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ABSTRACT 

In this paper, the complexity in the spatial distribution of the lineaments was investigated from on remote sensing to- 
pographic (SRTM DEM) and multispectral (Landsat) data. Lineaments in equatorial Africa were chosen to apply the 
fractal analysis methodology. The good correlations of the obtained data with some geophysical data from the same 
area allow that the complexity in the spatial distribution of the lineaments can give qualitative information on the inte- 
rior of the earth (or on others planets). This method can provide a bridge between classical geology and geophysics, and 
particularly powerful for studying large and inaccessible regions. 
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1. Introduction 

The complexity in the spatial distribution of the linea- 
ments studies is nowadays increasingly used in geo- 
sciences [1-13]. The concept of lineaments covers a very 
wide range of geological phenomena, from plate bounda- 
ries on the order of thousands of kilometres, to micron- 
sized fractures in mineral grains. [2,3] defined three steps 
for the Lineament 1) identification and documentation 
(automatically or manually) of lineament features seen in 
a given data set in the form of lines; 2) extraction of the 
properties that are represented by these lines; 3) interpre- 
tation of the geoscientific meaning of these properties 
and of the lineaments as such. 

For the spatial extraction, several approaches are pos- 
sible. We choose the method based on a subsequent sam- 
pling of properties within a defined 1˚ square grid (110 
km aside), commonly practiced for lineaments derived 
from satellite data. The gird size was chosen according to 
the Nyquist criterion, that the sampling size must greater 
than the object dimension. A 1˚ square size for the grid is 
a good compromise between the feature dimension and 
the spatial resolution of the remote sensing topographic 
(SRTM DEM) and multispectral (Landsat) data. 

In this study, we investigate the complexity in the spa- 
tial distribution of the lineaments obtained by the analy- 
sis of satellite images centred on the Cameroon Line 
(equatorial Africa). All lineaments are included and treated 
individually to derive statistical distributions of the length, 
and globally to derive Local Fractal Dimension (LFD), 
and intersection points. The length is the distance be- 
tween the start and end lineaments borders, scaled to a 
systematic unit (km). The complexity in the spatial dis- 
tribution of the lineaments was expressed: as the cumu- 
late length of lineaments per unit area, as LFD per unit 
area, and as the intersection points, respectively. 

A previous study of fractal analysis of the lineament in 
equatorial Africa was done by [8] from aerial photo- 
graphs. At contrast to [8] who estimated a unique fractal 
dimension for the entire region, we have partition the 
field area in grid cell of 1˚ square (110 km aside) to cal- 
culate a Local Fractal Dimension (LFD) which is out of 
reach of the conventional fractal analysis (i.e. global 
analysis determining a unique fractal dimension: [6-12] 
for each grid cell. 

This area has been selected because we have Precam- 
brian belt (south of Cameroon), sedimentary (Benue 
Trough), and igneous rock (southern part of Cameroon 
Volcanic Line). After the geological setting of the studied *Corresponding author. 
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area, the methodology is presented with a brief descrip- 
tion of the software, and how we used it. The results are 
presented and then compared to the geophysical data. 

2. Geological Setting 

The magmatic units in the study area are the Cameroon 
Volcanic Line, Biu and Jos Plateau. The CVL is a com- 
plex tectono-magmatic structure extends for more than 
2000 km across the Gulf of Guinea and the African Con- 
tinent, mainly in Cameroon, up to Lake Chad. It has a 
NNE orientation. 

In literature numerous hypotheses have been proposed 
to explain the structure and the formation of the CHL 
(see [4,14-23]). The most widely accepted structural ex- 
planation is that the CVL would be a succession of “en- 
échelon” mega-tension gashes, resulting from the reacti- 
vation during Aptian-Albian times of the N70E shear 
zone associated faults at the onset of opening of the Cen- 
tral Atlantic Ocean (e.g. [18]). A recent review of the 
petrological, geochemical and isotopic data ([23]) re- 
interprets the CVL as a mantle hot line, the “Cameroon 
Hot Line” (CHL). 

The continental sector of the CHL is of y-shaped form; 
sometimes in literature the Biu Plateau is consider as the 
end of the NNW branch of the continental sector of the 
CHL. [24] shown that, the timing of the Jos Plateau vol- 
canism is very similar to other CHL volcanic centers 
(Figure 1). The Jos plateau is located 400 km to the NW 
of the CHL axis (Figure 1). The volcanic activities ap- 
pend during two periods; the first period range from 213 
Ma to 147 Ma, and consist of a ring with approximately 
30 anorogenic complexes (alkaline affinity); the second 
period range from 2.1 Ma to 0.9 Ma and consist of 20 
cinder cones (basaltic affinity). 

According to [24,25], the Biu Plateau mainly overlies 
granitic basement rocks, whereas to the West and the 
North, basalts of the Biu Plateau have spread over Cre- 
taceous sediments. They suggest that the Biu Plateau was 
constructed in a poly stages model with succession of at 
least two periods of volcanism: 1) An early fissure type 
eruption and 2) formation of relatively large volcanoes in 
the southern part of the plateau. 

The sedimentary part of the studied area is represented 
by the Benue basin, it is well over 1000 km long and 700 
km wide and is geographically divided into three seg- 
ments: the Lower, Middle and Upper Benue Trough. 
Earlier work on the geodynamic evolution and structure 
of the Benue Trough show that its origin is linked to an 
Early Cretaceous opening of a rift structure related to a 
late tectono-magmatic phase [26,27]. [28] demonstrated 
that the principal structures of this trough are grabens, 
horsts and half-grabens, whose individual dispositions 
are controlled by mostly north-south-trending normal 

faults and northeast-southwest strike-slip faults. 
The Precambrian part is located at the southern Cam- 

eroon and is part of the Paleoproterozoic West Central 
African belt (WCAB) [29]. It is running through Congo, 
Gabon and Cameroon that resulted from a poly-phased 
continental crustal accretion during the Eburnean orogeny 
(Figure 1). [30,31] characterized the WCAB by a tec- 
tonic reworking of Archean crust with no ocean opening 
and no addition of juvenile material for Gabon. This in- 
terpretation is supported, particularly in Cameroon, by 
geochemical and isotopic data from the Nyong series, 
which point to the predominance of crustal recycling 
processes [32,33]. 

3. Methodology 

This study is focused on analysis of lineaments, the ob- 
served lineaments and other topographic objects on the 
shaded relief models were manually digitized and plotted 
on the screen by using graphic software. There are many 
ways to form linear features in a geological environment. 
Linear features can be all related to brittle features as 
faults, joints, and dykes, steep to vertical strata or even 
anthropic features such as roads. All potential lines need 
to be viewed with caution and subdivided into categories 
with different degrees of confidence. The choice of a 1˚ 
square as base unit (kilometer-scale: 110 km × 110 km) 
of investigation, and the combination of DEMs and Land- 
sat images allow one to constrain linear and circular fea- 
tures of geomorphological origin. Here, the linear fea- 
tures referred to as lineaments will only be those of geo- 
logical (lithological and/or structural) origin. 

3.1. Remote Sensing Mapping 

Shuttle Radar Topography Mission (SRTM) Digital Ele- 
vation Models (DEMs) are a homogeneous 3-arc-second 
(~90 m) spatial-resolution topographic dataset with near 
global coverage (from 60˚N to 56˚S). SRTM data were 
acquired by the radar system onboard the Space Shuttle 
Endeavour, during an 11-day mission in February 2000. 
SRTM DEMs are freely available on the Internet and can 
be visualized with standard map viewer software. Gaps 
in the SRTM data occur for steep terrains due to shadows 
in the radar sight angles. 

3.2. Software Used 

The lineaments were processed by using Surfer® 8.02 
(Golden Software) and controlled against the Landsat 
images. This software was used to get the shaded relief 
model showing the terrain under an artificial illumination, 
with bright sides and shadows. These maps use colors to 
indicate the local orientation of the surface relative to a 
user-defined light source direction (the orientation of 
each grid cell), which is inferred from the calculated  
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Figure 1. Simplified general geological map of Cameroon indicating the main geological units (BRGM 2004). 
 

reflectance of a point light source on the grid surface. 
Many types of maps used in this work can be extracted 
from the original altimetry database, such as, for example: 
a three-dimensional view: it is a perspective view of the 
terrain from a user-defined position above the terrain. 
This view is a digital elevation model displayed as a 
raster “blanket” in three dimensions. The user can spec- 
ify the sighting parameters to define the perspective of 

the observer in relation to the 3D model (Figure 2a). The 
light source can be thought of as the sun shining on a 
topographic surface. Portions of the surface that face 
away from the light source reflect less light towards the 
viewer and thus appear darker. The rotation angle is 0˚ 
and the projection is orthographic. 

[34,35] have developed and illustrated SPO2003 soft- 
ware through the study of a rock image analysis method. 
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They digitized the image while differentiating the indi- 
vidual phases, each one being given a specific numerical 
code. The image was then processed by a search algo- 
rithm of all neighboring pixels with the same code. The 
resulting maps are based on the presence of sudden 
slope-angle changes (or slope breaks), that can be due to 
lithological differences, topographic differences, or to the 
presence of thrusts or of faults (Figure 2b). Before ana- 
lyzing lineament map, we attribute different color to each 
lineament; convert the resulting map in bmp type, then 
process the SPO2003 software. There are many parame- 
ters in the results table (azimuth, big and small axis.) We 
use the big axis of lineaments to calculate their length. 
The SPO2003 software (described in [4,5,34-36]), was 
used to analyze the distribution, in term of lineament 
length. 

The LFD (Figure 2c) of lineament in each cell has 
been determined using the Fractalyse2.4.1 software de- 
veloped within the team “City, mobility, territory” of 
ThéMA (Théoriser et Modéliser pour Aménager) of Uni- 
versity of Franche-Comté in Bourgogne (France). This 
software, originally developed for estimating the fractal 
dimension of the built area of cities, can also be used to 
calculate the fractal dimension of a curve or a fault net- 
work. This software proposed dual options for perform- 
ing a fractal analysis of an image or set of data can be 
considered: 1) the first is to vary the observation window 
r at a fixed resolution ε (pixel size), and count the num- 
ber N(r) of blacks pixels; 2) the second is to fix the ob- 
servation window and to vary the resolution (apparent 
pixel size) ε, and count the number N(ε) of ε-pixels oc- 
cupied by the structure limited by the observation win- 
dow (grid method) or the number N(ε) of ε-pixels re- 
quired to cover the structure (box method). The differ- 
ence between the values of the fractal dimensions ob- 
tained by these two methods lies between 0.01 and 0.05. 
This difference is small, so we consider only the values 
derived by applying the first calculation option. This dif- 
ference is small, so we consider only the values derived 
by applying the first calculation option. 

We used the grid partitioning method to estimate frac- 
tal dimension. The image is covered by a square grid and 
the grid mesh size ε is then varied (Figure 2c). The next 
stage of the measure is to fit an empirical curve from the 
results of the counting method. Because an image is not a 
pure fractal (it is not a continuous structure but a discrete 
one spanning a finite range of scales), it is only possible 
to get an approximate fractal law. 

An important point is that the fractal analysis could not 
be performed on all elementary cells because lineaments 
are not always visible, a limit due to the SRTM 3-arc 
image quality, having a resolution of about 270 m. For 
more information on its mathematical basis, see the arti- 
cles of the ThéMA laboratory [37-40]. 

 

Figure 2. a) Topographic map around the Adamawa pla- 
teau, the calibration of the colour scale is made as a func- 
tion of altitude ranging from 0m in the Atlantic Ocean to 
4100m on Mt Cameroon; b) Map of lineaments (straight 
continuous lines) drawn from the SRTM images; c) 
Fractal Dimension with fixed of the observation window 
and to vary the resolution (apparent pixel size) ε, and 
count the number N(ε) of ε-pixels occupied by the struc- 
ture limited by the observation window (grid method). 

4. Results and Discussion 

The observed lineaments as linear objects observed in 
each 1˚ square were manually digitized and plotted on 
the screen by using graphics software. The distribution of 
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lineaments results of all the 1˚ square were combined on 
Figure 3. There are some blankets square without linea- 
ments; these are cover by sedimentary unit. The linea- 
ments were analysed and counted by orientation sector of 
5˚ (Figure 3b). 

The next analysis step of the lineament network was to 
calculate the total length. The SPO2003 software was 

used to calculate the length of each lineament, this allow 
us to have in each 1˚ square the cumulate length of 
lineaments. The result of cumulate length analysis of the 
lineament in the studied are is represent on Figure 4. The 
spatial distribution of cumulate length is represented as a 
graded map with different colors corresponding to dif- 
ferent ranges of values, in order to give a general view of  

 

 

Figure 3. a) Map of lineaments (straight continuous lines) drawn from the SRTM images. Regional geology has been 
simplified, indicating only Precambrian formations (light grey) Cainozoic volcanism (dark grey) and sedimentary for- 
mations (white); b) Rose diagram obtained by the analysis of lineaments (analysis was made every 10˚); the numbers 
indicate the directions (in degrees). 
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Figure 4. Spatial distribution of the lineament cumulate length on each 1˚ square grid cell on a simplified regional geo- 
logical map: Precambrian formations (light grey) and recent Cainozoic volcanism (dark grey) and sedimentary forma- 
tions (white). The number in each grid cell represents the cumulate length in km obtained by analyzing lineaments in this 
area. 

 
the studied area (Figure 5). The maximum of lineaments 
length are situated in the Jos plateau (eastern of Nigeria) 
and in the southern part of the Cameroon Hot line. 

The lineament network were analysed by fractal method 
(Fractalyse2.4.1) for the spatial distribution of the LFD 
(Figure 6). The spatial distribution of the LFD is repre- 
sented as a graded map with different colours corre- 
sponding to different ranges of values, in order to give a 
general view of the studied area (Figure 7). LFD is used 
here to quantify the complexity of the spatial distribu- 

tions of lineaments. The maximum of LFD are in the 
south of Gabon and in the southern part of the Cameroon 
Hot line. On this graded map, we can easily see the di- 
rection of the Adamawa plateau, and the extension of the 
Central African Shear Zone in Cameroon. 

The obtained results described above were compared 
to some geophysical data of the studied area. For the lat-
ter, we use: 

1) The results from [41] they infer geophysical signa- 
ture of geological units by the analysis of the geoid map  
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Figure 5. Intensity map of spatial distribution of the cumulate length represented as curves of iso-values, on a simplified (re- 
cent Cainozoic volcanism) map. 

 
in central part of the studied area; 

2) The diffraction tomography data of [42] to deter- 
mine the variation of lithosphere thickness at the depth of 
Moho + 10 km. They used the variation of S-wave veloc- 
ity to infer the lithospheric structure. Areas with thick 
and cold lithosphere are characterized by higher S-ve- 
locity than areas with thin and hot lithosphere. 

In Figures 8a and b, we compare our graded cumulate 
length map to the Geoid map [41] of Cameroon and part 
of the adjacent countries, contoured at 0.5 m intervals. 
On this map the authors identified two geoid highs in 
Nigeria and in Cameroon. Their areas correspond to our 
two maximum of the cumulate length in the studied area.  

The results obtained on the LFD of the lineament are 
compared with geophysical data of the studied area 
(Figures 8c and d). For the latter, we use the data dif- 
fraction tomography of [42] to determine the variation of 
lithosphere thickness at the depth of Moho + 10 km. The 
LFD density map was modified to be easily superposed 
on the geophysical map (Figure 8d). Following the su- 
perposition, it’s observed that the areas corresponding to 
yellow colour, with low wave velocity corresponds to the 
high values of LFD. This means that the maxima of the 
LFD roughly correspond to areas of thinner lithosphere, 
and to more reactivate area (sedimentary and igneous). In 
contrast the areas with high wave velocity correspond to 
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Figure 6. Spatial distribution of the LFD of lineaments on a simplified regional geological map: Precambrian formations 
(light grey) and recent Cainozoic volcanism (dark grey) and sedimentary formations (white). The number in each grid cell 
represents the LFD obtained by analyzing lineaments in this area. 

 
the low values of the LFD, and roughly correspond to the 
more stable (Precambrian) area. The good correspon- 
dence between the geophysical maps and the results ob- 
tained in this work, allow infer that some useful qualita- 
tive information can be extracted from this method analy- 
sis approach. 

The main information outlined from this comparison is 
that: 

1) The graded cumulative length map can be used to 
have information on located deeper structures and/or bod-
ies as those provided by the geoid map from [41]; 

2) The LFD map give a good representation of the 
shallower (Moho + 10 km in this study) lithospheric 
structuration. 

5. Conclusions 

This study focused on the analysis of the spatial distribu- 
tion of mapped lineaments in equatorial Africa. The 
analysis for mapped lineaments was carried out, by using 
some (graphical, analytical) software, and the results are 
displayed as raw and graded maps. The comparison of 
those maps with geophysical data highlights the rela- 
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Figure 7. Intensity map of spatial distribution of the LFD represented as curves of iso-values, on a simplified (recent Caino- 
zoic volcanism) map. 

 
tionship between complexity of spatial distribution of 
lineaments and lithosphere structure in equatorial Africa. 

According [9] work, high LFD values are in the most 
recent tectonic and volcanic active areas (CHL), where 
fracture network is supposed to be more evolved (high 
fractal values), whereas in areas with less intense or ab- 
sent tectonic active, the old basement, show remnants of 
old deformation events. The recent tectonic and volcanic 
activity developed in the weakest portion of the litho- 
sphere in the studied area. 

As the geoid is a complementary source of information 
about the earth’s (planets) internal structure, and in areas 

where geological information are not abundant, the com- 
plexity in the spatial distribution of the lineaments can 
give the same information in qualitative way. This ap- 
proach can provide a bridge between classical geology 
and geophysics, and particularly powerful for studying 
large and inaccessible regions. The approach proposed is 
thus very effective in gathering basic information for 
exploration geology in remote areas on Earth and for 
investigations in planets. 
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Figure 8. Representation from the comparison between the results obtained from the analysis of lineaments in equatorial 
Africa, with some geophysical data from the same region. a) Graded map of spatial distribution of the cumulate length (same 
legend as in Figure 5); b) Geoid map of Cameroon and part of the adjacent countries, contoured at 0.5 m intervals after 
Kamguia et al 2008; c) Graded map of spatial distribution of the LFD represented as curves of iso-values (legend as in Figure 
7); d) Diffraction tomography map (variations of S-wave velocity at a depth of Moho + 10 km, speed reference here is 4589 
km/s) obtained by Shapiro and Ritzwoller (2002). Different colors represent the speed variation of the refraction of seismic 
waves which also corresponds to the relative differences of the temperature, and the lithospheric thickness between the areas. 
The transition from yellow to blue corresponds to the decrease in speed (m/s) of the waves, in temperature and the increase of 
lithospheric thickness. Simplified graded LFD density map was superposed on the tomography map. 
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