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ABSTRACT 

This paper shows geometric aspects of rock masses in the Senegalese side of Kédougou-Kéniéba inlier. The studies are 
done in one part on sedimentary rocks (represented by sandstones) with stratification and on the other part in igneous 
rocks (represented by basalts). Geometric studies are the fractal configuration and the scale effect. Scale effect is stud- 
ied by comparing the results of mechanical tests done in the laboratory and on outcrops. For all samples, laboratory pa- 
rameters are higher than values of field. In this paper, scale effect is characterized by the decrease of mechanical pa- 
rameters from laboratory samples to field. The scale coefficient is defined and characterizes the relation between me- 
chanical properties. More importantly, the scale effect is more significant. This scale effect depends largely on the rock 
anisotropy. The anisotropy depends on the fracturation and the filling. The scale effect takes into account the fractura-
tion, the filling minerals and their diversity which define the complexity of the rock. The anisotropy is complex; the 
impact of scale effect traduced by an increase of scale coefficient is the highest. Configuration of discontinuities also 
defines fractal geometry. This fractal aspect appears on the asperities, the spacing and the apertures of discontinuities. 
The fractal dimension is different from a parameter to another. All these two parameters estimate the stage of fractura-
tion of the rock in a geological system and depend one on another if they are studied in the same element. 
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1. Introduction 

The West African Craton has been the object of many 
geological studies which concluded substantial knowl- 
edge of the Precambrian in Senegal. This research is 
mainly focused on the domain of the basic principle of 
geology and mines. In this paper, we are interested in the 
geometrical aspects of rocks. Geometrical aspects are 
represented by fractal geometry and scale effect, which 
permit to analyze the appearance in term of microscopic 
and macroscopic dimension. 

Fracture systems in the south eastern Senegal are dis- 
continuous structures or discrete breaks within a rock 
mass that are developed by response to stress. Fractures 
include faults, joints, and filled structures such as veins. 
These figures appear in the area on a wide range of scales 
from microns to several hundreds of meters. In recent 
years, it has been suggested that various technics of frac- 
tals may usefully be applied to the study of spatial dis- 

tribution of fractures, because of similarities between 
small and large-scale fracture arrays, which have been 
found over many orders of magnitude [1]. This work 
deals with the consequence of the structuration of the 
rock mass in their geometry. The fractal geometry and 
scale effect allow estimating the occurrence of the frac-
turation and other parameters to the studies of disconti-
nuities. For these estimations, we introduce a more com-
plex aspect using the filling materials and define the 
“scale coefficient”. 

2. Geological Framework 

Three main directions of discontinuities characterize the 
Proterozoic rock masses. In the Birimian domain, the 
discontinuities show a very large motion due to the com- 
plexity of the geological history. The structures corre- 
spond mainly to the boundary of the rock formations. In 
these domains, discontinuities show some shear that are 
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dextral NE-SW or senestral NW-SE [2]. The fractures 
are sometimes conjugated. In the Kédougou-Kéniéba 
Inlier (KKI), [3-5] bring out three main Eburnean tec- 
tonic phases: 1) A D1 phase, fairly high crustal level tec- 
tonic activity with a tendency toward thrusting; 2) A D2 
phase related to the major senestral shear zones and the 
emplacement of granitic intrusions [6-7]. This second 
phase is responsible of large sub meridian senestral shear 
corridors, where the most important are: The Main 
Transcurent Shear Zone (MTZ), separating Mako and 
Dialé Supergroups [3-8] and the Senegal-Mali fault 
(SMF), along the western Falémé bank [9] (Figure 1); 3) 
A D3 Eburnean tectonic phase has been also character- 
ized by [5] in the Birimian formations of the Kédougou- 
Kéniéba Inlier (KKI). 

Some authors show that the Birimian of Senegal show 
relative amount of faults D2 and D1. D2 is identified in all 
the Birimian (Mako super-group with volcanic rocks and 
Dialé-Daléma supergroup with sedimentary ones associ- 
ate to volcanic ones) and D1 is only presents in the Diale- 
Dalema [4,10-12]. While these deformations are consid- 
ered to be represented in the scale of the West African 
domain, D1 is absent in some sector. In the new denomi- 
nation by [2], D1 and D2 are respectively called Dt1 and 
Dt2. They belong to a continuum transcurent tectonic 
system Dt. So, this transcurent tectonic occurs in two 
stapes (Dt1 and Dt2). This consideration is different of the 

first one, which defended that D1 is tangential and D2 is 
transcurent [4]. The hypothesis of a continuum transcurent 
tectonic defined by [2] is also supported by the fold pro- 
duced when schistosity occurred and which would be 
folded again. The two stages of folds have the same axial 
surface oriented (N (20 to 40) - (10 to 30) NW). 

Studies done in the sector of Mako on the latitude of 
Mako [12] show that this domain is crossed by more im- 
portant framework of discontinuities as those explained 
by [2-4]. This framework of discontinuities is caused by 
the described phenomena, the cracks due to the crystalli- 
zation of the magma and at least the repercussion of the 
Hercynian orogenesis. Tectonic fractures were mapped 
and measured in the field area of Mako and Ségou. The 
sedimentary rocks show less anisotropy represented es- 
sentially by cracks and rarely by faults. They correspond 
to sandstones mainly associate to pelites rocks [13]. 

In the Ségou-Madina kouta basin, the domain of Segou 
is characterized by fracturations, which appear like 
cracks. These cracks show three directions representing 
three families of discontinuities NE, ENE and ESE asso- 
ciated to erratic joints. 

3. Fractal Theory 

The fractal term is used to describe a natural geometry 
where studied objects are recurrent, fragmentary and 

 

 

Figure 1. Structural map of the Kédougou-Kéniéba inlier [11 modified by 2 modified]. 
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elements are seen in all scale [14,15]. Mathematicians 
define fractals using three equations [16]: 

  fd
N a a                 (1) 

N is the number of portions resulting to iteration, a the 
size of a portion and d the fractal dimension. 

  fd
M r r                 (2) 

M (r) is the weight of a portion and r is its linear ex- 
tension. 

    0

0

fd d

d
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r r

r
                (3) 

ρ(r) is the density. 
As Euclidian geometry, fractal geometry is also char- 

acterized by a dimension called fractal dimension df. The 
fractal dimension is fractionary and in difference of 
Euclidian dimension it is no characteristic of an object. 
Its value varies between 1 and 3 (1 ˂ df ˂ 3) and different 
to 2. It is a dimension deduced of the number of portions 
N(s) after iteration and the length (s) of one portion us- 
ing the equation 

 log

logf

N s
d

s
               (4) 

In Earth Sciences, the fractal analysis can be used to 
quantify many elements of discontinuities. It’s the case 
of spacing, aperture, asperities and length of discontinui- 
ties or any other parameter, which allows describing the 
geometry of discontinuities [17,18]. For easier use, the 
fractal geometry is described by using process of itera- 
tion as the Sierpinsky, the flocon of Koch or the Cantor 
dust. It is very difficult to determine the fractal dimen- 
sion by using the definition of fractals. So, in many case, 
it is done by graphical representation. This graphical 
resolution consists of plotting, the function log N(s) ver- 
sus log(s). The obtained curve is linear and it slope cor- 
responds to the fractal dimension. In Earth Sciences and 
fracture characterizations, the box-counting method is the 
most used method describing fractal geometry. These 
geological elements are non-euclidian shapes. The box- 
counting method consists of dividing the defined domain 
in box and analyzing the box cross by discontinuities 
[18]. Fractal analysis is critical issue due to the complex- 
ity of it use. Multifractal theory is developed to take ac- 
count this complexity which characterizes multiple ele- 
ments. 

4. Theory of Scale Effect of the Rocks 

Scale effect is studied by some authors in the literatures 
[19-22]. Some of them subdivided the scale effect into 
two components [19] represented by the shape scale 
which take account the variation of the ratio D/L and the 

size scale in which this ratio is constant and the size of 
the specimen growth. For that, values obtained in tests 
show that shape scale have effect in results of studies but 
no effect for size effect. About [20], the scale effect is 
more remarkable for brittle rocks than ductile rocks. The 
scale effect define by [20] corresponds of shape scale 
define by [19]. Samples with artificial fractures were also 
tested to characterize the scale effect on the specimen’s 
behavior [21]. These authors generated artificial discon- 
tinuities on specimens of rocks. Two types of disconti- 
nuities are represented. Ones are no embedded and others 
are embedded. They show that a large framework of 
fracture on specimen can caused a scale effect while it is 
considered to be homogeneous. The scale effect is also a 
characteristic of the in situ rock masses. It influence scale 
effect in both size and time [23]. For in situ behavior, 
these authors show that joint which are present in rocks 
causes scale effect. These joints are characterized by 
their frequencies; connectivities and spacing caused by 
rock burst in deep. Another parameter which can be 
characterized by scale effect in geology and rock engi- 
neering is the permeability [24]. The scale effect depends 
largely on the heterogeneity and the connectivity of dis- 
continuities. Sometimes, discontinuities are no connected. 
From these authors, there are no correlated parameters 
characterizing the conductivity of discontinuities on vari- 
able directions for the same on the field. So the scale 
effect is largely discussed in the literature and some func- 
tions are put on to model this parameter. So, from labo- 
ratory test to field parameters, Hoek-Brown criterion and 
Zhang and Einstein function can be used. The first per- 
mits to define the uniaxial compressive strength and the 
second the Young moduli. The Zhang and Einstein [25] 
is defined as: 

 0.0186 1.9110 RQD
m iE E             (5) 

Scale effect appears also in some results, which char- 
acterize the roughness of joint. That’s why from labora- 
tory parameters to field ones, it is necessary to adapt 
values. This is valid also for Joint Compressive Strength 
(JCS). These last elements are defined by taking about 
scale effect by: 
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The consequence of scale effect is also noted on the 
result of uniaxial compressive strength. For this, uniaxial 
compressive strength of a sample is given by taking 
about the diameter of the study sample and the typical 
diameter of 50 mm by the function 

0.18
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50
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              (7) 
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In all cases, scale effect is traduced by variations of 
mechanical parameters when the dimensions of the sam- 
ples vary. In this paper, it is observed when pass from 
values of laboratory test to values of field. It depends on 
the discontinuities of the rocks, type of filling materials. 
When pass from intact rock to rock with multiple frac- 
tures, some of which are filled, these values of mechani- 
cal parameters fall down. 

5. Structural Analysis of Discontinuities on  
Studied Rocks 

The structural studies carried on the domain of Mako 
show a very important number of discontinuity families. 
In this domain, the igneous outcrop rocks (basalt) show 
also a very important number of fractures, which are rep- 
resented in the stereogram. This disposition reflects the 
presence of folds (Figures 2-4). At the west side of 
Sékoto, the poles of fractures are organized along little 
circles. So, in this area, the folds are conic (Figure 2). 
These conic folds show some axes oriented north south. 

In the south-west of Bafoundou, the poles of fractures 
have an organization along a great circle. This kind of 
organization is characteristic of cylindrical folds (Figure 
3). The pole of the great circle meaning cylindrical fold 
is located in the east side mining that the axe of these 
folds is east. 

This projection (Figure 4) shows a complex appear- 
ance. There are poles disposed along a great circle char- 
acterizing cylindrical fold and others along little circle 
traducing conic folds. Axes of cylindrical folds are ori- 
ented south-east while ones of conic folds are oriented 

 

 

Figure 2. Contoured poles of fractures in the basalts (lower 
hemisphere equal angle projections): conic folds in the 
Mako area. 

 

Figure 3. Contoured poles of fractures in the basalts (lower 
hemisphere equal angle projections): cylindrical folds south- 
west of Bafoundou. 

 

 

Figure 4. Contoured poles of fractures in the basalts (lower 
hemisphere equal angle projections): superposed cylindrical 
and conic fold. 

 
north-south. 

Associated to a dome-basin system, they traduce a few 
different generations of folds that are or not same nature 
(Figures 2-4). This is due to the complex history of the 
Mako area in one part traduced by the three eburnean 
tectonic phases and in another part by the repercussion of 
Panafrican and Hercynian orogenesis. 

Oldest sedimentary rocks of Senegal constitute the 
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domain of Southern east Senegal in the Segou-Madina 
kouta basin. Those rocks show a simple fracturation rep- 
resented by cracks and rarely faults which are often par- 
allel to cracks (Figure 5). 

On the stereogram, the fracturation of Segou doesn’t 
show a particular disposition. They are grouped into 
three families (NE, ENE and ESE) while slight variation 
of fracturation can be seen. These families of disconti- 
nuities are associated with erratic joints accidentally pre- 
sent on the field (Figure 5). 

6. Geometric and Spatial Studies 

Geometric parameters that caused fracturation and their 
iteration in the rock are fractal geometry and scale effect. 
Fractal geometry and scale effect depend on each other 
because both of them depend on stage and scale of the 
studies. 

6.1. Scale Effect 

Studies are conducted from laboratory to field. From one 
to another scale, rocks show important number of joint. 
This is a consequence of the scale effect. The increase of 
the number of discontinuities is due to the fact that in 
rocks microdiscontinuities are associated to microdiscon- 
tinuities. When the sizes of the samples increase, the 
number of macrodiscontinuities present on the rock in- 
creases. The increasing of the number of discontinuities 
in the specimens affects the mechanical parameters. So, 
the smallest volume with all directions of discontinuities 
is called EVR (Elementary Representative Volume). If 
we have a volume of material equivalent or greater than  
 

 

Figure 5. Contoured poles of fractures in the sandstone of 
Ségou area lower hemisphere equal angle projections. 

this volume, mechanical parameters depending on the 
anisotropy don’t change. They become stable around one 
value. This phenomenon appears very well in results of 
studies of all rocks, sedimentary or igneous. It can be 
remarked by lowest values of uniaxial compressive 
strength and Young moduli for rock masses than for 
laboratory samples. But the scale effect is more sensible 
for basalts than for sandstones (Figures 6 to 8). Struc- 
tural studies at Mako (domain of basaltic rocks) and Se- 
gou (domain of sandstones rocks) show that the network 
of discontinuities is most complex for basalts. In fact, 
those sedimentary rocks of Segou are not the area of in- 
tensive tectonic history. Discontinuities are represented 
essentially by cracks. But basalts are affected by D1 and 
D2 phases of deformation and the Hercynian orogenesis 
impact. A large number of directions of discontinuities 
are present. Also, some of these discontinuities are filled 
with crystallization. Filling minerals are very different. 
 

 

Figure 6. Graphical representation of Young moduli for 
different kind of basalts in laboratory samples and field 
ones (1: healthy basalts, 2: basalts with unfilled fractures, 3: 
basalts with tension cracks filled with quartz, 4: basalts 
with multiple fractures, 5: basalts with fractures filled with 
calcite, chlorite, epidote). 
 

 

Figure 7. Graphical representation of Young moduli for 
different kinds of specimens of sandstones (1: white sand- 
stones; 2: red sandstones; 3: purple sandstones; 4: sand- 
stones with intercalation of pelites). 
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Figure 8. Graphical representation of uni-axial compression 
stress for different kinds of specimens of sandstones (1: 
white sandstones; 2: red sandstones; 3: purple sandstones; 4: 
sandstones with intercalation of pelites). 
 
Some, which are hard, and the others are soft. These facts 
show that scale effect depends on the fracturation of the 
rock and the filling minerals of discontinuities. 

For basalts (Figure 6), scale effect is very characteris- 
tic by the number of family of discontinuities and also 
the number of filling minerals and their natures. In fact, 
with these elements, Young moduli of the basalts in labo- 
ratory and in the outcrops vary remarkably. This varia- 
tion is caused by the variability of the product of filling 
which can be very complex. So, it is very difficult to 
have a complete element of volume, which can represent 
the ERV. So, this kind of materials is characterized by a 
very heterogeneous nature and also, the heterogeneity 
can vary exceptionally from a locality to another. 

In these studies, we introduce a parameter called scale 
coefficient (ech). This coefficient is obtained by the func- 
tion: 

100lab mass

lab

E E
ech

E


             (8) 

Elab is the Young modulus for laboratory sample; Emass 
is Young modulus of rock mass. 

Basalts show large interval of variation of the scale 
coefficient (between 38% and 50.4%). that is caused by 
the complexity of the structuration of the samples (Table 
1). 

Healthy basalts, unfilled fractures basalts and basalts 
with tension cracks filled with quartz show same values 
of scale coefficients (38% to 38.3%). That is due to the 
fact that these cases correspond to a low complexity of 
structuration. 

For basalts with fractures filled with calcite, chlorite 
and epidote, the scale coefficient increase (42.4%) be- 
cause of an increase of the level of complexity. The com- 
plexity is a consequence of the duality of the material of 
filling. While calcite is hard, epidote and chlorite are 
soft. 

For basalts with multiple fractures, increasing of the 
scale coefficient (ech) is most important (50.4%). This is 
due to a very important level of complexity. The material 
shows many directions of fractures and some of them are 
filled with soft materials, others by hard materials and 
the last ones are unfilled. 

Therefore, the dimension of the ERV increases with an 
increasing of the scale coefficient, which denote of the 
increasing of the level of complexity of the rock. 

Sandstones show also characteristics of scale effect. 
From laboratory to field values, the Young moduli de- 
crease (Figure 7). This evolution is quite slight because 
of a low to medium level of complexity. In a structural 
part of view, the sandstones are crossed by cracks and 
there are no filling materials which can increase the com- 
plexity of the rock mass. Specimens present relatively the 
same kind of behaviors. 

If we consider the scale coefficients (ech) for sand- 
stones, their values are low and vary around 22% for all 
samples (Table 2). This is due to the fact that the number 
of discontinuities taking part to the behavior of this rock 
mass is limited to three and there are no filling materials 
which reinforce the complexity of the sandstones. While 
variation is exceptionally low, they are in disfavor of the 
sandstones with intercalation of pelites. 

The scale effect affects also the uniaxial compressive 
strength (Figure 8). For sandstones, the action of scale 
effect is most remarkable on uniaxial compressive streng- 
th than on Young moduli. Another coefficient that’s 
method of calculation is similar to the ech and called 
compression scale coefficient ech’ can be defined using 
the uniaxial compressive strength for sandstones. This 
variable is calculated using the following function which 
whom Rlab is the uniaxial compressive strength (UCS) of 
laboratory; Rfield is the UCS of the outcrop. 

' 100lab field

lab

R R
ech

R


           (9) 

For sandstones, this parameter takes high values more 
than 85%. This coefficient increases remarkably when 
the rock is most heterogeneous and takes values higher 
than 93% (Table 3). 

6.2. Fractal Geometry 

Fractal geometry defines a geometric pattern which is 
repeated at ever-smaller scales to produce irregular 
shapes and surfaces which can’t be represented by clas- 
sical geometry. Configurations of objects are small size, 
recurrent and can be identified in large range of scale. In 
Geosciences, this conception is used to quantify a large 
number of phenomena like spacing of discontinuities, 
escarpment of asperities and aperture of discontinuities. 

ue to the tectonic history of Mako, some of filled frac-  D  
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Table 1. Evaluation of Scale coefficient (ech) for basalts. 

Parameters Healthy basalts
Basalts  

with unfilled 
fracture 

Basalts 
with tension cracks  
filled with quartz 

Basalts 
with multiple  

fractures 

Basalts 
with fractures filled with  
calcite, chlorite, epidote 

N˚ of Specimen 1 2 3 4 5 

E (MPa) 13,351 12,566 10,300 9833 6647 

Em (MPa) 8236 7752 6387 4878 3826 

ech (%) 38.3 38.3 38.0 50.4 42.4 

 
Table 2. Evaluation of Scale coefficients (ech) for sandstones. 

Parameters White sandstones Red sandstones Purple sandstones 
Sandstones 

with intercalation of pelites 

N˚ of Specimen 1 2 3 4 

E (MPa) 10,540 7999 7500 2897 

Em (MPa) 8140 6178 5793 2237 

ech (%) 22.76 22.76 22.76 22.78 

 
Table 3. Evaluation of compression scale coefficient (ech’) for sandstones. 

Parameters White sandstones Red sandstones Purple sandstones 
Sandstones 

with intercalation of pelites 

N˚ of Specimen 1 2 3 4 

Rc 1 (MPa) 73.31 62.37 50.25 39.83 

Rc 2 (MPa) 10.36 5.62 5.5 2.52 

ech’ (%) 85.87 90.99 89.05 93.67 

 
tures and microfractures are folded like the outcrop sys- 
tem. These folds appear on preparation as undulations. 
For outcrops, folds can’t be identified by simple observa- 
tions. Determination of orientation of fractures permits to 
characterize these folds by stereographic representation 
(Figure 9(a)). In bloc scale, folds can be easily identified 
(Figure 9(b)) and it is also valid for preparations (Figure 
9(c)). 

This fractal aspect appears also in the values of Joint 
Roughness Coefficients (JRC). For results of these stud- 
ies, JRC values of unfilled microscopic and macroscopic 
fractures are highest than filled ones. For geological sys- 
tems, more fractures are former, the more they are filled. 
Based on this fact, undulated discontinuities (Figure 9) 
are former. They are folded by posterior orogenesis sys- 
tem, which caused most deformation of the geological 
materials. Latest events are characterized by fractures, 
which shear the filled discontinuities. These shears are 
dextral or senestral like the field ones. 

Microdiscontinuities show also same arrangements 
than macroscopic ones. According to the studied event 
and the number of iterations, the fractal dimension 
change. This characteristic is studied in this paragraph. 
The filled fractures show also conjugate aspects on out- 
crops and in laboratory scale with same angles and sinu- 
osities (Figure 10). 

The Birimian of Kédougou-Kenieba (example of Mako 
supergroup) inlier shows some shear fractures or faults. 
In the scale of the field, shears are in many cases repre- 
sented by stumbles separated by ravines. For microscopic 
scale, these senestral shears are identified by studing 
fractures, which crossed another, filled one and which 
caused displacements (Figure 11). The displacements 
correspond to the one determined in the field in locality 
where sample have been taken. 

Figure 12 shows filled fractures in the field scale (Fig- 
ure 12(a)) and on preparation scale (Figure 12(b)). 
These fractures are filled with chlorite, epidote and cal- 
cite. Due to the same nature of filling products and the 
form of structures at the field and on the preparation, we 
deduce that they are contemporaries. Spacing of fractures 
measured for these discontinuities are 5.4 centimeters for 
rock masses and 175 micrometers for preparations. Be- 
fore iteration, we consider an element with one disconti- 
nuity and one spacing in rock mass scale. After iteration, 
they are 308 microfractures corresponding to the spacing 
seen in microscopic scale. For this assemblage of micro- 
discontinuities, some of them are identified in the prepa- 
ration. The preparation shows just a number of mi- 
crofracturation that allows defining the fractal dimension. 
The fractal dimension associated to this operation is df = 
1.12. 
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(a) 

 
(b)                                                       (c) 

Figure 9. Fractal geometry of undulate structures. 
 

  
(a)                                                           (b) 

Figure 10. Fractal geometry in conjugate fractures ((a) outcrops scale; (b) preparation scale). 

Copyright © 2013 SciRes.                                                                                  GM 



D. SARR  ET  AL. 153

    
(a)                                                           (b) 

Figure 11. Microscopic shear of filled microdiscontinuity ((a) outcrops scale; (b) preparation scale). 
 

    
(a)                                                          (b) 

Figure 12. Fractal analysis of spacing of discontinuities ((a) outcrops scale; (b) preparation scale). 
 
Aperture of discontinuities shows also the morphology 

of fractal objects (Figure 13). For the aperture of discon- 
tinuities, we consider that initial stage corresponds to an 
aperture of 6.4 centimeters in the rock mass. After frag- 
mentation, it appears in the rock matrix some micro- 
scopic discontinuities with 41.1 micrometers as aperture. 
The fractal dimension associate to this system is df = 
2.09. 

Another system presenting a fractal aspect is the as- 
perities of fractures (Figure 13). These asperities present 
some length of 1.03 centimeters as escarpment for mac- 
rofractures and some of 41.1 micrometers for micro- 
scopic discontinuities. From macroscopic scale to mi- 
croscopic one, the dimension fractal is df = 1.486. 

The same phenomena are observed in macroscopic and 
microscopic scales of igneous rocks (basalts of Mako) 
Discontinuities appears with same characteristics but 
they are continuous system. So they are affected by the 
same geological history. The consequence of this story 
appears in macroscopic and microscopic scale. 

7. Conclusions 

The results suggest that in the Mako area, there is a ge- 
netic link between the fractures from one location to an- 
other. In fact, the development of the fracturation can be 
synchronized with the development of folds. These re- 
sults have important impacts on the geometry and the 
growth propagation of the development of fractures dur- 
ing the folding phases; where the fracture sets are inter- 
preted as tectonic in origin and are sometimes synchro- 
nous with the post-eburnean folding of the basaltic rocks 
and are not pre- or post-folding fractures.  

For these rock masses, the studies of mechanical pa- 
rameters (Young moduli and uniaxial compressive 
strength) show that values decrease from laboratory to 
field. Decreasing of the values is the consequence of 
scale effect, which is caused by the heterogeneity of the 
materials. The heterogeneity of the material depends on 
the discontinuities, which are present in the rock masses, 
the filling products and their natures. When all factors of 
he rogeneity are taken into account in the samples, it  te 
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(a)                                                          (b) 

Figure 13. Fractal analysis of aperture and escarpment of discontinuities ((a) outcrops scale; (b) preparation scale). 
 

deals with ERV. In this paper, we also define a parameter 
which is characteristic of the scale effect and called scale 
coefficient (ech). This scale coefficient increases with the 
presence of anisotropy in the rock masses. The more 
complex the anisotropy of the rock mass is, the higher 
the ech is. At least, the scale coefficient is the function of 
scale effect which depends on fractures and their fillings. 

The fractal geometry is represented also on rocks. It 
appears on the spacing and the aperture of discontinuities. 
Escarpments of asperities also show this configuration. 
All these fractal characteristics are studied on filled frac- 
tures. Their dimensions vary from an element to another. 
The process of iterations is more pronounced for aperture 
of discontinuities in the filled fractures than for escarp- 
ment and at least spacing of fractures. 

REFERENCES 
[1] E. Bonnet, O. Bour, N. Odling, I. Main, B. Berkowitz, P. 

Davy and P. Cowie, “Scaling of Fracture Systems in 
Geological Media,” Reviews of Geophysics, Vol. 39, No. 
3, 2001, pp. 347-383.  
http://dx.doi.org/10.1029/1999RG000074 

[2] H. Théveniaut, P. M. Ndiaye, F. Buscail, R. Couëffé, C. 
Delor, T. Fullgraf and J. C. Goujou, “Notice Explicative 
de la Carte Géologique du Sénégal Oriental à 1/500000,” 
Ministère des Mines, de l’Industrie, de l’Agro-Industrie et 
des PME, Direction des Mines et de la Géologie, Dakar, 
2010, 122 p. 

[3] P. Ledru, J. Pons, J. P. Milési, J. L. Feybesse, A. Dom- 
manget, V. Johan, M. Diallo and C. Vinchon, “Tectoni- 
que Transcurrente et Evolution Polycyclique dans le 
Birimien, Protérozoïque Inférieur du Sénégal-Mali (Afri- 
que de l’Ouest),” Comptes Rendus de l’Académie des 
Sciences, Série II, Vol. 308, 1989, pp. 117-122. 

[4] P. Ledru, J. Pons, J. P. Milési, J. L. Feybesse and V. 
Johan, “Transcurrent Tectonics and Polycyclic Evolution 
in the Lower Proterozoic of Senegal-Mali,” Precambrian 

Research, Vol. 50, No. 3-4, 1991, pp. 337-354.  
http://dx.doi.org/10.1016/0301-9268(91)90028-9 

[5] M. Diène, M. Gueye, D. P. Diallo and A. Dia, “Structural 
Evolution of a Precambrian Segment: Example of the Pa- 
leoproterozoic Formations of the Mako Belt (Eastern 
Senegal, West Africa),” International Journal of Geo- 
sciences, Vol. 3, No. 10, 2012, pp. 153-165.  

[6] J. Pons, P. Barbey, D. Dupuis and J. M. Leger, “Mecha- 
nisms of Pluton Emplacement and Structural Evolution of 
a 2.1 Ga Juvenile Continental Crust: The Birimian of 
Southwestern Niger,” Precambrian Research, Vol. 70, 
No. 3-4, 1995, pp. 281-301.  
http://dx.doi.org/10.1016/0301-9268(94)00048-V 

[7] M. Gueye, S. Siegesmund, K. Wemmer, S. Pawlig, M. 
Drobe, N. Nolte and P. Layer, “New Evidences for an 
Early Birimian Evolution in the West African Craton: An 
Example from the Kédougou-Kénieba Inlier, Southeast 
Senegal” South African Journal of Geology, Vol. 110, No. 
4, 2007, pp. 511-534.  
http://dx.doi.org/10.2113/gssajg.110.4.511 

[8] J. P. Milési, J. L. Feybesse, P. Ledru, A. Dommanget, M. 
F. Ouedraogo, E. Marcoux, A. Prost, C. Vinchon, J. P. 
Sylvain, V. Johan, M. Tegyey, J. Y. Calvez and P. Lagny, 
“Les Minéralisations Aurifères de l’Afrique de l’Ouest: 
Leurs Relations avec l’Evolution Lithostructurale au Pro- 
térozoïque Inférieur,” Chronique de la Recherche Minière, 
Vol. 497, No. 987, 1989, pp. 3-98. 

[9] J. P. Bassot and A. Dommanget, “Complexe Volcano- 
plutonique Calco-Alcalin de la Rivière Daléma (Est 
Sénégal): Discussion de sa Signification Géodynamique 
dans le Cadre de l’Orogenèse Eburnéen (Protérozoique 
Inférieur),” Journal of African Earth Sciences, 1986, 14 
p. 

[10] P. M. Ndiaye, “Evolution au Protérozoïque Inférieur de la 
Région Est—Saraya, (Supergroupe de Mako, Sénégal 
oriental). Tourmalisation, Altérations Hydrothermales et 
Minéralisations,” Thèse d’Etat, Université Cheikh Anta 
Diop de Dakar, 1994, 372 p. 

[11] J. P. Bassot, “Etude Géologique du Sénégal Oriental et de 

Copyright © 2013 SciRes.                                                                                  GM 

http://dx.doi.org/10.1029/1999RG000074
http://dx.doi.org/10.1016/0301-9268(91)90028-9
http://dx.doi.org/10.1016/0301-9268(94)00048-V
http://dx.doi.org/10.2113/gssajg.110.4.511


D. SARR  ET  AL. 155

ses Confins Guinéo Maliens,” Mém. B.R.G.M. No. 40, 
1996, 332 p. 

[12] D. Sarr, M. Fall, P. M. Ngom and M. Ndiaye “Mech- 
anical Behavior of Pillow Lavas in Mako Supergroup: 
Case of South Mako Hill,” International Journal of Geo- 
sciences, Vol. 2, No. 4, 2011, pp. 640-647.  
http://dx.doi.org/10.4236/ijg.2011.24065 

[13] D. Sarr, M. Fall, P. M. Ngom, M. Ndiaye, C. H. Kane and 
M. Ba, “Geomechanical Characterization of Sandstones 
Cliffs of Segou (Senegal, West Africa) in the Madina 
Kouta Basin,” International Journal of Geosciences, Vol. 
3, No. 1, 2012, pp. 166-174.  
http://dx.doi.org/10.4236/ijg.2012.31018 

[14] B. Mandelbrot, “Les Objets Fractals,” Flammarium, Paris, 
1975. 

[15] B. Mandelbrot. “Multifractal Measures, Especially for 
Geophysicist,” Pageoph, Vol. 131, No. 1/2, 1989, pp. 5- 
42. http://dx.doi.org/10.1007/BF00874478 

[16] Carton “Les Fractales: Une Géométrie de la Nature,” 
2003. 

[17] H. Legrain, “Etude de l’Influence de la Rugosité sur 
l’Ecoulement des Fluides dans les Fissures Rocheuses,” 
Thèse de Sciences Appliquées, Académie Universitaire 
Wallonie Bruxelles, 2006, 162 p. 

[18] N. H. Tran, “A Dissertation Submitted to the University 
of New South Wales in Partial Fulfillment of the Require- 
ments for the Degree of Doctor Philosophy in Petroleum 
Engineering,” University of New South Wales, Sydney, 
2004, 267 p. 

[19] K. Thuro, R. J. Plinninger, S. Zäh and S. Schütz, “Scale 

Effect in Rock Strength Properties. Part 1: Unconfined 
Compressive Test and Brazilian Test. Rock Mechan- 
ics—A Challenge for Society,” Särkkä et Eloranta, Eds. 
Swets et Zeitinger Lisse, 2001. 

[20] R. Simon, “Développement d’une Approche pour Estimer 
la Résistance des Roches dures à l’Echelle du bloc 
Unitaire,” Rapport R-594 de l’IRSST du Québec, 2005, 
59 p. 

[21] M. Pierce, M. Gaida, D. DeGagne, “Estimation of Rock 
Block Strength,” ROCKENG09 Proceedings of the 3rd 
CANUS Rock Mechanics Symposium, Toronto, May 2009. 

[22] C. C. Barton, “Fractal Analysis of Scaling and Spatial 
Clustering of Fractures,” In: C. C. Barton and P. R. La- 
Pointe, Eds., Fractals in the Earth Sciences, Plenum 
Press, 1995, pp. 141-178. 

[23] D. Ellsworth and C. Fairhurst, “Engineering Research 
Opportunities in the Subsurface: Geo-Hydrology and 
Geo-Mechanics,” The American Rock Mechanics Asso-
ciation Foundation. 600 Woodland Terrace, Alexandria, 
VA 22302. A Report to the National Science Foundation 
Award No. CMS-0234136, 2003. 

[24] W. A. Illman, “Strong Field Evidence of Directional Per- 
meability Scale Effect in Fractured Rock,” Journal of Hy- 
drology, Vol. 319, No. 1-4, 2006, pp. 227-236. 

[25] L. Zhang and H. H. Einstein, “Using RQD Estimating the 
Deformation Modulus of Rock Masses,” International 
Journal of Rock Mechanics and Mining Sciences, Vol. 41, 
No. 2, 2004, pp. 337-341.  
http://dx.doi.org/10.1016/S1365-1609(03)00100-X 

 
 

Copyright © 2013 SciRes.                                                                                  GM 

http://dx.doi.org/10.4236/ijg.2011.24065
http://dx.doi.org/10.4236/ijg.2012.31018
http://dx.doi.org/10.1007/BF00874478
http://dx.doi.org/10.1016/S1365-1609(03)00100-X

