
The Amcrican Association or Petroleum Gcologîsts Bulletin 
V. 77, No. 8 (August 1993), P. 1405·1434, 24 Figs., 5 Tables 

Petroleum Geology of Cretaceous-Tertiary Rift Basins in 
Niger, Chad, and Central African Republict 

G.J. Genik2 

ABSTRACT 

This overview of the petroleum geology of rift 
basins in Niger, Chad, and Central African Republic 
(CAR) is based on exploration work by Exxon and 
partners in the years 1969-1991. The work included 
50,000 km of modern reflection seismic, 53 explo
ration wells, 1,000,000 km2 of aeromagnetic cover
age, and about 10,500 km of gravity profiles. The 
results outline ten Cretaceous and Tertiary rift 
basins, which constitute a major part of the West 
and Central African rift system (WCARS). The rift 
basins derive from a multiphased geologic history 
dating from the Pan-African (appro:ximately 750-550 
Ma) to the Holocene. Main rifting was probably 
caused by the stretching and subsidence of African 
crustal blocks during the breakup of Gondwana in 
the Early Cretaceous and by reactivated plate move
ments in the early Tertiary. 

WCARS in the study area is divided into the West 
African rift subsystem (W AS) and the Central African 
rift subsystem (CAS). W AS basins in Niger and Chad 
are chiefly extensional, and are filled by up to 
13,000 m of Lower Cretaceous to Holocene conti
nental and marine clastics. The basins contain five 
oil (19-43°API) and two oil and gas accumulations in 
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Upper Cretaceous and Eocene sandstone reservoirs. 
The hydrocarbons are sourced and sealed by Upper 
Cretaceous and Eocene marine and lacustrine shales. 
The most common structural styles and hydrocarbon 
traps usually are associated with normal fault blocks. 

CAS rift basins in Chad and CAR are extensional 
and transtensional, and are füled by up to 7500 m of 
chiefly Lower Cretaceous continental clastics. The 
basins contain eight oil (15- 39°API) and one oil and 
gas discovery in Lower and Upper Cretaceous sand
stone reservoirs. The hydrocarbons are sourced by 
Lower Cretaceous shales and sealed by interbedded 
lacustrine and flood-plain shales. Structural styles 
range from simple fault .blocks through complex 
flower structures. The main hydrocarbon traps are 
in contractional anticlines. · 

Geological conditions favor the discovery of 
potentially commercial volumes of oil in WCARS 
basins of Niger, Chad and CAR. 

INTRODUCTION 

This paper gives an overview of the petroleum 
geology of Cretaceous-Tertiary rift basins in Niger, 
Chad, and Central African Republic (CAR) (Figure 
1). It is based on proprietary exploration work by 
Exxon and partners during 1969-1991, and included 
53 exploration wells (Table 1), 50,000 km of CDP 
reflection seismic, 81 ,000 line-km of aeromagnetics, 
and 10,500 km of surface gravity surveys. 

Little has been published on the rift petroleum 
geology (Martin 1978; Peterson 1983, 1985; Petrac
ca, 1986). The main literature on rifts for these coun
tries describes surface geology (Faure, 1966; Greigert 
and Pougnet, 1966, 1967) or regional gravity (Louis, 
1970; Fairhead, 1986), or focuses on rift-forming pro
cesses (Browne and Fairhead, 1983; Fairhead and 
Okereke, 1987; Fairhead and Green, 1989; Fairhead 
and Binks, 1991). 

The present article addresses regional framework, 
rift evolution, paleogeography, basin description, 
structure, tectonostratigraphy, and hydrocarbon habi
tat for a study area covering about 450,000 km2 (Fig
ure 1). 
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gering petroleum exploration in post-Paleozoic rifts 
in eastem Niger and Chad. 

The systematic search for rift-basin petroleum in 
the region was pioneered by Conoco in Chad in 
1969. Texaco and the former Global Energy (now 
Amax Oil and Gas) began to explore northeastern 
Niger in 1970. Conoco with Shell and Chevron start· 
ed to investigate CAR in 1973. Exxon joined explo
ration in these countries in 1973-1976. Currently, 
Exxon, Shell, and Elf jointly explore a permit of 
104,234 km2 in Chad, and Elf and Exxon together 
explore a 36,580-km2 permit in Niger (Figure 1). 

Conoco discovered the first oil in the region in 
,. the Chad part of the Termit basin near Lake Chad in 
' 1974, and Elf/Exxon made the latest oil discovery (at 

:2 ·time ofwriting) in the Termit basin in Niger in 1990. 
'. ·, A total of 13 oil and 3 oil and gas discoveries have 
·~ been made in three of the ten rift basins (Figure 1). 
·.: The discoveries range in size of potentially recover· 
~ ' able oil from 1-2 million bbl to volumes two magni· 

tudes greater. 

Figure 1-Location of studied rift basins in Niger, Chad, 
and Central African Republic (C.A.R.). 

REGIONAL FRAMEWORK AND TECTONO
PALEOGEOGRAPIIlC EVOLUTION 

1 hope this contribution will add to the growing 
knowledge of petroleum geology in cratonic rifts 
and will serve to stimulate publication of other rift
related papers for the region. 

EXPLORATION IIlSTORY 

The Phanerozoic geologic framework and Creta· 
ceous-Tertiary rift distribution in Niger, Chad, and 
CAR (Figures 2, 3) derive from six major tectonic 
phases active during the Pan-African to Holocene. 
These consist of two pre-rift, two Cretaceous rift, 
Paleogene rift , and Niger post-rift phases. Figure 4 
summarizes the tectonic evolution, and Figure 5 
sketches the paleo-eologic evolution. 

The key tectonic events started during the Pan· 
African crustal consolidation (about 750- 550 Ma) in 
central northwestern Africa, where a mobile belt of 

The first permits for hydrocarbon exploration in Proterozoic acid igneous and metamorphic rocks 
the region were granted to Saphyr Petroleum and consolidated with a more stable Pan-African thermal 
Petropar in 1962 (Greigert and Pougnet, 1967). belt of acid plutonics (Windley, 1984) . The consoli· 
These grants followed surface geological studies car- dation formed specific trends of fault and fractures 
ried out by the French Bureau de Recherches which, in large measure, would act as precursor 
Pétrolière in 1952- 1955, Shell in 1955, and Exxon directions, or the "essential structure" (Christie-Blick 
and Mobil in 1959. The early exploration had been and Biddle, 1985), for the subsequent Cretaceous· 
directed toward lower Paleozoic plays, similar to Tertiary rifts (Figure 2) (Black and Girod, 1970; Le 
those in the adjacent basins of Algeria and Libya Marechal and Vincent, 1972; Chukwu-Ike, 1981; 
(Boudjema et al., 1990). Severa! unsuccessful wells Cornacchia and Dars, 1983; Popoff et al., 1983; Aja· 
were drilled for these plays in the Mourzouk and kaiye et al., 1986; Benkhelil, 1988; Popoff, 1988a; 
lullemmeden basins of northeastern Niger (Figure 2) Daly et al., 1989; Millegan, 1990). 
during the late 1960s (Cordrey, 1965; Biro, 1975, During the Paleozoic Jurassic pre-rift platform 
1976). In 1959- 1967, the Office de la Recherche Sei- phase (about 550- 130 Ma), the study area was a sta· 
entifique et Technique Outre Mer (ORSTOM) per- ble, mostly emergent platform onlapped by a wedge 
formed extensive gravity and minor electrical and of Cambrian-Jurassic continental sediments from the 
refraction surveys in Niger and Chad (Louis, 1970). north to a latitude of about 18° N (Figure 2), (Faure, 
The results suggested the presence of sedimentary 1966; Greigert and Pougnet, 1966; Goudarzi, 1970; 
basins hidden by alluvial deposits. The ORSTOM sur- Klitzsch, 1984; Guiraud et al., 1987). No definitive rift. 
veys, together with wide-ranging surface geological ing l1as been documented for the platform phase. 
studies by Faure (1966), were instrumental in trig- However, parts of the interest area (e.g. , the Termit 
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Figure 2--Geologic framework, regional surface geology, and superposed West and Central African rift system 
(WCARS) basins in western central Africa.. 

basin) sustained thermal alteration during the Hercy
nian orogeny, possibly along reactivated lines of Pan
African weakness. Examples of the thermal event are 
manifested as altered basement igneous and metamor
phic rocks penetrated in the Dilia Longrin and Iaguil 
wells (fable 1). These rocks give K/ Ar and Rb/Sr ther
mally reset dates of 266 and 190 ±7 Ma (fable 2). 

Rift Evolution 

The Early Cretaceous (130- 96 Ma) was the main 
time of rifting (phase 1). The Cretaceous-Tertiary rifts 
in Niger, Chad, and CAR (Figures 2 , 3) forma major 
part of a genetically and physically linked system of 
faults and rift basins termed the West and Central 
African rift system (WCARS), (Fairhead, 1986). The 
system spans Africa from Mali to Kenya. Toit are 
tied the geologically similar Bida basin in Nigeria 
(Braide, 1990) and the Gao trough in Mali (Collignon 

.~( 
and LeFranc, 191~; Bouderesque et al. , 1982) (Fig-
ure 2). WCARS coiînects with the Lower Cretaceous 
west African coast:ij. rift basins (Reyre, 1984; Popoff, 
1988a, b) (Figure $a, b), which extend from Camer
oon to Angola. In the study area, WCARS is divided 
into two subsyste.ms: the West African rift subsystem 
(W AS) and the Central African rift subsystem (CAS) 
(Figure 3). The main difference between the two 
subsystems is that W AS is filled by thick sequences 
of nonmarine and marine Cretaceous and Tertiary 
sediments whereas the CAS is filled by virtually all 
Cretaceous continental sediments. 

The origin of WCARS is generally attributed to the 
breakup of Gondwana and the opening of the South 
Atlantic Ocean and Indian Ocean starting about 130 
Ma (Faure, 1966; Burke et al., 1972; Olade, 1975; 
Burke, 1976; Petters, 1978, 1981; Benkhelil and Gui
raud, 1980; Bermingham et al., 1983; Browne and 
Fairhead, 1983;Fairhead, 1986, 1988a, b;Reeveset 
al. , 1986; Benkheill, 1988; Popoff, 1988a, b; Scotese 
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Figure 3--WCARS extent, with location of West African rift subsystem (W AS) and Central African rift subsystem 
(CAS). Dotted lines indicate general trace of East African rift system. Solid line = known major fault; dashed line = 

probable fault. 

et al., 1988; Schull, 1988; Daly et al., 1989; Fairhead 
and Green, 1989; Jorgensen and Bosworth, 1989; 
Wycisk et al. , 1990; National Oil Corporation of 
Kenya, 1990; Schandelmeier and Pudlo, 1990; Fair
head and Binks, 1991). The Gondwana breakup was 
widely reflected across Africa during the Cretaceous 
(Guiraud and Maurin, 1991). However, unlike the 
continental margin separation along the west Afri
can coast, the breakup did not generate enough 
energy to rift the main body of Africa beyond the 
aulocogenic stage, as is evidenced by WCARS. 

Figure 5 shows a model for WCARS evolution in 
the study area. The model advances the concepts 
proposed by Fairhead (1986) that movement along 
major strike-slip faults from Atlantic plates eut into 
Africa and converted into extensional faults that 
opened the Niger and Sudanese rifts. 1 suggest that 
WCARS originated as "cool start" rifts (Hamilton, 
1989) by simultaneous tectonic crustal stretching 
and subsidence among several African crustal blocks 
starting about 130 Ma (Figure 5a, b). 1 suggest also 

that the driving mechanism was the northeasterly 
riding African lithosphere dragging on the base of 
convecting mantle (e.g., Ziegler, 1990; Zonenshain 
et al., 1990). Rejuvenated Pan-African basement lin· 
eaments may have determined the various block 
boundaries (Figure 5a), so that a simultaneous north· 
easterly movement of the joint central (C), Arabian, 
and eastern (E) blocks together, relative to the west· 
ern (W) and southern (S) blocks (Figure 5a, b) could 
have started to create WCARS. The rifts expanded 
until about 96 Ma (Figure 5c). 

During phase 1, up to 5000 m of subsidence is indi· 
cated in Lower Cretaceous continental sediments. Rift 
age in the study area is well documented with spores, 
pollen (Y. Y. Chen, Exxon, 1991, persona! communi· 
cation) and ostracods (J. P. Colin, Exxon, 1990, per· 
sonal communication). In rifts adjacent to the study 
area, coeval subsidence up to 2000 m or more has 
been reported (Schull , 1988; Popoff, 1988a, b; 
Guiraud, 1990; Wycisk et al., 1990; National Oil Cor· 
poration of Kenya, 1990). 
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Petroleum Geology of Cretaceous-Tertiary Rift Basins in 
Niger, Chad, and Central Mrican Republic1 

G.J. Genik2 

ABSTRACT 

This overview of the petroleum geology of rift 
basins in Niger , Chad , and Central African Republic 
(CAR) is based on exploration work by Exxon and 
partners in the years 1969-1991. The work included 
50,000 km of modern reflection seismic, 53 explo
ration wells, 1,000,000 km2 of aeromagnetic cover
age, and about 10,500 km of gravity profiles. The 
results outline ten Cretaceous and Tertiary rift 
basins, which constitute a major part of the West 
and Central African rift system (WCARS). The rift 
basins derive from a multiphased geologic history 
dating from the Pan-African (approximately 750-550 
Ma) to th e Holocene. Main rifting was probably 
caused by the stretching and subsidence of African 
crustal blocks during the breakup of Gondwana in 
the Early Cretaceous and by reactivated plate move
ments in the early Tertiary. 

WCARS in the study area is divided into the West 
African rift subsystem (W AS) and the Central African 
rift subsystem (CAS). WAS basins in Niger and Chad 
are chiefly ext ensional, and are filled by up to 
13,000 m of Lower Cretaceous to Holocene conti
nental and marine clastics. The basins contain five 
oil (19-43°API) and two oil and gas accumulations in 
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Upper Cretaceous and Eocene sandstone reservoirs. 
The hydrocarbons are sourced and sealed by Upper 
Cretaceous and Eocene marine and lacustrine shales. 
The most common structural styles and hydrocarbon 
traps usually are associated w ith normal fault blocks. 

CAS rift basins in Chad and CAR are extensional 
and transtensional, and are ftlled by up to 7500 m of 
chiefly Lower Cretaceous continental clastics. The 
basins contain eight oil (15-39°API) and one oil and 
gas discovery in Lower and Upper Cretaceous sand
stone reservoirs. The hydrocarbons are sourced by 
Lower Cretaceous shales and sealed by interbedded 
lacustrine and flood-plain shales. Structural styles 
range from simple fault .blocks through complex 
flower structures . The main hydrocarbon traps are 
in contractional anticlines. 

Geological conditions favor the discovery of 
potentially commercial volumes of oil in WCARS 
basins of Niger, Chad and CAR. 

INTRODUCTION 

This paper gives an overview of the petroleum 
geology of Cretaceous-Tertiary rift basins in Niger, 
Chad, and Central African Republic (CAR) (Figure 
1). lt is based on proprietary exploration work by 
Exxon and partners during 1969-1991, and included 
53 exploration wells (Table 1), 50,000 km of CDP 
reflection seismic, 81,000 line-km of aeromagnetics, 
and 10,500 km of surface gravity surveys. 

Little has been published on the rift petroleum 
geology (Martin 1978; Peterson 1983, 1985; Petrac
ca, 1986). The main literature on rifts for these coun
tries describes surface geology (Faure, 1966; Greigert 
and Pougnet, 1966, 1967) or regional gravity (Louis, 
1970; Fairhead, 1986), or focuses on rift-forming pro
cesses (Browne and Fairhead , 1983; Fairhead and 
Okereke, 1987; Fairhead and Green, 1989; Fairhead 
and Binks, 1991). 

The present article addresses regional framework, 
rift evolution, paleogeography, basin description , 
structure, tectonostratigraphy, and hydrocarbon habi
tat for a study area covering about 450,000 km2 (Fig
ure 1). 
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Figure 2--Geologic framework, regional surface geology, and superposed West and Central African rift system 
(WCARS) basins in western central Africa. 

basin) sustained thermal alteration during the Hercy
nian orogeny, possibly along reactivated lines of Pan
African weakness. Examples of the thermal event are 
manifested as altered basement igneous and metamor
phic rocks penetrated in the Dilia Longrin and Iaguil 
wells (fable 1). These rocks give K/ Ar and Rb/Sr ther
mally reset dates of 266 and 190 ±7 Ma (fable 2). 

Rift Evolution 

The Early Cretaceous (130-96 Ma) was the main 
time of rifting (phase 1). The Cretaceous-Tertiary rifts 
in Niger, Chad, and CAR (Figures 2, 3) forma major 
part of a genetically and physically linked system of 
faults and rift basins termed the West and Central 
African rift system (WCARS), (Fairhead, 1986). The 
system spans Africa from Mali to Kenya. Toit are 
tied the geologically similar Bida basin in Nigeria 
(Braide, 1990) and the Gao trough in Mali (Collignon 

.~( 
and LeFranc, 191~; Bouderesque et al., 1982) (Fig-
ure 2). WCARS co~ects with the Lower Cretaceous 
west African coast:ij. rift basins (Reyre, 1984; Popoff, 
1988a, b) (Figure $a, b), which extend from Camer
oon to Angola. In the study area, WCARS is divided 
into two subsysteins: the West African rift subsystem 
(W AS) and the Central African rift subsystem (CAS) 
(Figure 3). The main difference between the two 
subsystems is that W AS is filled by thick sequences 
of nonmarine and marine Cretaceous and Tertiary 
sediments whereas the CAS is filled by virtually all 
Cretaceous continental sediments. 

The origin of WCARS is generally attributed to the 
breakup of Gondwana and the opening of the South 
Atlantic Ocean and Indian Ocean starting about 130 
Ma (Faure, 1966; Burke et al., 1972; Olade, 1975; 
Burke, 1976; Petters, 1978, 1981 ; Benkhelil and Gui
raud, 1980; Bermingham et al., 1983; Browne and 
Fairhead, 1983;Fairhead, 1986, 1988a, b;Reeveset 
al. , 1986; Benkheill, 1988; Popoff, 1988a, b; Scotese 
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Rift phase I was closed by a regional unconformi- original strikes . It folded the Benoue , Yola, and 
ty. Rift phase II, which was in the Late Cretaceous Bornu basins (Popoff et al., 1983; Cratchley et al., 
(about 96-75 Ma), began with a short lived period of 1984; Avbovbo et al., 1986; Benkhelil, 1988), and 
late Albian-Cenomanian rifting, followed by a long produced hydrocarbon-trapping folds in the Muglad 
period of marked thermo-tectonic subsidence within basin (Schull, 1988; Giedt, 1990). After the squeeze, 
the rifts . Concomitantly, the region west of about mild uplift continued until about 74 Ma (Figure 5e), 
longitude 18°E subsided regionally, resulting in a at which time the shallow seas regressed completely 
marine transgression from the Tethys through Mali from the study area, and rift phase II was terminated 
and Algeria south into Niger, and from the South by a regional unconformity. 
Atlantic through Nigeria north into western Chad During rift phase II, up to 6000 m of rift and ther
and Niger (Furon, 1963; Faure, 1966; Kogbe, 1972, mo-tectonic subsidence is recorded in Upper Creta-
1979; Murat, 1972; Reyment, 1972, 1980; de Klasz, ceous marine sediments in WAS and western CAS. 
1978; Petters, 1978, 1979; Reyment and Reyment, By contrast, rift subsidence for this phase in most of 
1978; Allix et al., 1981; Petters and Ekweozor, 1982; CAS and the Sudanese and Anza rifts is less than 
Allix and Popoff, 1983 ; Benkhelil and Robineau , appro:ximately 3000 m . There , the contained sedi-
1983 ; Dufaure et al ., 1984; Reyment and Dingle, ments are entirely continental (Reeves, 1986; Schull, 
1987) (Figure 5c). This transgression coïncides with 1988; Wycisk et al., 1990). 
the worldwide Late Cretaceous eustatic sea level During rift phase III (74-30 Ma) , rifting occurred 
highstand (Haq et al., 1987). According to Exxon in the study area only in the northwest-southeast 
internai reports , wells drilled in northern WAS con- striking extensional basins (i.e., the WAS basins) . 
tain microfauna with Tethyan attributes, and wells in They are estimated to represent up to 2000 m of rift 
southern W AS contain foraminifera with Atlantic subsidence and 3000 m of thermo-tectonic sinking. 
characteristics. The incursion reached its farthest The contained sediments are continental except for 
eastern extent at about 85-80 Ma (Figure 5d), when a marine sag interval deposited between about 54 
regression began due to epeirogenic uplift. The and 50 Ma (Figure 5f). At approximately this time, 
uplift was coupled with a sharp basirt-modifying tee- the Termit basin was paralleled by rifting adjacent 
tonie pulse, termed the Santonian "squeeze. " The basins (e.g., the Muglad basin in Su dan [Schull, 
pulse coincided intime with, and may have resulted 1988; Wycisk et al., 1990] and the Anza basin in 
from, the major reorganization of the Equatorial and Kenya [Reeves et al., 1986]) and, a few million years 
South Atlantic plates (Fairhead and Binks , 1991), later, by the opening Red Sea (Lowell and Genik , 
north-south compression between the African and 1972; Makris and Rihm, 1991). In contrast, CAS 
European plates (Guiraud et al., 1987; Ziegler, 1990), basins were emergent or nearly so during this phase, 
and a change in the movement vector between the subsiding no more than 200-300 min places. Rift 
African plate and the Eurasian/f ethyan plates (Zonen- phase III in Niger and Sudan possibly is related to the 
shain et al., 1990). accelerated northeasterly transport of the Afro-Arabi-

The squeeze had wide-ranging effects significant an slab (of which blocks C and E are part, Figure 5a, 
for exploration in the rifts. It created hydrocarbon g) that was subducting the Zagros-Eurasian plate 
trapping folds in southern WAS and CAS. It separat- (e.g., Zonenshain et al., 1990). 
ed the Doba, Doseo , Salamat,. and Bongor into four , During about 30- 25 Ma, rift phase III was termi
discrete basins, (which up to this time had been·~~ nated by a regional unconformity which ushered in 
one), divided the Niger rifts into five separate basins 1: the post-rift phase (30-0 Ma) . Much of the study 
along the Agadez line (Guiraud et al., 1985) (Figure ·r region subsequently became emergent. The Adam-
2), and I consider has rotated the Yola, Bongor, and · ,~ awa area (Figure 2) was uplifted along the Cameroon 
Doba basins about 15° counterclockwise from theif "~ line of Neogene-Holocene volcanism (Fitton, 1990), 

Figure S--Sketches of paleogeologic evolution of WCARS. (a) Start of main rifting and relative movements of conti
nental blocks (W = western, C = central, E = eastern, S = southern) and Arabia. (b) Major development of rift basins. 
Rifting and subsidence active to about 96 Ma. (c) Reactivated rifting with coeval regional subsidence and overprint
ing by bidirectional marine transgression in western region, active rifting with only continental infill in eastern 
region. Marine areas in west Africa apart from the rift zones are taken from Reyment (1972), Petters (1981), Petters 
and Ekweozor (1982), and Reyment and Dingle (1987). (d) Maximum marine incursion over continually subsiding 
rifts in western region and active continental infilled rifts in eastern region. Tectonic pulse of strike slip move
ment, start of regional uplift, and possible compression at about 84 Ma (i.e., the Santonian squeeze). (e) General 
uplift of region, nearly complete regression by about 74 Ma, and continental deposition to about 54 Ma. (f) Short 
marine incursion about 54-50 Ma in Nigeria and Niger basins, significant rifting and subsidence only in northwest
southeast- aligned tensional basins to about 30 Ma, and start of Red Sea and East African rift basins. (g) Continued 
mild subsidence of northwest-southeast-aligned rifts, uplift, and 2000 m erosion along Adamawa highlands. 



Table 1. Rift Basins Exploration Wells in Niger, Chad, and Central African Republic (C.A.R.) 

Country 
Basin 

Niger 
Tenere 

Grcin/ Kafra 

Grcin/Kafra 

Termi t 

Tem1i t 

Termi t 

Termit 
Tem1it 
Tenni t · 

Termit 

Tenni t 

Temlit 

Tcnnit 

Tem1it 

Termit 

Termit 

Termit 

Termit 

Chad 
Tem1it 

Termit 

Termit 

Termit 

Tcrmit 

Tcrmit 

Termit 

Tcrmit 

Niger 

Year Weil 
Drilled Name 

1974/ 
1975 
1974/ 
1975 
1975 

Fachi·l 

Scguedine-1 

Tiffa.J 

Maclama-1 

laguil-1 

Yogou· l 

Yogou-2 
Moul-1 
Donga-1 

TD 
Operator (m) 

Texaco 

Tcxaco 

Texaco 

Texaco 

Exxon 

Exxon 

E;>..-XOn 

Exxon 
Exxon 

3740 

3 144 

2782 

3810 

2485 

3995 

2728 
3535 
3201 

Age 
atTD 

Triassic 
Permian 

Rock Type 
atTD 

Continental 
Siltstone 

Resul ts 

Dry 

Precambri;111 Pegmatite Dry 
Gneiss 
Lower 
Cretaceous 
Santonian 

Continental 
Clastics 

Dry 

Marin e Clastics Oi l 

Precambrian Schist 
Discovery 
Dry 

Coniacian 

Santonian 
Santonian 
Albi an 

Marine Shale 

Marine Shale 
Marine Shale 
Contin ental 
Sandsrone 

Oil 
Discovery 
Dry 
Dry 
Dry 

1975 

1979 

1979 

1980 
1979 
1979/ 
1980 
1980 Dilia L.~ngrin· l Exxon 1988 

3659 

Precambrian Granite Dry 

1982 Trakes· I Elf Santonian Marine Clast ics Dry 

1982 Sokor· l 

I 982/ Sokor-2 
1983 
1983 Sokor-3 

1984 Sokor-4 

1984 Sokor-5 

1990 Goumeri-1 

1990 Araga-1 

1974 

1974 

1975 

1975 

1975 

1976 

1976 

Kancm· l 

Kosaki· I 

Kanem-2 

Sedigi· l 

L.~rgo- 1 

Kumia-1 

Nerga-1 

1989 Secligi2 

Elf 

El f 

Elf 

Elf 

Elf 

Elf 

El f 

2470 Maastrichtian Continental 
Sandstone 

J 895 Eocenc Contin ental 
Clastics 

1994 Eocene Continental 

1870 Eoccne Contin ental 
Clastics 

1860 Eocene Continental 
Clast ics 

3280 Paleocene Continental 
Sandstone 

2200 Paleocene Continental 
Sandstone 

Conoco 3726 Coniac ian Marine Shalc 

Conoco 3314 

Conoco 2169 

Albian-Aptian Continental 
Clastics 

Maastr ichtian Transitional 
Sandstone 

Oil 
Discovery 
Oil 

Dry 

Oil 

Dry 

Oil & Gas 
Discovery 
Dry 

Oil 
Discovery 
Dry 

Dry 

Conoco 3682 

Conoco 3842 

Ccnomanian Marine Clastics Oil & Gas 
Turonian Discovery 
Ccnomanian Marine Clastics Dry 

Turonian 
Conoco 4272 Albian·Aptian Contin ental Oil 

Conoco 1707 Eocene 

Exxon 3048 Senonian 

Cl asti es Discovery 
1..,custrine Shale Dry 

Marine Slmlc Oil & Gas 
and Sandstone 

N'Dgcl Eclgi 1976 N'Dgcl Edgi· l Conoco 2776 Precambrian Mctamorphics Dry 

Location 
Symbol Country Year Weil TD 

Operator (m) on Fig. 6 Basin Drilled Name 

a 

b 

c 

cl 

e 

f 
g 
h 

k 

Chad 
Doba 

Doba 

Doba 

Doba 

Doba 

Doba 

Doba 
Doba 
Doba 

Doba 

Doba 

Doseo 

1973/ 
1974 
1974 
1975 
1975 

Doba· ! Conoco 

Mi;mdoum·l Conoco 

Mi:111doum-2 Conoco 

1976/ Kome-1 Conoco 

1977 Damalla-1 

1977/ 
1978 
1978 
1978 
1978 

Mangara-1 

Beboni-1 
Kassi-1 
Belanga 1 

Conoco 

Conoco 

Conoco 
Conoco 
Conoco 

1985 

1985 

Doungabo-1 Exxon 

Kome 2 Exxon 

4268 

3572 

1905 

3055 

2750 

3234 

3496 
2766 
3574 

3774 

1981 

1977 Kedeni·I Conoco 3178 

Age 
at TD 

Rock Type 
atTD 

Location 
Symbol 

Results on Fig. 7 

Albian·Aptian Continental Dry 

Albian-Aptian Continental 
Sandstone 

Oil 
Discovery 
Dry Cenomanian Continental 

Albian 

Albian 

Aptian 

Precambrian 
Precambrian 
Aptian 
Clastics 
Albian 

Albi an 

Aptian 

Sandstone 
Continental 
Sandstone 
Continental 
Sandstone 

Oil 

Dry 

Continental Oil 
Sandsrone Discovery 
Gneiss Dry 
Grano-Diorite Dry 
Continental Oi 
Discovery 
Continental Dry 
Clastics 
Continental Oil 

a 

b 

c 

cl 

e 

g 
h 

k 

k Doseo 1978 Bambara· \ ~:P.PÇl.i)·. •-29"19/ · Aptian 

Continental 
Clastics 
Continental 
Clastics 
Continental 

Dry 

Dry m 

k 

k 

k 

Ill 

n 

0 

p 

q 

q 

V 

Doseo 

Doseo 

Doseo 

Doseo 

Doseo 

Dosco 
Doseo 

1978/ Tega· l 
1979 
1985 Maku· l 

1985 North 
Sako· I 

1985/ Kikwey-1 
1986 
1986 Maku-2 

1986 
1986 

Kei ta-! 
Kibca-1 

Bongor 1974 Nar:unay-1 

Bongor 1976 

Doba 1989 

Doba 1989 

Doba 1989 

Chad/ 
C.A.R. 

Semegin 

Kpmc-3 

Kome-4 

Bolobo· l 

Salamat 1986 Aoukale-1 

Conoco 3356 

Exxon 2056 

Exxon 2366 

Exxon 3089 

Exxon 2745 

Exxon 
Exxon 

Conoco 

Conoco 

Exxon 

Exxon 

Exxon 

Exxon 

3075 
3 112 

2595 

3441 

3657 

1981 

4095 

2476 

Aptian 

Aptian 

Albi an 

Aptian 

Aptian 

Aptian 
Aptian 

Continental 
Clastics 
Continental 
Cl as tics 
Continental 
Sandstone 
L.~custrine 

Shale 
L.~custrine 

Continental 
Cl ast i es 

Barremian Continental 
Clast ics 

Aptian Continental 
Cl as tics 

Albian Continental 
Clastics 

Cenomanian Continental 
Sandstone 

Aptian Continental 
Sandstone 

Oil 

Oil &Gas 
Discovery 
Dry 

Dry 

Dry 

Dry 
Oil 
Discovery 
Dry 

Dry 

O il 
Discovery 
O il 
Discovery 
Oil 
Discovery 

Aptian 
Barremian 

Cominental Dry 
Sandstone 

n 

0 

p 

q 
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Figure 7-Map of sediment thickness to basement in CAS basins in Chad and CAR. Surface geology is after Choubert 
and Faure-Muret (1975)-

causing the erosion of approximately 2500 m of mar
ine Upper Cretaceous and Paleogene sediments 
from the flanking western Doba and Bongor basins. 
The Termit basin was significantly faulted , and vol
canism was active along the Agadez line (Figure 2 , 
Table 2). The present Chad basin (Figure 2) subsided 
about 1500 m (Mothersill , 197 5 ; Burke, 1976). 
Today, WCARS rifts in the study area (except 
Tefidet) are covered by alluvium and are not identifi
able from surface geology. 

BASIN CIASSIFICATION, STRUCilJRE, AND TRAP 

WCARS basins in Niger, Chad, and CAR are classi
fied into two groups: extensional basins and trans
tensional basins. The general basin characteristics 
are shown on Table 3, and are illustrated by basin-fill 
isopachs (Figures 6 , 7) and simplified structural 
cross sections (Figures 8, 9). 

Extensional Basins 

The extensional basins include the W AS Grein, 
Kafra, Tenere , Tefidet, Termit, and N'Dgel Edgi 
basins, and the CAS Bongor and Doba basins (Fig
ures 2, 8, cross sections AA'-JJ'). They are composed 
commonly of discrete half grabens, some of which 
exhibit reversed structural polarities (e.g. , Gibbs, 
1984; Bosworth, 1985; Rosendahl et aL , 1986; ]or· 
gensen and Bosworth, 1989; Morley et aL , 1990) 
(Figure 8, cross sections EE' , HH', Il '). The WAS 
basins subsided up to 15,000 m and were filled by 
Tertiary-Cretaceous continental and marine sedi
ment. The deep sides of the basins are flanked by 
relays of long normal faults with up to 5000 m of dis
placement. Sorne of these faults are listric into the 
mantle, as shown, for example, by an "extended cor
relation" seismic section for the southern Termit 
basin (e.g. , Okaya andJarchow, 1989) (Figure 9). 
The largest fault displacements, appear to be associ· 
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Figure 10----(a) Termit basin normal-fault patterns. The N320° trend on the west side represents·mainly synthetic 
faults and reflects phase 1 and II Cretaceous extension, whereas the N350° pattern on the southeast side represents 
mostly antithetic, normal faults from later Tertiary- Holocene movement. (b) Lower Cretaceous extensional nor
mal-fault patterns. 

ated with the longest faults (e.g. Bamett et al., 1987) 
(Figure 6). Principal fault directions generally are 
parallel or subparallel to the basins' long axes (Fig
ure 10) and are mostly of synrift ages. In the Termit 
basin, however, this pattern is overprinted by a 
prominent set of north-northwest-south-southeast 
trending antithetic faults (Figure lûa). These last are 
linked to latest Cenozoic movements. 

For the W AS basins, estimates of crustal stretch
ing have been made using two gross methods: bal
anced cross sections measuring cumulative hades on 

the faults, and palinspastic restorations relating the 
depth of the Mohorovicic discontinuity to present 
basin cross-sectional areas. Estimated amounts of 
stretching are a few kilometers to about 60 km. For 
example in the Termit basin, the above methods 
give respective maximum stretches of 60 km (D. 
Drapeau, Elf, 1991, persona! communication) and 
40 km (T. A. Hauge, Exxon, 1991 , persona! commu· 
nication). These values are not inconsistent with the 
earlier estimate of 58 km determined from gravity 
(Fairhead, 1986). For comparison with the Termit 
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Figure 11-Structural style examples on seismic sections in WAS. Vertical scale is seconds two-way traveltime. 
(a)-(d) are located on Figure 6 as seismic sections 1-4, respectiv~ly. (a) Synthetic fault blocks, Tenere basin, (b) 
basement horst with Upper Cretaceous draped anticline in western Term.it basin, (c) antithetic fault blocks with a 
discovery, east side ofTennit basin, (d) contractional (transpressional) anticline with a discovery in Chadian por
tion of Term.it basin. 

basin, extension in the geologically similar Muglad 
basin in Sudan has been calculated at 48 km 
(Browne and Fairhead, 1983) and about 30 km (T. R. 
McHargue and T. L. Heidrick , 1991 , persona! com
munication). 

The structural style in the W AS extensional basins 
is typically tensional and secondarily contractional 
(transpressional). The tensional style is characterized 
by rotated synthetic fault blocks (Figures 8, cross sec
tions AA'-DD' , FF' , lla) and antithetic fault blocks 
(Figure 1 lc). Other common extensional structures 

mapped in W AS are horsts (Figure 8, cross sections 
DD', GG') , compactional anticlinal drapes over base
ment blocks (Figure 1 lb), and hanging-wall rollovers 
along normal faults. Severa! of these types of struc
tures are traps for hydrocarbons (Figures 8, cross sec
tions EE', FF', llc). Areal closures in fault structures 
range from a few hundred acres to several thousand 
acres , and are commonly about 3000 ac. The sec
ondary structural style is manifested by a few contrac
tional anticlines, whose closed areas range from about 
1000 to more than 10,000 ac. The anticlines are pre-
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Figure 13--Lower Cretaceous normal fault pattern and 
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Figure 12--Structural style examples on seismic sections 
in CAS basins. Vertical scale is seconds two-way travel
ti.me. (a)-{h) are located on Figure 7 as seismic sections 
1-8, respectively. (a) Doba basin. Southerly dipping, 
Lower Cretaceous normal faults. Note possible fault bend 
fold (e.g., Suppe, 1983) at 1.0 s on the northeast side of 
section. (b) Upper Cretaceous contractional (transpres
sional) anticline with a discovery. (c) Borogop wrench 
fault zone with a major positive flower structure com
plex. Doseo is relatively away from and Doba is toward 
the plane of the section. (d) Lower Cretaceous normal 
faults with younger listric faults and Upper Cretaceous 
low side rollover. (e) Faulted asymmetric contractional 
(transpressional) anticline with a discovery showing 
Lower Cretaceous inversion and Upper Cretaceous fold
ing. (f) Transpressed basement block (Gongo high) and 
associated transtensional negative flower structure. (g) 
Negative tlower structure produced by Upper Cretaceous 
dextral wrenching. (h) Complex normal(?) fault block. 

~-~ 
'-\ 

seD;t in the southem Tennit basin, where they can be 
traps for hydrocarbons (Figure 1 ld). Structural map
ping suggests they originated by sinistral transpres
sion during the Santonian squeeze. Similar structures 
on trend to the southwest in the adjacent Bomu basin 
were described by Avbovbo et aL (1986), 

Structural style in the CAS Bongor and Doba 
basins, although mainly extensional (Figures 8, cross 
sections GG'- II', 12a), has been modified by strike 
slip movements which took place along the Central 
African fault zone (CAFZ) (or the Borogop fault 
zone, as it is known in the study area) chiefly during 
the Santonian. Numerous transpressional anticlines 
resulted (Figures 8, cross sections GG', II' , 12b). In 
the Doba basin, the anticlines form the best oil-trap
ping structures. They are commonly less than 3000 
ac in area, but they can be as large as approximately 
18,000 ac. 
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Figure 15-Representative wireline log examples of nonmarine sandstone reservoirs. Reservoir sandstones are 
highlighted. Gross interval thicknesses are in meters, gamma-ray logs are in API units, induction logs are in ohm
meters, microspherically focused log (MSFL) is in ohms. (a) Doba basin, Lower Cretaceous; (b) Doseo basin, Lower 
Cretaceous; (c) Doba basin, Upper Cretaceous; (d) Termit basin, middle Eocene. 

TRANSTENSIONAL BASINS 

The two basins of dominantly transtensional ori
gin are the CAS Doseo and Salamat basins. The 
Doseo basin is separated from the Doba basin along 

the Borogop fatùt zone (Figures 2, 7, 8 , cross section 
]]', 12c), along which it lies in a "restraining bend" 
position (e.g. , Christie-.Blick and Biddle, 1985; Hard
ing et al. , 1985) (Figure 7). The transtensional or 
dextral strike slip origin of the Doseo basin has been 
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Table 2. Dated Igneous and Basement Rocks in WCARS Basins in Niger and Chad* 

Rift Depth Rock Mode of Age 
Subsystem Weil (m) Type Occurrence (Ma) 

WASBasins 
Grein/Kafra Seguedine-1 3143 Biotite Gneiss, Pegmatite Basement 434-489 (R) 
Termit Gosso Lorom Outcrop** Basalts, Dolerites, Tuffs Extrusives <l to 10 (R) 
Termit Jaguil-1 2486 Homfels, Schist Basement >266 and <116t (R) 
Termit laguil-1 1250 Alkalic Diabase Sill 8.6±0.5 (R) 
Termit Dilia Longrin-1 1987 Granite Basement 190±7 (R) 
Termit Sedigi-1 2095 Rhyolite, Basait Dike ~85 (S) 
Termit Sedigi-2 2103 Rhyolite Dike ~85 (S) 
Termit Kumia-1 4100 Dolerite Sill ~95 (S) 
N'Dgel Edgi N'Dgel Edgi-1 2776 Metamorphics, Quartzite, Basement PanAfrican (?) 

Micllschist, Phyllite 
CAS Basins 

Naramay-1 1256 Dolèrite Sill 52-56 (R) Bongor 
Doba Kassi-1 2766 Grariodiorite Basement 568 ±26 (R) 
Doba Beboni-1 3496 Gn~s Basement 474 ± 17 (R) 
Doba West Outcrop••• Gra.Ùite Basement 481±23 (R) 
Doseo Tega-1 1875 Basait Sill 97± 1.2 (R) 
Doseo Keita-1 2395 Altered Andesitic Basait Sill ~ 110 (S) 
Doseo Kikwey-1 1100 Altered Basait Sill 101.1±1.1 (R) 

•(R) = radiometrically dated, (S) = age estimated !rom associated stratigraphy and mode of occurrence. Weil locations !rom Table 1 and Figures 6, 7 . 
.. Outcrop located in caption of Figure 6 . 
. .. Outcrop Jocated as X, 9°40'N, 14°E, on Figure 7. 
tAge of post emplacement thermal events. True basement age is very likely Pan-African. 

determined from its disposition within the regional 
WCARS framework (Figures 2, 5a) coupled with its 
exhibited pattern of Lower Cretaceous synrift faults 
(Figure 13). Estimates of the amount of extension for 
these two basins were made using lateral offsets in 
packages of Lower Cretaceous lithofacies mapped 
from seismic. A dextral offset of approximately 35 
km has been suggested (N. W. McAllister, Exxon, 
1991, persona! communication). This amount of dis
placement is in keeping with the amount of exten
sion along CAFZ in the associated Muglad basin men
tioned previously . . 

The associated Salamat basin (Figures 2, 7) is sepa
rated from the Doseo basin by the Gonge high (Fig
ure 8, cross section MM'). Salamat basin is in a 
"release bend" position along the Borogop fault zone 
(e.g., Christie-Blick and Biddle, 1985; Harding et al. , 
1985) where the zone splays into a number of sub· 
parallel, large horsetail faults (Figures 7, 8, cross sec
tion NN'). Major displacement on these faults is dip 
slip with some strike slip component as interpreted 
from seismically based structural maps. 

Structures in the Doseo and Salamat basins are 
complex due to the tectonic history and varied litho
logical make up of the basins. Extensional, transten
sional, and transpressional features and complicated 
mixtures of these have been interpreted from seis
mic profiles. Sorne of the simpler structural exam· 

pies from the Doseo basin are rotated fault blacks 
(Figure 8, cross sections LL', MM'), listric faults with 
low side rollovers (Figure l 2d), contractional anti· 
dines (Figure 12e), upthrown blocks (Figure 12f), 
and positive and negative flower structures (e.g., 
Harding, 1985) (Figure 12c, f, g). The structural 
traps with hydrocarbons in the Doseo basin are fault· 
ed contractional anticlines of mainly Santonian age. 
Areal closure of these ranges from 1000 to about 
15,000 ac. The anticlines commonly lie en echelon 
on the northern side of the basin and strike north· 
east·southwest in a pattern consistent with the sug· 
gested dextral transpression for that time (Figure 
13). They occur within shale-dominated lithologies. 
Structure in the Salamat basin is characterized by 
large tilted fault blacks (Figures 8, cross section NN', 
12h), which represent a more brittle style than in 
Doseo. Part of the reason for the style change is 
attributed to the different rheological response to 
the higher sandstone content in the Salamat basin. 

TECTONOSTRATIGRAPHY 

The salient chronostratigraphy, lithostratigraphy, 
and tectonic history acquired from seven key basins 
are summarized into a framework of six tectono· 
stratigraphie assemblages (Figure 14). 
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Figure 17-Representative wireline log example of 
Upper Cretaceous marine reservoir sandstones in Ter-

10 20 30 40 50 mit basin. Reservoirs are highlighted. Gross interval 
____ ......_ ___ P_.O_R_O_S_ITY--(-'%-) ___ ........ ___ _... thickness is in meters, gamma-ray log is in API units, 
0 

microspherically focused log (MSFL) is in ohms. 

Figure 16-Effective porosity vs. depth from wireline 
logs in 21 CAS basin wells for Upper Cretaceous and 
Lower Cretaceous nonmarine medium-grained and 
coarse-grained sandstones. Tectonostratigraphic Assemblages 

Basement rocks in the rift floor were penetrated 
by six wells (fable 2). The rocks consist of granites, 

The chronostratigraphy originates from detailed pegmatites, gneisses, and schists with minimum 
studies of spores and pollen together with analyses of ages of 568- 434 ±26 Ma (determined from K-Ar and 
marine and nonmarine microfossils taken from several :<~b-Sr analyses) and are designated as Pan-African. 
thousand cuttings and core samples in 40 wells. Paly- ·.~ The oldest sediments within the rifts were drilled 
nology proved to be a precise chronostratigraphic 1n the WAS Tenere basin, w here a pre-rift Permian
tool which enabled the definition of about 20 spore Triassic assemblage is made up of 930 m of partly 
pollen zones (y. Y. Chen, Exxon, 1991, persona! corn- ,oxidized continental clastics. The assemblage proba
munication). Radiometric dating of cuttings and cores . bly disappears south of latitude 18° by onlap and 
as well as apatite fission track analyses were also used truncation. These sediments have poor reservoir and 
to help make lime-stratigraphie designations. source rock qualities. In the CAS Salamat and eastern 

The lithostratigraphy was developed using the Doseo basins, a 500-m-thick pre-rift sequence of 
results of many techniques. These included micro- Lower Cretaceous or older Mesozoic deposits covers 
scopie examination of cuttings samples representing basement. The sequence is undrilled, but it is corre
approximately 125,000 m of boreholes, 1000 m of lated on seismic reflection lines to Nubian-like clas
conventional core, and 4500 sidewall cores; sequence tics exposed on the south flank of the Salamat basin 
stratigraphie analyses from wire line logs and cores (Delafosse , 1960; Mestraud, 1964; Vail, 1978). The 
(e.g., Van Wagoner et al., 1990), seismic sequence pre-rift sediments contain potential reservoir facies. 
analyses and computer modeling of seismic reflection The overlying sediments in W AS and CAS are 
data, and correlation into the subsurface of sediments phase I synrift sequences of ~eocomian-Albian age. 
exposed adjacent to the studied rifts (Delafosse, 1960; They are made up of several hundred to several 
Mestraud, 1964; Wolff, 1964; Faure, 1966; Greigert thousand meters of continental, water-laid siliclas
and Pougnet, 1967). tics, which generally fine upward from basal alluvial-
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markedly different in type and thickness over short 
lateral distances within basins, and so create varied 
exploration targets. For example, phase 1 shales in 
the Doseo basin are 2000-3000 m thick, whereas in 
adjacent Salamat basin, they appear to be thin or 
absent. Depositional water depths of the phase I 
lakes in the CAS are estimated to have been as deep 
as 300 m on the basis of clinoform geometries mea· 
sured on seismic sections. Limited subsurface evi· 
dence suggests dominant sand transport was axial 
along the rifts, perhaps from the west, and most 
coarse deposition took place on the ramped rift 
flanks. The synrift sediments encompass significant 
reservoir, source, and seal intervals . 

The overlying phase II rift Cenomanian to rniddle 
Maastrichtian sequence(s) comprises marine sys· 
tems tracts in W AS and continental deposits in CAS. 
W AS contains as much as 6000 m of mainly shallow 
marine to paralic shales, deltaic to tidal fiat sand· 
stones, and minor carbonates, whereas exposed on 
the rift shoulders and opening to the adjacent 
Iullemmeden basin on the west, time-correlative 
deposits consist of only a few hundred meters of 
marine sediments (Faure , 1966; Greigert , 1966; 
Greigert and Pougnet, 1967; Kogbe, 1972; Reyment, 
1972; 1979; Reyment and Reyment, 1978; Petters, 

,...3500 1981; Reyment and Dingle, 1987). The rift tract con· 
9 1

1
0 ~D 3.0 4~ sp tains reservoir sandstones, source beds, and seal 

...._~~~-'-~~~'--~~---'~~~---"-~~~-'-' beds. 
POROSITY (%) 

Figure 18---Effective porosity vs. depth from wire line 
logs of 16 WAS basin wells for medium-grained to 
coarse-grained Tertiary marine and nonmarine sand
stones and medium-grained to coarse-grained Upper 
Cretaceous marine sandstones. 

fluvial arkosic-subarkosic sandstones, through a mid
dle fluvial-deltaic sandstone shale facies, into an 
upper lacustrine shale facies. In outcrops, correla
tive aged sediments on the rift shoulders and in adja
cent rifts consist of 200-300 m of sandstones and 
shales (Roch, 1953; Ngangom, 1983; Bellion, 1989; 
LeFranc and Guiraud, 1990; Maurin and Guiraud, 
1990). Considering the fining upward tendency in 
the synrift sediments observed in the study area, it is 
of interest to note that this contrasts with upward 
coarsening in rift-infill models described in other 
African rift basins (Schull, 1988; Lambiase, 1990). 
The contrast may reflect a diversity of rift-filling pro
cesses in continental rifts. 

Synrift drainage within the studied grabens 
appears to have been interna! into a series of closed 
or silled depressions which developed into lakes 
over differently elevated basement blocks. As a con
sequence, coeval sediment sequences may be 

In the CAS basins, the phase II rift sediments con· 
sist of 1500-3000 m of continental clastics. These 
are generally fining-upward alluvial and fluvial chan· 
nel sandstones, flood-plain mudstones, and minor 
lacustrine shales. Most of this material was deposited 
in open-ended basins with probably unidirectional 
through-going drainage. As a result, the sequence 
contains abundant well-developed reservoir facies 
but few sealing lithologies. No known source rocks 
were deposited in CAS during the Late Cretaceous. 

The subsequent Maastrichtian-Oligocene phase llI 
rift sequences are best developed in W AS. There, 
they are a basal blanket of fluvial sandstones 
600-2000 m thick, with good reservoir properties. 
Drainage appears to have been mostly interna! into 
closed basins. The basal sandstones grade upward 
into a systems tract of lower Eocene, shallow 
marine-paralic, dark shaly facies 200-500 m thick, 
with good petroleum source rock characteristics. 
The sediments in the succeeding sequence are all 
continental; the middle to upper Eocene interval is 
made up of 300-600 m of interbedded sandstones 
and shales ranging from fluvial to deltaic to lacus
trine. These also were deposited in an internally 
draining system. The sequence exhibits favorable 
reservoir, source, and seal features. The phase III rift 
sequences are completed by an Oligocene restricted
lacustrine shale tract up to 1000 m thick, which pro
vides regional seal potential. By contrast, phase Ill 
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Maastrichtian-Oligocene sediments in CAS consist of 
no more than about 200 m of chiefly coarse fluvial
alluvial to subaerial deposits and are of no value to 
hydrocarbon exploration. 

Post-rift Miocene-Holocene sediments complete 
the tectonostratigraphic section. The section con· 
sists of a few tens of meters of subareal and fluvial 
clastics that surround an area of lacustrine sands and 
muds up to 1500 m thick and which are centered 
over the present basin of Lake Chad (Faure, 1966; 
Mothersill, 1975; Burke, 1978; Petters, 1981). 
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Figure l~og R curves for lacustrine shales from rep-
,<;resentative wells. Depths are in meters, gamma-ray logs 

.'~ in API units, resistivity logs are in ohms (relative val-
ues), transit times are in microseconds per foot (relative 
values), and predicted total organic carbon (TOC) is in 
weight percent. (a) Lower Cretaceous, Doba basin; (b) 
Lower Cretaceous, Doseo basin; (c) middle Eocene, Ter-
mit basin. 

HYDROCARBON HABITAT 

The study area is characterized by two hydrocar
bon habitats: nonmarine in W AS and CAS basins, and 
marine in W AS basins. 

Reservoirs 

All reservoirs in the study area are sandstone 
(their average characteristics are described in Table 
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4). The nonmarine reservoirs consist of 
Lower and Upper Cretaceous and Eocene 
stacked braided stream to meandering flu· 
vial channel beds, lacustro-deltaic layers, 
and minor turbidite lenses. Individual 
reservoir beds are normally less than 5 m 
thick (Figure 15) , but in some anasto· 
mozed channels, the bedsets are 15-20 m 
thick. Channel system widths determined 
from drilling, seismic reflection, and strati· 
graphie sequence analyses range from a 
few hundred meters to probably several 
kilometers (Lorenz et al., 1985; D. Allard, 
Exxon, 1992, persona! communication). 
Lower Cretaceous channel sandstones are 
basement-derived subarkosic siliclastics to 
quartz arenites. They are conglomeratic to 
fine grained, commonly subrounded, and 
poor to moderately well sorted. Younger 
Cretaceous and Paleogene channel de
posits tend to be more mature quartzose 
sandstones. The deltaic sandstones are 
generally finer grained, better sorted, and 
more rounded. Cements are ubiquitous, 
and diagenetic and/ or detrital. They con· 
sist of several minerais: one or more clays 
(such as chlorite , smectite, and illite) as 
well as silica and carbonates. Porosities 
are 25- 35% in shallow reservoirs , and 
decrease with depth in linear fashion to 
10-12% at 3000-3500 m (Figure 16). 
Lithofacies are observed to be a significant 
control on porosity, and the porosity· 
depth relationship demonstrates that com
paction is also a primary control on poros· 
ity. Permeabilities range widely (Table 4), 
and various Exxon studies (D. Allard and 
F. Haueter, 1992, persona! communica
tion) suggest they are facies and depth 
dependent. Outstanding permeabilities up 
to 10 darcys are found in shallow Upper 
Cretaceous channel sandstones. These 
constitute the premier reservoir beds. 

The main marine reservoirs consist of 
Upper Cretaceous deltaic to tidal sand· 
stones. They are mostly thin bedded, and 
data from drilled wells shows them to be 
of relatively limited lateral extent. Cumu
latively, the sandstones can stack up to 
60-70 m of reservoir (Figure 17). Grain 
size is medium to fine, sorting is fair, and 
rounding is moderate. Diagenetic cements 
are prevalent, and consist of clays, carbon· 
ates, and silica. Porosities decrease in a lin· 
ear manner with depth to about 10% at 
approximately 3500 m (Figure 18). This 
association implies that compaction is a 
fundamental control on porosity, as in the 
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Figure 20---Hydrogen index (Ill) vs. TOC analyzed by pyrolysis. (a) 577 Lower Cretaceous lacustrine shale cuttings 
and sidewall core samples for selected wells in CAS basins. Note predominance of type m kerogens (HI < 300). 
Large amounts of apparent type II kerogens (Ill 300--600) are considered to be caused by mixture of samples with 
type 1 and m kerogen. (b) 640 samples from selected wells in W AS basins. Ali Cretaceous values and Tertiary values 
of m < 600 are from marine shales; Tertiary values of Ill > 600 are from lacustrine shales. Type m values predomi
nate. Approximately 5% of the Cretaceous values are off scale, with TOC up to 50% and Ill of about 800. These rep
resent estuarine alginites. 
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Figure 21-~log R curves for Upper Cretaceous shales 
from a representative well, Termit basin. Depth is in 
meters, gamma-ray log is in API units, resistivity log is 
in ohms (relative values), transit time is in microsec
onds per foot (relative values), and predicted total 
organic carbon (TOC) is in weight percent. 

nonmarine reservoirs; moreover, the depth-porosity 
relationship seems to hold independently of the 
reservoir age. 

Source Rocks and Maturation 

Source rock characteristics were studied using 
comprehensive modem geochemical techniques in 
about 4000 rock cuttings samples and more than 50 
oil extracts from shales collected in about 40 wells. 
~e principal source rocks are of two types: Lower 
($retaceous and middle Eocene lacustrine shales, and 
Upper Cretaceous and lower Eocene marine-paralic 
shales. 

: The lacustrine source shales are typically gray to 
black. The gross source interval can exceed 2000 m 
but normally consists of a few hundred aggregate 
meters or less of thin-bedded organic·rich shales, as 
indicated from direct sampling and ôlog R analysis 
(e.g., Meyer and Nederlof, 1984; Passey et al. , 1990). 
In several localities, the thin, rich kerogen beds are 
commonly interbedded cyclically with lean kerogen 
beds (Figure 19). The cyclicity possibly reflects 
Milankovitch climatic patterns. Total organic carbon 
(TOC) content of the source shales ranges from 1 to 
more than 14 wt."% and averages 2-3 wt. % (Figure 
19b). Organic matter consists mostly of type III 
(hydrogen index [Hl] < 300), derived from plant 
materials, and type 1 (Hl > 600), derived from fresh-
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water algae and bacteria (Figure 20). The observed 
consistently highest quality source rocks are the 
nonmarine shales which have been localized in 
structurally controlled dysoxic lakes. 

The marine source beds consist of shallow marine 
to estuarine-paralic dark shales . Individual source 
beds are thin, but cumulatively they can stack up to 
several hundred meters. TOC content averages 2-3 
wt. % (Figure 21). In rare localities, however, TOC 
may be 30 wt. % or more in algal coaly material. The 
organic matter is chiefly type m (Hl s; 300) with less-

er amounts of type II (Figure 20b). 
Present temperature gradients in CAS average 

2.5-3°C/ 100 m, and in WAS average 2.5°C/ 100 m; 
locally, gradients may be 4-5°C/ 100 m. The oil-gen
eration window today lies at 2300-5000 min CAS 
and 2500-4000 m in WAS (Figure 22), as interpreted 
from computerized level of organic maturation 
(LOM) calculations normalized with vitrinite reflect· 
ance, T max• and thermal alteration index analyses. 
The depth of tested hydrocarbons in W AS and CAS 
ranges from 1300 to 3450 m. 



Table 4. Sandstone Reservoir Characteristics ofWCARS Basins in Niger and Chad 

Total 
Bed Reservoir 

Reservoir Depth Range Porosity Permeability Grain Thickness Thickness Depositional 
Basin Country Age (m) (%) (md) Size Sorting (m) (m) Environment 

Ternùt Niger Eocene 1300-2000 25-32 500 Coarse Poor·Fair 1-5 8-60 Point Bar, Braided Stream, 
Chad Stacked Channels 

Termit Niger Campanian 2200-2600 20-25 <82 Fine Fair-Good 1-5 7 Tidal, Marine Deltaic 
Chad Very Fine 

Termit Chad Senonian 2600-3500 16-20 35-40 Very Fine· Poor-Good 0.5-7 85 Shallow Marine, Tidal 
Coarse 

Doba Chad Cenomanian 900-2000 25-32 1000-10000 Medium Poor-Good 3-8 70 Braided Stream, Point Bar, 
Conglomeratic Marginal Lacustrine, 

Anastamosed Stacked Channels 
Doseo Chad Albian 1500-1700 14-24 10-15 Fine, Medium Poor-Fair 0.5-4 25 Point Bar, Lacustrine Delta, 

Coarse Lacustrine Turbidite 
Conglomeratic 

Doba Chad Aptian 1500-2100 12-22 10-25 Fine Poor-Fair 1-5 50 Lacustrine Deltaic, Point Bar, 
Coarse Braided Stream 

Doseo Chad Aptian 2000-2700 12-22 3-525 Fine Poor-Fair 1-7 40 Braided Stream, Alluvial, 
Coarse Proximal Lacustrine Deltaic 

Table 5. Hydrocarbon Characteristic's ?f W-ÇAJ;{S.J;Jasins in Niger and Chad 

Basin Rift Reservoir Flow Rates Viscosity Principal 
Country Subsystem Age (up to API GOR (centistokes Pour Point Sulfur Source 

BOPD/MCFGD) Gravity (scf/ STB) atmospheric) (°C) (wt. %) Source Age Environment 

Termit/ Niger WAS Eocene 5110/ 14 20-36 <25 9-19 22 to 37 0.65 Early-Middle Marginal 
Eocene, Late Marine-Paralic 
Cretaceous 

Termit/ Chad WAS Eocene 2600/- 19-22 10 229 15 0.65 Eocene, Late Marginal 
Cretaceous Marine-Paralic 

Termit/ Niger WAS Campanian 2060/- 43 1160 <2 22 to 27 0.05 Late Cretaceous Marginal 

Ternùt/ Chad WAS Senonian 3207/ 17.2 43-54 1800-2336 <2 21to27 0.04- Late Cretaceous Marginal 
0.002 Marine· Paralic 

~ Doba/ Chad CAS Cenomanian- 2368/ - 15-24.6 <15 High -12 to 7 0.002 Albian-Aptian Lacustrine 
Turonian ~ Doba/ Chad CAS Albian 950/ 1.3 34- 39 600-700 Low 24 to 33 1.0- Albian-Aptian Lacustrine 

2.9 
Doseo/ Chad CAS Albi an 1100/8 .3 27 >1000 Low 38 0.26 Albian-Aptian Lacustrine 
Doseo/ Chad CAS Aptian 2196/ - 24-39 <30 4-20 4 to 38 0.08 Aptian- Lacustrine ~ 

Barremian ~ 
N 
\0 
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Figure 24--Comparative chart of hopane sterane ratios in oils sourced from marine, paralic, and lacustrine/ terrlge
nous kerogens (G. H. Isaksen, Exxon, 1992, persona! communication). 

Seals 

Regional and local lithologie seals are furnished 
by Lower Cretaceous, Eocene, and Oligocene lacus
trine shales together with Upper Cretaceous marine 
and nonmarine flood plain shales (Figure 14). Re
gional seals may be several hundred meters thick 
(e.g., Oligocene lake shales up to 1000 m), whereas 
locally sealing Upper Cretaceous marine shales may 
be no more than 3-5 m thick. Commonly, effective 
shale seal thickness appears to be related to the 
amount of fault displacement in a trapped reservoir 
unit; in most cases, shale thickness exceeds the 
amount of dislocation in the associated reservoir(s). 

Hydrocarbon Characteristics 

Two main types of oil families have been deter
mined in the study area: one type is from marine-par-

alic sources , and the second is from lacustrine 
sources (Table 5). Specific geochemical methods 
(such as the analyses of the amounts of certain 
biomarkers or the comparison of particular biomark· 
er ratios) are helpful in discriminating between oil 
types. For example, the GC/ MS analyses of the 
biomarker m/z 191 triterpanes in lacustrine shale 
extracts from the Termit basin indicates absence of 
tricyclics and low amounts ofhomohopanes (C31-C35) 

(G. H. lsaksen, 1992, personal communication) (Fig· 
ure 23a), whereas Termit basin marine shale extracts 
give a homologous series of tricyclic/ tetracyclics, 
gammacerane, and higher concentrations of homo· 
hopanes (Figure 23b). The comparison ofbiomarker 
ratios such as hopane/ sterane for marine-paralic oils 
shows values distinctly lower than for lacustrine oils 
(Isaksen, 1991; G. H. Isaksen, Exxon, 1992, personal 
communication) (Figure 24). 

The studied marine-paralic- sourced oils typically 
have high gravities (>40° API), significant gas-oil 



ratios (GOR), very low viscosities, moderate wax 
and low sulfur contents, and low pour points. The 
lacustrine-sourced oils characteristically have medi
um to high gravities (about 35° API), low GOR, low 
viscosities, low sulfur and high wax contents, and 
high pour points. The oils in shallow reservoirs have 
been degraded by bacteria or by fresh water wash
ing and exhibit low gravities, are wax free, and have 
low pour points and high viscosities. 

Although source environment undeniably plays a 
key role in the type of oil formed in the studied rifts, 
the nature of the ultimately trapped hydrocarbons is 
strongly influenced by the degree of maturation, 
migration path, entrapment depth, age, and duration 
and seal efficiency of the trap. 

HYDROCARBON POTENTIAL AND CONCLUSION 

The U.S. Geological Survey{USGS) in 1985 fur
nished unconditional mean estimates of undiscov
ered conventionally recoverable oil resources of 4.84 
billion bbl of oil and 16.25 tcf of gas for the Niger, 
Chad, and CAR rift region using a modified Delphi 
technique (Peterson, 1985). In 1991, the USGS esti
mate for Chad was 0.5 billion bbl of oil and 3.0 tcf of 
gas, also using a modified Delphi assessment method 
(Masters et al., 1991). USGS arrived at these numbers 
using geologic concepts constrained by extremely 
limited data (Peterson, 1985) and, consequently,the 
results have to be regarded as questionable. 

To obtain more realistic numbers, Exxon is cur
rently assessing the study area. 1 can state that there 
is the geologic potential for commercial volumes of 
oil in the rift basins of Niger, Chad, and CAR. The rea
sons for this conclusion are summarized as follows. 
(1) The WAS-CAS basins contain a large volume of 
sediments (i.e., more than 1,000,000 km3 of Creta
ceous and Tertiary continental and marine deposits). 
(2) Sandstones favorable for reservoir are wide
spread. (3) Ample source rocks are present in marine 
and lacustrine shales. ( 4) Shales with seal potential 
are common. (5) Depositional and structural history 
were conducive to hydrocarbon maturation, migra
tion, and trapping. (6) In addition to the 16 struc
tures with discoveries (30% success rate), numerous 
new structural leads have been mapped. (7) The 
study area is in the youthful exploration stage (only 1 
line·km of seismic has been recorded for every 6 km2 
of basin area, and only one well has been drilled for 
every 6000 km2 of effective basin area). 

REFERENCES CITED 

Ajakaiye, D. E., M. B. Awad, S. B. Ojo, D. H. Hall, and T. W. Millar, 
1986, Aeromagnetic anomalies and tectonic trends in and 
around the Benue: Nature, v. 319, p. 582-584. 

Allix, P. , E. Grosdidier, S. Jardine, O. Legoux and M. Popoff, 1981, 

Genik 1431 

Decouverte d 'Aptien supérieur à Albien inférieur daté par 
microfossiles dans la serie detritique Cretacé du fossé de la 
Benoué (Nigeria): Comptes Rendus de l'Académie des Sei· 
ences, serie 11, v. 292, p. 1291-1294. 

Allix, P. , and M. Popoff, 1983, Le Cretacé Inférieur de la partie 
nord-orientale de fossé de la Benoué (Nigeria), un exemple de 
relation entre tectonique et sedimentation: Bulletin des Cen· 
tres de Recherches Exploration-Production Elf·Aquitaine, v. 7, 
p. 349-359. 

Avbovbo, A. A., E. O. Eyoola, and G. A. Osahon, 1986, Deposition
al and structural styles in Chad basin of northeastem Nigeria: 
AAPG Bulletin, v. 80, p. 1787-1798. 

Barnen, ]. A. M, ]. Mortimer,]. H. Ribbon, ].]. Walsh, and]. Wat· 
terson, 1987, Displacement geometry in the volume contain· 
ing a single normal fault: AAPG Bulletin, v. 71, p. 925-937. 

Bellion, Y., 1989, Histoire géodynamique post·paléozoique de 
l'Afrique de l'Ouest d 'aprés l'étude de quelques bassins sédi· 
mentaires (Sénégal, Taoudenni, Iullemmeden, Tchad): Centre 
International pour la Formation et les Échanges Géoloquiques, 
V. 17, p. 1-302. 

Benkhelil, ]. 1988. Structure et évolution géodynamique du bassin 
intracontinental de la Benoué (Nigeria): Bulletin des Centres 
de Recherches Exploration-Production Elf·Aquitaine, v. 12, 
p. 29-128. 

Benkhelil, ]., and R. Guiraud, 1980, The Benue (Nigeria), an intra· 
continental chain with an Atalasic style: Comptes Rendus de 
l'Académie des Sciences, serie D, v. 290, p. 1517-1520. 

Benkhelil, ]., and B. Robineau, 1983, Le fossé de la Benoué est-il 
un rift?: Bulletin des Centres de Recherches Exploration-Pro
duction Elf-Aquitaine, v. 7, p . 315-321. 

Bermingham, P. M., ]. D Fairhead, and G. W. Stuart, 1983, Gravity 
study of the Central African rift system, a model of continental 
distruption: the Darfur domal uplift and associated Cainozoic 
volcanism: Tectonophysics, v. 94, p . 205-222. 

Biro, P. , 1975, Petroleum developments in central and southern 
Africain 1974: AAPG Bulletin, v. 59, p. 1904-1949. 

Biro, P., 1976, Petroleum developments in central and Southern 
Africain 1975: AAPG Bulletin, v. 60, p. 1813-1864. 

Black, R., and M. Girod, 1970, Late Proterozoic to Recent igneous 
activity in West Africa and its relationship to basement struc· 
ture, in T. N. Clifford and 1. N. Goss, eds .. African magmatism 
and tectonics, Darien, Connecticut, Hafner Publication Corn· 
pany, p. 185-210. 

Bosworth, W., 1985, Geometry of propagating continental rifts: 
Nature, v. 316, no. 6029, p. 625-627. 

Boudjema, A., M. Hamel, A. Modamedi, and R. Lounissi, 1990, 
Petroleum potential of the Reggane basin, Algeria: AAPG Bul
letin, v. 74, p . 616. 

Boudouresque, L., D. Dubois,}. Land, and}. Trichet, 1982, Contri· 
bution à la stratigraphie et à la paléogéographie de la bordure 
occidentale du bassin des Iullemmeden au Crétacé Supérieur 

. s:t au Cénozoique (Niger et Mali, Afrique de L'Ouest): Bulletin 
~:_iS,1e la Société Géologique de France, serie 7, v. 24, p. 685-695. 

Brijde, S. P. , 1990, Petroleum geology of the southem Bida basin, 
Nigeria (abs.): AAPG Bulletin, v. 74, p. 617. 

Bro'\vne, S.E. and}. D. Fairhead,1983, Gravity sn1dy of the Central 
African rift system, a model of continental disruption, 1. The 
·Ngaoundere and Abu Gabra rifts: Tectonophysics, v. 94, 

. p. 187-203. 
Burke, K. C. , 1976 , The Chad basin, an active intra-continental 

basin: Tectonophysics, v. 36, p. 197-206. 
Burke, K. C., T. F. ]. Dessauvagie, and A.]. Whiteman, 1972, Geo

logical history of the Benue valley and adjacent areas, in T . ]. F. 
Dessauvagie and A.J. Whiteman, eds. , African geology: Ibadan, 
Nigeria, Ibadan University Press, p . 187-205. 

Choubert, G. and A. Faure-Muret, 1975, Atlas géologique du 
monde: Africa, scale 1:10,000,000: Paris, Unesco, sheets 6-8. 

Christie·Blick, N. and K. T. Biddle, 1985, Deformation and basin 
formatio n along strike·slip faults , in K. T . Biddle and 
N. Christie-Blick, eds., Strike slip deformation, basin formation 
and sedimentation: SEPM Special Publication 37, p. 1-34. 



1432 Rift Basins 

Chukwu-Ike, 1. M. , 1981 , Marginal fracture systems of the Benue 
trough in Nigeria and their tectonic implications: Earth Evolu
tion Sciences, v. ! , p. 104-109. 

Collignon , M. , and). P. Le Franc, 1974, Mise en evidence de la 
communication saharienne entre Téthys et Atlantique Sud 
d 'apres les fossiles Cénomanieris et Turoniens de Tadémait 
(Sahara Algerien): Comptes Rendus de l'Académie des Sci
ences, serie D, v. 278, p. 2257-2261. 

Cordrey, E. A., 1965, Petroleum development in central and 
southern Africain 1964: AAPG Bulletin, v. 49, p . 1257-1291. 

Cornacchia, M. and R. Dars, 1983, Un trait structural majeur du 
continent Africain, les linéaments centrafricains du Cameroun 
au Golfe d 'Aden: Bulletin de la Societié Geologique de France, 
V. 25, p . 101-109. 

Cratchley, C. R., P. Louis, and D. E. Ajakaiye, 1984, Geophysical 
and geological evidence for the Benue-Chad basin Cretaceous 
rift valley system and its tectonic implications: Journal of 
African Earth Sc ience, v. 2, p . 141-150. 

Daly,). C. , J. Chorowicz, and J. D. Fairhead, 1989, Rift basin evo
lution in Africa: the influence of reactivated steep basement 
shear zones, in M. A. Cooper and G. D. Williams, eds., Inver
sion tectonics: Geological Society Special Public~tion 44, 
p. 308-334. ~. 

de Klasz, 1., 1978, The West African sedimentary basins, h;)'I. Moul· 
lade and A. E. M. Narin , eds. , The Phanerozoic geology of 
the world , II , the Mesozoic , Reille A, Amsterdam, Elsevier, 
p. 371-399. 

Delafosse, R. , 1960, Notice explicative sur la feuille Ouanda
Djalle-Ouest: Paris, Institute Equatorial de Recherches et 
d 'Etudes Géologique et Miniéres, p. 46. 

Dufaure, P., D. Massa and E. Fourcade, 1984, Reality of trans
Saharian marine communications between the Tethys and the 
Atlantic during Upper Cretaceous times: Comptes Rendus de 
l'Académie des Sciences, serie 2, v. 298, p. 665-670. 

Fairhead,). D., 1986, Geophysical controls on sedimentation with
in the African rift systems, in l. E. Frostick, R. W. Renault, 1. 
Reid, and).). Tiercelkin, eds., Sedimentation in the African rifts: 
Geological Society of London Spec ial Publication 25, p. 19-27. 

Fairhead, J. D. , 1988a, Mesozoic plate reconstructions of the cen
tral South Atlantic Ocean ; the rote of the West and Central 
African rift system: Tectonophysics, v. 155, p. 181-191. 

Fairhead, ] . D. , I 988b , Late Mesozoic rifting in Africa , in 
W. Manspeizer, ed. , Triassic-Jurassic rifting, continental 
breakup and the origin of the Atlantic Ocean and passive mar
gins: New York, Elsevier, 998 p. 

Fairhead, J. D. and R. M. Binks, 1991 , Differential opening of the 
central and South Atlantic oceans and tlle opening of the Cen
tral African rift system: Tectonophysics, v. 187, p. 191-203. 

Fairhead, J. D. and C. M. Green, 1989, Controls on rifting in Africa 
and the regional tectonic model for the Nigeria and East Niger 
rift basins , in B. Rosendahl, ed., Rifting volume: Journal of 
African Earth Sciences Special Publication 8 , p. 231-249. 

Fairhead, J. D. and C. S. Okereke, 1987, A regional gravity study of 
the West African rift system in Nigeria and Cameroon and its 
tectonic interpretation: Tectonophysics, v. 143, p. 141-159. 

Faure, H. , 1966, Reconnaissance geologiques des formations sedi
mentaires post paléozoïques du Niger oriental: Memoires du 
Bureau de Recherche Géologique et Minière, v. 47, p. 629. 

Fitton, J . G. , 1980, The Benue trough and Cameroon line-a 
migrating rift system in West Africa: Earth and Planetary Sci
ence Letters, v. 51, p. 132-138. 

Furon, R., 1963, Geology of Africa: London, Oliver and Boyd, 377 p. 
Gibbs, A. D., 1984, Structural evolution of extensional basin mar

gins: Journal of the Geological Society of London, v. 141 , 
p. 609-620. 

Giedt, N. R. , 1990, Unity field-Sudan , Muglad rift basin, Upper 
Nile province, in E. A. Beaumont and N. H. Foster, compilers, 
Structural traps lll: tectonic fold and fault traps: AAPG Treatise 
of Petroleum Geology Atlas of Oil and Gas Fields, p . 177-197. 

Goudarzi, G. H. , 1970, Geology and minerai resources of Libya 
reconnaissance: U. S. Geological Survey Professional Paper 

660, 140 p. 
Greigert, )., 1966, Descriptions des formations Crétacées et Ter· 

tiares du bassin des Iullemmeden (Afrique occidentale): 
Bureau de Recherche Géologique et Minières Direction des 
Mines et de la Géologie (Niger) Publication 2, 234 p. 

Greigert, ). , and R. Pougnet, 1966, Carte géologique, République 
du Niger au 1/ 2,000,000: Bureau de Recherches Géologique et 
Minières. 

Greigert, ). , and R. Pougnet, 1967, Essai de descriptions des for· 
mations géologiques de la République de Niger: Bulletin de 
Recherches Géologique et Minières Memoire 48, 238 p. 

Guiraud, R., and). C. Maurin, 1991 , Le rifting en Afrique au Cré· 
tace inférieur: synthèse stmcturale, mise en évidence de deux 
étapes dans la genése des bassins, relations avec les ouvertures 
océaniques peri-africaines: Bulletin de la Societé Géologique 
de France, v. 162, p. 811-823. 

Guiraud, R. , B. lssawi, and Y. Bellion, 1985, The Guineo-Nubian 
lineaments, a major structural zone of the African plate: 
Comptes Rendus de l'Académie des Sciences, serie 11 , vol. 
300, p. 17-20. 

Guiraud, R., Y. Bellion, J . Benkhelil and C. Moreau, 1987, Post 
Hercynian tectonics in northern and western Africa: Geologi
cal Journal, v. 22, p. 433-466. 

Hamilton, W. B. , 1989, Crustal geologic processes of the United 
States, in l. C. Pakiser, and W. D. Mooney, eds. , Geophysical 
framework of the continental United States: Geological Society 
of America Memoir 172, p. 743-781. 

Haq, B. U. , J. Hardenbol, and P. R. Vail, 1987, The new chrono
stratigraphic basis of Cenozoic and Mesozoic sea level 
changes: Cushman Foundation for Foraminiferal Research Spe
cial Publication 24, p. 7-13. 

Harding, T. P. , 1985, Seismic characteristics and identification of 
negative flower structures, positive flower stmctures, and pos
itive structural inversions: AAPG Bulletin, v. 69, p. 582-600. 

Harding, T. P. , R. C. Vierbuchen, and N. Christie-Blick, 1985, 
Stm ctural styles, plate-tectonic settings and hydrocarbon traps 
of divergent (transtensional) wrench faults, in K. T. Biddle and 
N. Christie-Blick, eds. , Strike slip deformation, basin formation 
and sedimentation: SEPM Special Publication 37, p. 51-77. 

Isaksen, G. H., 1991, Molecular indicators of lacustrine fresh water 
depositional environments, in D. Manning, ed., Abstracts of the 
fifteenth meeting of the European Associates of Organic Geo
chemists: Manchester, United K.ingdom, Manchester University 
Press, p. 361-364. 

Jorgensen, J. J. and W. Bosworth, 1989, Gravity modeling in the 
Central African ri.fi system, Sudan; rift geometries and tectonic 
significance: Journal of African Earth Sciences, v. 8, no. 2/ 3/4, 
p. 283-306. 

Klitzsch , E. H. , 1984, Northwestern Sudan and bordering areas: 
geological development since Cambrian time: Berliner 
Geowissenschaften Abhandlung, Reil1e A, v. 50, p. 23-45. 

Kogbe, C.A. , 1972, Geology of the Upper Cretaceous and Tertiary 
sediments of the Nigerian sector of the lullemmeden basin 
(West-Africa): Geologische Rundschau, v. 62, p. 197-211. 

Kogbe, C.A., 1979, The Trans-Saharan seaway during the Creta· 
ceous, in Proceedings of the Second Symposium on the Geolo
gy of Libya, p. 91-96. 

Lambiase, ). L. , 1990, A mode! for tectonic control of lacustrine 
stratigraphie sequences in continental rift basins, in B.). Katz, 
ed., Lacustrine basin exploration- case studies and modern 
analogs, AAPG Memoir 50, p. 265-276. 

Lefranc, J. P. and R. Guiraud, 1990, The continental intercalaire of 
northwestern Sahara and its equivalents in the neighboring 
regions:Jourmll of African Earth Sciences, v. 10, p. 27- 77. 

Le Maréchal, A. and P. M. Vincent, 1972, Le fossé Cretacé du sud· 
Adamaoua Cameroun, in T. F. J. Dessauvagie and A.). White· 
man, eds. , African geology, Ibadan, Nigeria, Ibadan University 
Press, p. 229-249. 

Lorenz, J. C. , D. M. Heinze, ). A. Clark and C.A. Searls , 198;, 
Determination of widths of meander belt sandstone reservoi.rs 
from vertical downhole data , Mesaverde Group , Piceance 



Creek basin, Colorado: AAPG Bulletin, v. 69, p . 710- 721. 
Louis, P. , 1970, Contribution géophysique à la connaissance 

géologique du bassin du lac Tchad: Mémoires de !'Office de la 
Recherche Scientifique et Technique Outre Mer, v. 42, 311 p. 

Lowell, ]. D. and G. ]. Genil::, 1972, Sea floor spreading and struc
tural evolution of southern Red Sea: AAPG Bulletin, v. 56, 
p. 247- 259. 

Makris, ]. and R. Rihm, 1991 , Shear controlled evolution of the 
Red Sea: pull apart model, Tectonophysics, v. 198, no. 2-4, 
p. 441-468. 

Manin, G. H. , 1978, Oil exploration in interior basins of the conti
nents, exploration example Chad: Oil-Gas, European Maga
zine, no. 1/78, p. 44-49. 

Masters , C.D., D. H. Root, and E. D. Attanasi , 1991 , World 
resources of crude oil and natural gas, in Proceedings of thir
teenth world p etroleum congress: Chichester, England, John 
Wiley&Sons, p . l-14. 

Maurin,]. C. and R. Guiraud, 1990, Relationships between tecton
ics and sedimentation in the Barremo-Aptian intracontinental 
basins of northern Cameroon: Journal of African Earth Sci
ences, v. 10, p. 331-340. 

Mestraud, ]. L. , 1964, Carte Géologique de la République Cen
trafricaine: Bureau de Recherches Géologiques et Minières, 
échelle 1:1 ,500,000. 

Meyer, B. L., and M. H. Nederlof, 1984, Identification of source 
rocks on wire-line logs and density/ resistivity and sonic transit 
time/ resistivity crossplots: AAPG Bulletin, v. 68, p. 121- 129. 

Millegan, P. S. , 1990, Aspects of the interpretation of Mesozoic 
rift systems in northern Sudan using potential field data: gravi
cy and magnetic case h istories: Society of Exploration Geoc 
physicists Fiftieth Annual Meeting Abstracts, p . 605-607. 

Morley, C. K. , R. A. Nelson , T. L. Patton, and S. G. Munn, 1990, 
Transfer zones in the East African rift system and their rele
vance to hydrocarbon exploration in rifts: AAPG Bulletin, v. 74, 
p. 1234-1253. 

Mothersill, J. S. , 1975, Lake Chad geochemistry and sedimentary 
aspects of a shallow polymictic Jake: Journal of Sedimentary 
Pecrology, v. 45, p . 295-309. 

Murat, R. C., 1972, Stratigraphy and paleogeography of the Creca
ceous and Lower Tertiary in southern Nigeria , in T. F. J. 
Dessauvagie and A.]. Whiteman, eds. , African geology: Ibadan, 
Nigeria, Ibadan University Press, p. 251-266. 

National Oil Corporation of Kenya,1990, Petroleum exploration 
opportunities in Kenya: brochure, published by the Minister 
forEnergy. 

Ngangom, E. , 1983 , Etude tectonique de fossé Cretacé de le 
Mbére et du Djerem, Sud-Adamaoua, Cameroun: Bulletin des 
Centres de Recherches Exploration-Production Elf-Aquitaine, 
V. 7 , p. 339-347. 

Okaya, D. A., and C. M. Jarchow, 1989, Extraction of deep crustal 
reflections from shallow Vibroseis data using extended corre
lation: Geophysics, v. 54, no. 5, p . 555-562. 

Olade, M. A. , 1975, Evolution of Nigeria's Benue trough (aulaco
gen), a tectonic mode!: Geologic Magazine, v. 112, p. 575-583. 

Passey, Q. R. , S. Creany, ]. B. Kulla, F. J. Moretti, and]. D. Stroud, 
1990, A practical mode! for organic richness from porosity and 
resistivity logs: AAPG Bulletin, v. 74, p. 1777-1794. 

Peterson,]. A., 1983, Assessment of undiscovered conventionally 
recoverable petroleum resources of norchwescern , central, 
and northeastern Africa (including Morocco, northern and 
western Algeria, northwestern Tunisia , Mauritania, Mali, 
Niger, eastern Nigeria, Chad, Central African Republic, Sudan, 
Ethiopia, Somalia and soucheascern Egypt): U. S. Geological 
Survey Open File Report 83-598, p. 1-26. 

Pecerson,]. A. , 1985, Geology and petroleum resources of central 
and east-central Africa: U. S. Geological Survey Open File 
Report 85-589, p. 1-48. 

Petracca, A. N., 1986, Oil and gas development in central and 
southern Africain 1985: AAPG Bulletin, v. 70, p. 1412-1457. 

Petters, S. W. , 1978, Stratigraphie evolution of the Benue trough 
and its implications for the Upper Cretaceous paleogeography 

Geruk 1433 

of West Africa: Journal of Geology, v. 86, p, 311-322. 
Petters , S. W. , 1979, Stratigraphie history of the south-central 

Sahara region: Geological Society of American Bulletin, v. 90, 
p . 753-760. 

Petters, S. W., 1981, Stratigraphy of Chad and Iullemmeden basins 
(WestAfrica): Ecologae Geologicae Helvetiae, v. 74, p. 139-159. 

Petters , S. W. and C. M. Ekweozor,1982, Petroleum geology of 
Benue trough and southeastern Chad basin , Nigeria: AAPG Bul
letin, V. 66, p. 1141-1149. 

Popoff, M., 1988a, Du Gondwana à l'Atlantique sud, les connex
ions du fossé de la Bénoué avec les bassins du nordest 
Brésilien jusq'à l'ouverture du Golfe du Guinée au Cretacé 
inférieur: Journal of African Earth Sciences, v. 7, p. 409-431. 

Popoff, M. 1988b, Le systeme des rifts médio-africains, évolution 
des bassins, magmatisme et rifting dans la fossé de la Bénoueé 
(abs.) , in Le magmatisme mésozoïque à actuel de la plaque 
Afrique et son contexte stmctual: Centre International pour la 
Formation et les Echanges Géologiques Publication Occasion
nelle 15, p . 180-186. 

Popoff, M. , ]. Benkhelil, B. Simon, and]. J. Motte, 1983, Approche 
géodynamique du fossé de la Bénoué (N. Nigeria) à partir des 
données de terrain et de télédètection: Bulletin des Centres de 
Recherches Exploration-Production Elf·Aquitaine, no. 7 , 
p. 323-337. 

Reeves, C.V., F.M. Karanja, and l. N. MacLeod, 1986, Geophysi· 
cal evidence for a Jurassic triple jtmction in Kenya: Earth and 
Planetary Science Letters, v. 81, p. 299-311. 

Reyment, R. A., 1972, L'Hiscoire de la mer transcontinentale Sahari
enne pendant le Cénomanien-Turonien: Bulletin de la Societé 
Geologique de France, serie 7, v. 13, no. 5-6, p . 528-531. 

Reyment, R. A., 1980, Biogeography of the Saharan Cretaceous 
and Paleocene epicontinental transgressions: Cretaceous 
Recherches, v. 1, p . 299-827. 

Reyment, R. A., and R. V. Dingle, 1987, Paleogeography of Africa 
during the Cretaceous Period: Palaeogeography, Palaeoclima
cology, Palaeoecology, v. 59, p . 93-116. 

Reyment, R. A. , and E. R. Reyment, 1978, The Palaeocene trans
gression and its ostracod fauna: Publications from the Paleonto
logical Institution of the University of Uppsala 234, p. 245-258. 

Reyre, D., 1984, Petroleum characteristics and geological evolu· 
tion of a passive margin. Example of the Lower Congo-Gabon 
basin: Bulletin des Centres de Recherches Exploration-Produc
tion Elf-Aquicaine, v. 8 , p. 303-332. 

Roch, E., 1953, Itineraires géologiques dans le nord du Cameroun 
et le sudouest du territoire du Tchad: Publications du Services 
des Mines du Cameroun Bulletin 1, 110 p . 

Rosendahl , B. R., D. ]. Reynolds , P. M. Lorber, C. F. Burgess, 
J . McGill , D. Scott,].]. Lambiase , and S. ] . Derksen, 1986, 
Structural expressions of rifting, lessons from Lake Tanganyi
ka, Africa, in L. E. Frostick, R. W. Renault , l. Reid, and J. ]. 
Tiercelkin, eds., Sedimentation in the African rifts: Geological 
Soc;!ety Special Publication 25, p . 29-43. 

Schari~elmeier, H., and D. Pudlo, 1990, The Central African fault 
zone (CAFZ) in Sudan, a possible continental transform fault: 
Berliner Geowissenschaften Abhandlung, Reille A, v. 120, 
p. 31- 44. 

Schull,. T. J, 1988, Rift basins of interior Sudan, petroleum explo
ratid.n and discovery: AAPG Bulletin, v. 72, p. 1128-1142. 

Scocése, R. S., L. M. Gahagan, and R. L. L'lrson, 1988, Plate tecton
ic reconstructions of Cretaceous and Cenozoic ocean basins: 
Tectonophysics, v. 155, p. 27-48. 

Suppe, J ., 1983, Geometry and kinematics of fault-bend folding: 
AmericanJournal of Science, v. 283, p . 684-721. 

Vail , ]. R., 1978, Outline of the geology and minerai deposits of 
the Democratic Republic of the Sudan and adjacent areas: 
Overseas Geological & Mineralogical Resources, no. 49, 
p. 1-41. 

Van Wagoner, J. C., R. M. Mitchum, K. M. Campian, and V. D. 
Rahmanian, 1990, Siliciclastic sequence stratigraphy in well . 
logs, cores and outcrops; AAPG Methods in Exploration Series 
7,p. 55. . 



1434 Rift Basins 

Windley, B. F. , 1984, The evolving continents, 2nd ed.: New 
York, John Wiley and Sons, p . 399. 

Wolff, ]. D., 1964, Carte géologique de la République du Tchad: 
L'Institut Equatorial de Recherche et d 'Etudes Géologiques et 
Minières, echelle 1:1 ,500,000. 

Wycisk, P. , E. Klitzsch, C. Jas, and O. Reynolds, 1990, Intracratonal 
sequence development and structural control of Phanerozoic 
strata in Sudan, in E. Klitzsch and E. Schrank, eds., Research in 
Sudan, Somalia , Egypt and Kenya: Berliner Geowissen
schaftliche Abhandlungen, Reihe A, v. 120.1, p . 45-86. 

Ziegler , P. A., 1990, Geological atlas of western and <;eritral 
Europe, 2nd ed.: The Hague, Netherlands, Shell Internationale 
Petroleum Maatschappij, 239 p . 

Zonenshain, L. P., M. I. Kuzmin, L. M. Natapov, and B. M.-'Page, 
1990, Geology of the U.S.S.R.: a plate tectonic synthesis: Amer
ican Geophysical Union Geodynamics Series 21 , 242 p. q;. , .. ~ ., 

ABOUT THE AUTHOR 

G.J.Genik 

Geny is a geological scientist with 
the C.I.S. Regional Group, Technolo
gy Department, Exxon Exploration 
Company, Houston, Texas. He began 
his career as a geologist with Imperia! 
Oil in Canada in 1952, and has contin
ued with Exxon in western Canada, 
Colombia, Africa, the circum-Mediter
ranean region, United Kingdom, and 
Commonwealth of Independent States. 
He focuses on exploration for com-
mercial hydrocarbons. He holds a B.Sc. (Hons. Geol.) and 
M.Sc. from the University of Manitoba. 




