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Abstract: Geological and morphostructural lineaments are considered as the surface expression of geological
structures and linear features of valleys, ridges and river drainage systems. Lineaments extracted from satellite images
have always been effective in understanding the structural context of a region. The lineaments observed on the
surface provide information on the tectonic stresses that have affected an area and give a first impression of the
probable existence and orientation of geological structures that may constitute oil traps at depth. This study aims to
semi-automatically extract lineaments (by combining the use of GIS software, remote sensing and operator
intervention) in Boma Trough Block, an oil block located to the east of D.R. Congo Coastal Basin and still poorly
explored. The satellite image used in this work is an ALOS PALSAR DEM with a spatial resolution of 12.5m, enhanced
in traditional hillshade (solar azimuth of 315° and 45°) and multidirectional hillshade; which allowed the extraction
of 3129 lineaments, with lengths ranging from 0.16 to 3.79 km, oriented on multidirectional hillshade at 47.1%
along the NW-SE direction, at 44.1% along the NE-SW/, 7.3% for N-S and 1.4% for E-W. Lineament density mapping
revealed that areas with high and very high densities cover 43% of the study area, where the Precambrian basement
is largely outcropping, while low and very low density areas represent 41% and contain sedimentary formations.
Areas with moderate densities covered 16%. The lineaments extracted from the DEM image compared to the reality
on the field show a positive correlation. This confirms the important contribution of the processing approach used
in this study.
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INTRODUCTION

Linear elements on the earth's surface have always attracted the attention of geologists, who
have proven that lineaments seen in remote sensing images are reliable indicators of the geological
structures of a region (Scanvic, 1983). The term "lineament" was originally proposed to refer to significant
lines in the landscape caused by fractures and faults related to the basement architecture (Hobbs, 1904).

According to their genesis, Echeverria et al. (2022) distinguish three types of lineaments: (i)
geological, (ii) morphostructural and (iii) non-geological. Geological lineaments are mappable linear
surfaces that are typically thought of as an expression of discontinuities in geological formations like
faults, fractures, joints, or lithological borders (Minar & Sladek, 2009). Morphostructural or topographic
lineaments are those created by geomorphological processes. They correspond to the linear features of
valleys, river drainage systems and ridges (O’leary et al., 1976). Morphostructural lineaments can have
a good equivalence with tectonic structures like faults and fractures (Pal et al., 2006). Non-geological
lineaments are those created by human activity, such as roads, railways, boundaries of cultivated fields
or any changes in land use patterns (Ahmadi & Pekkan, 2021).

Therefore, it is possible to map terrain features by using remote sensing and geomatics techniques
to structurally analyze the earth’s surface (Lu & An, 1999). This facilitates obtaining structural and
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geological information on large or difficult to access areas through remote sensing data, Geographic
Information Systems (GIS) and database management (Guoan, 2014).

In oil research, the lineaments mapped on the surface can provide the first information on the
types of tectonic stresses that have affected a region, on the favorable zones for oil seepage on the surface
(through faults and fractures for example), on the probable presence and orientation of geological
structures that could constitute oil traps at depth. This information can be confirmed and completed later
by geological and geophysical work.

Boma Trough is one of the oil blocks of the D.R. Congo Coastal Basin in pre-exploratory phase
since its creation in 2011 by the Ministry of Hydrocarbons. This block, with an area of approximately
747 km? and located at the western limit of the basin, next to the oil blocks (Mavuma, Losthi and
Ndunda) which are subject to exploration licenses, but has never been attributed to the Oil Operators
and has not been selected among the 27 blocks included in the Calls for Tenders recently launched by
the Congolese Government, because of its geological aspect which is still poorly known (unexplored
block) and complex (containing sedimentary rocks and Precambrian basement).

It should also be noted that since the colonial times, several geological mapping works have
been carried out around Boma, including the famous works of Lepersonne (1974), Kalala-Ntumba et al.
(1975), and Giresse (1982). These works, dating for the most part from about half a century, were carried
out using old mapping methods and did not aim to specially study the geological aspect of Boma Trough
Block, which was not delimited at the time. This work aims to analyze the geological and
morphostructural lineaments of Boma Trough Block, from a DEM (Digital Elevation Model) image of
ALOS PALSAR satellite of JAXA (Japan Aerospace Exploration Agency), using some remote sensing and
Geographic Information Systems (GIS) software, by comparing the results found with the realities on the
field and interpreting them in relation to some previous work.

The choice of this image is justified by the fact that the use of DEM images in general and those
resulting from RADAR data in particular (such as ALOS PALSAR DEM) as input data in lineament
detection, allows to extract only lineaments based on natural topographic information. Data
corresponding to artificial features such as streets, canals, field boundaries, etc., do not appear when
obtaining lineaments (Prasad, 2013). In addition, the spatial resolution of the ALOS PALSAR DEM image
used is 12.5 meters, equivalent to the size of the smallest element that can be distinguished in this image.
This is practically interesting because it allows to better distinguish the lineaments during the extraction
process and to detect as many lineaments as possible.

Indeed, automatic extraction generates many lineaments in a short time, but it still has drawbacks
because the extracted lines do not always correspond to the geological structures of the studied area
(Echeverria et al., 2022). To obtain much more reliable results, we proceeded by a semi-automatic
extraction, reworking some automatically extracted lineaments to better match them to the field realities.

STUDY AREA
Location

Located to the east of D.R. Congo Coastal Basin, between 12°45°25.2” East-5°26’45.8” South
and 13°12°10.7” East-5°57’1.6" South, the Boma Trough Block extends from the Congo River in the south
to the limit of the Mavuma oil sands block in the north, and is included between the Precambrian
basement in the east and the Ndunda block in the west.

Figure 1 shows the division into oil blocks of the Coastal Basin of the DR Congo recently mapped
by the Ministry of Hydrocarbons and we locate the Boma Trough Block in the southeast with a blue
outline.

Geological and structural context
Considering its geographical situation, the geology of Boma Trough Block is similar to the
geology of the western part of the Kongo Central province where it is located. By analyzing geological
maps at 1/2,000,000 of Zaire (Lepersonne, 1974), 1/25,000 of Boma (Kalala-Ntumba et al., 1975),
1/2,500,000 of the D.R. Congo (MRAC, 2005) and 1/500,000 of the Kongo Central province (MRAC,
2010), we can note the presence of the following geological formations in Boma Trough Block:
- The Precambrian basement (Zadinian): Composed of magmatic and metamorphic formations
(granites, basalts, gneisses, micaschists, migmatites, amphibolites, quartzites, etc.);
- Sedimentary rocks: composed of sublittoral sandstones from the Mesozoic (Cretaceous), marine
calcareous rocks from the Phanerozoic, the series of cirques from the Paleocene and Pliocene,
recent alluvium and clayey silts from the Quaternary (Holocene).
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Figure 1. Location of the Boma Trough Block in the Coastal Basin of D.R. Congo (Ministry of

Hydrocarbons-General Secretariat, 2022)

Regarding its structural aspect, the western part of the internal domain of Coastal Basin is

collapsed and covered by Cretaceous, Tertiary and Quaternary terrains (Giresse, 1982). Near the reliefs
of Mayombe, the phenomena of distensions are still clear and lead to the collapse of panels parallel to
the direction of the base (NW/-SE), which allowed to protect various Senonian deposits from erosion, in
particular Maastrichtian phosphates. The current valleys were established in these depressions.

The structure of the post-salt layers is generally considered to be monoclinal with a slight dip

towards the ocean. Recent reflection (Air-Gun) seismic surveys conducted over the continental plateau
have shown two different types of structures, which are not seen in large-scale deep seismic surveys for
oil exploration (Jansen et al., 1984):

On the inner border, moderate et fairly dense folds, a kind of undulation, affect the Upper
Cretaceous and Paleogene together, to Middle Eocene. A significant difference in orientation is
visible between the Paleogene folds (N90° to N100°) and the Cretaceous folds (N110° to N120°);
On the outer border, the Miocene layers are monoclinal and discordant.

The following chronology of events is proposed:

From the beginning of the Paleocene, a compressive tectonic, probably very moderate, is set up;
it is also known in the Bénoué chain at the end of the Cretaceous (Benkhelil & Guiraud, 1980) and
seems to correspond to the beginning of a phase of change in the speed of oceanic expansion in
South Atlantic (Le Pichon, 1968);

In the Lutetian, the compression reached its paroxysm as a distant consequence of the Pyrenean-
Atlantic phase generated by the rotation of the African plate. This phenomenon is quite general in
West and North Africa (Bellion & Guiraud, 1980);

In the Miocene, a distensive regime reappears according to a new dynamic of the African plate
which is oriented towards the North and the beginning of a new phase of oceanic expansion (Le
Pichon, 1968).

Based on the geological maps mentioned above, we have elaborated using the ArcGlIS 10.8

software, the geological map of Boma Trough Block as presented in Figure 2 below.
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Figure 2. Geological map of the Boma Trough Block
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Figure 3 below presents a schematic diagram of the methods used to carry out this work. It
includes three (3) main steps with the names of the data processing software used: (i) Data collection,
(ii) Results, (iii) Discussion.

Data
collection

Field Data ALOS PALSAR
(Strike and Dip) DEM Image 12.5m

Image enhancement
(Traditional and Multidirectional
Hillshade fonction of ArcGIS 10.8)

Semi-automatic lineament extraction

(Line Module of PCI Geomatica 2017

for automatic extraction and ArcGIS for|
manual editing)

| _(Lineament Rose Di.gmr} _&hLineament Directional )
6

(Rockworks 17) istogram(MS Excel 201
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- ALOS PALSAR DEM Vs
Field Data)

Figure 3. Schematic representation of the method used
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DATA COLLECTION
DEM Image used

There are many Digital Elevation Model (DEM) data easily accessible and downloadable from
the internet, among which Aziz & Rashwan (2022) mentioned SRTM, ASTER, GDEM, ALOS PALSAR
DEM, NASADEM and GTOPO30 data. These images have different spatial resolutions, varying from 12.5
to 1000 meters.

In order to map geological lineaments in our study area, we used DEM data from the satellite
ALOS PALSAR (Advanced Land Observing Satellite-Phased Array type L-band Synthetic Aperture Radar)
of the Japanese Aerospace Exploration Agency (JAXA). JAXA launched ALOS PALSAR in 2006 and it was
operational until May 12, 2011 (Khal et al. 2020). The data obtained from this satellite is used for
mapping, observing the use of natural resources and for scientific research.

The ALOS PALSAR DEM image (Figure 4) used in this work has a spatial resolution of 12.5 m,
freely downloaded from the Alaska Satellite Facility (ASF) website. Two ALOS PALSAR DEM images
mosaicked using the ArcGIS Mosaic to New Raster tool, were needed to cover the study area; these are
the AP_08574 FBD F7060_RTl.dem and AP_08574 FBD F7070 _RTIl.dem.
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Figure 4. ALOS PALSAR DEM Image used

Field Data

The data collected in the field include structural measurements (strike and dip) of the geological
and morphostructural lineaments. The materials used for this purpose are: a Garmin GPS (for the
measurement of geographical coordinates of the observation sites of the lineaments), a geologist's
compass (for taking structural measurements of the lineaments), a camera (for photographing some
interesting facts on the field), a field notebook (for taking notes).

RESULTS
Image enhancement

Enhancement consists of processing an image so that the result is more appropriate than the
original image for a specific remote sensing application. Satellite image enhancement techniques offer
many choices for improving the visual quality of remote sensing images (Ablin et al., 2020).

During the last decade, digital image processing techniques have been developed to display
DEMEs as shaded relief images. In the case of DEMs, shaded relief images and terrain-derived products
have largely demonstrated their usefulness for lineament and fault mapping (Masoud & Koike, 2011).
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The ArcGlS hillshade tool used in this work creates a shaded relief raster from a DEM raster. The
DEM contains all the 3D information about the terrain, but it doesn't look like a 3D object. To get a
better expression of the terrain, it is possible to calculate a hillshade, which is a raster format with a 3D
looking image. The shading is a hypothetical illumination of a surface based on a given azimuth and
altitude for the sun. It creates a 3D effect that gives a sense of visual relief to the terrain and is considered
the most common way to visualize texture. The use of shade improves the topography of the landscape
(William, 2018).

The ArcGlIS hillshade feature provides two options for generating hillshades: traditional and
multidirectional. The traditional method calculates the shading using a light source in one direction using
the elevation properties (angle of the light source above the horizon, 45° by default) and azimuth
(angular direction of the sun, measured from north in degrees clockwise from O to 360, 315° by default)
to specify the position of the sun. The multidirectional method combines light from multiple sources to
represent the shaded terrain. By default, shadow and light are shades of gray associated with numbers
from O to 255 (ascending from black to white) (Nagi, 2014).

In July 2014, ESRI (Environmental Systems Research Institute) launched a new generation of
shaded relief, the Multidirectional shaded relief service. This shading was inspired by the work of
legendary Swiss artist and cartographer Eduard Imhof. Multidirectional shading provides an excellent
representation of world topography and a perfect relief background (Nagi, 2014).

We produced from the ALOS PALSAR DEM image, three shaded reliefs, two (Figure 5) from the
traditional method (with the sun positioned at 45° of altitude, azimuths 315° and 45°) and one another
from the multidirectional method (Figure 6).
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Figure 5. Traditional Hillshade (Azimuths 315° and 45°) of ALOS PALSAR DEM

Extraction of lineaments
The objective of extraction is the digitization of all lineaments in the study area from the
hillshade images. Ahmadi & Pekkan (2021) distinguish three methods of lineament extraction:

- Manual extraction: applied when the main objective is to detect geological features (Das et al.,
2018). It is performed with visual interpretation and manual digitization of lineaments by human
operators (Scheiber et al., 2015);

- The semi-automatic extraction is carried out by analyzing digital images through a first automated
process (the detection and extraction of lineaments) and a second phase which corresponds to the
interpretation and addition of the lineaments detected by an operator because after lineament
extraction, manual editing is required to obtain a complete and correct set of linear features (Suzen
& Toprak, 1998);
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- Automatic lineament extraction is performed by analyzing digital images using computer software.
This automated processing includes the use of various algorithms for image enhancement, filtering
and edge detection (Echeverria et al., 2022).
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Figure 6. Multidirectional hillshade of ALOS PALSAR DEM

After various extraction tests using the three methods mentioned above, we have chosen the
semi-automatic extraction of the lineaments. This method begins with an automated extraction (which
allows to extract a lot of lineaments in a short time) and ends with some manual editing by the operator.

The automated extraction step was carried out using the Line Module of the PClI Geomatica
2017 software, which is a module often used for the automatic extraction of lineaments (Salui, 2018).
There are two categories of parameters in this module (Table 1): the first category controls the edge
detection step, the second detects and extracts curves (Ustinov et al., 2022).

Table 1. Parameters used for the PCl Geomatica Line module (Ustinov et al., 2022)
Parameters Description Range and Unit
Edge Detection
Filter Radius. It specifies the radius of the edge
RADI detection filter (Filter of Canny). 0-8192 (pixel)
Gradient Threshold. It specifies the threshold for the
minimum gradient level for an edge pixel to obtain a
GTHR binary image (Filter of Canny). 0-255
Curve extraction
Length Threshold: It specifies the minimum Description
length of curve to be considered as lineament
Line Fitting error Threshold: It specifies the maximum
FTHR error (in pixels) allowed in fitting a polyline to a pixel 0-8192 (pixel)
curve
Angular difference Threshold: It is the maximum angle
between two vectors for them to be linked.
Linking Distance Threshold: It specifies the minimum
DTHR distance between the end points of two vectors for 0-8192 (pixel)
them to be linked.

LTHR 0-8192 (pixel)

ATHR 0-90 (degrees)
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2.
Table 2. Default and verified values of Line module parameters
Parameters Default Values Verified Values
RADI 10 10
GTHR 100 60
LTHR 30 30
FTHR 3 3
ATHR 30 35
DTHR 20 20

The lineament extraction method used in this work being semi-automated, the automatic
extraction was completed by manual editing using ArcGIS 10.8 software, with the objective of selecting
or digitizing only the lineaments that can provide information on the geological structures of the study

area (Figures 7 and 8).

Injel-S

To extract automatically lineaments using PCl Geomatica, we tested some values for the six
parameters of the Line module to see which would present the best result. In the end, all default values
of these parameters were retained except GTHR revised to 60 pixels and ATHR to 35° as shown in Table
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Figure 8. Map of lineaments extracted from multidirectional hillshade image

Statistical analysis of the extracted lineaments

The statistical analysis allowed to list all lineaments extracted semi-automatically on the
traditional and multidirectional hillshade images. Table 3 below presents some basic statistical parameters
(number, maximum length, minimum length, mean, standard deviation and total length of all
lineaments). In all cases, the shortest lineament measures 0.16 km and the longest 3.79 km.

Table 3. Default and verified values of Line module parameters
Traditional hillshade
Azimuth 315°  Azimuth 45°  Multidirectional hillshade

Number of lineaments 2688 2699 3129
Max length (km) 3.79 3.74 3.58
Min length (km) 0.19 0.16 0.17
Mean length (km) 0.699 0.697 0.667
Std. Dev. (km) 0.35 0.35 0.30
2 length (km) 1877.86 1880.18 2087.82

Lineament rose diagram

The criterion used to differentiate families of lineaments according to the spatial direction was
determined automatically with ArcGIS 10.8 from the coordinates of the lineament limits from the
equation (Rebai et al., 2005):

tan o = |Xend_Xstart | (-l)

|Yend_Ystart |

With Xend and Xgare the respective longitudes (in m) of lineament limits, Yend and Y the latitudes
(in m) of their limits, a the measurement of the angle expressed in degrees.

The dominant directions of the lineaments were indicated using the Rockworks 17 software. This
allowed us to present the rose diagram of lineaments extracted from the hillshade images (Azimuths 315°
and 45°) and multidirectional hillshade. Rose diagrams were produced by frequency in number (a) and
cumulative length (b) of lineaments in the study area (Figure 9).
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Figure 9. Rose diagram of lineaments extracted from traditional hillshade images (315° and 45°
azimuths) and multidirectional (a - the frequency in number of lineaments and b - the frequency in

cumulative length of lineaments)

From the rose diagrams above, we can note the following:

- The hillshade image with an azimuth of 315° allows to extract lineaments oriented preferentially in

the NE-SW direction, with a weak influence towards the NW-SE;

- The hillshade of 45° azimuth presents lineaments oriented for the most part in the NW-SE direction,

with a weak influence towards the NE-SW and

- The multidirectional hillshade image, which considers sunlight coming from several directions, allow
to visualize as many lineaments as possible and shows that the dominant direction of lineaments is
NW/-SE, followed by NE-SW (NNE-SSW).

Lineament Directional Histograms

According to their orientations in space, the lineaments extracted from the three hillshade images
(Figures 7 and 8) can be distributed in length, number and percentage as follows (Table 4):

Table 4. Distribution of lineaments in length, number and percentage according to their spatial

orientations

Hillshade Azimuth 315°

Length (km) Number % Direction
0.368-2.233 82 3.1 E-W
0.310-1.577 151 5.6 N-S
0.250-3.638 676 25.1 NNE
0.188-3.788 1150 42.8 NE
0.221-1.991 2120 294 78.9 10.9 NE ENE
0.295-1.932 149 5.5 NNW
0.296-2.847 91 3.4 NW
0.289-2.278 335 95 12.5 3.5 NW  WNW

Total 2688 100
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Hillshade Azimuth 45°

Length (km) Number % Direction
0.375-1.357 71 2.6 E-W
0.352-1.929 136 5.0 N-S
0.191-1.339 112 4.2 NNE
0.378-0.924 20 0.7 NE
0.221-1.509 195 63 7.2 2.3 NE ENE
0.164-3.737 776 28.8 NNW
0.164-3.211 1130 41.9 NW
0.173-2.366 2297 391 85.1 14.5 NW  WNW

Total 2699 100

Multidirectional hillshade

Length (km) Number % Direction
0.375-0.927 44 1.4 E-W
0.375-2.711 229 7.3 N-§
0.166-3.575 642 20.5 NNE
0.205-2.206 537 17.2 NE
0.184-1.655 1360 181 44.1 5.8 NE ENE
0.217-2.267 593 19.0 NNW
0.171-2.235 663 21.2 NW
0.218-2.357 1496 240 47.1 7.7 NW  WNW

Total 3129 100

The histograms showing the distribution of the lineaments extracted according to their lengths,
numbers and directions are presented in Figure 10 below.
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Figure 10. Directional histograms of extracted lineaments
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Lineament density map

The density of lineaments is defined as the ratio of the total number of lineaments digitized by
the surface of the zone considered (Edet et al., 1994). The lineament map is analyzed according to the
different geological units of the region in order to calculate, for each of them, a density of lineaments
from the ratio:

Cumulative length of the lineaments (in km)

Lineament density = Mapped area (in km?) (2)

In order to get an idea about the influence of tectonic stresses that deformed the study area, we
mapped the density of lineaments using the "Line Density" command included in Spatial Analyst Tools of
ArcGlS. Figures 11 and 12 below show lineament density maps in km/km? respectively for traditional and
multidirectional hillshade images.
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Figure 11. Density of lineaments extracted from traditional hillshade (Azimuths 315° and 45°)
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Figure 12. Density of lineaments extracted from multidirectional hillshade
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By observing the maps above, we find that the lineament density values vary from O to 5
Km/Km?, divided into five classes for each map, ranging from very low, low, moderate, high to very
high density. The areas covered by density class are presented in km? and in percentage (Table 5), for a
total area of the study area of 747 km?2.

Table 5. Areas covered by each lineament density class

Hillshade Hillshade Multidirectional
Azimuth 315° Azimuth 45° Hillshade
Area Area Area

Class  Density Level ~ Km? % Km? % Km? %
Class 1 Very low 190 25 162 22 181 24
Class 2 Low 99 13 118 16 125 17
Class 3 Moderate 143 19 160 21 120 16
Class 4 High 168 22 153 20 157 21
Class 5 Very high 147 20 154 21 164 22
> Area 747 100 747 100 747 100

Validation of lineaments in the field

To confirm the presence of geological and morphostructural lineaments in our study area, we
carried out a field trip in Boma Trough Block for a period of two weeks in search of data to validate the
results obtained from the processing of data by remote sensing. The idea behind this step is to physically
see lineaments related to the morphology and geological structures of the study area, which can be
recognized in situ and have geological significance. The lineaments recognized in the field have been
validated on the hillshade multidirectional model for the simple reason that it takes into account all
azimuths of the light source as mentioned above and allow to detect many lineaments.

In this context, our campaign was carried out along five geological cross-sections (Figure 13), all
oriented North-East/South-West and perpendicular to the direction of most of lineaments extracted from
the hillshade multidirectional model. This allowed us to validate on the field 112 lineaments (faults, rock
outcrops, lithological limits, axes of folds, valleys, rivers, etc.) among the 3129 extracts from the image.
The number of lineaments validated represents only 3.6% of all lineaments extracted, an addition of
geological cross-sections would be necessary and would allow to confirm more lineaments in the field.
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Figure 13. Map of geological section lines and sites of structural measurements in the field
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lllustration of some field observation sites

As mentioned above, 112 lineaments among those extracted from the multidirectional hillshade
image were validated in the field, observed at different sites, among which we have, for illustrative
purposes, the seven (7) below (Figure 14):

- Site ATI: Located in an artisanal stone-pit in the west of Boma city, at coordinates 13°5'26.6"E and
5°49'23.7"S, we note the presence of a geological lineament validated on a quartzitic formation, in
monoclinal structure with direction N132° and dip 80°SW/;

- Site A25: located in the east of Boma, at coordinates 13°2'48.4"E and 5°49'21.4"S, the site has a
validated geological lineament on a migmatitic formation, direction N153°, affected by a normal fault
of approximately 5.5 dm of deplacement with tectoglyphs clearly visible to the eye, with direction
N63°E and dip 68°NE;

- Site A31: at coordinates 13°2'1.8"E and 5°49'3.5"S and located to the east of Boma, we have the
presence of a validated geological lineament on a migmatitic formation with a massive and elongated
aspect along the N135° direction;

- Site A57: located at coordinates 13°3'49.4"E and 5°50'0.2"S, about 3km at the north of Congo River,
visible on the left shore of Kalamu River, we note the presence of a geological lineament validated
on a tabular sedimentary formation (alternation between sandstone and limestone), direction N105°
and dip 4°SW, affected by a normal fault plunging at 78° towards the SW with a deplacement of
approximately 0.3 meter;

- Site BO4: located along the Khoko Khandu river about 1.4 km from the village Khandu Lemba, at
coordinates 12°56'57.9"E and 5°41'27.6"S, we note the presence of a lineament geological validated
on a quartzite formation outcrop in a monoclinal structure following the direction N113° and a dip
of 64°SW;

- Site BO5: at coordinates 12°56'57.2"E and 5°41'24.8"S, we have a validated geological lineament on
an outcrop of quartzite in monoclinal structure with direction N108° and dip 62°SW, crossed by a
vertical fault trending N25°E and followed by the Khoko Khandu river;

- Site DO2: Located about 1 km of the Mavuma oil sands block, at coordinates 12°48'32.7"E and
5°32'46.6"S, a lineament has been validated on a limestone formation impregnated by crude oil,
direction N74°E/dip 15°NW.

Figure 14. lllustration of some sites of structural measurements in the field
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Rose diagram et Wulff stereonet diagram

The analysis of relationships between directional data has been greatly facilitated by the use of
iso-angle (Wulff stereonet) and iso-surface (Schmidt stereonet) projection methods. As a result, the
stereonet has been established as the most fundamental tool for the structural geologist (Knox-Robinson
& Gardoll, 1998).

Based on the structural measurements (strike and dip) of the lineaments observed in the field, a
rose diagram and stereonet diagram (Wulff Net) were produced using the Rockworks 17 software,
showing a dominant NW-SE orientation of the lineaments, followed by NE-SW, as shown in Figure 15
below.

Rose Diagram Stereonet Diagram (Wulff Net)
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Figure 15. Rose diagram and Stereonet diagram (Wulff Net) of structural field measurements

DISCUSSION

The analysis of the hillshade images presented in this work shows that the multidirectional
hillshade method allowed to better extract the lineaments in the study area compared to the traditional
hillshade method.

By comparing the rose diagram of the lineaments extracted from the multidirectional hillshade
image (Figure 9) with that of the lineaments validated in the field (Figure 15), we can note some similarity
in terms of lineament orientation. Which means that for both cases, the dominant orientation of the
lineaments is NW/-SE, followed by NE-SW. However, it is normal to note small differences between the
rose diagrams of these two cases, given that the lineaments validated in the field represent only a sample
of those extracted from the satellite image and also as a result of errors that may occur during the process
of semi-automatic extraction of the lineaments.

The orientations of lineaments as presented in this study correspond exactly to the results of the
work of Kalala-Ntumba et al. (1975) who confirm the NW-SE orientation of the western and eastern
Precambrian hills of Boma as well as those of Giresse (1982) mentioning moderate but fairly dense folds
in the Congolese Coastal Basin, affecting the Upper Cretaceous and Paleogene geological formation, to
the middle Eocene and oriented NW-SE. Nsungani (2012) mentions that the structures (anticlines and
synclines) in the northwestern part of Angola (or south of our study area), draw a virgation, oriented
NNW-SSE. This NW/-SE orientation of lineaments would probably be due to tectonic stresses related to
the opening of the South Atlantic at the beginning of the Cretaceous.

The alighment of some lineaments around Boma oriented NE-SW would be the expression of
some Precambrian faults, followed by the Congo River and some of its tributaries in the region as asserted
by Kalala-Ntumba et al. (1975) and Streenstra (1988). Similar fault lateral movements have been
suggested in neighboring countries, interpreted either as reactivated Precambrian basement trends or as
onshore extensions of Atlantic transform faults (Gaffney et al., 1988). The structural context of Boma
Trough Block is therefore dependent on that of the Congolese Coastal Basin where it is located.

In addition, the three lineament density maps developed reveal almost the same density pattern
in places. By comparing the lineament density map from the multidirectional hillshade image (Figure 12)
to the geological map of the study area (Figure 2), we can note that the large part of low and very low
density areas ( O to 2.9 Km/Km?2) corresponds to sedimentary environments (modern alluvium of the
Holocene or sandstone/limestone/argillite of the continental lower Cretaceous), covering an area of
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around 306 km? while the high and very high density zones (3.3 to 4.9 Km/Km?) contain the formations
of the Precambrian basement and cover an area of 321 Km?2.

Which means that most of our study area would have been deformed by strong tectonic stresses.
The various fractures (faults) observed on the basement would have preceded the deposition of the
sediments. However, the normal fault observed in a sedimentary environment at site A57 (Figure 14)
would be the expression of an active fault in the basement after deposition of sediments or the
consequence of an underground cavity.

It is also useful for us to note the presence of high densities of lineaments in some sedimentary
zones to the west of the block. These areas are interesting for oil research because the tectonic stresses
allow the installation of oil traps in a sedimentary basin. It is therefore possible with more appropriate
prospecting methods such as seismic to locate these traps at depth. It is therefore possible with more
appropriate prospecting methods such as seismic to locate these traps at depth. Oil seepage in a high-
density zone, as discovered at site DO2 (Figure 14), would have followed geological lineaments (faults
or fractures) and would indicate the presence of a petroleum deposit underneath, which geophysical
methods would allow to locate.

According to Asadzadeh & de Souza Filho (2017), surface manifestations of oil and gas can be
divided into two categories, namely macro and micro-seepage. Macro-seepage is the surface expression
of a leakage path, usually related to tectonic discontinuities, along which oil or natural gas flows from a
subterranean source (Link, 1952; Clarke & Cleverly, 1991; Macgregor, 1993). Micro-seepage, refers to the
slow, invisible but present migration of light alkanes (C1 - C5) and volatiles from accumulation to the
surface (Etiope, 2015; Price, 1986; Schumacher, 1999). Micro-seepage is not linked to faults, but it can be
reinforced by the presence of faults and large fractures (Richers et al., 1982).

CONCLUSION

This work consisted of an analysis of the structural context of Boma Trough Block, which is an
oil block located in the onshore of the Coastal Basin of D.R. Congo, based essentially on the study of the
geological and morphostructural lineaments resulting from the processing of an ALOS PALSAR DEM
satellite image.

The ALOS PALSAR DEM image used, with a spatial resolution of 12.5 m, was enhanced using
traditional (Azimuths 45° and 315°) and multidirectional hillshade methods, in order to better visualize
lineament trends in the study area. The extraction of the lineaments was done semi-automatically, by
combining the contribution of GIS and remote sensing software and the appreciation of the operator.
This allowed us to extract 2688 lineaments for the 315° azimuth hillshade image, 2699 for the 45°
azimuth one and 3129 for the multidirectional hillshade image. The shortest lineament extracted
presented a length of 0.16 km and the longest was 3.79 km.

The hillshade image of azimuth 315° allowed to extract lineaments oriented for the most part in
the NE direction and that of 45° for the NW direction. The multidirectional hillshade image for its part
showed that taking into account all the azimuths, the dominant direction of the lineaments in Boma
Trough Block is NW (representing 47.1% of lineaments), followed by NE (44, 1%), N-S (7.3%) and E-
W (with 1.4%). To better visualize this reality, rose diagrams and directional histogram graphs have been
established based on the orientation, number and length of the lineaments extracted.

In order to get an idea of the impact of tectonics in the study area, we have developed lineament
density maps for all extracted lineament maps. The density maps showed values ranging from O to 5
Km/Km?, divided into five classes, ranging from very low, low, moderate, high and very high density
values.

Analysis of the lineament density map from the multidirectional hillshade image revealed that
the high and very high density areas covered an area of 321 km? or 43% of the area of the study area
(including mainly the Precambrian basement), 306 km? or 41% for areas with low and very low densities
(mostly covering sedimentary formations) and 120 km? or 16% for areas with moderate density.

In order to evaluate the contribution of the processing approach used in this work, the
lineaments extracted from the ALOS PALSAR DEM image have been confronted with the realities on the
field and have shown a positive correlation. The results found were conclusive and satisfactory, useful
for the research of petroleum deposits.
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