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ABSTRACT

The tectonic structure of Tiirkiye is under the influence of Arabian, Eurasian, African, and Anatolian
plates. Lake Van region, located in eastern Tiirkiye, has been exposed to many devastating
earthquakes in historical and instrumental periods. In this paper, using regional earthquakes, the
tectonic stress variation of Lake Van region was investigated using the Coulomb stress change and
the b-value distribution. 83 earthquakes that occurred between 2000 and 2020 are used to calculate
the Coulomb stress change, while 17815 earthquakes that occurred between 1903 and 2021 are
used to calculate the b-value distribution. Coulomb stress change gives an idea about the transfer
of energy to nearby faults. Coulomb stress change and b-value distribution maps were created at
different depths to model the variation of stress. The low b-values and positive Coulomb stress
values were especially observed around the Van and Yenikosk faults. On the contrary, no significant
variation in stress change was observed around Siiphan and Nemrut volcanoes, and high b-values
were calculated in this region. Coulomb stress change and earthquake epicentral distribution are
compatible and most events occurred in positive stress regions. In conclusion, stress change and
b-value distribution were interpreted together and positive stress regions were revealed in the region.

1. Introduction

The Eastern Anatolian Plateau is a region located
on the Alpine-Himalayan Orogenic Belt and is very
active in terms of its seismicity. The active tectonics
of the region are generally affected by the active
collision belt that occurs as a result of the ~15 mm/
year movement of the Arabian Plate to the north and
the ~5 mm/year movement of the Eurasian Plate to
the south (Sengér et al., 2003; Reilinger et al., 2006;
Keskin, 2007; Irmak et al., 2012; Toker et al., 20174,
b). This collision starts approximately 11 million years
ago and the boundary associated with the collision is
defined as the Bitlis-Zagros Suture Zone (BZKK)
(Dogan and Karakas, 2013). The magmatic activity

starts simultaneously with a new tectonic regime that
develops following the collision (Alan et al., 2011).
As a result of the compression deformation caused by
the Eurasian and Arabian Plates, the Anatolian Plate
tends to rotate counterclockwise and escape to the
west. This deformation is especially dominant along
the North Anatolian Fault Zone (NAFZ) and East
Anatolian Fault Zone (EAFZ), which shows strike-
slip fault characteristics (Keskin, 2003; Sengor et
al., 2003; Bayrak et al., 2013; Reilinger et al., 2006).
Right-lateral NAFZ and left-lateral EAFZ overlap
at the Karliova triple junction (Toker, 2014). To the
east of the Karliova triple junction, there are diffuse
zones of deformation associated with the collision.
This deformation accumulates along the NW-SE
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trending dextral faults and NE-SW trending left
directional faults, which represent escape tectonics
in the Eastern Anatolian Block and continental
lithospheric shortening along the Caucasian Thrust
Zone (Toker, 2014). In the period following the
continent-continental collision, active deformation
caused the crustal shortening and thickening, and thus
the elevation of the region (Saroglu and Yilmaz, 1986;
Yilmaz et al., 1987; Alan et al., 2011). Lake Van Basin
is located north of the BZKK, and southeast of the
Karliova triple junction (Bayrak et al., 2013).

The Van Lake Basin is a dome-shaped basin
formed as a result of the tectonic activity of
normal, reverse and strike-slip faults in the Eastern
Anatolian compression regime. This faulting causes
hydrothermal activity, intense seismicity and regional
volcanism (Toker et al., 2017a, b). Lake Van Basin
is approximately 1650 m above sea level and has a
maximum water depth of 450 m. Siiphan Volcano
with an altitude of ~4400 m is located just north of
Lake Van, and Nemrut Volcano with an altitude of
~3500 m is located just to the west of the lake. These
volcanoes are young geological structures that were
active during the Holocene time (Figure 1). Also, the

metamorphic rocks and Palaeozoic aged ophiolitic
units in the Bitlis Massif crop out in the south of Lake
Van, and volcanic rocks and ophiolite components,
young-current fluvial and lacustrine fragments and
carbonates belong to the Yiiksekova Complex in the
east (Alan et al., 2011; Akinci et al., 2014; Cukur et
al., 2017). Volcanic and volcano-clastic rocks in the
west and north of Lake Van, and Pliocene deposits
and Quaternary lake sediments are settled around
the city center of Van (Sumita and Schmincke, 2013;
Mackenzie et al., 2016).

Lake Van consists of three deep basins, namely the
Northern, Tatvan and Deveboynu basins, which are
separated from each other by several ridge structures
on the lake bottom (Cukur et al., 2017). Regarding
the formation of the Van Lake Basin and its exact age
of formation, Lahn (1948) and Degens et al. (1984)
suggested that the lava flow from the Nemrut Volcano
acted as a dam along the Mus Basin and was formed
due to the interruption caused by the drainage of the
Murat River. However, recent studies show that this
is not a lava flow, but potentially a kind of pyroclastic
flow, and the outlet of Lake Van was blocked much
earlier than assumed (about 600.000 years ago)
(Cukur et al., 2014).

Latitude

37.0

41.0°

Figure 1- Seismotectonic map of the Van Lake Basin (modified from Selguk, 2016; Emre et al., 2018 and Alkan et al., 2020). Holocone

volcanoes are shown with red triangles.
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The Van Lake Basin is under the influence of
several active tectonic structures (Figure 1, Goriir etal.,
2015) Gevas Fault and Siiphan Fault located between
Gevas and Giirpinar towns, and the Caldiran Fault and
Ercis Fault located in the northeast of the lake have
right-lateral strike-slip fault characteristic (Bayrak et
al., 2013). The Van Fault Zone and Yenikosk Fault,
which are very close to the city center of Van, show
an east-west direction reverse fault mechanism (Emre
et al., 2013). Gilirpinar Fault is a fault located in the
south of Van and consists of three different segments.
This fault is seismically active and has an east-west
direction reverse and strike-slip fault mechanism
(Selguk, 2016). The Baskale Fault and Yiiksekova-
Semdinli Fault Zone located in the southeast of the
region are important tectonic structures. These active
faults, which show a strike-slip faulting mechanism,
have caused significant earthquakes (Akkaya, 2015).

The Van Lake Basin and its surroundings have
been exposed to many destructive earthquakes in the
historical and instrumental periods. In the historical
period, the locations of 24 earthquakes with a
magnitude greater than 5 and varying between V-IX
have been determined (Alan et al., 2011). According
to the instrumental period data, a large number of
earthquakes with magnitudes between 3 and 7.3
occurred in the Van Lake Basin and its surroundings.
The most important of them are; Bagkale Earthquake
(M=6.0) in 1908, Ercis Earthquake (Ms=5.9) in 1941,
Caldiran Earthquake in 1976 (Ms=7.3), Siitliice
Earthquake in 2005 (Ms=5.9) and the Van Earthquake
that occurred in 2011 (Mw=7.2) (Akkaya, 2015;
Ozer, 2019; Alkan et al., 2020). 2011 Van earthquake
resulted in 600 mortalities and the destruction of
hundreds of buildings, rendering them unusable (Istk
et al., 2017). Just after the Van Earthquake, the focal
mechanism solution of which was a reverse fault,
another earthquake with M1=5.6 occurred southwest
of Van Lake on 09.11.2011. It has been determined
that this earthquake is independent of the Van Fault
Zone, where the first earthquake occurred, and has
a left-sided strike-slip mechanism on the Edremit
Fault (Akinct et al., 2014; Isik et al., 2017; Oztiirk,
2017). In addition, 6284 aftershocks with magnitudes
ranging from 1.7 to 5.8 occurred in the region
between 23.10.2011 and 09.12.2011 (AFAD, 2011).
On 23.02.2020, an earthquake (Mw=5.9) with the

epicenter of Hoy (Iran) occurred at the northeastern
end of the Baskale Fault. On the same day, another
earthquake (Mw=5.9) occurred in the same region
(AFAD, 2020a). Finally, an earthquake (Mw=5.4)
the epicenter of which was Saray (Van) occurred on
25.06.2020 and was felt strongly in the surrounding
settlements (AFAD, 20205).

Coulomb stress change is very important in
earthquake interactions, interpretation of future
earthquakes, and assessment of seismic hazard. Also,
the b-value calculated from the Gutenberg-Richter
relationship is frequently used to display the state
of the stress occurring along any fault zone (Ansari,
2016). In this study; Coulomb stress change is modeled
by using focal mechanism solutions of earthquakes
greater than 4.5 (Table 1) in and around the Van Lake
Basin, and b-values are calculated using the highest
probability method. Using these maps, it is aimed to
determine the regional tectonic stress variation and
determine the regions with the potential to produce
earthquakes in the future.

2. Data

For the Coulomb stress changes, the focal
mechanism results of 83 earthquakes that occurred
between 2000 and 2020 in the study region were used.
Table 1 shows the date, magnitude, depth, strike, rake,
and dip values. According to the focal mechanism
results, it is seen that strike-slip and reverse faults are
active (Figure 2).

2.1. Data Used for the Gutenberg - Richter Method

The b-value is calculated using the AFAD DDA
carthquake catalog. The catalog includes 31976
earthquakes with magnitudes (M, ) ranging from 0.7 to
7.0 that occurred between 28.04.1903 and 09.06.2021.
The catalog used to calculate the b-value should be
homogeneous, that is, of the same magnitude type
(Bayrak etal., 2009; Oztiirk and Bayrak, 2012; Oztiirk,
2015, 2018). The AFAD catalog describes it as M, and
therefore no magnitude conversion has been done.

Another important issue in making the catalog
ready for calculation is the removal of foreshocks
and aftershocks from the catalog. The process of
removing the foreshocks and aftershocks from an
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Table 1- Focal mechanism results for earthquakes occurring in the study region (37.0°-42.0°N Latitude and 41.5°-47.0°E Longitude). The
focal mechanism results of earthquakes are compiled from the AFAD website (https://deprem.afad.gov.tr/ddakatalogu).

No « dia;eyy) Latitude (°N) | Longitude (°E) M?fz Vi?)‘de ]?;I:)h St(“;( ¢ I()Oif R(il;e
1 li/lligzgio 38.901 43.487 47 9.20 212.0 82.0 8.0
2 0(3)/513‘/52:?30 37.999 41712 5.0 14.02 155.0 88.0 166.0
3 1?;0:‘9‘;2:(1)50 38.705 41.981 47 17.08 231.0 64.0 40.0
4 03/90%2??0 38.131 42613 46 6.99 331.0 83.0 171.0
25/06/2020

5 100329 38.472 44.028 5.4 7.48 167.0 49.0 -85.0
03/04/2020

6 15448 38.909 43.529 47 12.99 175.0 85.0 3.0
23/02/2020

7 160029 38.450 44.502 5.9 8.10 120.0 83.0 -160.0
23/02/2020

8 15.57.57 38.436 44.489 5.9 14.90 187.0 50.0 61.0
21/07/2018

9 061513 39.038 44.153 45 7.52 75.0 85.0 -148.0
23/06/2018

10 13:50.03 38.623 44.300 47 8.48 201.0 77.0 7.0
14/06/2018

11 L1 38.941 43.555 45 13.66 187.0 45.0 36.0
01/05/2017

12 163040 38.265 42.928 45 12.44 308.0 88.0 177.0
23/11/2016

13 121436 38.539 43.870 46 9.97 305.0 76.0 167.0
23/01/2016

14 075344 38.049 42.670 45 15.21 279.0 42.0 163.0
29/10/2015

15 09:46.3 39.119 43.743 438 4.90 119.0 61.0 -167.0
23/06/2015

16 2350 38.681 43.179 45 30.45 268.0 44.0 97.0
18/02/2014

17 Ts1as 38.836 43.563 46 11.67 224.0 81.0 34.0
21/09/2013

18 01544 38.673 43418 45 17.03 252.0 2.0 50.0
12/06/2013

19 100051 38.624 43.690 46 15.91 232.0 23.0 87.0

20 2‘1‘/61(1);22;2 38.833 43.572 45 17.53 93.0 66.0 145.0

21 OZ) 02/7 2:(2)12 37.463 42.979 53 12.94 326.0 58.0 154.0

2 2::)02/7 2:(2)12 38.733 43.667 5.0 23.62 96.0 4.0 89.0

23 13/5 02/22212 37.157 42.443 5.5 11.68 329.0 44.0 79.0

24 2%‘);/522;2 39.234 42276 5.0 16.96 116.0 67.0 168.0

25 2‘1‘/3?3/72:(1)(1)2 38.827 43.565 45 22.09 22,0 82.0 -10.0

26 1(7)/9(2/22:2;2 38.743 43216 46 7.02 258.0 50.0 56.0
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27 23/90;/722;2 38.703 43.497 4.5 21.32 244.0 37.0 62.0
28 0?/;1}2;);1 37.263 43.876 4.6 3.19 312.0 83.0 -166.0
29 02/;?222;1 38.833 43.616 4.7 15.36 119.0 58.0 172.0
04/12/2011
30 22:15:03 38.481 43.299 4.9 12.22 32.0 86.0 2.0
31 38!)141‘/72211 38.470 43.290 5.0 19.79 166.0 56.0 -58.0
32 23:)13‘2328;1 38.633 43.028 45 15.90 253.0 53.0 47.0
33 2(2);1;2)22;1 38.609 43.207 4.5 22.95 55.0 88.0 6.0
21/11/2011
34 21:00:35 38.691 43.139 4.6 1.91 238.0 90.0 4.0
35 2;(/)1;/52(5);1 38.669 43.205 4.6 22.74 82.0 42.0 97.0
18/11/2011
36 17:39:39 38.802 43.852 5.2 8.00 201.0 90.0 20.0
17/11/2011
37 12:38:31 38.867 43.569 4.5 17.10 92.0 78.0 -166.0
14/11/2011
38 22:08:14 38.703 43.083 5.1 23.32 256.0 41.0 66.0
14/11/2011
39 16:47:16 38.624 43.075 4.7 18.98 103.0 49.0 105.0
40 141‘/61;/12211 38.621 43.040 4.5 19.21 95.0 45.0 90.0
12/11/2011
41 18:20:01 38.632 43.173 4.6 19.15 71.0 47.0 73.0
09/11/2011
42 20:45:38 38.464 43.253 4.5 17.74 39.0 77.0 -9.0
09/11/2011
43 19:23:34 38.438 43.282 5.6 21.47 163.0 52.0 -44.0
08/11/2011
44 22:05:50 38.719 43.077 5.4 8.36 255.0 43.0 59.0
07/11/2011
45 22:14:12 38.935 43.483 4.5 14.63 156.0 69.0 -14.0
07/11/2011
46 15:54:48 38.663 43.632 4.8 4.43 31.0 69.0 5.0
06/11/2011
47 02:43:12 38.939 43.554 4.6 11.66 9.0 81.0 30.0
05/11/2011
48 19:19:15 38.814 43.513 4.6 22.03 191.0 74.0 17.0
49 0?11‘1‘228;1 37.253 43.900 4.8 7.78 156.0 80.0 -179.0
50 0(2);1;22211 38.884 43.590 4.8 18.03 25.0 84.0 0.0
51 01/11/2011 38.846 43.609 4.5 5.06 237.0 54.0 56.0
21:10:44
52 38/11(5)/5284111 38.729 43.612 4.6 22.36 31.0 73.0 -23.0
53 22/21(2)22(2);1 38.924 43.543 4.8 16.67 199.0 90.0 -18.0
54 2?;12/52251 38.622 43.152 4.6 13.97 80.0 42.0 110.0
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Table 1- Continued.

55 2213/612;2(1)(1)1 38.897 43.583 4.5 12.44 198.0 86.0 -18.0
27/10/2011

56 08:04:22 37.380 43.834 5.6 21.61 267.0 48.0 110.0

57 2?:51(1)/922‘1‘1 38.659 43.285 4.5 1.45 35.0 89.0 -3.0
26/10/2011

58 03:16:18 38.692 43.200 4.8 20.62 222.0 57.0 70.0

59 22/212/928;1 38.828 43.506 4.6 14.81 58.0 75.0 22.0

60 2?212/72(1);1 38.826 43.566 45 16.01 55.0 83.0 21.0
25/10/2011

61 14:55:06 38.823 43.585 5.4 17.44 36.0 89.0 -9.0

62 2‘2‘/312/52(1);1 38.787 43.390 4.6 26.37 21.0 89.0 -22.0
24/10/2011

63 22:13:30 38.713 43.097 4.5 19.24 239.0 52.0 65.0

64 2‘1‘/51(2);28;1 38.693 43.147 4.8 18.71 215.0 70.0 25.0

65 23;12/92(1);1 38.706 43.582 5.0 17.27 231.0 43.0 73.0
24/10/2011

66 04:18:45 38.680 43.310 4.5 12.58 145.0 57.0 141.0

67 2;{)12222}‘1 38.644 43.127 5.8 6.79 137.0 55.0 147.0
23/10/2011

68 19:43:24 38.697 43.150 4.5 7.55 228.0 52.0 -119.0

69 2?/913/623;1 38.735 43.328 5.0 22.09 252.0 34.0 65.0

70 2%1(5)/322;1 38.724 43.302 4.8 6.08 129.0 74.0 124.0
23/10/2011

71 18:10:44 38.629 43.192 5.0 19.81 106.0 30.0 102.0

72 2?/618{52(1)(51 38.751 43.508 4.8 20.85 175.0 43.0 57.0
23/10/2011

73 15:57:59 38.717 43.326 4.6 21.78 63.0 43.0 100.0

74 2?/51(2)22(2);1 38.590 43.149 4.7 21.55 77.0 22.0 153.0

75 2?21(1)/728;1 38.811 43.467 4.7 15.41 140.0 68.0 128.0
23/10/2011

76 11:32:40 38.777 43.394 5.5 22.61 213.0 51.0 99.0

77 2?:)12/622;1 38.782 43.363 5.8 19.92 305.0 71.0 -140.0
23/10/2011

78 10:41:20 38.689 43.465 6.7 19.02 98.0 66.0 88.0

79 2?/10322(2);1 37.216 42.560 4.6 11.25 58.0 78.0 4.0

80 3(1)20‘2‘/628;1 38.183 42.525 4.5 5.00 125.0 86.0 -176.0
14/03/2011

81 18:57:09 38.601 44.171 4.7 12.47 225.0 74.0 -30.0

82 2?60111;2(1)25 37.622 43.703 5.9 41.2 301.0 78.0 -169.0
15/11/2000

83 15:05:37 38.410 42.950 5.2 18.0 100.0 64.0 111.0
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Figure 2- Fault mechanism results from major earthquakes affecting Lake Van and its surroundings. The

parameters of the focal mechanism solution are given in Table 1.

earthquake catalog is known as decluster analysis. In
this analysis, clustering is performed by determining a
space window and a time window. There are different
methods for reclustering, and the Reasenberg (1985)
method, which is one of the most frequently used
methods, is applied in this study. With the Reasenberg
method, 14161 foreshocks and aftershocks are
removed from the catalog and the final catalog consists
of a total of 17815 earthquakes (Figure 3). The
epicentral distribution of these earthquakes is shown
in Figure 1. In Figure 3, the graph of the primary
catalog and the year-earthquake number of the last
catalog are shown. When this graph is examined, it
is seen that there has been a significant increase in the
number of earthquakes, especially after 2000, and it is
thought that this is due to the increase in the number
of earthquakes recorded together with the increase in
earthquake stations in the region.

When the magnitude - earthquake number
histogram graph of the final catalog is examined
(Figure 4), it is seen that the magnitude of the majority
of the earthquakes in the study region is less than
4.0. The largest earthquake that occurred in the study
region was the M;= 7.0 earthquake that occurred in
1930.

4
x 10 I ] ] 1
Raw Catalog !
g Final Catalog
2.5 _ 18
i
E 27 i
=
Z
(]
&
B 15
=
£
=
@]
1_
0.5 -
0 T T T T T T

1900 1920 1940 1960 1980 2000 2020
Time in years

Figure 3- Cumulative number of earthquakes before and after
foreshocks and aftershocks are removed from the catalog.
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Figure 4- Magnitude histogram of the final catalog.

3. Method

3.1. Coulomb Stress Changes

The static stress change is due to the displacement
of a point source or a fault, and it is necessary to
multiply by the elastic stiffness to obtain the stress
variation. A fault plane is a plane with a specified
strike, dip, and rake in which the stress provided by a
source is resolved. In the calculation of the Coulomb
stress change, the shear stress component, which
depends on the geometry of the fault, and the normal
stress component, which depends on the subduction
of the fault, are taken into account (Toda et al., 2011).
Coulomb stress change depends on the geometry and
sliding of an earthquake and the effective friction
coefficient (Ansari, 2016; Cirmik et al., 2017).
The Coulomb failure criterion is considered for the
situation where the stress change is positive and is
expressed by Equation 1:

NGy =At+u Ao, (1)

Aoy variation of failure stress caused by shear
in the source fault, Az variation of shear stress, Ao,
normal stress variation and 7: coefficient of friction on
the fault. The coefficient of friction is dimensionless,
ranging from 0 to 1. Poisson's ratio was chosen as
0.25, Young's modulus was 8x105 (bar) and the
friction coefficient was 0.4. Positive values of the
Coulomb failure criterion correspond to an increase
in the probability of rupture during an earthquake,
while negative values correspond to a decrease in

148

stress (Mogi, 1962). It is assumed that Coulomb stress
changes between -0.1 and +0.1 bar are sufficient
to predict future earthquakes (Yadav et al., 2012).
Earthquake stress changes can be used to interpret
seismic hazard maps (Ahadov and Jin, 2019). In this
study, Coulomb 3.3 software was used for Coulomb
stress change calculations (Toda et al., 2011).

3.2. Maximum Likelihood Method

Gutenberg - Richter (1944) law, also known as
the magnitude-frequency relationship, is represented
by Equation 2. It has been stated that this equation is
directly related to the physics of earthquake abundance
(Mogi, 1962) and

LogN=a-bM 2)

here, M:
cumulative number of earthquakes, a and b constant

earthquake magnitude, N shows the

regression coefficients.

Studies have shown that the b-value varies
depending on many different parameters. The main
ones are; that the b-value is inversely proportional
to the stress (Scholz, 1968; Wyss, 1973), directly
proportional to the heterogeneity of the fault (Mogi,
1962), and directly proportional to the heat flow
(Warren and Latham, 1970). It has been reported
that there is an inverse proportionality between the
P-wave velocity (Ogata et al., 1991) and high b-values
are observed in aftershocks, while low b-values are
observed in foreshocks (Suyehiro, 1964). As a result,
it can be said that a low b-value is associated with
high stress and strain, high P-wave velocity, and low
heterogeneity.

There are different methods for calculating the
b-value described by Gutenberg and Richter (1944).
The most prominent of these are the least-squares
and the maximum likelihood methods. With the
maximum likelihood method, which is one of the most
frequently used methods around the world, the b-value
is calculated with the following formula (Aki, 1965):

1
O~ 10g, (M- (M- A/ 2)] )

M
M is the mean magnitude of earthquakes and Am is the

is the minimum magnitude of completeness,

‘min
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magnitude resolution. The ZMAP program (Wiemer,
2001) was used to determine the Gutenberg - Richter
relationship.

4. Discussion

In Figure 5, the Coulomb stress changes in the
first 30 km are modeled. In especially, the positive
Coulomb stress changes are shown in the region
between the Van and Yenisehir Faults. In addition,
positive stress values can be realized in the region
between Hoy and Baskale. Negative Coulomb stress
values are calculated around the Caldiran Fault Zone.
Earthquakes with M; > 4.0 are also shown on the map
to investigate the relationship between the Coulomb
stress changes and the epicenters of the earthquakes.
The regions of earthquake intensity usually coincide
with positive Coulomb stress changes.

Figure 6 shows the Coulomb stress change results
for different depths (7.5, 15, 22.5, and 30 km). Positive
Coulomb stress indicates increased stress, while
negative values indicate decreased stress (Olsson,

1999). Considering the stress changes at all depths,
firstly positive Coulomb stress variations are observed
especially around Ercis and Adilcevaz located in
the north of Lake Van. This region is located in
Stiphan Fault and Ercis Fault. Recently, a destructive
earthquake has not occurred on these faults. On the
contrary, negative stress values are observed around
Muradiye and Caldiran, which are located to the east of
this region. Because the Caldiran Fault Zone has hosted
destructive earthquakes in the past, the reason for the
negative stress values is explained. Another important
region shown in Figure 3 is the location of Van city
center, which is east of Lake Van. For this region,
while positive stress changes are observed at 7.5 and
15 km depths, negative stress values can be observed
at increasing depths. According to these findings, it is
reasonable to expect seismic activity at shallow depths
in the Yenikosk Fault and Van Fault Zone. However,
the opposite situation can be mentioned for the region
between Van and Hoy. Whilst negative stress values
are observed at 7.5 and 15 km depths, the positive
stress values are observed at 22.5 and 30 km depths.

Coulomb stress

ange (bar)

N
A
39.0

38.5

Latig,lde (deg)

37.5

370 Depth=0-30 km -~ .

&l

41.0 41.5 42.0 425
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Figure 5- Coulomb stress changes calculated for a depth of 0 - 30 km (orange circles indicate the location of
earthquakes greater than 4.0). The focal mechanism solutions of earthquakes were taken from the
website of Kandilli Observatory and Earthquake Research Institute (KOERI, http://www.koeri.boun.

edu.tr/scripts/Ist0.asp).
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Figure 6- Coulomb stress change maps calculated for different depths. The yellow triangles represent volcanoes that are active during the

Holocene.

Two earthquakes of the same magnitude (M = 5.9)
occurred on 23.02.2020 to the northeast of the Baskale
Fault. The epicentral depths of these earthquakes are
14.9 km and 8.1 km (AFAD, 2020a). The west of Lake
Van generally has negative anomalies for each depth
interval. In this region where Tatvan Fault and Bitlis
Fault are located, an earthquake with a magnitude of
M, =4.7 occurred (Table 1, Number: 3). In addition to
this, when looking at the focal mechanism solutions in
Figure 2, it can be seen that the potential earthquake
of these faults is low. In the vicinity of Sirnak and
Hakkari, located in the south of the study region,
small-scale positive and negative stress anomalies are
observed for all depth intervals. This stress variation
shows that the Coulomb stress value is related to
the small and medium earthquakes occurring in the
Yiiksekova - Semdinli Fault Zone and the Southeast
Anatolian Suture Zone.
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Using the 0.1° x 0.1° grid interval, the regional
change of the b-value is mapped and the closest
300 earthquakes are selected for each grid, and the
minimum number of earthquakes is calculated as
20. One of the most important issues in calculating
the b-value is the correct determination of the
completeness magnitude (M_). The method proposed
by Wiemer and Wyss (2002) is used to calculate the
M, value. According to this algorithm, the number of
earthquakes corresponding to the magnitude values
is obtained and the magnitude value of the highest
number of earthquakes is determined as M_ (Wiemer
and Wyss, 2002).

The b-value is generally close to 1.0 in active
seismic zones in different parts of the world (Frohlich
and Davis, 1993). It has been stated that the b-value
varies between 0.5 and 1.5 in different parts of the
world (Wiemer and Wyss, 1997; Olsson, 1999; Oztiirk
and Bayrak, 2012; Oztiirk, 2015, 2018).
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The b-values obtained in this study vary between
0.5 and 1.5 (Figure 7). Figure 8 shows the standard
deviations of the b-values calculated to the Maximum
likelihood method. As can be clearly seen in Figure 8,
standard deviation values less than 0.1 are obtained
for most of the study region. This indicates that the
obtained b-values are statistically significant. Standard
deviation values greater than 1.0 are obtained for
the region in the southwest of the study region. It is
thought that this may be due to the low intensity of
earthquakes in the region.
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Figure 7- The b-values variation map calculated for the study
region [white dots show the epicentral distribution of
earthquakes in the catalog used in the study (URL-2)].
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Figure 8- The standard deviation values obtained from the
b-values [white dots depict the epicentral distribution of
earthquakes in the catalog used in the study (URL-2)].

It can be seen that the b-value for the study region a
is generally obtained as less than 1.0. Also, the highest
b-values (~1.5) are obtained in the southwest of the
study region. However, considering the earthquake
epicenter distribution and the standard deviation
map of the b-value, it should be said that the values
obtained are not within the confidence interval since
there are few earthquakes in the southwest of the
study region. Relatively high b-values are obtained
around the Stiphan and Nemrut volcanoes in the NNE
region of Lake Van. Cirmik (2018) calculated high
heat flow values for this region. Maden and Oztiirk
(2015) stated that there were high negative gravity
values in regions with low b-values. Mahatsente et al.
(2018) mapped gravity anomaly values for the Eastern
Anatolia region. In their study, they calculated high
positive gravity anomalies for this region and these
anomalies agreed with the high b-values in this region.
As a result, it can be said that this region has a low-
stress level.

Low b-values are also striking around the Caldiran,
Baskale, and Yiiksekova-Semdinli Faults in the east of
the study region. Mahatsente et al. (2018) observed
high negative gravity anomalies in this region, which
is consistent with low b-values. Aydemir et al. (2014)
obtained negative high gravity anomalies for this
region in their study. It can be said that this region
has a high-stress level according to the b-value
change. Aydemir et al. (2014) determined an east-west
trending discontinuity starting from the vicinity of
Nemrut volcano and extending to the east of Lake Van.
Lower b-values are obtained in the eastern section of
this discontinuity compared to the western section.
Biiyiiksarac et al. (2021) conducted a probabilistic
seismic hazard analysis in and around the Van city.
They determined that the highest ground acceleration
values varied between 0.24 and 0.43 g and stated that
the highest danger was in the Caldiran district, and the
lowest danger was in the Giirpinar district.

Low b-values are striking in the vicinity of the
Van Fault Zone and Yenikosk Fault, located to the east
of Lake Van. Cirmik (2018) obtained relatively high
P-wave velocity values and low heat flow values for
this region. Alkan et al. (2020) calculated that the depth
of Moho varies between approximately 41-47 km in
the Lake Van and its surroundings. They observed
that the Moho discontinuity is shallower around the
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Van Fault Zone and Yenikosk Fault. The shallower
Moho and low b-values in this region indicate a high
Coulomb stress value.

Low b-values are obtained between the Bitlis
Thrust Zone and Lake Van. Cirmik (2018) obtained
relatively low P-wave velocities with low heat flow
values for this region. While the b-values obtained
in this region are compatible with the heat flow, the
b-values do not show a close agreement with the
P-wave velocities. Mahatsente et al. (2018) observed
negative high gravity values for this region.

The relationship between the b-value depending
on the tectonic compression and the Coulomb stress
variation is very important. For this purpose, the
Coulomb stress changes are calculated for the 0-30 km
depth interval using the focal mechanisms shown in
Table 1 (Figure 5). Positive stress changes and small
b-values are calculated especially around the Van Fault
Zone and Yenikdsk Fault. This shows that the region
has a high-stress level. In addition, positive stress
values and small b-values are calculated between the
Baskale and Caldiran Faults. No significant change in
Coulomb stress change is observed around the Siiphan
and Nemrut Volcanoes, and high b-values (>1.2) are
obtained in this region. These findings show the low-
stress variation.

The 3-dimensional b-value map in the study
region is created using ZMAP software. For each grid,
at least 20 and the closest 200 events are seclected,
and a map is obtained for the 0.1° x 0.1° x 5 km grid
interval. The 3-dimensional b-value map shown in
Figure 9 is calculated using the Maximum Likelihood
method. Five horizontal maps are drawn at depths of
0,7,5, 15,225, and 30 km to examine the variation
of the b-value. The b-values range from 0.5 to 1.5.
According to Figure 9, the b-value generally decreases
with increasing depth.

The b-value increases up to a depth of 7.5 km
around the Van Fault Zone and Yenikosk Fault.
However, the b-value decreases after this depth.
The b-value is obtained as 1.5 in the region where
the Nemrut and Siiphan volcanoes have located
the northwest of Lake Van. However, the b-value is
calculated as 1.0 at 30 km depth. Ozacar et al. (2010)
pointed out the existence of partial melting consisting
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Figure 9- 3D variation of the b-value (maps correspond to depths
of 0, 7.5, 15, 22.5, and 30 km, respectively, from top to
bottom).

of young volcanic units in this region. Cirmik (2018)
stated that the seismicity in this region is low and the
crustal rigidity is low. According to all these results,
it can be said that the stress variation of this region is
low.

In the region between the Bitlis Thrust Zone and
Lake Van, the b-value generally remains constant at
0.6 up to 15 km, and it is observed that it decreases to
0.5 after this depth. Alkan et al. (2020) determined that
the P-wave velocity for this region partially increases
with a depth of 30 km depth. It can be said that the
high P-wave velocities are compatible with the low
b-values.

The small b-values (<0.9) are founded in and
around the Caldiran Fault, Bagkale Fault, and
Yiksekova-Semdinli Fault in the east of the study
region. Zhu (2018) expressed this region as the
Eastern Anatolia volcanic region. Zhu (2018) showed
that the Vp/Vs value for this region increases with
depth. On the other hand, the 1930 earthquake
M= 7.0), the 1976 earthquake (M;= 6.1), and the
2020 earthquake (M, =6.2) are reported in this region,
and these earthquakes indicate that the stress values in
this region are high.
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The behavior of Coulomb stress changes and
b-value at different depths are also compared in this
work. Coulomb stress values generally change from
negative to positive values with increasing depth.
Smaller b-values are observed at increasing depths
in the study region. In other words, it can be said
that the stress level increases with increasing depths
according to both values. However, positive Coulomb
stress values are observed in the first 15 km around
the Yenikosk Fault located just east of Lake Van,
while the negative values are obtained after this depth
level. Even though this negative value, the b-value
decreases with depth for this region. It may be useful
to determine and compare the stress changes for these
faults using different methods.

5. Results

Many earthquakes that caused loss of life and
property in and around the Lake Van region have
been reported in historical and instrumental periods.
The static stress change caused by an earthquake will
be useful in predicting another future earthquake on
nearby faults. Coulomb stress changes are important
for earthquake interactions and seismic hazard
assessment. In this study, Coulomb stress changes of
83 earthquakes that occurred in and around the Lake
Van region are analyzed. According to the findings
of the Coulomb stress changes, it is observed that
the Coulomb stress values increase around the Van,
Yenisehir, Baskale, and Caldiran Faults and it is
concluded that the potential of these faults to produce
earthquakes in the future is higher than the other faults
in the region. In addition, the b-value change associated
with compatibility with tectonic stress is also revealed
within the scope of this study. The regions with
positive Coulomb stress values show the low b-values
and faults with high stress are revealed. In other
words, the high b-values reflecting low-stress values
are conformably obtained with negative Coulomb
stress values. Finally, these parameters are calculated
for different depths to model the stress change with
depth and the maps of these parameters are created.
It is observed that the stress generally increased with
depth and these two parameters are compatible with
each other. As a result, it has been shown that the
positive Coulomb stress determined as a result of this
study and the low b-values are in harmony and that
these parameters can be used successfully in revealing

the regions with the potential to produce earthquakes
in the future.
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