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spans from the Early Cretaceous to the Late Cretaceous, with some sequences
extending into the Cenozoic. Hydrocarbon production in Doba Basin, partic-
ularly the northern boundary, for instance, has not yet succeeded due to the un-
awareness of its depositional environment. Understanding these geological char-
acteristics is crucial for optimising the exploration and exploitation of petro-
leum resources. The research involves analysing geological, well log, core sam-
ple and petrophysical data from the oil wells to identify and correlate lithostrat-
igraphic units across the oil field. The results show that the architecture, chronos-
tratigraphic interval, lithostratigraphic units, and depositional environment
are limited to the clay, sand, anhydrite, coal, sandstone, and limestone deposits
from the base of the Cretaceous. These deposits exhibit spatio-temporal dis-
persion across the study area, influenced by local and/or regional tectonic con-
trols. The identified reservoirs exhibit excellent porosity characteristics, rang-
ing from 25% - 29.5%, and permeability generally is greater than 600 millidar-
cies (md). The results of this study will serve for the future prospector on the
neighboring oil and gas fields of our study area. Significant advances have been
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made to ensure future exploration success.
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1. Introduction

The Doba Oil Field, located in the Lake Chad Basin, is a significant area of interest
for petroleum exploration and production. This region is part of the Early and Late
Cretaceous rift system that extends across much of West Central Africa [1]. The
Doba Basin, along with the neighboring Dosséo Basin, forms one of the primary
branches of this rift system, separated by the Borogop fault zone, a Tertiary inver-
sion structure [1].

The Doba Oil Field development project encompasses three major oil fields:
Komé, Bolobo, and Miandoum [2]. These fields are characterised by large anticli-
nal structures and are situated in the southern part of the Doba Basin [1] [3] [4].
The thick, regionally extensive Miandoum clays overlying the sandstone group serve
as the cap rock, with the production area covering approximately 40 km by 22 km.
The productive intervals in this field are primarily of Early and Late Cretaceous age,
with the Upper Cretaceous reservoirs, located at depths of 1000 to 1800 meters, con-
taining about 97% of the project’s reserves [5].

This basin thus presents significant scientific and economic interest. Consequently,
the Doba Basin has been the subject of geological and geophysical studies, both in
outcrop and through drilling [4] [5]. These studies have provided knowledge of
the basin since the Cretaceous, revealing several productive and shallow reservoirs,
often located at depths of less than 2500 meters. Seismic data analysis shows a suc-
cession of major sedimentary systems and depositional environments, including
the top Tarbert, Ness, and Etive formations, linking coastal and intertidal environ-
ments [4] [6]. Research on the Doba Basin has made significant progress, but there
are still some gaps that need to be addressed. Scientific research that exhibits the
important geological and geophysical settings of this basin is still lacking. Hydro-
carbon production in Doba Basin, particularly the northern boundary, for instance,
has not yet succeeded due to the unawareness of its depositional environment. While
there have been studies on the hydrocarbon accumulation patterns in the Doba
Basin, there is still a need for more detailed research on the specific factors con-
trolling these patterns, such as depositional settings and reservoir-seal combina-
tions [1].

The lacustrine environment of the Doba Basin presents unique challenges for res-
ervoir characterization. More research is needed to understand the sedimentolog-
ical complexity and the impact of radioactive sand on hydrocarbon production.

Although there have been studies on the tectonic evolution of the Doba Basin, fur-
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ther research is needed to fully understand the structural history and its impact on
hydrocarbon distribution [5].

According to the Société des Hydrocarbures du Tchad (SHT) report, Chadian
hydrocarbon production went down in 2020 and 2021. This drop-in production
is mainly due to the depletion of fields. To remedy this deficit, the Chadian State
has promoted several blocks in the Doba basin. Prospecting for these blocks begins
with a better understanding of geological and petrophysical knowledge of neigh-
boring or operating fields in the basin. In this context, a study on the characteriza-
tion of reservoirs in the Doba basin is therefore beneficial. The exploration of new
hydrocarbon reserves is known to be expensive, so it is necessary to use low-cost
methods to locate and quantify these reservoirs.

This study aims to analyse the lithostratigraphic architecture and depositional
environment of the petroleum reservoirs in the Doba basin. The research involves
a new integrated comprehensive analysis of geological, well log, core sample, and
petrophysical data from the oil wells to identify and correlate lithostratigraphic units
across the oil field. Additionally, cross plots were established to better understand
the lithostratigraphy and depositional environments between different wells. This
combined method can be serving to broader basin with the same geological con-

text.

2. Research Site

The Doba Basin is located in southern Chad (Figure 1), within the Central African
Rift system. This sedimentary basin is part of the larger Lake Chad Basin and is
situated in the southern part of the country. The basin is characterised by its sig-
nificant petroleum resources and complex geological history (Figure 2), which
includes up to 10 kilometers of non-marine sediments from the Early Cretaceous
to the present [7].

The Doba Basin is bordered by the Borogop fault zone to the north, which sep-
arates it from the neighboring Doseo Basin. The basin’s geographic coordinates
roughly place it between latitudes 8°N and 10°N and longitudes 16°E and 18°E
(Figure 1).

This region is of great economic importance due to its oil fields, including the
Komé, Bolobo, and Miandoum fields, which are key contributors to Chad’s petro-
leum production.

The basin’s basement is composed of Precambrian metamorphic rocks [9] (Fig-
ure 3, Figure 4). Lower Cretaceous Formations include the Mangara, Kedeni,
Doba, and Lower Kome formations, which are relatively thin and primarily con-
sist of lacustrine sediments. These formations contain interbedded sandstones
and sedimentary rocks originally composed of clay or mud, serving as major res-
ervoir strata.

The Doba Basin and the neighboring Doseo Basin were formed as part of the
Central African Rift system, which underwent multiple phases of extension and

inversion [10]. The basins were initially identified using gravity data, and subsequent
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exploration has significantly increased understanding of their evolution. The
Borogop fault zone, a Tertiary inversion structure, separates the Doba and Doseo
basins [10] [11] (Figure 5).
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Figure 2. Geological map of the study area [7] [8]. Source: [4].
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Figure 4. Geological map showing Chad Basin [9]. Source: [4].

The sequence of the Doba Basin from the Brent Group consists of three for-
mations (Figure 6). The Tarbert, Ness, and Etive formations are used by most
authors [12].

The Tarbert Formation represents shallow marine sandstone. Tarbert consists
of facies of fine to medium-grained sandstone with thin facies of siltstones and
shales.

The Ness Formation represents both a regressive part (northward shift of the

Doba Basin) and a transgressive part. The Ness Formation represents a carbona-
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ceous and coal-bearing sandstone. The lithology of the Ness Formation varies since
the formation includes several facies, which is also the reason why the Ness Formation

is the most variable unit of the Brent Group.

2 Deltaic deposit
D Lacustrine clay
B Sandstone sediment

§= Socle
\ Faults

Figure 5. Geological cross-section of Doba Bassin showing faults [10] [11]. Source: [4].
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Figure 6. Depositional environment evolution (Brent Group) [12]. Source: [4].

The Etive Formation generally consists of well-sorted, medium-grained, and ra-
ther massive sands considered to have been deposited in the environments of the

upper shoreface and beach of a barrier complex, with tidal channels crossing the
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barrier sediments [12].

The Doba development project includes three major oil fields: Komé, Bolobo,
and Miandoum. These fields are characterized by large anticlinal structures and
are situated in the southern part of the Doba Basin. The thick, regionally extensive
Miandoum clays overlying the sandstone group serve as the cap rock, with the pro-
duction area covering approximately 40 km by 22 km [13]. The hydrocarbon ac-
cumulation in these reservoirs is influenced by the depositional settings and the
combination of reservoir-seal pairs, with faults playing a crucial role in hydrocar-

bon trapping and lateral sealing [14].

Maintaining the Integrity of the Specifications

The template is used to format your paper and style the text. All margins, column
widths, line spaces, and text fonts are prescribed; please do not alter them. You
may note peculiarities. For example, the head margin in this template measures
proportionately more than is customary. This measurement and others are delib-
erate, using specifications that anticipate your paper as one part of the entire jour-
nal, and not as an independent document. Please do not revise any of the current

designations.

3. Materials and Methods
3.1.Data

The data used in this study focuses on the well log data from six wells (34_10-A-
13,34_10-A-15,34_10-A-18, A10, B9, and C1) located in the oil fields of the Doba
Basin in southern Chad. The data is provided in the LAS format log file. The ac-
quired data includes: Caliper: Measures the borehole diameter, highlighting caved
zones; Gamma Ray (GR): Measures the natural radioactivity of the formation in
API units, with a scale from 0 to 150 API, indicating naturally radioactive materi-
als; Resistivity (ILD): Measures the electrical resistivity of the formation in Ohm.m,
providing information on fluid content within the formations; Density (RHOB):
Measures the density within the formations; Neutron Porosity (NPHI): Measures
the porosity of the formation; Bit Size (BS): Measures the drill bit diameter; Depth
(Depth): Represents the formation depth in meters; Data Transmission Log (DT):
Provides data transmission information; Bulk Density Correction (DRHO): Cor-
rects bulk density measurements; Effective Porosity (PHIF): Measures the effec-
tive porosity; Core Permeability (KLOG): Measures the core permeability; Net
Reservoir Flag (NETS): Indicates net reservoir zones. These parameters are crucial
for understanding the geological and petrophysical characteristics of the reser-
voirs in the Doba Basin, aiding in the optimisation of exploration and production

strategies.

3.2. Methodology

To analyse lithological data and identify clays in well logs, we use the following

steps.
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First, identify the lithological character by analysing the Gamma Ray (GR) curve.
According to Selley (1982) [15], clay-rich formations exhibit higher GR values,
while non-clay formations show lower GR values. Typical thresholds include GR
values = 90 API for clays, <50 API for clean sands, and between 50 and 90 API for
sandy-clay or clayey-sand zones.

Next, identify clays by examining various log responses. Al-Jafar et al (2021)
[16] suggest considering density-neutron scale compatibility and caliper logs for
borehole enlargements. GR values should be high (290 API). Resistivity logs
should show low resistivities (<20) with nearly overlapping curves. Neutron val-
ues (NPHI or TNPH) should be high (>20 or 30%). The N-D separation should
be greater than in dolomites, and RHOB-NPHI separation should vary with com-
paction.

To estimate the clay volume, we apply the linear method to natural Gamma Ray
logs, as suggested by Aquish and Gibson (1982) [17]. The clay volume ( V) is calcu-
lated using the formula:

GR., , —GR .
— IGR — read 'min (1)

GR_.. —GR

max ‘min

Vo
where,

GR:e.a: GR value of the bank read directly from the log (API);

GRuin: Minimum GR value of the same bank (API); GRuax: Maximum GR value
of the same bank (API); Jox: Gamma ray radiation index;

Var: Volume of shale.

The lithology computation method calculates up to four lithologies based on
porosity efficiency, shale volume, water saturation, and bulk density. The appar-
ent matrix properties (RHOma, DTma, and Uma) are calculated initially. For two
lithologies, we use RHOma alone; for three lithologies, we incorporate DT and
PEF/U; and for four lithologies, we use additional inputs and modify default lithol-
ogies, such as Quartz, Calcite, Dolomite, and Anhydrite, based on their specific prop-
erties [18].

We identify compact rocks (limestone, sandstone, and unfractured dolomite)
by checking the caliper log for close-to-drill bit diameter readings, low GR values
(<30), high resistivity values (>200), and density, neutron, and sonic values close
to matrix values.

Specific lithologies like salt and anhydrite are identified by their caliper log, low
GR values (<30), high resistivity values (>500), and specific density and neutron
values.

We identify coal beds by looking for low GR values, high neutron values
(>30%), low density (<2.0 g/cm?), high sonic values (>90 us/ft), and low resistivity
values.

The obtained lithology is verified using the cross-plot technique, integrating
neutron, density, and gamma ray log data [19]. Lithology is approximated using
the Schlumberger Por-13 chart. The Density-Neutron-Gamma Ray cross-plot

provides indications on the lithology and porosity of formations [16]. The super-
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position of density and neutron curves also helps detect the nature of the for-
mations traversed. The facies ratios are integrated into the cross-plot Density-
Neutron-Gamma Ray parameter window using the Schlumberger chart, “Neutron
porosity vs Bulk Density, NPHI”, to obtain a more detailed view of the well layers
(Table 1).

Table 1. Ratio of geological fascies used.

Fascies Ratio
Limestone 20 < GR < 60 and 2.6 < RHOB < 2.7
Sandstone 15<GR<55and 2.2 < RHOB < 2.6
Anhydride —0.1 <NPHI< 0.1 and 2.7 <RHOB < 3.2
Salt —0.1 <NPHI< 0.1 and 0 < RHOB < 2.4
Shale 0.15 < NPHI < 0.6 and 55 < GR < 300
Sand RHOB > 2.6 and/or DeepRes > 500

We use the “Quick Look” interpretation method for rapid log analysis, focusing
on delineating reservoir zones, determining WOC/WGC, identifying hydro-
carbon types, lithology, porosity, water saturation, and water-oil contacts. This
method is based on empirical relationships integrated into Techlog software [16]
[20].

Well log datas :
GR, NETS, KLOG, PHIF, DRHO, DT, Depth, RHOB, NPHI, Bit Size,

ILD, CALIPER
Lithological Character identification Quick Look Cross-Plot
Identification of Clays \l/ \l/

. . Reservoirs Depositional environment
Lithology Computation Method
Lithology
Correlation /

l

Litho-stratigraphic architecture

Figure 7. Flowchart of methodology used. Source: [4].

Finally, we correlate GR logs with stratigraphic depths and depositional envi-
ronments as detailed in geological reports. Model representative stratigraphic for-
mations that frequently appear in studied wells. We use gamma ray log cross-plots

to represent the internal geological architecture of the area, integrating character-
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istics of different formations.

The flowchart of the methodology used is given in Figure 7.

4. Results and Interpretation

4.1. Lithostratigraphy and Reservoir Delimitation
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Figure 8. Lithological well log of well 34_10-A-13, 34_10-A-15, 34_10-A-18, showing shale and sand band. Source: [4].

Given the thicknesses of the sand and clay beds, we observe a significant percent-
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age of clay and sand beds. Well 34_10-A-13 has a shale bed with a thickness of
approximately 109 m and a sand bed of 160 m for the first section and 110 m for
the second. Well 34_10-A-15 has a first shale bed with a thickness of approxi-
mately 100 m and the second of 80 m, with sand thicknesses of 40 m and 50 m.
Well 34_10-A-18 has two shale beds with thicknesses of approximately 95 m and
100 m, and sand beds of approximately 100 m and 80 m. A more detailed study
will provide specific characteristics of these observed clay and sand beds by delin-

eating the reservoir levels of each well (Figure 8).
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Figure 9. Lithological well log of well A10, B9 and C2 showing shale and sand ban. Source: [4].

Well A10 consists of two clay beds with thicknesses of 40 m and 64 m, and a
sand bed with a thickness of approximately 154 m. In this well, the RHOB and
NPHI logs intersect in the sand beds and diverge in the clay beds (area highlighted
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in red) at a depth of approximately 2025 m. Well B9 consists of a single thin sand
bed with a thickness of approximately 14 m and two clay beds with thicknesses of
approximately 55 m and 39 m, followed by a significant sandy clay bed. Well C1
has three clay beds with thicknesses of approximately 20 m, 80 m, and 65 m, and
sand beds with thicknesses of 25 m, 38 m, and 18 m. Porosity and permeability
converge in the sandy-clay zones and diverge significantly in the zones with high
clay and sand peaks (wells B9, C1) (Figure 9). Thickness details of shale and sand

are given in Table 2.

Table 2. Ratio of geological fascies used.

Well Shale thickness Sand thickness
160 m
34_10-A-13 109 m
110 m
100 m 40 m
34_10-A-15
80 m 50 m
95 m 100 m
34_10-A-18
100 m 80 m
46 m
A10 145 m
64 m
55m
B9 14 m
39 m
20 m 25m
C1 80 m 38 m
65 m 18 m

Well 34_10-A-13 consists of two potential reservoirs located at respective depths
of 2510 - 2640 m for R1 and 2790-2885 m for R2, with thicknesses of 130 m and
95 m. They are separated by clay beds, with the nature of their cap rocks being
largely composed of clay. Well 34_10-A-15 contains four reservoirs, with two po-
tentially interesting ones located at depths of 2520 - 2555 m for R1, 2635 - 2653 m
for R2, 2710 - 2815 m for R3, and 2890 - 2905 m, with thicknesses of 35 m, 18 m,
105 m, and 15 m. Reservoirs R1, R2, and R3 are separated by sandy clay and sand-
stone (Figure 10).

The well 30_10-A-18 comprises two reservoirs separated by clay and anhydrite
beds, at depths of 2265 - 2422 meters for R1 and 2532 - 2633 meters for R2, with
thicknesses of 157 meters and 101 meters, respectively. Well A10 is characterized
by three reservoirs located at depths of 2019-2076 meters for R1, 2162 - 2280 me-
ters for R2, and 2395 - 2416 meters for R3, with thicknesses of 57 meters, 118
meters, and 21 meters. Across all four wells, the RHOB and NPHI tend to intermix
in the reservoir zones, reflecting the distribution of gas, oil, and water zones (Fig-
ure 11).
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Figure 10. Reservoir identification of well 34_10-A-13 and 34_10-A-15 using Quick look. Source: [4].
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Figure 11. Reservoir identification of well 34_10-A-18 and A10 using Quick look. Source: [4].
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Figure 12. Reservoir identification of well B9 and C1 using Quick look. Source: [4].

Well B9 has low characteristics with thin sandy clay beds. It is characterised by
a reservoir located between 1825 - 1855 m with a thickness of 30 m, followed by a
long sandy clay bed extending from 2025 m to over 2950 m. Well C1 is character-
ized by three reservoirs located at depths of 2015 - 2042 m for R1, 2120 - 2176 m

DOI: 10.4236/0jg.2025.159030 616 Open Journal of Geology


https://doi.org/10.4236/ojg.2025.159030

D. A. Diab et al.

for R2, and 2239 - 2258 m for R3, with thicknesses of approximately 27 m, 56 m,
and 19 m. These reservoirs are separated by clay formations.

Well B9 consists of a single thin sand bed with a thickness of approximately 14
m and two clay beds with thicknesses of approximately 55 m and 39 m, followed
by a significant sandy clay bed. Well C1 has three clay beds with thicknesses of
approximately 20 m, 80 m, and 65 m, and sand beds with thicknesses of 25 m, 38
m, and 18 m. Porosity and permeability converge in the sandy-clay zones and di-
verge significantly in the zones with high clay or sand peaks (wells B9, C1) (Figure
12).

4.2. Cross-Plots and Depositional Environment

The neutron-density-gamma ray cross-plots for wells 34_10-A-13, 34_10-A-15,
34_10-A-18, and A10 allow for verifying and refining the lithology, and provide
precision on the reservoir zones obtained from the Quick Look interpretation and

the superposition of the neutron and density curves.

Well: 34_10-A-13

T
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Figure 13.

(b)

Cross-plots neutron-density-gamma ray of well 34 _10-A-13. Source: [4].

The interpretation of well 34_10-A-13 shows that, before the base of the Upper
Cretaceous, this well is marked by alternating layers of dolomite, a low presence
of sandstone, and a high percentage of clays (b). At the entry of the top Tarbert to
Nessl, located at depth intervals of approximately 2500 - 2650 m, marked by ma-
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rine processes, we observe a reservoir zone containing hydrocarbons (in pink)
separated by a thin bed of clays and dolomite. The percentage of clays in these
zones is low. The interval of approximately 2650 - 2780 m, from Ness1 to the top
Etive in a non-marine environment, is marked by a high presence of clay, RHOB
2.60 g/cm?, and a slight presence of dolomite. The top Etive interval in the upper
shoreface or beach facies, ranging from approximately 2154 - 2945 m, shows a high
percentage of clay (Figure 13).

The cross plot of well 34_10-A-15 show that, the interval from the base of the
Cretaceous to the Ness1 at a depth of approximately 2555 - 2820 meters in a non-
marine environment is characterised by a succession of reservoirs potentially con-
taining hydrocarbons, marked by the presence of limestone, sandstone, clay, and
coal, with a thickness of about 5 meters within the 2700 - 2705 meter interval, and
the effect of gas (c) (Figure 14).
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Figure 14. Cross-plots neutron-densité-gamma ray of well 34 _10-A-15. Source: [4].

The cross plot of well 34_10-A-18 shows that, from the base of the Cretaceous
to the top Tarbert, we have an almost balanced alternation of sand and clay from

the top Tarbert (b). At a depth of approximately 2370 m, we have a reservoir zone
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characterised by a low presence of clay with a clear pay flag, in an environment

influenced by marine processes, indicating a good reservoir containing hydrocar-

bons. The interval from Ness 1 to the top Etive is marked by a significant clay bed

interspersed with some dolomites and sandstones with a gas effect (Figure 15).
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The cross plot of well A10 shows that, unlike the other wells, A10 is recorded
in the Etive interval, with a considerable and significant salt bed at (2100 - 2117

m) and (2357 - 2400 m) that serves as a cap rock for the reservoirs (b). The reser-

voir zones are located between 2160 - 2295 m with a low percentage of clay and a

gas effect indicated by SW, with apparent matrix values of 70 us/ft for compression

DO
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and 1.5 g/cm’ for density. We observe a high percentage of clays in these different
wells using the GR-RHOB-NPHI analysis for values of (0.15 < NPHI < 0.6 and
55 < GR < 300). These clays consist of Kaolinite, chlorite, and montmorillonite (Fig-
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Figure 16. Cross-plots neutron-densité-gamma ray of well A10. Source: [4].
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The cross plot of well B9 and C1 shows that the porosity-permeability-gamma

ray cross-plots for wells B9 and C1 allow us to analyse the geological facies of these

wells. In well B9 of Figure 15, we observe a Cretaceous base on the same line as

the top Tarbert, which may be due to erosion or subduction. It has a potential res-

ervoir at depths of 1850 m, with a thickness of approximately 30 m. In well C1, we

identified three potential reservoirs, each separated by a thin clay bed with varia-

tions in permeability and porosity at that location. Porosity and permeability tend

to vary in the clean clay and sand zones and remain constant in the sandy clay zones

(Figure 17).
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Figure 17. Cross-plots neutron-densité-gamma ray of well B9 and C1. Source: [4].
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The Doba Basin, located in Chad, exhibits a complex depositional history pri-
marily driven by its Late Mesozoic formation. The depositional environment is
predominantly lacustrine (lake) and alluvial (river and stream-fed). The most up-
dip alluvial facies are composed of coarse-grained to pebble-rich sandstones,
formed as bar deposits within a broad braided fluvial system consisting of multiple
low-sinuosity channels. These channels coalesce to form thick and laterally exten-
sive channel complexes, with sandy flood-plain deposits containing lesser amounts
of mud. The lacustrine facies belt is marked by terminal splay deposits accumu-
lated along the lake margin and laminated silty mudstones within the lake center,
laid down by suspension sedimentation. The thin terminal splay strata suggest a
shallow ancestral lake basin with a relatively low gradient margin. The deposi-
tional and stratal architecture of the Upper Cretaceous strata is attributed to high-
frequency climatic fluctuations (200- to 500-k.y. duration) imposed on longer-
term climatic cycles (1 to 3 m.y.) and variable accommodation during late-stage
extensional processes. These climatic conditions influenced the predictable tem-
poral and spatial architectures of the alluvial systems. The basins experienced ex-
tension on a Pan African shear zone beginning in the Neocomian, with faults trend-
ing northeast-southwest and developing southeast-dipping half-grabens. Accom-
modation and relay zones created significant sediment input points. Inversion of
Neocomian-age normal faults and the formation of northeast to southwest-trend-
ing anticlines are common, with maximum inversion of approximately 500 - 700
meters. The Late Oligocene to Early Miocene saw regional northeast-southwest
extension, reactivating pre-existing Aptian-aged faults and forming new fault
strands. Regional uplift associated with the African superplume created a wide-
spread erosional surface around 10 Ma, erasing surface expressions of recent

structures.

4.3. Correlation

Figure 18 shows that in the East, the wells encounter various types of lithology, with
sand being more dominant in wells 34_10-A-13, 34_10-A-15, and 34_10-A-18,
and less so in wells A10, B9, and C1 to the West. There is a notable presence of clay
and sandy-clay in all the wells.

Before the base of the Cretaceous, in wells 34_10-A-13 and 34_10-A-15, there
is a sand layer represented by the lime green color, which stops its continuity in
other wells, possibly due to erosion or a fault.

At the base of the Cretaceous, the formation of sandy-clay layers composed of
limestone, anhydrite, and evaporite is found in the top Tarbert of wells B9, A10,
and C1, potentially characterizing the cap rocks. All wells are marked by a thick
sand bed (34_10-A-13, 34_10-A-15, 34_10-A-18) that thins out in wells B9, C1,
and A10. These thick sand beds may characterise potential reservoir rocks. In the
Ness, the harmonious arrangement of clay beds consisting of medium to coarse
sandstone across all wells was formed in a non-marine environment. In the Top
Etive, the thick formation of sand beds in wells 34_10-A-18, 34_10-A-13, and B9,
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and less developed in 34_10-A-15, 34_10-A-10, and C1, represents probable res-
ervoir zones. Wells B9, C1, and 34_10-A-10 subsequently present a significant
sandy-clay bed that is absent in the other wells, possibly due to a lack of recorded
log data.

The analysis of this figure reveals that sand/sandstone and sandy-clay are the
dominant formations in all the studied wells. Additionally, the sand-dominant
wells 34_10-A-13, 34_10-A-15, and 34_10-A-18 show several clean clay beds with
occasional fine sandstone traces. However, in wells B9, C1, and 34_10-A-10, sand
beds are less represented, with an abundant presence of sandy-clay elements. Res-
ervoirs with thick layers can be considered good reservoirs containing hydrocar-

bons.

34.10-A-18

34_10-A-15 34_10-A-13 B9 C1 A10

légende B
Sand :_: L

Shaly sand -

- zone reservoir 1

. Shale

. Zone reservoir 2

o=

Figure 18. Lithological correlation of well. Source: [4].

4.4, Discussion

The structural evolution of the Doba Basin is deeply influenced by tectonic activ-
ity, particularly the inversion of Neocomian-age normal faults, which led to the
formation of northeast-southwest trending anticlines and compartmentalized res-

ervoirs [2] [21]. These tectonic features not only shaped the basin’s geometry but
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also enhanced reservoir quality by increasing porosity and permeability through
fracturing and thermal uplift. Concurrently, the spatio-temporal variation in
lithofacies reflects a transition from marine to non-marine deltaic and lacustrine
environments, driven by climatic fluctuations and tectonic pulses [22] [23]. The
interbedded sand, shale, and clay layers, along with radioactive sands that com-
plicate log interpretation, indicate dynamic depositional settings with high-fre-
quency sedimentation cycles. Reservoir intervals are notably present at average
depths of 250 m, characterized by coarse to fine-grained sandstones with clay ce-
ment, some reaching thicknesses over 30 m, while deeper zones, like in well B9,
show weaker reservoir characteristics due to sandy clays and structural disrup-
tions such as the top Tarbert event. Despite these complexities, the basin’s lacus-
trine deposits and fault-related traps underscore its high hydrocarbon potential
[24].

5. Conclusion

Our analysis employed various methods, including cross-analysis and cross plots
from resistivity (RHOB) and neutron density (NPHI) logs, to gather critical insights
into the depositional environments. The geometric structure of the wells was me-
ticulously designed by identifying reservoir constituents and cap rocks. Detailed
lithological descriptions of the upper and lower parts of the Cretaceous formation
reveal thick clay deposits, especially in the Ness—top Etives intervals, formed in a
non-marine delta plain environment. These deposits are interbedded with porous
sandstone, fine to coarse sand, dolomite, coal, and salt. Potential reservoirs were
identified in marine environments with gas effects generated from type II organic
matter and non-marine lacustrine environments like Ness, which generate type I
and III organic matter. This study fills a crucial gap in the literature by providing
detailed geological and petrophysical parameters for the Doba Basin formation,
which were previously less understood. It enhances our understanding of the lithol-
ogy and hydrocarbon potential in the Cretaceous formations of this area, offering
valuable insights for future exploration and development efforts. The findings un-
derscore the significant hydrocarbon prospects in the studied reservoirs, highlight-

ing their excellent porosity and permeability characteristics.
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