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Abstract. The current study has analyzed active fault data along the East Anatolian Fault Zone (EAFZ) ap-
plying both manual (classic) and modern versions of the box counting method. The EAFZ active fault dataset 
used for analysis was taken from the Geoscience Map Viewer and the Drawing Editor from the website of the 
General Directorate of Mineral Research and Exploration. The study covered an area stretching from Karlıova 
in the north to Kırıkhan in the south. The fractal analysis of the earthquake surface rupture and the Holocene 
fault data was performed. Fractal dimensions of the EAFZ active-fault data were calculated for 15 boxes and 
compared with correlation coefficient values. The calculated fractal dimension values were found to vary with 
the density of the active-fault data falling into the boxes. The maximum fractal dimension value D1 was deter-
mined for Karlıova and its surroundings, which can be associated with the fault density due to the branching 
geometry.
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INTRODUCTION

The concepts of fractal and fractal geometry were 
framed and first introduced by Mandelbrot in his 
book “Les objects fractals” (Mandelbrot 1967, 1989). 
In contrast to Euclidean geometry, which is attributed 
to classical geometry and actually deals with regu-
lar shapes of man-made objects, fractal geometry, 
according to Mandelbrot, is a new area of geometry 
dealing with indented, protruding, broken or complex 
objects and shapes existing in nature (Ufuktepe, As-
lan 2001). Fractal geometry is viewed as a method for 
describing objects that exist in nature (Ürey 2006). 
The emergence of the fractal geometry concept was 
induced by the inadequacy of Euclidean geometry to 
describe natural phenomena.

One of the first comprehensive studies on fractal 
analysis was authored by Turcotte (1989). It covered 
a range of fractal-related topics, explained various 
terms and concepts, e.g., fractal and fractal dimen-
sion, relationship between fractal fragmentation and 
seismology, and also described methods for determin-
ing fractal dimensions. The study (Hirata 1989) into 
fault systems in Japan, which was performed using 
the fractal analysis method, represents one of the im-
portant study examples reported in geophysics litera-
ture. The study by Okubo, Aki (1987) focused on the 
San Andreas fault system located between the North 
Gabilan Range and the Salton Sea. The authors used 
circles to cover the fault traces in the San Andreas 
fault system for determining fractal dimensions. The 
study area was divided into six sections, which were 
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30 km wide and approximately equal in length. The 
spatial distribution of earthquakes was presumed to 
be related to the complexity of the fault geometry. 
Aviles et al. (1987) applied fractal analysis to ex-
amine characteristic segments of the San Andreas 
Fault. They measured the fault length using a ruler 
size method and calculated its fractal dimension val-
ues. Although the fault zone was divided into several 
sub-faults, they characterized the complexity only of 
the main fault trace. As in the study by Okubo, Aki 
(1987), the study area was divided into six segments 
and their fractal dimensions were found to range from 
1.0008 to 1.0191. Huang, Turcotte (1990), showed the 
relationship between the deformation of the Earth’s 
crust and the fault to be chaotic. In the study by Mat-
sumoto et al. (1992), fractal analysis was used to as-
sess dimensions of active fault systems in Japan (the 
Median Tectonic Line, earthquakes on the Izu and 
Unzen islands) and in the Philippines. In their study, 
the authors followed the method used by Okubo, Aki 
(1987). The fractal dimensions estimated along the 
Median Tectonic Line were found to vary from 1.00 
to 1.40. The highest fractal dimension (1.40), which 
was calculated for the Unzen area, was attributed to 
the complexity of the fault system (Matsumoto et al. 
1992). In the study by Idziak, Teper (1996), the frac-
tal dimensions of the examined fault system above 
the Silesian coal mine basin in Poland were calcu-
lated using the box counting method. In Japan, fractal 
structures of three geological systems (i.e., epicent-
ers of fault activity, and spatial distribution of riv-
ers) were studied. Fractal dimensions of geological 
systems were calculated employing the box counting 
method in the study by Lei, Kusunose 1999. In Japan, 
the box counting method was used to determine the 
relationship between the spatial distribution of shocks 
and fractal dimensions of the fracture system (Nanjo, 
Nagahama 2000). The same technique was used to 
calculate fractal dimensions of Gujarat, India, in the 
study by Ram, Roy (2005), where the area was di-
vided into five blocks and fractal dimensions were 
estimated for each of them. In that study, the Kach-
chh rift block was found to have the lowest fractal 
dimension. The box counting method was employed 
to calculate fractal dimensions of active faults in the 
Indian landmass using the MATLAB program. The 
fractal dimensions of the study area were found to 
vary from 1 to 1.25 (Jaya et al. 2014). In recent years, 
the complexity of the fault systems and the impact of 
branching geometry along fault zones have become 
evident (Scholz et al. 2010).

In the study by Ceylan (2006), fractal properties of 
earthquakes in the Marmara Sea region were studied 
based on the 1975–2005 earthquake data. The author 
calculated the capacity dimension D0, information di-
mension D1 and correlation dimension D2. The frac-

tal dimensions calculated for the entire system were 
D0 = 1.59, D1 = 1.56 and D2 = 1.51 (Ceylan 2006). A 
fractal-based model was developed and proposed as 
an intermediate-term forecasting tool for determining 
locations of the expected earthquakes in the East Ana-
tolian fault system. Four different methods, i.e., least 
square regression, least sum of absolute deviation re-
gression, orthogonal regression and robust regression, 
were employed in the study. To ensure that analysis is 
comprehensive, the East Anatolian region was divid-
ed into 19 different seismotectonic segments (Öztürk 
2015). In this study into the San Andreas and North 
Anatolian fault zones, Aydindag (2015) also used the 
box counting method and fractal dimension analysis. 
The author split the study area into multiple boxes 
with the side length of 30-km. The fractal dimension 
values calculated for these fault segments ranged ap-
proximately from 0.9 to 1.50. Regional and temporal 
characteristics of seismicity in East Anatolia were 
studied in (Öztürk 2018). The correlation between the 
fractal dimension Dc and Gutenberg Richter b-value 
was revealed. Also, Z-value was used to determine 
recent variations in seismic activity.

The aim of this study was to explain the irregu-
larity of the faults in the East Anatolian Fault Zone 
(EAFZ) using fractal geometry.

EAST ANATOLIAN FAULT ZONE

The East Anatolian Fault Zone begins at the triple 
junction of the North Anatolian Fault Zone, Karlıova, 
and the Ölü Deniz Fault System in the southwest. The 
length of the East Anatolian Fault zone is 580 km, 
and its strike direction is northeast-southwest. The 
East Anatolian Fault zone consists of 6 segments. 
It has a left lateral strike slip fault system (Kartal, 
Kadirioğlu 2013).

Four types of active faults are recorded in Turkey. 
In the active faults database (Geoscience Map Viewer 
and Drawing Editor), they are referred to as: 1) faults 
with earthquake surface rupture; 2) Holocene faults; 
3) Quaternary faults, and 4) probable Quaternary 
faults or lineaments.

Faults with earthquake surface rupture have been 
generating large-magnitude earthquakes since AD 
1900. There are reliable data on the location and the 
total length of the surface rupture. The Holocene fault 
evinces that the surface rupture dates from the Holocene 
time (last 11.000 years) (Emre et al. 2018).

In this study, the fractal analysis of the data on 
the above-mentioned faults with earthquake surface 
rupture and the Holocene fault have been performed 
(Fig. 1). The Google Earth images of the 15 boxed 
segments of the East Anatolian Fault Zone were exam-
ined (Fig. 2). The study area stretched from Karlıova 
in the north to Kırıkhan in the south. Given that each 
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of the 15 study segments was 30 km long, the total 
length of the fault zone was 450 km (15 × 30 km) and 
its total area was 13.500 km2. The active-fault dataset 
for EAFZ was taken from the Geoscience Map View-
er and Drawing Editor from the website of the Gen-
eral Directorate of Mineral Research and Exploration 
(Geoscience Map Viewer and Drawing Editor). 

Figure 1 shows the active fault data based on 
the Geoscience Map Viewer and Drawing Editor 
(Holocene Fault, Fault with Earthquake Surface Rup-
ture and Quaternary Fault). The Google Earth image 
shows the boxed fault segments in the East Anatolian 
Fault Zone that were subjected to fractal analysis. To 
enable the application of the box counting method, 
the boxes were laid out over the image of the study 
area so that the main fault lines would run through the 
box centers.

BOX COUNTING METHOD

The box counting method involves covering a spa-
tial dataset (object or image etc.) with a grid of boxes 
of different side length (r) and counting the number 
of boxes (N) required to do this for each different box 
side length. The relationship between the box size and 
the number of boxes required to cover an object is used 
to calculate the fractal dimension (Turcotte 1989). At 
every iteration, the size of each box is divided into 
smaller parts/pieces. The dataset may be composed 
of points, lines, or higher-dimensional shapes. Boxes 
are used to encompass the data, the shape of the boxes 
being mostly square. To predict a fractal dimension, 
the data are grouped into different-sized boxes multi-
ple times. Employing the box counting method, D is 
calculated by using Equation 1 as follows:

Fig. 1 Fractal analysis of fault areas along the East Anatolian Fault Zone (based on the website of the General Directorate 
of Mineral Research and Exploration)

Fig. 2 The Google Earth image showing the boxed segments along the East Anatolian Fault Zone (EAFZ) (based on the 
website of the General Directorate of Mineral Research and Exploration)
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  (1)

where N(r) is the number of boxes containing data 
and r is the side length of the boxes. Log (N(r)) ver-
sus log((1/r)) is used to find the fractal dimension (D) 
as r approaches zero, as shown in Fig. 3. The graph 
is plotted as a straight line and the slope is equal to 
the fractal dimension. In (Gonzato 1998) and (Bourke 
2014), an algorithm was developed to calculate the 
fractal dimension using the box counting method.

The box counting procedure consists of the fol-
lowing steps:

Step 1. The image of the fault area is overlaid with 
boxes whose side length is r. Then, the boxes contain-
ing the fault data is counted.

Step 2. The side length (r) of the box is divided 
by two. The resulting side length is r/2, and the boxes 
containing fault data is counted.

Step 3. The obtained side length (r/2) of the box-
es is divided by two, and the side length becomes r/ 
4. Then, again, the boxes containing fault data are 
counted.

Log N (r) - Log 1/r is represented by a statisti-
cal flat curve in Cartesian coordinates, and the slope 
of this curve indicates the fractal dimension value 
(Aydındağ 2015).

MANUAL APPLICATION OF BOX COUNT-
ING METHOD

The active fault data along the East Anatolian 
Fault Zone (EAFZ) were subjected to fractal analy-

sis, which was carried out applying the box counting 
method. In this study, the box counting method was 
applied manually, and the effect of the human fac-
tor was maintained at the lowest level as shown in 
Fig. 4. The determined size of the first box was 30 km 
× 30 km and the examined EAFZ area was split into 
15 boxed segments in total. The boxes were laid out 
over the image of the study area so that the main fault 
line would run through the center of the boxes. The 
manual box counting method was applied following 
a 5-step procedure.

On every step of the algorithm application proce-
dure, the side length of the boxes was reduced and 
the active fault data falling into the boxes increased 
accordingly.

MODERN VERSION OF THE BOX COUNT-
ING METHOD USING THE FRACTALYSE 
IMAGE ANALYSIS SOFTWARE

The Fractalyse Image Analysis Software was used 
to enable the application of the box counting method 
for analyzing the EAFZ active fault data. The afore-
mentioned image analysis program was developed by 
the research team of the Thema Research Center at 
Franche-Comte University in collaboration with the 
French National Center for Scientific Research (Frac-
talyse Analysis Software).

To carry out the fractal analysis of the active fault 
data, the boxes were arranged as described in the sec-
tion under the heading “The East Anatolian Fault 
Zone”. As the working principle of the Fractalyse im-
age analysis software is based on the black-and-white 
format, the fault data were processed using the image 
analysis program and converted into the black-and-
white format (the background should be white and ac-
tive fault data black). Furthermore, the Tiff (Tagged 
Image File Format) image format or Bmp (Bitmap) 
extension should be used as shown in Fig. 5.

Fig. 3 Simplified representation of the box counting meth-
od application (Aydındağ et al. 2018)

Fig. 4 The manual (classic) application of the box counting 
method
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The images of the East Anatolian Fault Zone (Ge-
oscience Map Viewer and Drawing Editor) were con-
verted into the black- and-white format to enable the 
application of the modern version of the box counting 
method as illustrated in Fig. 5. Data on the fault with 
earthquake surface rupture and on the Holocene fault 
were also subjected to fractal analysis (Geoscience 
Map Viewer and Drawing Editor).

To perform fractal analysis, the numbers of the 
counted black pixels and the box side lengths were 
marked in the Cartesian coordinate system, where X-
axis represented box side lengths, and Y-axis repre-
sented the number of the counted black pixels. The 
fractal dimension was calculated from the slope of 
the curve, which showed the relationship between the 
number of the counted black pixels in the fault im-
age and the box side lengths. The fractal size values 
of each boxed area were computed applying both the 
Grid and the Free box methods. However, the frac-
tal size values of each boxed area computed apply-
ing these methods differed. The Grid method is the 
most commonly used method for estimating fractal 
dimensions. When using the Grid method, the image 
of the study area was covered with a quadratic grid 
and then the grid distance ε was modified. Following 
the earlier described logic, for each value of ε, the 
number of squares N(ε) containing fault-related pix-
els was counted. In the case of the Free box method, 
the number of boxes containing black data pixels is 
required to be minimal. The algorithm converged on 
the minimum in infinite time, so the results obtained 
were only an approximation of the optimal coverage.

RESULTS

The active fault data along the East Anatolian 
Fault Zone were investigated applying the box count-
ing method, which is the most popular among fractal 
analysis methods. In the study, the grid of boxes was 
laid out over the image of the faults passing through 
the centers of the main areas. Other faults (secondary 
faults) passing through the data analysis boxes were 
also included in the analysis. The computation of frac-
tal dimension values of the fifteen 30 × 30-km-sized 
boxes spanning the area of the fault zone using the 
box counting method yielded different results. There-
fore, the fractal analysis of the active fault data was 
carried out employing both versions of the box count-
ing method, i.e., the manual and the modern one.

The fractal dimensions of the main EAFZ fault 
trace calculated applying the manual version of the 
box counting method were found to vary between 
0.81 and 1.47. One of the highest EAFZ fractal di-
mension values computed employing this version of 
the box counting method was obtained for the Bingöl-
Center as shown in Fig. 6.

Figure 6 presents the fractal dimension and the 
regression coefficient of determination (on the right) 
for Bingöl-Center, Çayboyu, which were determined 
applying the manual version of the box counting 
method. The fractal dimension value of this fault seg-
ment was the second highest because the data falling 
into the box exhibited high intensity.

The lowest fractal dimension value (0.81) was ob-
tained for the area of Hazar Lake and its surroundings 

Fig. 5 The image of EAFZ converted into the black-and-white format for the modern application (based on the website 
General Directorate of Mineral Research and Exploration)
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enclosed in Box 5, which is explained by the sparsity 
of the data falling into this box, i.e., the area enclosed 
in Box 5 is occupied by Hazar Lake with no fault line 
extension (Fig. 7).

When using the manual version of the box count-
ing method, the smallest fractal dimension value was 
obtained for the box encompassing Hazar Lake and 
its surroundings. The fractal dimension value and the 
regression coefficient of determination are shown on 
the right.

The modern version of the box counting method is 
represented by the Free box and Grid methods, which 
were implemented using the Fractalyse image analy-
sis software. The application procedure of the modern 
version of the box counting method, just like that of 
the manual version, consists of 5 steps.

In this study, Free box and Grid methods were ap-
plied separately to characterize 15 boxed segments of 
the East Anatolian Fault Zone. The fractal dimension 
values of the 15 EAFZ boxed segments calculated us-
ing the Free box method ranged from 0.78 to 1.25. 

The analysis of the same 15 EAFZ boxed segments 
employing the Grid method provided similar results, 
i.e., the fractal dimension values were found to range 
from 0.83 to 1.31.

The results obtained using the Grid method are 
shown in Figs 8 and 9. The fractal dimension value 
D1 and the correlation coefficient of the area (Box 1) 
covering Karlıova and its surroundings computed 
applying the Grid method were 1.3100 and 0.9991, 
respectively. The lowest fractal dimension value 
(D7 = 0.83) was calculated for the Malatya-Pütürge 
area enclosed in Box 7.

Figure 8 illustrates the application of the Grid 
method to the Bingöl-Karlıova region. The fractal 
dimension value and the correlation coefficient are 
presented.

Figure 9 illustrates the application of the Grid 
method to the Malatya-Pütürge region. The fractal di-
mension and correlation coefficient are presented.

Figs 10 and 11 show the results of the East Ana-
tolian Fault Zone fractal analysis obtained applying 

Fig. 6 The manual application of the box counting method (Bingöl-Center, Çayboyu)

Fig. 7 The smallest fractal dimension value was obtained for the boxed area of Hazar Lake and its surroundings. The 
manual version of the box counting method was applied
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Fig. 8 The Grid method application (Bingöl-Karlıova)

Fig. 9 The Grid method application (Malatya-Pütürge)

Fig. 10 The Free box method application (Bingöl-Center)
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the Free box method. The Bingöl-Center area shows 
the highest correlation coefficient R = 0.9982 and the 
fractal dimension value 1.21. The lowest fractal di-
mension value calculated using the Grid method was 
obtained for the Malatya-Pütürge area.

Figure 10 shows the application of the Free box 
method to the Bingöl-Center region as well as values 
of the fractal dimension and correlation coefficient.

Figure 11 illustrates the application of the Free box 
method to the Malatya-Pütürge region and presents 
values of the fractal dimension and correlation coef-
ficient. The fractal dimension values of the active fault 
segments in the East Anatolian Fault Zone computed 
applying different fractal analysis methods, i.e., the 
manual and the modern automated version, differed. 

The correlation coefficient (R) of all the boxed areas 
computed using the box counting method was found 
to be statistically high (R > 0.9). The fractal dimension 
values of the EAFZ determined applying the manual 
and the modern versions of the fractal analysis method 
are shown in Table 1 and Table 2, respectively. Since 
the correlation coefficient is close to 1, the relationship 
between the two variables is strong, positive.

The performed analysis of fractal properties of 
the active fault data using the manual box counting 
method and its modern versions has made it pos-
sible to express fault irregularities in fault areas in 
the East Anatolian Fault Zone mathematically. The 
obtained high fractal dimension can be linked to the 
fragmented and irregular geometry of the fault in that 

Fig. 11 The Free box method application (Malatya-Pütürge)

Table 1 The fractal dimension values and correlation coef-
ficients, which were determined for each boxed segment 
of the EAFZ employing the manual version box counting 
method

The box 
number Fractal Dimension Correlation Coefficient

D1 1.47 0.9999
D2 1.37 0.9964
D3 1.19 0.9993
D4 1.05 0.9991
D5 0.81 0.9811
D6 1.02 0.9989
D7 1.01 0.9979
D8 1.21 0.9986
D9 1.12 0.9976
D10 1.02 0.9985
D11 1.21 0.9987
D12 1.15 0.9997
D13 1.02 0.9986
D14 1.20 0.9967
D15 1.15 0.9998

Table 2 Fractal dimension values and correlation coeffi-
cients of each boxed EAFZ area determined employing the 
Free box and the Grid methods

The box 
number

Fractal 
Dimension 

Grid

Correlation 
Coefficient 

(Grid)

Fractal 
Dimension 
(Free box)

Correlation 
Coefficient 
(Free box)

D1 1.31 0.9991 1.25 0.9812
D2 1.23 0.9994 1.21 0.9982
D3 1.15 0.9972 1.09 0.9978
D4 0.98 0.9969 0.86 0.9838
D5 0.83 0.9383 0.94 0.9591
D6 1.11 0.9922 1.02 0.9993
D7 0.83 0.9944 0.78 0.9640
D8 1.10 0.9959 1.00 0.9783
D9 1.10 0.9985 1.04 0.9947
D10 0.90 0.9938 0.90 0.9956
D11 1.13 0.9975 1.02 0.9718
D12 1.01 0.9925 1.01 0.9980
D13 0.89 0.9888 0.87 0.9868
D14 0.96 0.9939 0.97 0.9939
D15 1.13 0.9953 1.04 0.9959
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region. The maximum values of the fractal dimension 
can be correlated with the fault density attributable to 
the branching geometry. On the other hand, the low 
value of the fractal dimension can be explained by the 
linear and simple geometry of the fault.

CONCLUSION

The East Anatolian Fault Zone (EAFZ) was investi-
gated applying the box counting method. The box size 
was 30 km × 30 km. The performed fractal analysis of 
EAFZ showed that the total fault length is 450 km (15 
× 30 km) and the fault area is 13,500 km2. Data on the 
faults with earthquake surface rupture and the Holocene 
fault were based on the active fault database of Turkey. 
The fractal analysis of EAFZ performed applying the 
manual and the modern versions of the box counting 
method yielded different fractal dimension values.

The highest fractal dimension value was obtained 
for D1 (Box 1) covering the Karlıova region and its 
surroundings. It can be explained by the fault density 
due to the branching of the rupture zone. Karlıova is 
located at the intersection point of several fault zones, 
i.e., East Anatolia, Northeast Anatolia and North 
Anatolia. Therefore, Karlıova is sometimes called a 
triple junction. When using the manual version of the 
method, the lowest fractal dimension value (0.81) was 
determined for D5 (Box 5), which covers Hazar Lake 
and its surroundings. However, when the modern 
Free Box and Grid methods were applied, the lowest 
fractal dimensions (0.78 and 0.83 respectively) were 
obtained for Pütürge and its surroundings. The lowest 
fractal dimension value calculated for this region is 
attributable to the fault data sparsity therein.

It should be emphasized that the current study of 
the EAFZ is limited to the currently available dataset 
and the values presented here are likely to change with 
the data quality improvement. Further research should 
focus on the fractal analysis of historical earthquakes, 
where the influence of lithological trends can be incor-
porated. Future studies of EAFZ should also include 
geothermal resources and areas with mineral resource 
potential. Analysis of plate velocity changes and earth-
quake clusters is likely to provide additional insights.
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