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Abstract The ongoing continent–continent collision between Indian and Eurasian plates

houses a seismic gap in the geologically complex and tectonically active central Himalaya.

The seismic gap is characterized by unevenly distributed seismicity. The highly complex

geology with equally intricate structural elements of Himalaya offers an almost insur-

mountable challenge to estimating seismogenic hazard using conventional methods of

Physics. Here, we apply integrated unconventional hazard mapping approach of the fractal

analysis for the past earthquakes and the box counting fractal dimension of structural

elements in order to understand the seismogenesis of the region properly. The study area

extends from latitude 28�N–33�N and longitude 76�E–81�E has been divided into twenty-

five blocks, and the capacity fractal dimension (D0) of each block has been calculated

using the fractal box counting technique. The study of entire blocks reveal that four blocks

are having very low value of D0 (0.536, 0.550, 0.619 and 0.678). Among these four blocks

two are characterized by intense clustering of earthquakes indicated by low value of

correlation fractal dimension (Dc) (0.245, 0.836 and 0.946). Further, these two blocks are

categorized as highly stressed zones and the remaining two are characterized by intense

clustering of structural elements in the study area. Based on the above observations,

integrated analysis of the Dc of earthquakes and D0 of structural elements has led to the

identification of diagnostic seismic hazard pattern for the four blocks.
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1 Introduction

Himalaya is among the most earthquake prone areas of the world. The main seismogenic

zones are associated with the collision plate boundary between the Indian and Eurasian

plates. Any earthquake study is primarily aimed at reviewing the seismic hazard in a

region and mitigating the risk by taking into account the possibilities of future earthquake

occurrences. This requires an understanding of the processes related to repeated earth-

quake occurrences on various seismogenic structures (Gahalaut and Kundu 2011). Based

on this context, the relationship between the distribution of structural elements of the

region and the past earthquakes has been addressed in this paper. This study can broadly

be classified into two categories. The first category deals with the correlation between the

past events and examining the fractal correlation dimension (Dc) using correlation

integral approach (Grassberger and Procaccia 1983a; Hilarov 1998; Roy and Ram 2006),

while the other category deals with the distribution of structural elements (faults, thrusts,

lineaments, etc.) and calculation of box counting fractal dimension or capacity fractal

dimension (D0) (Korvin 1992; Turcotte 1997 and Ram and Roy 2005). Thus, integrated

results of both categories have significant implications on the seismic hazard assessment

for this geologically and tectonically complex region. The Himalayan Range with the

largest concentration of mass on earth is characterized by very complex structural ele-

ments that play a vital role in determining the seismicity of the region in response to the

northward movement of the Indian Plate impinging on Asian mainland. The area of

interest for this paper is part of the central seismic gap, lying between the 1905 Kangra

and the 1934 Bihar–Nepal earthquake area. This region has not experienced a large

earthquake for quite a long time, and the study for hazard mitigation becomes crucial for

such a region. Scores of scientific investigations suggest impending large earthquake in

future in this zone. Several researchers like (Khattri and Tyagi 1983; Khattri 1987, 1995;

Bilham et al. 1995; Mukhopadhyay et al. 2004; Jouanne et al. 2004; Singh et al. 2010)

emphasize the possibility of large future earthquakes in this very zone. The seismicity of

a region is dictated by the interaction between subsurface geology and regional active

tectonics of that region. A seismic tremor can have devastating effects on heavily pop-

ulated areas and may lead to a serious hazard in that region. The study area is inhabited

and dotted with many densely populated towns with people living both on mountains and

their foothills. As the area houses a large number of structures including buildings, dams,

and bridges, the consequences of an earthquake get multiplied manifolds. The damage

threat due to a possible earthquake is more serious due to the effects of triggered

landslides on the viable motor road. Thus, the seismic hazard estimation for the region is

an imperative need for the safety and security of these mountain dwellers living under

the constant threat of a major earthquake. It is in this backdrop that the geology and

seismicity of the region in and around the study area need to be investigated in details.

Major structural and tectonic elements exposed in and around the region are Indus

Suture, Karakoram Fault, Main Central Thrust (MCT), Main Boundary Thrust (MBT),

Main Frontal Thrust (MFT), Jwala Mukhi Thrust, Drang Thrust, Sundar Nagar Fault,

Kaurik Fault system, Alaknanda Fault, Martoli Thrust, Mahendragarh Dehradun Fault,

North Ramgarh Thrust, South Ramgarh Thrust, South Almora Thrust, North Almora

Thrust, Moradabad Fault, and Great Boundary Fault (Joshi 1999; Dasgupta et al. 2000).

The region is seismologically one of the most active zones of the Himalayan terrain. Our

analysis effectively brings out that some parts of the study area are threatened by high

seismic risk. Our unconventional hazard mapping approach is mainly using correlation

fractal dimension for understanding the pattern of earthquake occurrence and the use of
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capacity fractal dimension to quantify the distribution of structural elements of the

region.

The fault system is analyzed with the help of the box counting method, which is a

popular tool of fractal analysis. This method was earlier used by Hirata (1989a) for

fault systems in Japan; by Idziak and Teper (1996) to study fractal dimensions of fault

networks in the upper Silesian coal basin, Poland; Angulo-Brown et al. (1998) studied

the distribution of faults, fractures, and lineaments over a region on the western coast

of the Guemero state in southern Mexico. A similar technique was used by Okubo and

Aki (1987) to study the fractal geometry of the San Andreas fault system; by Sukmono

et al. (1994, 1997) to study the fractal geometry of the Sumatra fault system. Sunmonu

and Dimri (2000) studied the fractal geometry and seismicity of Koyna–Warna, India,

by using the same technique. Ram and Roy (2005) used the technique for the Bhuj

Earthquake analysis. Thingbaijam et al. (2008) applied the method for the determina-

tion of capacity dimension (D0) for the fault system. Gonzato et al. (1998) and Gonzato

(1998) have developed computer programs to evaluate fractal dimension through the

box counting method, which potentially solves the problem of the process of counting.

The main disadvantage of the program is that it deals directly with the images. Joshi

and Rai (2003a) used fractal geometry for appraisal of inverted Himalayan metamor-

phism, and Joshi and Rai (2003b) demonstrated fractal dimension as a new measure of

neotectonics activity. The technique has also been widely used in various fields for

characterization of specific mineral occurrence in nature. Recently, researchers (Ford

and Blenkinsop 2008; Raines 2008; Carranza 2008, 2009) applied the same method in

order to characterize spatial pattern of occurrences of mineral deposits. Chauveau et al.

(2010) used capacity dimension and correlation dimension for the study of color

images.

2 Methodology

2.1 Correlation dimension

A fractal dimension is a sophisticated statistical tool to quantify the dimensional dis-

tribution of seismicity or structural elements, its randomness, and characterization (e.g.,

Kagan and Knopoff 1980; Ogata 1988; Hirata 1989b). The fractal dimension may be

used as a quantitative measure of the degree of heterogeneity of seismic activity in

faults system of a region (Oncel et al. 1996). Therefore, it gives vital information about

the stability of a region. A change in the fractal dimension corresponds to the dynamic

evolution of the states of the system. The fractal dimension, Dc value, is estimated

using the correlation dimension. The correlation dimension as defined by Grassberger

and Procaccia (1983b) measures the spacing of a set of points, which in this case are

the earthquake epicenters. The correlation integral technique that gives the correlation

dimension is preferable because of its greater reliability and sensitivity to small changes

in clustering properties (Kagan and Knopoff 1980; Hirata 1989b).

The fractal correlation dimension is derived from the correlation integral (Grassberger

and Procaccia 1983a; Hilarov 1998; Roy and Ram 2006;Roy and Nath 2007; Roy and
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Padhi 2007; Singh et al. 2009; Roy and Mondal 2009), which is a cumulative correla-

tion function that measures the fraction of points in the two-dimensional space and is

defined as:

Fig. 1 A schematic diagram of the box counting method for measuring the fractal dimension of the fault
system. The r is measure of side of a square box, and N(r) is number of boxes containing at least one or any
part of fault system

Fig. 2 The log (1/r) versus log N(r) is shown for the determination of capacity dimension of the block ‘‘A,’’
‘‘N,’’ ‘‘L,’’ and ‘‘S’’. The slope of the line assigns the value of capacity dimension. R2 represents correlation
coefficients of the regression line
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C rð Þ ¼ 2

N N � 1ð Þ
XN

j¼1

XN

i¼jþ1

H r � rij

� �
ð1aÞ

r ¼ cos�1 cos h1 cos h2 þ sin h1 sin h2 cos /1 � /2ð Þð Þ ð1bÞ

where N (for 50 events windows, N will be 50C2 , that is, 1225) is the total number of pairs

in the fractal set to determine Dc, r is the length scale, rij the distances between the points

of a set, which are obtained through spherical triangle method (Eq. 1b), where r the angular

distance between two events, (h1, /1), (h2, /2) are colatitudes and longitudes, respectively,

of two events, H is the Heaviside step function. Therefore, C(r) is proportional to the

number of pairs of points of the fractal set separated by a distance less than r. If the system

of points examined is a fractal set, the graph of C(r) in logarithmic coordinates must be a

linear function with slope Dc equal to the fractal dimension of the system. The Dc value is

inversely related to the degree of clustering and it requires higher degree of accuracy in

both space and time of occurrence of events as the present analysis depends on

the spatiotemporal distribution of earthquake sequences. Lower the value of Dc higher the

clustering (Hirata et al. 1987; Kagan et al. 2006) of events and vice versa occurs in the

study zone. This is exercised considering 50 events windows to depict the variation in Dc

with time.

2.2 Fractals in geological structural system

A fractal distribution requires that the number of objects larger than a specified size has a

power-law dependence on the size:

N rð Þ / 1=r; ð2Þ

where N(r) is the number of objects (i.e., fragments) with a characteristic linear dimension

r (specified size). Equation (2) can be written as:

N rð Þ ¼ c
�
rD0 ; ð3Þ

where c is the constant of proportion and D0 is the fractal dimension that gives N(r) a finite

value; otherwise, with the decrease in size r in Eq. (2), the value would have reached

infinite. For box counting, N(r) represents the number of occupied boxes and r is the length

of the box side. Hirata 1989a used box counting (e.g., Turcotte 1989, 1997) to cover the

fault traces.

The fractal dimension of the fault system can be measured by the box counting method

(Fig. 1). The procedure is repeated for different values of r, and the results are plotted in a

log–log graph. The slope of the line assigns the value of capacity dimension (Preuss 1995;

Turcotte 1997; Ram and Roy 2005) as depicted in Fig. 2. If the fault system under

investigation is a fractal, the plots of N(r) versus r can be described by a power-law

function (Mandelbrot 1985; Feder 1988) as in Eq. (3). The relation in Eq. (3) can be

represented as a linear function in a log–log graph:

Log N rð Þ ¼ log c� D0 logr; ð4aÞ

where c is the constant of proportion, and the slope, D0, of the linear log–log plots of N(r)

versus r represents a measure of the fractal dimension of the system. In this method, the

faults and other structural elements on the map were initially superimposed on a square

grid size s0. The unit square s2
0 was sequentially divided into small squares of size
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s1 ¼ s1
x=2;

s0=4;
s0=8; . . .. . .. . .. The number of squares or boxes N sið Þ intersected by at

least one fault line is counted each time. If the fault system is a self-similar structure, then

following Mandelbrot (1983), N sið Þ is given by:

N sið Þ� s0=sið ÞD0 � s�D0

i ; ð4bÞ

where D0 is interpreted as the fractal dimension of the fault system. The fractal dimension

D0 was determined from the slope of the log N sið Þ versus log s0=sið Þ line of the data points

obtained by counting the number of boxes covering the curve and the reciprocal of the

scale of the boxes.

The area of the present study covers the belt between latitude 28�N–33�N and longitude

76�E–81�E, and it was divided into twenty-five blocks (Fig. 3). Surface and volume fractal

dimensions were obtained for blocks (A–Y) separately shown in Table 1. The four blocks

denoted in bold (i.e. A, L, N & S) are the identified possible high seismic risk zone. On the

other hand the fault line in block ‘‘Y’’ is not fractal. Box counting dimension for each block

marked by capital letters (A–Y) is given in Table 1. The volume fractal dimension is equal

to one plus surface fractal dimension (Turcotte 1997; Maus and Dimri 1994; Sunmonu and

Dimri 2000). Usually, the surface exposed faults are the two-dimensional expression of

embedded faults in the three-dimensional volume mass. Hence, volume fractal dimension

will give the perspective of understanding the three-dimensional heterogeneity of the

complex Himalayan structure. The geological elements have been taken from Dasgupta

et al. (2000). Each block is of the order of 1� 9 1� on the maps.

3 Data used

The USGS PDE data (mb C 3.5) have been used for the period 1973–2008 and Wadia

Institute of Himalayan Geology local network data (mb C 1.2) for the period of 2004 to

2006 for the study of region in search of seismicity patterns of the region. Further, con-

sidering the catalogue of USGS PDE for the entire period from 1973 to 2008, we felt that

the local earthquakes recorded by the Wadia Institute of Himalayan Geology (WIHG) will

give better idea about the stress pattern. As earthquake scaling and frequency of occurrence

relations require that small earthquakes be just as important as larger ones in redistributing

the forces that drive relative displacements across active faults of any dimension, including

plate boundaries. The removal of data set recorded by local networks will lead to decrease

in a good chunk of data, which would have played a very important role in deciding the

energy buildup in the system in the lookout of the zone of extreme stress buildup as a slow

process for nucleating a strong event. However, the Gutenberg–Richter relation is not used

directly in the present analysis where b value is not a parameter considered in relation to

Dc. Moreover, our prime goal here is to find the D0 for structural elements to get the

seimotectonic of the region and to also see the relation with Dc, whereas correlation of such

different parameters is new of its kind in this seismic hazard analysis. The completeness

magnitude is not expected to change the correlation dimension formulation in the search of

low Dc. Even Oncel and Wilson (2002, 2006); Nakaya and Hashimoto (2002); Roy and

Ram (2006) did not specify completeness in their studies. The tectonic features of the

region have been utilized from Dasgupta et al. (2000) for capacity dimension determina-

tion. In the determination of D0, care has been taken in all respect. Figure 3 shows the

utilized structural elements for the box counting dimension. The area covers from latitude

28�N–33�N and longitude 76�E–81�E. Figure 3 shows the distribution of structural
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MFT-Main Frontal Thrust
GBF-Great Boundary Fault
MBT-Main Boundary 
Thrust
MCT-Main Central Thrust
JMT-Jwala Mukhi Thrust 
MDF-Mahendragarh 
Dehradun Fault
SNF-Sundar Nagar Fault
NRT-North Ramgarh Thrust
SRT-South Ramgarh Thrust
NAT-North Almorah Thrust
SAT-South Almorah Thrust

KFS-Kaurik Fault System
MF-Moradabad Fault
MT-Martoli Thrust
DT-Drang Thrust
AF-Alakanda Fault
KF-Karakorum Fault
IS-Indus Suture

Study Area

Fig. 3 The map of the region shows the tectonic features of the entire study area used for the determination
of capacity fractal dimension (D0) (Modified after Dasgupta et al. 2000)
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elements in the entire study area that has been divided into twenty-five blocks as marked by

capital letters (A to Y). The corresponding box counting fractal dimensional value is

depicted in Table 1. The variation in capacity dimension of each block may be related to

the physical clustering and distribution of the fault system.

4 Results and discussion

The fractal dimension of past earthquakes occurrence was first determined to observe the

variation in Dc value with time. High seismic activity and the clustering of the area are

determined with the significant low value of Dc. The Dc value was calculated for using fifty

events consecutive windows of the data set as its variation shown in the Table 2. Further,

Dc value is inversely related to degree of clustering of events (Kagan et al. 2006; Roy and

Padhi 2007; Thingbaijam et al. 2008). Hence, low Dc value indicates high clustering

(Hirata et al. 1987) of earthquakes occurrence. This helps in the identification of highly

clustered zone as indicated in Fig. 4a–c. One strong event has occurred in the sixth window

Table 1 Box counting dimension and volume fractal dimension for twenty-five blocks, where R2 represents
the regression coefficient for straight line fit to obtain box counting fractal dimension

Serial/
block no.

Latitude–longitude of the
sub area in 1� 9 1�

Box counting fractal
dimension (D0)

R2 (regression
coefficient)

Volume fractal
dimension = D0 ? 1

A 32�N–33�N 76�E–77�E 0.678 0.950 1.678

B 32�N–33�N 77�E–78�E 0.629 0.982 1.629

C 32�N–33�N 78�E–79�E 0.793 0.990 1.793

D 32�N–33�N 79�E–80�E 0.824 0.960 1.824

E 32�N–33�N 80�E–81�E No structural
element exists

– –

F 31�N–32�N 76�E–77�E 0.619 0.974 1.619

G 31�N–32�N 77�E–78�E 0.574 0.978 1.574

H 31�N–32�N 78�E–79�E 0.721 0.996 1.721

I 31�N–32�N 79�E–80�E 1.043 0.995 2.043

J 31�N–32�N 80�E–81�E 0.793 0.980 1.793

K 30�N–31�N 76�E–77�E 0.805 0.993 1.805

L 30�N–31�N 77�E–78�E 0.536 0.842 1.536

M 30�N–31�N 78�E–79�E 0.575 0.991 1.575

N 30�N–31�N 79�E–80�E 0.619 0.986 1.619

O 30�N–31�N 80�E–81�E 0.608 0.979 1.608

P 29�N–30�N 76�E–77�E 1.231 0.949 2.231

Q 29�N–30�N 77�E–78�E 0.776 0.958 1.776

R 29�N–30�N 78�E–79�E 0.652 0.968 1.652

S 29�N–30�N 79�E–80�E 0.550 0.981 1.550

T 29�N–30�N 80�E–81�E 0.570 0.980 1.570

U 28�N–29�N 76�E–77� 0.564 0.984 1.564

V 28�N–29�N 77�E–78�E 0.674 0.986 1.674

W 28�N–29�N 78�E–79�E 0.868 0.976 1.868

X 28�N–29�N 79�E–80� 0.683 0.990 1.683

Y 28�N–29�N 80�E–81� Not Fractal – –
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(Table 2) of magnitude 6.6 Ms, but the other two low Dc value windows (i.e., 9th and 10th)

have no such strong events, showing the present activity for future strong event.

The three-dimensional map of volume fractal dimension distribution of the entire study

area is depicted in Fig. 5 as calculated and shown in Table 1. Lower volume fractal

dimension distribution is observed along MBT. On the other hand, there exists a gradual

increase in volume fractal distribution through MBT toward Main Central Thrust (MCT).

Higher volume fractal dimension distribution is along Indus Suture and Karakoram Fault

(Fig. 5). Hence, higher volume fractal dimension gives the view of understanding the

three-dimensional heterogeneity of the complex Himalayan structure, which is predomi-

nant in the above two regions like Indus Suture and Karakoram as well as for the region

near MCT as shown in the Fig. 3. Here, the volume fractal dimension of structural ele-

ments present in each block was calculated using the box counting technique (Carlson

1991; Hodkiewicz et al. 2005; Ram and Roy 2005; Ford and Blenkinsop 2008; Raines

2008; Carranza 2008, 2009).

The surface fractal dimension quantifies the geometrical distribution of fault system,

which is the quantitative fractal analysis of complex tectonics governing seismic activity in

the region. The results show some boxes are having lowest D0 values. The estimated D0 is

found to vary from 0.536 to 1.231. The block ‘‘L’’ has the lowest capacity dimension, and

block ‘‘P’’ has the highest D0 value (Fig. 5). The block ‘‘L’’ has a system of faults well

distributed in the region. On the other hand, block ‘‘P’’ has only one fault line. So the

physical significance of low and high D0 may be understood well with capacity dimension.

A value close to 2 suggests that it is a plane that is filled up by structural elements, while a

value close to 1 implies that line sources are predominant (Aki 1981). In our study region,

none of the blocks have a value of 1 or 2.

The analysis for the entire region gives insights about the seismic hazard prevalent in

and around the four blocks. The three lowest Dc earthquakes distribution of fifty events

Table 2 Here, the variation in
Dc value for fifty events windows
with mean time is shown. The
three low Dc values are marked in
bold where one window has one
strong earthquake and other two
windows have no such events

Serial no. Mean time (t) of each fifty events
windows (in months/remarks)

Dc

1 26.11 1.615

2 72.74 1.522

3 148.44 1.824

4 214.58 1.431

5 264.77 1.546

6 308.21 (6.6Ms, 28.03.99) 0.836

7 342.25 1.295

8 372.28 1.280

9 389.029 (LOW Dc, 28.12.04) 0.946

10 391.29 (LOW Dc, 01.03.05) 0.285

11 392.73 1.346

12 395.54 1.253

13 401.04 1.263

14 405.98 1.579

15 412.87 1.447

16 426.47 1.192
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windows clearly indicates the intense clustering of events in blocks ‘‘A’’ and ‘‘N’’ (Fig. 4a,

b). The reason may be the low capacity dimension value of 0.678 and 0.619 for the fault

systems, respectively. The tectonic elements in blocks ‘‘A’’ and ‘‘N’’ may be the cause of

occurrence of higher intensity earthquakes. The present seismic activity scenario in the

region may be supported by the existence of complex fault system and its relation (Fig. 4a–

c). The structural elements in these two blocks are Drang Thrust, Minor Lineament, part of

Jwalamukhi Thrust, Anti-form, Neotectonic fault Thrust, Main Central Thrust, Minor

Lineament, Faults, Alaknanda Faults, Martoli Thrust, etc. On the other hand, two blocks

Densely 
Clustering Zones

D0=0.53 6 

D0 = 0.550

Fig. 4 a Events distribution showing two zones one at latitude 32�N–33�N and longitude 76�E–77�E and
other at latitude 30�N–31�N and longitude 79�E–80�E where intense seismicity is observed. The two values
0.536 and 0.550 are the lowest capacity dimension. b Events distribution of three low Dc of fifty events
windows showing the intense seismicity clustering at two zones lying at latitude 32�N 33�N and longitude
76�E–77�E and latitude 30�N–31�N and longitude 79�E–80�E, where low capacity dimension of structural
elements is also observed. c The block marked by capital letters A, L, N, and S is estimated as possible high
seismic zones of the study area
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‘‘L’’ and ‘‘S’’ with lowest D0 value (0.536, 0.550) are experiencing very little seismic

activity in comparison with the blocks ‘‘G,’’ ‘‘M,’’ ‘‘T,’’ and ‘‘U’’ despite the low value of

Do (0.574,0.575,0.570, and 0.560, respectively, Fig. 3 and Table 1).The smaller magnitude

earthquakes are not occurring in blocks ‘‘L’’ and ‘‘S’’. Hence, the release of energy is not

taking place in blocks L and S. These zones may be considered as the high seismic zones of

the study area. The important tectonic elements of these blocks are Moradabad Fault, South

Ramgarh Thrust, North Ramgarh Thrust, North Almora Thrust, South Almora Thrust,

MBT, Minor Lineament, Faults, Neotectonic Fault and Mahendragarh Dehradun Fault, etc.

5 Conclusions

In our effort to delineate the high seismicity zone and consequent seismic hazards, an

investigation for D0 of structural elements and Dc of earthquakes occurrence was

High Seismicity and Low 
Box Counting Fractal 

D0=0.678

D0=0.619

Fig. 4 continued
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undertaken. The study of Kumaun Himalaya and adjacent region leads to the understanding

of the Dc value fluctuations. The Dc value for 50 events windows analysis carried out for

the entire study area, helped in the identification of intense seismicity with low values. The

identified decrease in Dc value is the zone of highly clustered seismicity. The decrease in

this Dc value can be considered as an indicator for a future strong event. The significant

low Dc value represents the possible rupture nucleation point or highly stressed region and

shows clustering of the events as indicated in Fig. 4a, b. The correlation dimension

(Dc) considered in the present study depicts intense clustering at two zones as shown in

Fig. 4a, b.

Fig. 4 continued
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Moreover, D0 analysis for the tectonic elements of the study region helped in demar-

cating two blocks (i) with latitude 328N–338N; longitude 768E–778E, that is, block ‘‘A’’

and (ii) with latitude 308N–318N; longitude 798E–808E, that is, block ‘‘N,’’ which are

having low D0 and also corresponding low correlation fractal dimension value of high

seismic activity obtained for the same zones. Hence, these blocks and their surroundings

may be considered as a high risk zone. On the other hand, the blocks ‘‘L’’ and ‘‘S’’ with

lowest D0 and having lesser seismicity in comparison with the other four blocks ‘‘G’’,

‘‘M’’, ‘‘T,’’ and ‘‘U’’ are considered as the highest seismic risk zone of the study area

(Fig. 4c).

Our correlation integral approach of fractal analysis is of great importance in extracting

the highly clustered region of earthquakes in terms of numerical values that can be dis-

criminated with any other region under study area. On the other hand, spatial distribution

of earthquakes as a whole will not help in segregating the different zones of highly

clustering. In addition to this, the capacity dimension determination of structural elements

helped more in identifying the four blocks of high seismic risk zones. Several workers have

calculated fractal dimension, but the approach for demarcating the seismic hazard zones

has not been applied earlier. Moreover, our prime goal here is to find the D0 for structural

elements to get the seimotectonic of the region and to also see the relation with Dc, whereas

correlation of such different parameters is new of its kind in this seismic hazard analysis.

Indus Suture 

MCT

MBT

Karakoram 
Fault

Volume 
Fractal 

Dimension

Fig. 5 The figure shows the map of the volume fractal dimension distribution of the studied area
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