Open Journal of Geology, 2019, 9, 226-244
http://www.scirp.org/journal/oig

ISSN Online: 2161-7589

ISSN Print: 2161-7570

/
@ Scientifi
o0 Reomarcy

0.:. Publishing

Depositional and Structural Styles in the Logone
Birni Basin (LBB), Northern Cameroon, from 3D
Potential Field Modeling: Preliminary Results

Elad Mkoumbel, Fosso Téguia M. Estelle Eric'2, Eyike Yomba Albert?,
Njandjock Nouck Philippe3, Tabod Charles Tabod3

'Department of Physics, Faculty of Science, University of Douala, Douala, Cameroon

*Branch for Geophysical and Volcanological Research/Institute of Geological and Mining Research, Buea, Cameroon

3Department of Physics, Faculty of Science, University of Yaoundé I, Yaoundé, Cameroon

Email: *aeyike@gmail.com

How to cite this paper: Mkoumbe, E.,
Eric, FT.M.E., Albert, E.Y., Philippe, N.N.
and Tabod, T.C. (2019) Depositional and
Structural Styles in the Logone Birni Basin
(LBB), Northern Cameroon, from 3D Po-
tential Field Modeling: Preliminary Results.
Open Journal of Geology, 9, 226-244.
https://doi.org/10.4236/0jg.2019.94016

Received: March 27, 2019
Accepted: April 25,2019
Published: April 28, 2019

Copyright © 2019 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

A three-dimensional model of the Logone Birni Basin (LBB) is presented by
combining gravity and magnetic data and constrained by broad seismic pro-
files. The 3-D model has revealed the distribution of the stratigraphic forma-
tions as well as the top basement variation. Detailed structure of different
stratigraphic sequences is presented for the first time for this basin and some
of the sequences correlate with established sequences of the neighboring ba-
sins. The sediments pill consists of six sedimentary units dating from the
Neocomian to the Quartenary. The Makary subbasin or Northern Logone
Birni Basin (NLBB) is the deepest part of the basin and may hold good pros-
pect for hydrocarbon generation and accumulation. However, the limited
presence of faults and intrusive bodies decreases the possibility of thermal
degeneration, contrary to the Central Logone Birni Basin (CLBB) where con-
ditions seem to be fulfilled for possible hydrocarbon generation and maturity.
The complexity of the structural pattern of the model is further enhanced by
the presences of volcanic bodies, some of which lay directly on basement or
interbedded with the sediments layers mainly in the CLBB.

Keywords

Gravity/Magnetic Anomalies, Stratigraphic Sequences, Sediment Thickness,
Logone Birini Basin, 3D-Model

1. Introduction

The Logone Birni basin (LBB) belongs to the Lake Chad basin, near the Doba
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basin where a huge oil field has been found. The LBB is subdivided into lower
(or Southern Logone Birni Basin (SLBB)), middle (CLBB) and upper (NLBB)
portions, and geographically located between latitudes 9°55'N to 13°N and be-
tween longitudes 14°10'E to 15°35'E, in the transitional zone between the west
and central African rift system (WCARS) (Figure 1(a)). It is tectonically limited
by the Termit basin to the north, the Bongor and Doba basins to the south and
southeast, and to the west by the Bornu basin. Although the generalities of the
evolution of the Lake Chad basin have been widely recognized [1] [2] [3] [4] and
show good prospect in petroleum exploration, most of the geological and geo-
physical data remain unpublished. Consequently, limited detailed work has been

done to improve our understanding of the geological structure of the Logone
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Figure 1. (a) Simplified geological map and location of the study area modified after
Eyike and Ebbing [8]; (b) The Stratigraphy of the LBB [14].
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Birni basin. However, potential field (gravity and magnetic) and seismic studies,
or the combination of the two have provided broad information in the shallow
and deep structure of this basin [5] by combining the spectral analysis and the
2.5D modelling of the gravity field proposed 3100 m as sediment thickness of the
lower part of the basin, and the basement was intruded by volcanic rocks of
Post-Cretaceous age. To further improve our knowledge on this basin, the major
structural trends limiting different grabens and the distribution of the main bu-
ried volcanic bodies as well as their relationships with the structural and tectonic
evolution were recently presented [6] [7]. It has been observed that the basin was
associated with an intense volcanic activity during the Cretaceous, although the
intrusive bodies were mainly confined to the basement. More recently, [8] [9]
proposed the top basement map defining the sediment thickness distribution in
the area, and they found that the basin contains up to 6000 m of Early Creta-
ceous to Recent sediments. Indeed, this model has improved our knowledge of
the basement structure, but his accuracy is still limited due to lack of constrains,
although it provides first order information in sediment thickness estimates. The
other problem with these previous models is that they do not take into account
different sediment sequences, whereas it is well known that knowledge of sedi-
ment stratigraphy is a key element to understand field scale lateral and vertical
reservoir property and their fluid production [10]-[16]. Further, the possible
occurrence of oil and gas in commercial quantities in the LBB has been a subject
of controversy due to very scanty prospectivity data. Apart from above men-
tioned limited studies, no geochemical source rock data nor exploratory well has
been drilled or identified in this basin. It is well known that petroleum is an ex-
haustible resource and dwindles on reserve with time. Therefore, it is imperative
for a country like Cameroon, to continue the search for more oil and gas to add
to its reserves. In the light of terrestrial gravity and aeromagnetic data, we pro-
pose a 3D geophysical model of different sediment strata in the LBB. The model
is constrained by broad seismic sections. The main objective is to delineate areas
with thick sedimentary formations and to localize possible hydrocarbons sources
in the area. By shedding more light on the mineral and hydrocarbon perspectiv-
ity of the LBB, we also perhaps add to our reserves, for the betterment of our

economy and development.

2. Geology and Tectonic Background

In this section, a brief review of the tectonic and surface geology is given. We re-
fer the reader to [1] [14] [17] [18] [19] [20], for more extensive review of geology
and tectonic setting of the study area and the West and African Rift System.

The study area is located in the transition zone between the Central and the
West African rift systems (WCARS) as it is presented in Figure 1. [1] has shown
that the origin of the WCARS sedimentary basins was characterized by three
rifting phases after the Pan African crustal consolidation (750 - 550 Ma) and the
Paleozoic-Jurassic development (550 - 130 Ma). The Neocomian to Aptian (130
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- 98) rifting phase was followed by thermal tectonic subsidence within the rifts
(80 Ma - 75 Ma) whereby major marine transgression which reached northern
Cameroon from the Tethys, to the north, through Mali and Algeria and from the
South Atlantic, to the South, via the Benue Trough into western Chad and Niger
[7]. The final episode (30 Ma - present) is the post rift uplift of high lands like
the Cameroon Volcanic Line or the Adamawa regions facilitating the erosion
and accumulation of more than important quantity of continental sediments in
northern Cameroon and Lake Chad [1] [21].

3. Stratigraphy

To date, no exploratory wells have been drilled in northern Cameroon, the gen-
eral stratigraphy is deduced from seismic data from the adjacent basins [1] [15]
[20] [22].

A Generalized stratigraphic column of the LBB is shown in Figure 1(b). Ac-
cording to [7], sedimentation in the LBB was initiated during the Neoco-
mian-Albian rifting period. From seismic and gravity modeling, more than 8000
m of sediments cover the crystalline basement in the deepest parts of the basin.
The oldest sediments in the LBB attributable to the Pre-Bima are of Neoco-
mian-Barremian age. They are made up of fluviolacustrine shale sands, charac-
terized by possible piedmont alluvial fans Formation [7] [23]. This sequence is
overlain by a Upper Albian sequence termed the Bima Santone Formation. On
top of the Bima Formation is the Gongila Formation. This formation consists
predominantly of sandstone and shale with limestone of Cenomaniam-Turonian
in age. This Unit is overlain by the Turonian-Senonian Fika formation, which is
made up of open marine shale deposited in shallow marine environment [4] [12]
[24]. This Fika Formation is succeeded upward by the Senonian-Maastrichtian
Gombe Formation, which is characterized by parallel to sub-parallel, disconti-
nuous to chaotic reflectors, inter-bedded sand-shale [7]. The Quaternary Ke-
ri-Keri formation which overlies the Gombe formation is the uppermost layer in
the LBB. It is essentially made up of sands to shale sands presenting low to high

amplitude continuous and parallel reflectors [7].

4. Method and Data

We generally face major problems when construction geophysical models in
Cameroon, due to lack of geological constrains (seismic reflection or refraction,
density information and drillhole data...), which seriously limit the efficiency of
previous models. However, using gravity and magnetic data, broad seismic lines
and general information on sediment thickness in the area, we try to build a
modelling strategy to obtain the geometry of different sediment strata in the
LBB. We first calculate and remove effect of deep sources in gravity and mag-
netic using stripping residual and upward continuation methods for gravity and
magnetic respectively. Then to image the geometry of different strata, we use

these residuals fields to perform a 3D forward gravity and magnetic modeling
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constrained with density estimates, seismic profiles, together with geology and
tectonic images. From this 3D model, we interpret three selected profiles cross-
ing different subbasins in the LBB. The 3D forward modeling was performed
using the world wide used Interactive Gravity and Magnetic Application System
(IGMAS+) software. The software models geological bodies in 3D by polyhe-
drons on a series of parallel vertical cross-sections predefined in the model. The
computed gravity or magnetic effect of each 3-D (polyhedral) body is added to
the effect of the other ones, to give the anomaly value of the model structure for
a given observation point which is compared with observed field. Iterative
change of the model geometry structure optimizes the fit between the observed
Bouguer and the calculated field [25] [26] [27] [28].

5.Data
5.1. Gravity Data and Processing

The ground gravity dataset were extracted from the Bouguer gravity anomaly
map established by [29] and made available by IRD (Institut de Recherche pour
le Développement, France). This dataset covers the region between longitudes
latitudes 9°55'N to 13°N and between longitudes 14°10'E to 15°35'E and consists
of approximately 1350 points. The measured points have a relatively even dis-
tribution throughout the study area (Figure 2), although the data are concen-
trated along major roads and tracks with a station spacing of 2 - 5 km [29]. All
the data were tied to the IGSN71 reference system, and a density of 2670 kg/m’
was used for the Bouguer correction. The Bouguer map of the study area (Figure
2(a)) was generated with grid spacing of 5 km.

The measured gravity field (Figure 2(a)) in North Cameroon usually shows
the combined effect of a local associated with the superficial rocks and a regional
caused by deeper structures in the earth’s crust [6]. The large features generally
show up as trends, which continue smoothly over a considerable distance. These
trends are known as regional trends. Superimposed on the regional field, but
frequently camouflaged by these, are the smaller, local disturbances which are
secondary in size but primary in importance. The regional is usually separated
from the total Bouguer field to obtain the residual anomalies. They may provide
direct evidence of the existence of the reservoir structures in sedimentary basin
or mineral ore bodies [30] [31]. Thus, to effectively use Bouguer gravity data to
infer the properties of the anomaly due to sediment, the gravity anomalies of
shallower sources most be enhanced. To this end, we calculate the gravity effect
of the Moho (Figure 2(c)) and remove this effect from the total gravity field. By
following this approach, we are sure to remove the effect of deeper sources from
the gravity and therefore the upper crust signal is enhanced and useful for the
purpose of our 3D model (Figure 2(d)). To calculate this gravity effect, we take
advantage of the Moho map recently published by [32] (Figure 2(b)).

5.2. Magnetic Data and Processing

The aeromagnetic data used for this study were provided by GETECH and are
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Figure 2. (a) Bouguer anomaly map; (b) Moho map extracted from [32]; (c) Gravity ef-
fect of Moho map; d) Isostatic residual anomaly map.

limited between latitudes 9°55'N to 13°N and between longitudes 14°10'E to
15°35'E. They are part of the African Magnetic Mapping Project (AMMP) data-
set compiled in 1992. The data have had the International Geomagnetic Refer-
ence Field (IGRF) removed and have been continued upward to produce a 0.01
x 0.01 degree grid at 1000 m above the terrain [6]. The data were gridded at 5
km spacing. After performing the Reduction Pole (RTP) filtering operation on
the gridded data (Figure 3(a)), continuation filtering was also performed on the
RTP data with the use of oasis montaj computer program. Upward continuation
is a way of enhancing large scale (usually deep) features in the survey area. It at-
tenuates anomalies with respect to wavelength; the shorter the wavelength, the
greater the attenuation [33].

Mathematically, the upward continuation method is based on the [30] expres-

sion:
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Figure 3. (a) Rtp magnetic map; (b) residual magnetic map.
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where U (x, V.2, —AZ) = to upward continuation parameters with respect to

initial coordinate x,y and z,—-Az.
z= change in the magnetic field component
U (x' TR ZO) = upward continuation parameter with respect to new
Coordinate x', y[ »Zg

dx'dy’ = change in the new coordinate
3
[(x —x' )2 + (y -y )2 +AZ° }2 = difference in the coordinates
Applying the Fourier convolution in the Equation (1) we have
FlU,]=FlU]F[Y,]

where

¥, (x,y,Az)= Az

2(x2 +y° +22)%

(1.a)

(1.b)

Equation (1.b) is the analytical expression of F [‘I’u] where F [U“] is the

Fourier transform of the upward continued field

F[Uu,]=e"

)

Equation (2) represents the Fourier transform of the initial coordinate when

Az is greater than zero, (Az >0)

The upward continuation filter was applied used at 12 km depth for onward

interpretation of different sediment sequence structure of the LBB. The corres-

ponding residual Magnetic anomaly map presented in Figure 3(b).
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6. Modelling

To model with IGMAS+, one necessarily needs to define an initial model struc-
ture, and density values of the bodies forming the model. To this end, we take
advantage of a priori information from regional geology and tectonic previously
published in the area.

The initial density structure is based on previous geophysical studies includ-
ing the structure, the thickness and the composition of the basement and sedi-
ment layers. The study area was divided into 16 west to east oriented cross sec-
tions and long of about 150 km, with average spacing of around 20 km. From
south to north direction 210 km, the model is about 210 km wide. To avoid edge
effects, the model structure was extended in all directions with more than 50 km,
and reaching 25 km in depth. The initial top basement boundary was defined
following the prior basement geometry published by [8]. To account for the in-
fluence of sediment thickness across the study area, on the crustal structure,
modelling of the basin subsurface configuration is difficult in Northern Came-
roon due to the lack of constraining data like seismics, drilling or logging data.
However, a six sub-layer model on the basis of seismic drillings results from ad-
jacent basins to the LBB [7] [12] [13] [14] [15] [23] was chosen as a starting
point for the 3D model, as it is proven that the LBB has undergone a similar tec-
tonic and geological history with some of its neighbouring basins. To build an
acceptable geological model, a density value for each modelled lithological unit
is required. Rock densities were extracted from [7], whereas of magnetic suscep-
tibility, stem from average values measured from rock samples worldwide [34] as
no susceptibility measurements from rock samples, are publicly available. Rock

densities and magnetic susceptibility values are shown in Table 1.

7. Results

In This section we present the results of our 3D forward model with the main

Table 1. Density and susceptibility values of different crustal units used for the 3D Mod-
el. Former densities are extracted from [7].

Density (kg/m®) ; ;
FORMATION Final susceptibly
Former density model Final density model model (S27)
Keri Keri - Chad formation 2100 and 2300 2000 - 2150 0
Gombe formation 2250 - 2300
Fika (+volcanic bodies) 2350 - (2800) 2330 - (2850) 0-(0.02)
ila f ti
Gongila formation 2350 - (2800) 2400 - (2850) 0-(0.04)
(+volcanic bodies)
Bima formation
) X 2550 - (2700) 2490 - (2900) 0 - (0.035)
(+volcanic bodies)
Pre-Bima formation
: ) 2550 - (2700) 2580 - (2900) 0 - (0.035)
(+volcanic bodies)
Basement 2700 2700 0.001 - 0.002
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focus of different sediments facies in the LBB. The model we present here is one

of the possible solutions trying to match as much potential field data.

The misfit between the observed (Figure 4(a) and Figure 4(b)) and the com-
puted anomaly (Figure 4(c) and Figure 4(d)) are shown in Figure 4(e) and
Figure 4(f). The maximum and minimum misfit values are +13 mGal for the
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Figure 4. (a) Observed gravity map; (b) Observed magnetic map; (c) Computed gravity
map; (d) Computed magnetic map; (e) The misfit between the observed and computed
Bouguer anomaly of the study area; (f) The misfit between the observed and computed
magnetic anomaly of the study area; Black thick lines represent the location of Cross sec-
tions A, B and C extracted from the 3D model.
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Bouguer anomalies, and between 100 nT and —181 nT for the magnetic anoma-
lies respectively.

Three selected profiles were used to illustrate the result of the forward gravi-
ty/magnetic model. They were selected so that they overlap the seismic sections
previously published by [7]. One has to acknowledge that even though the reso-
lution of these previous seismic sections is relatively low; they provide first order
information on different major structures encountered in the basin. The cross
sections display density structure in the lower panel and computed as well as
observed gravity and magnetic values are presented in the upper panel.

Cross section A (Figure 5) is oriented SW-NE and crosses the southeast of
Makary sub-basin, south of Lake Chad. Along this profile, the Bouguer anoma-
lies vary from —13 to —30 mGal and the magnetic anomalies vary from —185 to
150 nT. The minimum gravity anomaly is located around the center of the pro-
file, and according to our model, this area shows by far the most important se-
dimentary thickness, ca. 3500 m. We also observe that the basement is strongly
ridged and faulted. The different sediments sequences previously mentioned are

all visible in this section with their variable thicknesses. Some of them are faulted
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0.0 —
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Figure 5. Cross section A (NLBB). Bottom: uninterpreted depth migrated seismic section.
Middle: structural interpretation of different formation units and volcanic bodies. Top:
modeled gravity and magnetic fields.
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and intruded by volcanic bodies with depth ranging from 800 to 1500 m. Our
model seems to mimic the seismic section, even though there are some suspected
faults and intrusive bodies that are not clearly visible in the seismic section.

Cross section B (Figure 6) is runs NW-SE and passes through the north of
Hinale sub-basin. Here, the Bouguer anomaly varies from —11 to —28 mGal and
the magnetic anomalies vary from 2 to =100 nT. The maximum sediment thick-
ness, ca.4000 m is around the center of the profile and coincides with the mini-
mum Bouguer anomaly. Like in the previous section, the Pre-Bima sequence
shows limited extent. We note that section A and section B almost show similar
structure, at the difference that the distribution of intrusive is unequal. In cross
section B, the volcanic activity seems intense and the volcanic bodies are deeper
compared to section A (between 1000 to 4000 m).

Cross section C (Figure 7) which runs west of the Hinale sub-basin, south of
Chad Lake is oriented SW-NE. The Bouguer field variation along this profile
displays irregular shape. One can observe that the basement structure follows
this variation of the Bouguer anomaly. The Bouguer low corresponds to impor-

tant sediment pill, around 4000 m thick, whereas the Bouguer high coincides

L R — Computed gravity anomaly ~ seeeeees Computed magnectic anomaly (nT)
(mGaI) Observed magnectic anomaly r

—— Observed gravity anomaly

<~ 10000

— 500.0
-20.0—

0.0

- -500.0

-40.0— =

Profile B

wy) yadeg

Legend

] Keri Keri - Chad formation
[] Gombe formation

Bima formation
Pre-Bima formation

HNNOUEO

[0 Fika formation Precambrian basement
[1 Gongila formation Fault
. Volcanic materials suspected elements

Figure 6. Cross section B (CLBB). Bottom: uninterpreted depth seismic section. Middle:
structural interpretation of different formation units and volcanic bodies. Top: modelled
gravity and magnetic fields.
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Figure 7. Cross section C (CLBB). Bottom: depth seismic section. Middle: structural in-
terpretation of different formation units and volcanic bodies. Top: modelled gravity and
magnetic fields.

with the basement uplift. From our Model, the Hinale subbasin seems to be
represented by two half grabens. This section displays important volcanic activi-
ty that mainly occurs in the flanks of basement horsts separating the two half
grabens. Numerous major thrust faults are found within sedimentary sequences
from the Fika Formation down to the Pre Bima formations.

Figure 8 represents the regional geometrical trend of different sediment se-
quences of the LBB extracted from the 3D model.

Pre-Bima formation

This sequence is defined as the oldest and the basal lithological sedimentary
formation (Figure 8(f)). The Pre-bima formation is the deepest lithostrati-
graphic among the strata and directly overlies the basement in the LBB. The
model indicates that this formation is weakly widespread in the study area and
mainly concentrate on CLBB and the NLBB where it shows major thickness,
more than 700 m compared to the Yagoua sub basin where the thickness is less
than 400 m. It can be seen that in the rest of the study area, the mean thickness
for this layer is less than 20 m; this may indicate great influence of structural
highs on this unit.

Bima formation

Overlying pre-bima formation is the Upper Albian Bima formation. This
formation is widespread, and strikes the entire study area. Our model shows that
the Bima formation is more than 1700 m, 1400 m and 1100 m thick in the
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Figure 8. Distribution of Sediment thickness (Stratigraphy sequences) and depth in the
LBB. (a) The Keri Keri formation; (b) The Gombe formation; (c) The Fika Formation; (d)
The Gongila formation; (e) The Bima formation; (f) The Pre-bima formation; (g) Top
basement map.

northern, central and southern logone birni basin respectively (Figure 8(e)).
This layer is thicker compared to the Pre-bima formation.

Gongila formation

Similar to Bima formation, Gongila formation is also presents across all the
depressions in the study area (Figure 8(d)). Our model shows that this forma-
tion thickens to the north of Makary and the east of Hinale where the thickness
reaches 1100 m, whereas it thins with less than 900 m in the south (SLBB).

Fika formation

The Gongila formation is overlain the Turonian-Senonian Fika Formation
which is also extensive in the LBB (Figure 8(c)). According to our model, the
Fika formation is almost equivalently thick along the three most important de-
pocenters in the LBB (CLBB, NLBB, and SLBB), with around 1900 m of sedi-
ments. In the rest of the study area, this layer is thin with less than 600 m.

Gombe formation

Also expanded all over the LBB, the Gombe formation seems relatively thin
compared to the Fika formation. Its thickness is not more than 500 m in the

three main depocenters (Figure 8(b)), with the mean thickness of around 300
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m.
Keri-keri
The Keri-keri formation (Figure 8(a)) is the uppermost layer in the LBB. Ac-
cording to our model, there is no important thickness variation of this layer

throughout the area of study and reaches a maximum thickness of 500 m.

8. Discussion

The 3D geophysical model of the LBB is discussed and we focus our discussion
on the architecture of different sediment strata, thickness distribution, localiza-
tion of volcanic rocks and possible hydrocarbon implications. The 3D forward
modeling was used and constrained by seismic sections published by [7] in order

to exhibit sources of potential field anomalies within the LBB.

8.1. Top Basement

The top basement map (Figure 8(g)) obtained from the 3D forward modeling
shows its maximum depth of about 6000 m in the Makary sub-basin (NLBB),
and its minimum in the Yagoua sub-basin south (SLBB) with the depth around
4400 m. This result agrees with [7] but contradicts [8] who presented a deeper
basement compared to our result (Table 2). But similar to [8] and [9], our
basement displays important topography variations throughout the study area
(Figure 8(g)). From this observation, these authors concluded that the basement
was strongly ridged and faulted. However, our model exhibits limited base-
ment-involved fault in the central and south of the LBB, contrary to the north-
ern part which seems highly faulted, with some of the faults showing compres-
sional imprints [7], probably indicating inversion of this part of the basin during
the Lower Cretaceous times. This result is in good agreement with [7], who pre-

viously mentioned compressional offset in this part of the LBB.

8.2. Stratigraphic Sequences and Hydrocarbons

Our model shows that throughout LBB, the Pre-Bima layer lies directly on the
basement, with a maximum thickness of about 900 m (Figure 8(f)). This layer
has also been identified in the nearest basin, the Bornu basin where it shows
important thickness, ca. 3000 m [15]. There are limited evidences helping to
identify the origin of the thicknesses gap between this two basins, as they are

supposed to undergone the similar tectonic history. However, we may speculate

Table 2. Comparison of sediment thickness obtained from various studies. Sediment
thickness is in meter (m). CLBB = Central Logone Birni Basin, SLBB: Southern Logone
Birni basin.

Basins (8] [5] [9] [35]
Makary (NLBB) 5500 6000
Hinale/Zina (CLBB) 5800 5830 5850
Yagoua (SLBB) 4300 3100 4200 4400
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that the post rift thermo-tectonic subsidence in the region [1] [19] [20] may have
had minor influence in the LBB compared to the Bornu basin.

In general, the Bima formation (Figure 8(e)) overlies the Pre-bima formation,
even though it is directly in contact with the basement in some places where the
Pre-Bima does not exist. It thickness varies from 1100 m in Yagoua subbasin
(SLBB) up to 1700 m in Makary subbasin (NLBB) where the maximum thickness
is found. [12] [14] [16] found similar results in the Bornu Basin. Our model
(Figures 5-7) shows that the pre-bima and bima formations are strongly folded
and faulted within the study area. These results are supported by [15] who have
previously shown that folding in common feature sedimentary layers in south-
ern Chad basins and that this originate from the reopening of pre-existing rift
graben following the oblique extension and further subsidence and the compac-
tion of sediments.

According to our model, the thickness of the Gongila formation is irregularly
distributed in the LBB and is reaches his maximum of about 1100 m around the
Makary subbasin and east of the CLBB (Figure 8(d)). [12] [15] reported similar
thickness for this layer in the Bornu basin. Our model also shows that the Fika
formation (Figure 8(c)) is the thickest layer in the LBB and reaches 2000 m in
the CLBB. Similar results were found in exploration wells east of the Bornu basin
close to the CLBB [12] [14].

The two uppermost layers namely the Gombe (Figure 8(b)) and the Keri-keri
(Figure 8(a)) formations do not present important variations compared to the
other layers. They can be found all over the study area where their thickness
does not exceed 250 m for the Gombe and 500 m for the Keri-keri layer. Our
result is in good agreement with [7] [14] [17] who find similar results in the
southern Chad basins.

Early Cretaceous to Recent Sediment rocks that fills the LBB attains the
thickness of approximately 6000 m. [36] has shown that 35% of rifted basins
contain giant oil fields (e.g., the intra-oceanic rift system of the North Sea and
the epicontinental Sirte embayment in Libya) as it is the case of LBB. Therefore
the discoveries of oil in its nearby Chadian and Nigeria basins coupled with the
important sediment thickness and the ages of rocks probably indicated that the
LBB may have significant hydrocarbon prospect.

Previous investigations indicate the discoveries of petroleum and gaz fields to
the Nigeria Bornu basin and that the source rocks are Bima and Fika formations
[13] [37] [38]. The Gongila and Gombe are also suitable reservoirs [39]. From
the above description, each part of the LBB is potentially prospective. However
the deepest part of the basin, the Makary subbasin may hold the best condition
for hydrocarbon generation and accumulation but the limited presence of faults
and intrusive bodies decreases the possibility of thermal degeneration and po-
tential of structural and stratigraphic traps. In contrast, our model shows that
the CLBB may fulfill the conditions for hydrocarbon generation and maturity.
The folded area dominated from top to bottom by intrusive rocks, even though

the rapid sedimentation may affect the geothermal gradient in fold areas, the

DOI: 10.4236/0jg.2019.94016

240 Open Journal of Geology


https://doi.org/10.4236/ojg.2019.94016

E. Mkoumbe et al.

great sediment thickness may ensure the great rocks maturation as it is the case
of Niger delta [15] and Bornu basin [40].

9, Conclusion

The interpretation of gravity and magnetic data together with the modeling
software package IGMAS+ as enabled the establishment of a 3-D model of the
LBB, was constrained by available seismic profiles. The thickness and the distri-
bution of the geometry of each formation (Kerri-kerri, Gombe, Fika, Gongila
and Bima) and the whole sediment package have been figured out. The Model
shows that each part of the LBB is potentially prospective for petroleum explora-
tion, like the Makary subbasin which is the deepest part of the LBB, but the li-
mited presence of faults and intrusive bodies along this layer may not favor the
presence of traps or thermal rock maturity. In return, the structural style of the
CLBB, which is almost similar with the Bornu in Nigeria, is an indication of
good prospects for possible hydrocarbon plays in this area. However, at the
present level of knowledge, it is hard to introduce further details on the model
structure, as sufficient further information is not available. It is therefore vital
that additional new investigations are needed, including wells drillings, 3D seis-
mic technique or organic geochemistry in order to better figure of the subsurface
geology of the LBB. This would help to draw final conclusions on the petroleum
prospects of this basin.
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