) values are greater 
than 600 milligrams per gram (mg/g) in the eastern part of 
the province (Schull, 1988; Mohamed and others, 2000; Dou 
and others, 2007). Some analyzed lacustrine samples in the 
Muglad Basin (fig. 1) had TOC values as much as 9 weight 
percent TOC and an HI value of about 800 mg/g (Mohamed 
and others, 2002).

Lacustrine source rocks in the western part of the province 
range from 1 weight percent TOC to more than 14 weight 
percent TOC and average 2 to 3 weight percent TOC (Genik, 
1993). HI values are greater than 600 mg/g for the lacustrine 
source rocks.

The depth to the oil generation window in the Cretaceous-
Tertiary rifts in the eastern part of the Sud Province averages 
about 2,050 m and ranges from 1,500 m to 5,300 m (Mohamed 
and others, 2000, 2002; Dou and others, 2007). In the Chad part 
of the Sud Province the depth of the oil window ranges from 
2,300 m to 5,000 m (Genik, 1993).

Reservoirs, Traps, and Seals

The Cretaceous and Paleogene sandstone reservoirs 
in the western part of the Central African Rifts AU are 
generally poorly defined in terms of their distribution and 
their net thickness. The reservoir quality is fair to good; 
porosities range from 12 to 32 percent and permeabilities 
from 10 millidarcies (mD) to 10 darcies (D) (Genik, 1993). 
These rocks were generally deposited in fluvial environ-
ments although some reservoirs contain lacustrine-delta 
sandstone. Reservoir characteristics are good to excellent in 
the Cretaceous fluvial sandstone reservoirs in the eastern part 
of the assessment unit and have excellent reservoir quality; 
porosities range from 8 to 25 percent and permeabilities are 
as much as 1,600 mD (Mohamed and others, 2000; Dou and 
others, 2007).
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Figure 6.  Generalized stratigraphic columns of the Muglad and Melut Basins, southern Sudan (see fig. 3). Modified from Mohamed and 
others (2000) and Dou and others (2007). Quat, Quaternary.
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Figure 7.  Schematic geologic cross sections of the Muglad and Melut Basins showing sedimentary fill in southern Sudan. Lines of cross 
section C–C‘ and D–D‘ shown on figure 1. Modified from Mohamed and others (2002) and Dou and others (2007).
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Paleogene sandstone reservoirs were deposited in a 
fluvial environment. The sandstones are generally thin, but 
stacked reservoirs may be as much as several hundred meters 
thick. Porosities range from 22.1 to 40.8 percent and average 
29 percent (Dou and others, 2007). The Paleogene sandstone 
reservoirs are interbedded with shale and the reservoir 
characteristics are good to excellent.

Reservoir seals are Upper Cretaceous and Paleogene 
shales. The limited lateral extents of fluvial shale seals have 
been considered a problem in some areas of the assessment 
unit Genik, 1993).

Traps are generally structural and include anticlines, tilted-
fault blocks, rollover folds, drape anticlines, and reverse-faulted 
structures (Schull, 1988). Some inversion features, such as 
flower structures, have been recognized (Warren, 2009).

Exploration
At the time of this 2010 assessment, the province 

contained 113 oil fields—18 in Chad and 95 in Sudan—and 
is considered to be underexplored on the basis of its explora-
tion activity. The province contains two gas fields, and several 
discoveries reported associated gas in oil fields (IHS, 2009). 
The producing oil fields and recent petroleum discoveries are 
limited to Cretaceous-Tertiary rift basins.

Geologic Model
The geologic model developed for the assessment of 

conventional oil and gas in the Sud Province and the Central 
African Rifts AU of central Africa is as follows:

•	 Rift basins in the Central African Rifts AU are known 
to contain hydrocarbons. Hydrocarbons were generated 
from Cretaceous and Paleogene lacustrine rocks in 
the rift basins in Chad and Sudan. Hydrocarbons were 
generated from Paleogene lacustrine source rocks and 
possibly from Cretaceous marine source rocks in the 
Kenyan Anza rift basin. Generation most likely began 
in the Late Cretaceous and continues to the present.

•	 Hydrocarbons migrated into Cretaceous and Paleogene 
reservoirs and structural traps.

•	 Hydrocarbon traps are generally structural, such as 
tilted-faulted blocks, rollover folds, draped anticlines, 
and reverse-faulted structures. Some inversion features 
are recognized.

•	 Seals consist of Cretaceous and Paleogene shale.

•	 Rift-sag and continental analogs (Charpentier and 
others, 2007) were used for assessment sizes and num-
bers because of similar source and reservoir rocks and 
trapping mechanisms.

Events charts (figs. 8, 9) for the eastern and western 
parts of the Sud Province and the Central African Rifts AU 
summarize the age of the source, seal, and reservoir rocks and 
the timing of trap development and generation and migration 
of hydrocarbons.

Summary

Using a geology-based assessment, the U.S. Geological 
Survey estimated mean volumes of undiscovered, technically 
recoverable conventional oil and gas resources for the 
Cretaceous-Tertiary Rifts Assessment Unit in the Sud Province 
(table 1). The mean volumes are estimated at 7,310 million 
barrels of oil, 13,218 billion cubic feet of gas, and 353 million 
barrels of natural gas liquids. The estimated mean size 
of the largest oil field that is expected to be discovered is 
1,112 million barrels of oil, and the estimated mean size of 
the expected largest gas field is 3,677 billion cubic feet of gas. 
For this assessment, a minimum undiscovered field size of 
1 million barrels of oil equivalent was used. No attempt was 
made to estimate economically recoverable reserves.

For Additional Information
Assessment results are available at the USGS Central 

Energy Resources Science Center website: http://energy.cr.usgs.
gov/oilgas/noga/ or contact Michael E. Brownfield, the assessing 
geologist (mbrownfield@usgs.gov).
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Figure 8.  Events chart for the eastern part of the Cretaceous-
Tertiary Composite Total Petroleum System (704601) and the 
Central African Rifts Assessment Unit (70460101). Gray, rock 
units present; yellow, age range of reservoir rock; green, age 
ranges of source, seal, and overburden rocks and the timing of 
trap formation and generation, migration, and preservation of 
hydrocarbons; wavy line, unconformity. Divisions of geologic time 
conform to dates in U.S. Geological Survey Fact Sheet 2010–3059 
(U.S. Geological Survey Geologic Names Committee, 2010). Ma, 
million years ago; Plio, Pliocene; Mio, Miocene; Olig, Oligocene; 
Eoc, Eocene; Pal, Paleocene, L, Late; E, Early; M, Middle.

Figure 9.  Events chart for the western part of the Cretaceous-
Tertiary Composite Total Petroleum System (704601) and the 
Central African Rifts Assessment Unit (70460101). Gray, rock 
units present; yellow, age range of reservoir rock; green, age 
ranges of source, seal, and overburden rocks and the timing of 
trap formation and generation, migration, and preservation of 
hydrocarbons; wavy line, unconformity. Divisions of geologic time 
conform to dates in U.S. Geological Survey Fact Sheet 2010–3059 
(U.S. Geological Survey Geologic Names Committee, 2010). Ma, 
million years ago; Plio, Pliocene; Mio, Miocene; Olig, Oligocene; 
Eoc, Eocene; Pal, Paleocene, L, Late; E, Early; M, Middle.
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Table 1.  Sud Province and Central African Rifts Assessment unit assessment results for undiscovered, technically recoverable oil, 
gas, and natural gas liquids.
[Largest expected mean field size in million barrels of oil and billion cubic feet of gas; MMBO, million barrels of oil. BCFG, billion cubic feet of gas. MMBNGL, 
million barrels of natural gas liquids. Results shown are fully risked estimates. For gas accumulations, all liquids are included as natural gas liquids (NGL). 
Undiscovered gas resources are the sum of nonassociated and associated gas. F95 represents a 95 percent chance of at least the amount tabulated; other fractiles 
are defined similarly. Fractiles are additive under the assumption of perfect positive correlation. AU, assessment unit; AU probability is the chance of at least one 
accumulation of minimum size within the AU. TPS, total petroleum system. Gray shading indicates not applicable]

Total Petroleum Systems (TPS)  
and Assessment Units (AU)

Field 
type

Largest 
expected 

mean 
field size

Total undiscovered resources
Oil (MMBO) Gas (BCFG) NGL (MMBNGL)

F95 F50 F5 Mean F95 F50 F5 Mean F95 F50 F5 Mean

Sud Province-Cretaceous-Cenozoic Composite TPS

Central African Rifts AU Oil 1,112 3,141 6,809 13,222 7,310 531 1,321 3,169 1,522 14 35 87 41
Gas 3,677 2,824 9,822 26,776 11,696 73 259 732 312

Total Conventional Resources 3,141 6,809 13,222 7,310 3,355 11,143 29,915 13,218 87 294 891 353
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