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Abstract

The north-east sector of the Himalaya is one of the most active tectonic belts, with complex geological and tectonic
features. The b-value and spatial correlation dimension (D) of earthquake distribution in the north-east Himalaya and
its adjacent regions (20-32°N and 88-98°E) are estimated in the present study. Based on seismicity and faulting pattern,
the region is divided into five active regions, namely the (i) South-Tibet, (ii) Eastern-Syntaxis, (iii) Himalayan-Frontal
Arc, (iv) Arakan-Yoma belt and (v) Shillong-Plateau. A homogeneous catalogue of 1,416 earthquakes (mb > 4.5) has
been prepared from a revised catalogue of the ISC (International Seismological Centre). The b-value has been appraised
by the maximum likelihood estimation method, while D_values have been calculated by the correlation integral meth-
od; b-values of 1.08 + 0.09, 1.13 + 0.05, 0.92 £ 0.05, 1.00 + 0.03 and 0.98 + 0.08 have been computed for the South-Tibet,
Eastern-Syntaxis, Himalayan-Frontal Arc, Arakan-Yoma belt and Shillong-Plateau region, respectively. The D_values
computed for the respective regions are 1.36 + 0.02, 1.74 £ 0.04, 1.57 £ 0.01, 1.8 £ 0.01, and 1.83 * 0.02. These values are
> 1.5, except for the South-Tibet (1.36 + 0.02). The b-values around the global average value (1.0) reflect the stress level

and seismic activity of the regions, while high D_values refer to the heterogeneity of the seismogenic sources.
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1. Introduction

With regard to time, space and size, earthquake oc-
currences own a power-law relation. The b-value
(Gutenberg & Richter, 1944) and fractal dimension
- D_(Grassberger & Procaccia, 1983) are two scale-in-
variant exponents in earthquake data analysis that
obey a power law relation. The spatio-temporal var-
iations of these parameters have importance in our
understanding of stress environments and features
of seismogenic structures. The b-value is associat-
ed to variations in both local and regional stresses
(Mogi, 1967; Scholz, 1968; Wiemer & Wyss, 1997;
Khan & Chakraborty, 2007; Bora & Baruah, 2012;

© 2022 Tiwari R.K., Paudyal H.

El-Isa & Eaton, 2014; Mousavi, 2017a, b; Bora et al.,
2018), types of faults (Ishibe et al., 2015) and creeping
segment of the fault and asperity existing in the fault
(Zhao & Wu, 2008), while the fractal dimension can
be used to explain the complexity present in a rup-
tured surface (Kagan & Knopoff, 1978; Mandelbrot
& Wheeler, 1983; Turcotte, 1989). The D_in different
zones may vary and the variation can be related to
geo-structural heterogeneity (Aviles et al., 1987). The
relation between the b-value and D_has been studied
widely during the last three decades (Hirata, 1989a;
Oncel et al., 1996; Legrand, 2002; Wyss et al., 2004;
Ghosal et al., 2012; Pailoplee & Choowong, 2014; Wu
etal., 2017; Mondal et al., 2019; Chen & Zhu, 2020).
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The Himalaya was created due to continuous
convergence and under-thrusting of the Indian con-
tinental plate below the Eurasian plate. Its north-
ern boundary is the Tibetan plateau; the southern
boundary is the Indo-Gangetic plane. Here, we
select the north-east Himalayan region, which is
bounded by 20-32°N and 88-98°E, in order to study
the fractal nature of earthquake distribution. This
region includes Sikkim, Bhutan, north-east Hima-
laya, and its adjoining Tibet region, Arakan-Yoma
belt and adjoining parts of Bangladesh and Myan-
mar (Fig. 1). It is characterised by a complex geolog-
ical and tectonic setting with several thrusts, faults,
folds and lineaments (Berthet et al., 2014; Dasgupta
etal., 2021).

Having an intricate geotectonic setup, the seis-
micity of the region is remarkably high in which
earthquakes with wide-range magnitude have been
a common phenomenon since historical times (An-
gelier & Baruah, 2009; Bhattacharya et al., 2010;
Zhang et al.,, 2012). The great Shillong earthquake
of June 12, 1897 (Mw 8.0) was in the northern parts
of the Shillong Plateau, while on August 15, 1950,
the great Assam earthquake (Mw 8.6) occurred in

88°E 90°E 92°E

the Mishmi tectonic block (Kayal, 2010; Liu et al.,
2015). These great earthquakes have made the re-
gion seismically very active (Bilham et al., 2017).
The Kopili Fault zone, which separates the Shillong
Plateau and the Mikir Massif (Fig. 1; Kayal et al.,
2006, 2012) had earlier produced two strong earth-
quakes, i.e., in 1869 (Mw 7.7) Cachar earthquake
(Nandy, 2005) and in 1943 (Mw 7.1) earthquake
(Nandy & Dasgupta, 1991) and has the potential to
experience strong earthquake in the future (Bora et
al., 2013). The segment of the crust between the rup-
ture zone of the Shillong and Assam earthquakes
has been identified as a potential host of a future
great earthquake (Khattri & Tyagi, 1983; Angelier &
Baruah, 2009). In addition, the area bounded by the
Dhubri-Chungthang fault (DCF) zone and the Main
Himalayan Thrust (MHT) may potentially host M7
to M8 earthquakes (Fig. 1; Diehl et al., 2017).

Most earthquakes in the Himalaya are shallow
and intermediate in focus and the major cause of
these earthquakes is a shallow dipping-downward
motion of the Indian plate under the Eurasian
landmass (Molnar & Tapponnier, 1975; Kayal et
al., 1993). Furthermore, the subducting Indo-Bur-
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Fig. 1. Epicentral distribution of earthquakes
(Mc 2 4.5) in the study region. The yellow
stars in different blocks stand for earth-
quakes (magnitude = 6.0mb). Regions are
as follows: ST - South Tibet; ES - East-
ern-Syntaxis; HFA - Himalayan-Frontal
Arc; AYB - Arakan-Yoma belt; SP - Shil-
long-Plateau (Panthi et al., 2013). The red
star in region ES stands for the 1950 As-
sam earthquake, while that inside the rec-
tangular box signifies the 1897 Shillong
earthquake. The cyan star is for the 1930
Dhubri earthquake, a brown star for the
1869 Cacher earthquake and a magenta
star for the 1918 Srimangal earthquake.
Abbreviations: MCT - Main Central
Thrust; MBT - Main Boundary Thrust;
MEFT - Main Frontal Thrust; KF - Kopili
Fault; MT - Mishimi Thrust; DCF - Dhu-
bri-Chungthang Fault; DF - Dapsi Fault;
DKF - Dauki Fault. The red box in the in-
set map at the bottom left-hand corner of
the map depicts the study area in a global
scenario.
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ma Range (IBR) in the east is also responsible for
a prominent level of seismic activity in the region
(Verma et al., 1976; Thingbaijam et al., 2008; Bora
et al., 2022a, b). From our study of the literature,
the north-east Himalaya and its nearby regions are
demarcated as a potential zone for strong seismic
activity in the future. Therefore, the present study
attempts to enhance our understanding of regional
features of seismicity, stress level and crustal heter-
ogeneity.

2. Seismicity of the region and division
of seismic zones

A total of 22 large earthquakes with M = 7, in-
cluding the Shillong earthquake of Mw 8.0 (1897)
and Assam earthquake of Mw 8.6 (1950), have oc-
curred in the north-east region between 1897 and
1962 (Kayal et al., 1993; Islam et al., 2011; Tandon
& Gupta, 2020). Other notable events are the 1869
Cachar earthquake (Mw 7.7), the 1918 Srimangal
earthquake (Mw 7.5) and the 1930 Dhubri (Mw 7.1)
(see Raghu Kanth & Dash, 2010). The high seismic-
ity of this region can also be understood from the
fact that it has experienced 29 events (magnitude =
6.0mb) for the period 1964-2020. Thus, it can be in-
ferred that a considerable amount of strain energy
is stored along this part of the Himalaya and the
regions divided are tectonically active.

The division of the study area into five regions
(Fig. 1) is based on the seismic activity and nature
of faulting (Panthi et al., 2013). These regions are
the South-Tibet (ST), Eastern-Syntaxis (ES), Hima-
layan-Frontal Arc (HFA), Arakan-Yoma belt (AYB)
and Shillong-Plateau (SP). The normal faulting pat-
tern is predominant in South-Tibet. Eastern-Syn-
taxis is made up with both thrust fault and trans-
verse faults. The Himalayan-Frontal Arc shows
thrust faulting with predominant major faults such
as the MCT (Main Central Thrust) and MBT (Main
Boundary Thrust; Fig. 1). The Arakan-Yoma region
has more complex tectonics compared to others,
in which a near-equal percentage of normal and
thrust faulting is established (Bora, 2016). The Shil-

long-Plateau shows a tectonically important pop-
up structure induced by plate convergence (Islam
et al., 2011). These five regions enclose only 1,347
earthquakes with the Arakan-Yoma belt having a
large number of earthquakes (727) and the Shillong
Plateau having fewer (83) (Table 1).

3. Compilation of a seismicity database
and methodology

A comprehensive and reliable seismicity database
covering a wide range of magnitudes is need-
ed to draw meaningful inferences from seismici-
ty studies. For the preparation of a homogeneous
catalogue, we have used the revised earthquake
catalogue of the International Seismological Cen-
tre, ISC (Bondar & Storchak, 2011; Storchak et al.,
2017, 2020). We have retrieved 5,013 earthquakes
having body wave magnitude (mb) for the region
20-32°N and 88-98°E between January 22, 1964 and
May 25, 2020. The declustering of the catalogue
has been performed by the linked-window method
(Reasenberg, 1985) in order to remove dependent
events such as foreshocks and aftershocks. We have
then retained 4,845 earthquakes whose complete-
ness (Mc) has been checked for a time window of
20 years from the maximum curvature technique in
ZMAP package (Wiemer, 2001). For the time win-
dow from 1964 to 1984, Mc has been found to be
4.8. The Mc is 4.0 for the time window from 1984 to
2004 and 3.8 for 2004 to 2020. Although the average
value of Mc for these three time windows is 4.2, the
best fitted line is obtained for a completeness mag-
nitude Mc > 4.5 mb with a b-value of 1.01 + 0.02.
Thus, the final analysis is best on earthquake data
with completeness magnitude 4.5 mb (Fig. 2). The
completeness magnitude of the prepared catalogue
is in agreement with the completeness magnitude
of the preceding work (Sarkar et al., 2020). The max-
imum curvature technique has been used for esti-
mation of Mc and b-value, because it gives a stable
result even for fewer events. Thus, it has an advan-
tage over other techniques such as the b-value sta-
bility technique (Cao & Gao, 2002) and the entire

Table 1. Information on the number of earthquakes, duration, focal depth and magnitude range in the five regions

studied. For location of the regions see Figure 1.

Time period Depth (km) Magnitude (mb)

Region Number of earthquakes
South-Tibet (ST) 124
Eastern-Syntaxis (ES) 247
Himalayan-Frontal Arc (HFA) 166
Arakan-Yoma belt (AYB) 727

Shillong-Plateau (SP) 83

1964/06/10-2020/01/29  2.30-101.90 45-65
1965,/06/15-2020/02/01  3.60-51.00 45-6.1
1964,/02/18-2020/04/15 6.50-65.80 45-6.1
1964/01/22-2020/05/25 6.10-84.70 45-6.9
1966/02/24-2020/04/05 1.70-50.20 45-5.9
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Fig. 2. b-value (1.01 + 0.02) and magnitude of complete-
ness (Mc > 4.5 mb) of dataset. The slope of the fitted
red line gives the b-value.

magnitude range technique (Woessner, 2005). The
database then contains 1,416 earthquakes covering
the entire study region.

The power law relating magnitude of the earth-
quakes and their frequency of occurrence (Guten-
berg & Richter, 1944; Nava et al., 2017) is:

logN (M) =a—-bM,-M);, M,2M_ 1)

In equation (1), N, is the numeral of earthquakes
with magnitude M, with M, 2 M . The constant “a’
is the intercept on the y axis which depends on the
region and timeframe of the study and describes the
seismic assembly (El-Isa & Eaton, 2014). The other
constant b is the slope of the linearly fitted line, also
known as b-value, which gives the relative number
of small to large earthquakes (Nava et al., 2017). A
high value of b means that the fraction of smaller
events is large and a low value of b means that the
fraction of larger events is greater. It has an inverse
relation with the stress level of the region (Ghosal
et al., 2012; Scholz, 2015), and many studies have
found a drop in the b-value prior to large earth-
quakes, tailed by an increase in the b-value after the
main shock (Wiemer & Wyss, 1997, 2000; Pudi et
al., 2020).

Table 2. Magnitude of completeness (Mc),

The b-value in the present study is estimated by
the maximum likelihood method (Aki, 1965):

log,.e

2) @

In equation (2), M is the average value of the
magnitudes, M, is minimum magnitude of the sam-
ple and AM  is the binning thickness of the data con-
sidered. The standard error (Ab) on the value of b is
estimated by (Shi & Bolt, 1982):

2
Ab=230 x4 [y M =M
=1 n(n,-1) 3)

In equation (3), n, is the total number of earth-
quakes in a sample window. For all five regions
considered the standard errors, Ab < 0.09, confirm
fewer uncertainties in the evaluation of the b-value
(Table 2).

The correlation dimension is obtained from the
correlation integral method (Grassberger & Procac-
cia, 1983) in which the correlation function is de-
fined as:

C(r) = Nc Z Z#;H r=r,) ”

In equation (4), N_is the total number of earth-
quakes in the window considered, H(r - r,) is the
Heaviside step function, r is the scaling radius, and
r; is the distance between the two epicentres de-
termined by the spherical triangle method (Hirata,
1989a, 1989b) by the formula:

r,; = cos™}(cos 0, cos 0, + sin 6, sin 6, cos(@, — @) (5)

Where 6, and 6]. are the latitudes, while @, and
@. are the longitudes of the epicentres of the earth-
quake. The arc distance between the two epicentres
(0, @) and (0, @) is then obtained by multiplying r,
with the radius of the earth. The correlation integra
is related to the correlation dimension by the power
law in the scaling region as:

a-value, frequency magnitude distribution b-value, correlation dimension

(D,) and coefficient of determination (R?) of the regions studied. For location of the regions see Figure 1.

Region Mc a-value b-value D, R*for D,
South-Tibet (ST) 4.5 6.150 1.08 £0.09 1.36 +0.02 0.997
Eastern-Syntaxis (ES) 4.5 7.482 1.13 £0.05 1.74 £ 0.04 0.997
Himalayan-Frontal Arc (HFA) 4.5 6.363 0.92 £0.05 1.57 £0.01 0.999
Arakan-Yoma belt (AYB) 4.5 7.374 1.00 £ 0.03 1.80 £0.01 0.988
Shillong-Plateau (SP) 4.5 6.333 0.98 £0.08 1.83 £0.02 0.996
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C(r)=r” (6)

The scaling region of is selected between the
saturation and depopulation limits (Nerenberg &
Essex, 1990). The slope of fitted straight line in the
linear part of the plot between logC(r) and log(r) es-
timates the correlation dimension as

I
D.=1lim 08C(r)
~0 log(r) %)

The uncertainty in calculation of correlation di-
mension (root mean square error) is estimated by
the formula:

RMSE = 4/ (.= O)
n

(®)

where is Pi the i predicted value and O, is the i
observed value and n is the number of observa-
tions. The uncertainty in D_< 0.04 indicates fewer
uncertainties in the estimation of fractal dimension
(Table 2).

The seismic moment curve shows two jumps in
the years 1988 and 2016, releasing 0.79 x 10° Nm
and 1.83 x 10 Nm energy, respectively, from the
study region (Fig. 3). The range of the seismic mo-
ment (0.54-0.79) x 10* Nm may be attributed to a
seismic energy release after the Indo-Burma earth-
quake on August 6, 1988 (Mw 7.2) (Devi et al.,
2021), while the range (1.57-1.83) x 10 Nm may
be attributed to the seismic energy release after the
Manipur earthquake on January 3, 2016 (Mw 6.7)
(Fig. 3; Borgohain et al., 2018). These values are
comparable with the seismic moment estimated
from the spectral analysis of P-waves of 162 local
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Fig. 3. Seismic moment release curve showing quick
jumps in 1988 and 2016.

earthquakes in the Shillong-Mikir Hills plateau and
its adjoining region in north-east India (Bora et al.,
2013; Bora, 2016).

4. Results and discussion

4.1. b-value and earthquake occurrences

The frequency of earthquake occurrences in the five
regions are explained on the basis of seismic a-val-
ues and b-values. The b-value ranges from 0.92 to
1.13 for these regions. The lowest b-value 0.92 + 0.05
has been computed for the Himalayan-Frontal Arc
region, while the highest value 1.13 * 0.05 is seen
for the Eastern-Syntaxis region. The b-value is 1.08
+ 0.09 for the South-Tibet, 1.00 + 0.03 for the Ara-
kan-Yoma belt and 0.98 + 0.08 for the Shillong-Pla-
teau (Fig. 4; Table 2).

The b-values obtained for these regions are close
to the global mean value of 1.0. This indicates that
the regions selected are seismically active. The ob-
served a-values and b-values for the South-Tibet
(6.15 and 1.08 * 0.09), Eastern-Syntaxis (7.48 and
1.13 £ 0.05) and Arakan-Yoma belt (7.37 and 1.00
+ 0.03) reflect the high seismic activity due to the
increment of heterogeneity in the crust (Khan et
al., 2011; Akol & Bekler, 2013). The crustal hetero-
geneity may be linked to deformation on the crust
caused by folding, faulting and cracking of the rock.
The relatively low b-values 0.92 + 0.05 and 0.98 +
0.08 observed for the Himalayan-Frontal Arc and
the Shillong Plateau (Fig. 4; Table 2) may indicate
the accumulation of stress caused by the tectonic
interaction between these landmasses (Panthi et al.,
2013; Bora, 2016).

The temporal variation of the b-value has been
determined for the five selected regions. For the
South-Tibet region, a small increment in the b-value
is noted from 1.15 to 1.22 during the study period
(Fig. 5a). The gradual decrease in the b-value from
2.52 to 1.30 is seen for the Eastern-Syntaxis region
(Fig. 5b), while the Himalayan-Frontal Arc (Fig. 5¢)
demonstrates a rise in the b-value from 1.36 to 1.61
and then a falls down to 1.37. An oscillating nature
of variation in the b-value is noted for the Ara-
kan-Yoma belt (Fig. 5d), between ~1.5 to ~1.1 for
the study period. Finally, for the Shillong-Plateau,
the b-value rises from 1.11 to 1.20 and then falls to
1.10 (Fig. 5e). The lowering trend of the b-value for
the Eastern-Syntaxis may be the cause of the earth-
quakes of similar magnitude in the region and sug-
gests an accumulation of stress in the region. The
oscillating variation for the Arakan-Yoma belt indi-
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cates continuous accumulation and release of stress
in the region through small to moderate earth-
quakes. A similar type of variation in the b-value
was also recorded for north-east India during 1975
to 2015 by Kumar & Sharma (2019).

From the b-value contour map of the region
(Fig. 6), it is inferred that the seismic b-values ob-
tained are evenly distributed over the entire region
and dominated by b-values of < 1.0. Relatively low

A South-Tibet
! 1 1 1 1 v 1 1
107 ‘ . 3
s ]
Q
£
3
[
(4
>
510" 3
-g 4
5 | b-value =1.08 £0.09 .
© | a-value = 6.950 .
10° T T T T T GUD—1
0 1 2 3 4 5 6 7
Magnitude
C Himalayan-Frontal Arc
! 1 1 1 1 1 1
3333333 0353)33355353530335533353533)5333353) Y Mc: 4 5
L 107 3
[}
Kel
£
3
[
[
2 0
T 10" 5 3
- <
£ ] - o)
3 ] b-value = 0.92 + 0.05 o)
| a-value = 6.363
10° T T T T T ©
0 1 2 3 4 5 6 7
Magnitude

b-value contours (0.8-0.9) have been obtained along
the Dhubri-Chungthang Fault (DCF) zone in the
Himalayan-Frontal Arc region (HFA), the Dapsi
Fault (DF) zone, the Dauki Fault (DKF) zone and
the Kopili Fault (KF) zone in the Shillong Plateau
region (SP). Furthermore, b-value contours (0.9)
have been obtained along the Mishimi Thrust (MT)
zone in the Eastern-Syntaxis region (ES). Relatively
high b-value contours (1.1-1.2) have been found for
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Fig. 4. Magnitude-frequency plots computed from the maximum likelihood solution for selected regions. For location

of the regions see Figure 1.
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the latitude 22-24°N and longitude 92.5-95°E in the
Arakan-Yoma belt region (AYB; Fig. 6). The higher
b-values may be due to reciprocated interaction be-
tween the Shillong Plateau, Mikir Hills, Kopili Fault
zone and the IBR (Khan et al., 2011).

In earlier papers, b-values were observed to
be in the range 0.6 to 1.0 and in particular, higher
b-value contours were mapped for the Shillong Pla-
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teau (Bhattacharya & Kayal, 2003), b-values from
0.6 to 1.0 were also computed for the same region
(Bhattacharya et al., 2010). Thus, the b-values esti-
mated in the present work are in agreement with
previous publications. Some researchers have also
found b-value variations from 0.75 to 1.54 for the
Indo-Burma range - IBR (Bora et al., 2018).
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Fig. 5. b-value variation with time for selected regions. The temporal variation of the b-value is studied for a window
size of 100 events with an overlap of 4%, except for the Shillong-Plateau region where a window size of only 60
events is taken because of paucity of data. For location of the regions see Figure 1.
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Fig. 6. The contour map of b-values in the study area. The b-values are plotted for the mean value of longitude and lati-
tude of 2° x 2° square grids with window shifting of 0.5° along the direction of longitude. For detailed explanations

and location of the regions see Figure 1.

4.2. Fractal correlation dimension of spatial
distribution of epicentres

The correlation dimension (D) for different regions
can be found in Table 2 and D_value graphs in Fig-
ure 7. The correlation dimension obtained for the
South-Tibet region is 1.36 + 0.02. It is 1.74 + 0.04 for
the Eastern-Syntaxis, 1.57 + 0.01 for the Himalayan
Frontal Arc, 1.80 + 0.01 for the Arakan-Yoma belt
and 1.83 + 0.02 for the Shillong-Plateau. The high D_
value along the Shillong-Plateau (1.83) is followed
by the value 1.80 for the Arakan-Yoma belt, while
the lowest value (1.36) is noted for the South-Tibet
(Fig. 7; Table 2). The D_ value of seismically dy-
namic sources ranges between 0 and 2 (Tosi, 1998)
and a value close to 2 is a sign of the distribution of
events over a two-dimensional fault plane (Yadav
et al., 2011; Ghosal et al., 2012). Also, the degree of
clustering of earthquakes is inversely proportional
to the fractal dimension, that is, a high value is asso-
ciated with a low clustering and vice versa (Hirata,
1989a; Roy & Padhi, 2007; Roy et al., 2015). There-
fore, the region under study, with a fractal dimen-
sion 1.36-1.83, shows near-plane characteristics
of seismogenic structures, where earthquakes are
densely distributed. In particular, the Shillong-Pla-

teau (D_= 1.83 £ 0.02) and the Arakan-Yoma belt
with (D_=1.80 + 0.01) indicate a near-planar nature
of seismogenic structures and the D_value < 1.5 for
South-Tibet indicates an active linear fault system
in the region (Yadav et al, 2011). Although, the
D_value obtained in the present study are higher
than results of earlier workers (0.8 to 1.2) for east-
ern Himalaya and southern Tibet (Singh et al., 2009)
these results agree with the D_value range (0.37 to
1.81) obtained by Sarkar et al. (2020).

The contour map (Fig. 8) shows both low D_
contours (~1.1) and high D_ contours (~1.9). Com-
paratively low D_ (1.1-1.5) contours are noted in
the South-Tibet region (ST; see Fig. 1) while an in-
termediate values of D_contour (1.2-1.6) are seen
in the Eastern-Syntaxis region (ES). In addition, D_
contours of a high range from 1.5 to 1.6 are also not-
ed along the Mishimi Thrust (MT) zone in the East-
ern-Syntaxis region. High D_contours (1.8-1.9) are
demonstrated in the Himalayan-Frontal Arc region
(HFA), and Shillong Plateau region (SP), accommo-
dating underlined faults DCF, DF KF, and DKF (Fig.
8; Table 2). Moreover, high D_contours (1.6-1.8) are
also seen for the Arakan-Yoma belt (AYB). These
results indicate the gathering of epicentres around
a two-dimensional space. This ultimately reduces
the stress-bearing capacity of the rocks, making the
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Fig. 7. The plot of LogC(r) vs Logr for five selected regions under study. The C in LogC along y-axis is the correlation
integral function, while r in Logr along x-axis is the scaling radius. The slope of the linear part of the plot estimates
the fractal dimension D_. For location of the regions see Figure 1.

crustal surface heterogeneous. A heterogeneous
crustal structure is responsible for a heterogeneous
stress field that makes the region favourable for the
growth of a tremor.

The interrelationship between D_ and b-val-
ue has been calculated for different regions of the
world. A positive co-relationship between them
was proposed for intermediate events with D_= 2b
(Aki, 1965), which is supported by studies carried
out in the south-eastern Iran-Bam region (Roy &

Padhi, 2007) and in [zmit, Turkey (Oncel & Wilson,
2002, 2007). The negative co-relationship reported
by Hirata (1989b) between two scaling exponents
has also been supported by a study carried out in
the north Anatolian fault zone (Oncel et al., 1995,
1996). As far as the present study is concerned, no
correlation has been found between D_and b-value
as depicted by the correlation function D_=-0.08b +
1.6 and R*= 0.002 (Fig. 9).
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Fig. 8. Spatial fractal dimension (D ) contour map of the study area. D_values are plotted for the mean value of longi-
tude and latitude of 2° x 2° square grid with window shifting of 0.5° along the direction of longitude. For detailed

explanations and location of the regions see Figure 1.
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5. Conclusions

To assess the level of stress and understand the seis-
mic characteristics of the region between 20-32°N
and 88-98°E, the b-value and fractal correlation di-
mension (D) of seismic event epicentres were es-
timated. These parameters were obtained for five

tion of the regions see Figure 1.

different regions by analysing the homogeneous
database of 1,347 events (mb > 4.5) from January
1964 to May 2020. High D_(> 1.5), except for the
South-Tibet region, and b-values around 1.0 report-
ed for regions considered in the present study sug-
gest a high-stress concentrated locked region that
signifies the arbitrary occurrence of mostly strong
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earthquakes. The subduction thrust on the Indian
plate due to external forces generated by the over-
riding Burmese plate may be the cause of the great-
er stress concentration in the region. Therefore,
from the present study, we may conclude that:

The regions selected were identified as seismi-
cally active with b-values close to 1.0. Relatively
low b-value contours (0.8-0.9) are obtained along
the Dhubri-Chungthang Fault (DCF) zone, the
Dapsi Fault (DF) zone, the Dauki Fault (DKF) zone
and the Kopili Fault (KF) zone. These b-values are
attributed to the continuous release of strain ener-
gy in the region that was accumulated because of
northward drifting of the Indian plate towards the
Eurasian landmass.

High D_ indicates that the clustering of earth-
quakes is over a two-dimensional plane and D_=
1.36 obtained for South-Tibet shows the existence
of the active linear fault in the region. Higher D_
contours near the Shillong Plateau are due to the
heterogeneous fracture structures along the Dauki,
Dapsi and Kopili faults. Likewise, the higher D_ob-
tained for the Arakan-Yoma belt represents a great-
er stress concentration because of the interaction
between the subducting Indian plate and the super-
seding Burmese plate. By indexing the b-value and
correlation fractal dimension, the present study im-
proves our understanding of the regional features
of seismicity, stress level and crustal heterogeneity.

Software resources

The plots were made using Python, Generic Map-
ping Tools (Wessel et al., 2013) and ZMAP (Wiem-
er, 2001).
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