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Abstract. Coulomb stress changes before and after the
23 October 2011 Van, eastern Turkey, earthquake have been
analysed using available data related to the background and
the aftershock seismicity and the source faults. The coseis-
mic stress changes of the background seismicity had slightly
promoted stress over the rupture plane of the 2011 Van earth-
quake, while it yielded a stress shadow over the Gürpınar
Fault which has been argued to have produced the 7 April
1646 Van earthquake. The stress shadow over the Gürpınar
fault has become more pronounced following the occurrence
of the 2011 Van earthquake, meaning that the repetition of
the 1646 Van earthquake has been further suppressed. Spatial
distribution and source mechanisms of the 2011 Van earth-
quake’s aftershocks have been utilised to define four clus-
ters with regard to their relative location to the mainshock
rupture. In addition, the aftershock sequence covers a much
broader area toward the northeast. Correlations between the
observed spatial patterns of the aftershocks and the coseis-
mic Coulomb stress changes caused by the mainshock are
determined by calculating the stress changes over both op-
timally oriented and specified fault planes. It is shown here
that there is an apparent correlation between the mainshock
stress changes and the observed spatial pattern of the after-
shock occurrence, demonstrating the usefulness of the stress
maps in constraining the likely locations of the upcoming af-
tershocks and mitigating earthquake hazard.

1 Introduction

The general tectonic setting of Turkey is mainly affected
by the northward movement of the Arabian and African
plates with respect to the Anatolian plate, which results in
a westward escape of the Anatolian plate (Fig. 1) (Şengör
et al., 1985; Barka and Kadinsky-Cade, 1988; McClusky et
al., 2000; Reilinger et al., 2006). Northward convergence
of the Arabian plate causes a continental collision in east-
ern Turkey, which takes place along a suture zone known
as Bitlis thrust zone (BTZ) (Fig. 1) (McClusky et al., 2000;
Şeng̈or et al., 2003). The convergence related deformation
is mostly laterally transported to the Caucasus thrust fronts
through the distributed NW–SE trending dextral faults and
NE–SW trending sinistral faults within eastern Anatolia
(Barka and Kadinsky-Cade, 1988; McClusky et al., 2000;
Sandvol et al., 2003; Vernant et al., 2004; Reilinger et al.,
2006).

The main tectonic features of the Lake Van area are the
BTZ lying immediately south of Lake Van and a number of
dextral and sinistral faults mentioned above (Figs. 1 and 2).
Dextral Karayazı Fault, Tutak Fault, Erciş Fault zone (EFZ),
Hasantimur Fault and Çaldıran Fault zone (ÇFZ) and sinistral
Malazgirt, S̈uphan and Çakırbey faults (ÇF) are the members
of the distributed strike-slip faulting lying close to Lake Van
(Figs. 1 and 2) (Barka and Kadinsky-Cade, 1988; Adıyaman
et al., 1998; Koçyĭgit et al., 2011; AFAD, 2011; MTA, 2012).

The Lake Van basin is the eastern continuation of the Muş
Ramp Basin and was separated from it by the Nemrut vol-
cano complex (Şengör et al., 1985) (Figs. 1 and 2). The lake
basin is almost completely bounded by steep boundary faults,
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Fig. 1. Major tectonic elements of eastern Anatolia. Large rect-
angle encloses the map areas shown in Figs. 2, 3 and 4 and large
arrows indicate relative plate motions. Extent of faults and relative
plate motions are from MTA (2012) and Reilinger et al. (2006),
respectively. NAFZ – North Anatolian Fault zone, EAFZ – East
Anatolian Fault zone, BTZ – Bitlis thrust zone, MRB – Muş Ramp
Basin, PRB – Pasinler Ramp Basin, KF – Karayazı Fault, TF – Tu-
tak Fault, EFZ – Erciş Fault zone, HTF – Hasan Timur Fault, KBFZ
– Kavakbaşı Fault zone.

namely the Northern Boundary Fault (NBF) and the South-
ern Boundary Fault (SBF) (Wong and Finckh, 1978; Wong
and Degens, 1978; Litt et al., 2009; Toker, 2011). The earth-
quake focal mechanisms of the recent earthquakes in the area
have indicated that the type of faulting along the boundary
faults is mainly thrusting (Fig. 2) (Pınar et al., 2007; Utkucu,
2013a). Pınar et al. (2007) performed a stress tensor inversion
of the available focal mechanisms and found that the stress
regime was transpressive with a maximum compression axis
roughly in the N–S direction. The presence of active thrust-
ing in the area was inarguably evidenced by the occurrence
of the 23 October 2011 Van earthquake, which was produced
by the Van fault (VF) (Utkucu et al., 2011; Emre et al., 2011;
Akyüz et al., 2011; G̈ulen et al., 2012).

Over the past two decades, there has been a dramatic in-
crease in the number of publications about earthquake in-
teraction through static Coulomb stress changes (e.g. King
et al., 1994; Stein et al., 1997; Harris, 1998; Stein, 1999;
Steacy et al., 2004, Steacy et al., 2005a, b). Because static
stress changes caused by an earlier earthquake can promote
or delay subsequent earthquakes along nearby faults, earth-
quake stress changes can be utilised in the interpretation of
future seismic hazards or earthquake probabilities (Stein et
al., 1997; Nalbant et al., 2002; Utkucu et al., 2003; Parsons,

Fig. 2.Local tectonic features, epicentral distribution of large earth-
quakes (red and green stars) and available focal mechanisms (black-
white beach balls) for the Lake Van area along with the bathymetry
of Lake Van. Extent of faults are from Wong and Finckh (1978),
Koçyiğit et al. (2011) and MTA (2012), focal mechanisms are from
McKenzie (1972), Pınar (1995), Pınar et al. (2007), Utkucu (2013a)
and USGS-NEIC and the bathymetry of Lake Van is from Wong
and Degens (1978). See Table 2 for the hypocentral parameters of
the earthquakes. The green shaded area indicates the area in which
surface deformations were observed following the 2011 Van earth-
quake. NBF – Northern Boundary Fault, SBF – Southern Boundary
fault, EFZ – Erciş Fault zone, ÇFZ – Çaldıran Fault zone, MF –
Malazgirt Fault, BIF – Bitlis Fault, BSF – Bahçesaray Fault, AHF –
Ahlat Fault, EF – Edremit Fault, KF – Kalecik Fault, AF – Alabayır
Fault, DB – Deveboynu Basin, TB – Tatvan Basin, VF – Van Fault,
GF – G̈urpınar Fault.

2004). Moreover, near-real time estimations of the stress
changes following a mainshock might be used as an emer-
gency response tool for mitigating hazards caused by the en-
suing aftershocks (Steacy et al., 2004; Lasocki et al., 2009;
McCloskey and Nalbant, 2009). Therefore, simple Coulomb
stress change calculations are of much importance for both
our understanding of earthquake interactions and seismic
hazard assessments.

The purpose of this study is to examine Coulomb static
stress changes before and after the 23 October 2011 Van
earthquake using all available data related to the seismicity
and the source faults in the Lake Van area (Fig. 2, Table 1).
We search for any clue from the 2011 Van earthquake and its
largest aftershocks in the background stress changes and the
stress changes caused by the mainshock alone.

2 Seismicity of the Lake Van area

Historical (Ambraseys and Finkel, 1995; Sinclair, 1999; Am-
braseys, 2009; Albini et al., 2012) and instrumental period
(Kalafat et al., 2007) seismicity studies and geological data
recovered from the offshore and onshore lake sediments (Litt
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Table 1.Source parameters of the 23 October 2011 Van earthquake.

Lat. N Lon. E Depth Strike Dip Rake Mo Maximum slip Magnitude
(◦) (◦) (km) (◦) (◦) (◦) (×1019Nm) (m)

KOERI 38.73 43.43 5 ML = 6.6
USGS1 38.69 43.49 16 255 50 73 6.4 MW = 7.2
USGS2 38.69 43.49 16 241 51 58 5.6 MW = 7.1
GCMT 38.67 43.42 12 246 38 60 6.4 MW = 7.2
GFZ 38.72 43.55 10 268 36 85 4.7 MW = 7.1
EMSC 38.86 43.48 10 248 53 64 6.8 MW = 7.3
AT 8.0 7.2 MW = 7.2
HY 5.16 4 MW = 7.1
UT 4.6 5.5 MW = 7.1

KOERI = Kandilli Observatory and Earthquake Research Institute; USGS1
= United States Geological Survey body-wave moment tensor

solution; USGS2 = United States Geological Survey WPhase centroid moment tensor solution. GCMT= Global Centroid Moment Tensor
Catalogue; GFZ= German Research Center for Geoscience; EMSC= European Mediterranean Seismological Center; AT= Atzori et al. (2011);
HY = Hayes (2011); UT= Utkucu (2013a).

et al., 2009;Üner et al., 2010) indicate that the Lake Van area
has been a seismically active region. Considering that the
Lake Van area located in a region with complex tectonics and
just north of a continental collision zone as indicated above,
an active and damaging seismicity is not far-fetched. Table 2
tabulates the damaging earthquakes between the occurrence
of notorious 7 April 1646 Van earthquake and 1860 and com-
prises all earthquakes with magnitudeM ≥ 5.0 from 1860 to
the occurrence of the 2011 Van earthquake. The epicentre
distribution of earthquakes in Table 2 is shown in Fig. 2 with
available source mechanisms.

3 The 23 October 2011 Van Earthquake (MW = 7.1)

The 23 October 2011 Van earthquake (MW = 7.1) generated
by a rupture along the Van Fault (Figs. 2 and 3) (Emre et al.,
2011; Akÿuz et al., 2011; Utkucu et al., 2011; AFAD, 2011;
Gülen et al., 2012). The earthquake caused heavy damage in
Van city centre and in the town of Erciş as well as many
villages between these settlements, leading to 604 deaths,
2608 injured and thousands of people left homeless (AFAD,
2011; Çelebi et al., 2013; CEDIM, 2011; Erdik et al., 2012).
The large aftershock of the 9 November 2011 (MW = 5.7)
resulted in additional damage, especially in the city centre of
Van, and 40 more fatalities (Fig. 3). In total, the mainshock
and the strong aftershock caused 17 005 houses to be totally
collapsed or damaged beyond repair, accounting for 1–2 bil-
lion USD economic loses (AFAD, 2011; Çelebi et al., 2013;
CEDIM, 2011; Erdik et al., 2012).

The VF extends as two segments, lying roughly in the
E–W direction for about 22 km, between Lake Van and the
Erçek Lake (Figs. 2 and 3) (Emre et al., 2011; Akyüz et al.,
2011; AFAD, 2011). The earthquake produced no clear sur-
face ruptures but some surface deformations along the west-
ern part of the fault trace for 10 km, from the coast of Lake
Van and eastward with vertical displacements of the order

Fig. 3. Local tectonic features of the Lake Van area and the epicen-
tre distribution of three day-longM < 4.6 aftershocks of the 23 Oc-
tober 2011 Van earthquake (black star) along with theM ≥ 4.6 af-
tershocks until April 2012. These aftershocks are represented with
white circles excluding theM ≥ 4.6 aftershocks with known source
mechanisms (red-white beach balls), which are indicated by red
stars. The black-white beach ball and the rectangle represent the
source mechanism and surface projection of the rupture plane, re-
spectively, of the 2011 Van earthquake used in the stress calcula-
tions. Four aftershock clusters identified regarding the source mech-
anisms are encircled and named as eastern (EAC), western (WAC),
southern (SAC) and northeastern (NEAC) aftershock clusters. The
aftershocks are taken from Kandilli Observatory and Earthquake
Research Institute and USGS-NEIC catalogues. The aftershock fo-
cal mechanisms are from the GCMT catalogue. See caption of Fig. 2
for the other source of information and abbreviations and the text for
details.
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Table 2. The earthquakes of the Lake Van area following 7 April 1646 Van earthquake, compiled from the catalogues given in Sect. 2 of
the paper. Only damaging earthquakes are listed until 1860 and the earthquakes withM ≥ 5.0 are listed after that date. See Fig. 2 for the
epicentral distribution.

No. Date Macroseismic Instrumental Depth Intensity MS MW mb Remark
Lat. N–Lon. E Lat. N–Lon. E (km)
(◦) (◦)

1 07.04.1646 38.30–43.70 X 6.7 Van
2 ??.??.1669 Van
3 12.08.1670 38.00–42.00 6.7 Muş Bitlis
4 13.04.1692 Adilcevaz
5 27.10.1692 Van
6 14.04.1696 6.8 Çaldıran
7 10.06.1696 Bitlis
8 26.03.1701 VII Van-Pertek
9 27.01.1705 38.70–41.70 IX 6.7 Bitlis

10 08.03.1715 38.40–43.90 IX 6.6 Van
11 ??.??.1869 38.40–42.10 VI ≈ 5.0 Bitlis
12 05.03.1871 38.50–43.40 5.5
13 30.05.1881 38.75–42.30 6.3 Ahlat area
14 07.06.1881 38.50–43.30 ≈ 5.0
15 10.02.1884 38.40–42.10 6.1
16 03.05.1891 39.15–42.50 6.0
17 ??.??.1894 38.50–43.30 ≈ 5.0
18 ??.06.1900 38.50–43.30 ≈ 5.0 Van
19 ??.09.1900 38.50–43.30 ≈ 5.0 Van
20 ??.??.1902 39.00–43.30 ≈ 5.0 Erciş
21 28.04.1903 39.14–42.65 7.0 Malazgirt
22 ??.??.1906 38.90–42.60 ≈ 5.0 Nemrut
23 ??.??.1906 38.80–43.40 ≈ 5.0
24 31.03.1907 39.10–42.50 5.2 Malazgirt
25 27.01.1913 38.38–42.23 10 5.4
26 14.02.1915 38.80–42.50 ? 5.6
27 10.09.1941 39.13-43.12 39.07–43.40 20 5.9–6.0 Erciş
28 15.01.1945 38.47–43.30 38.75–43.89 10 4.9–5.0 Van
29 20.11.1945 38.44–43.49 38.63–43.33 10 5.5–5.8 Van
30 03.09.1952 39.00–43.00 12 5.5
31 27.04.1966 38.13–42.52 40 5.6 5.1
32 19.09.1966 39.16–41.53 38.30–42.52 35 5.2
33 16.07.1972 38.23–43.36 46 5.0 Gevaş
34 12.01.1976 38.59–43.13 36 5.0 Van
35 24.11.1976 39.10–44.02 10 7.3 Çaldıran
36 24.11.1976 39.12–43.92 33 5.0
37 01.01.1977 39.20–43.46 24 5.0
38 17.01.1977 39.17–43.52 33 5.0 Çaldıran
39 11.04.1979 39.11–43.90 34 5.0
40 25.06.1988 38.50–43.08 50 5.3 Van
41 15.11.2000 38.40–42.92 23 5.7 Van
42 23.10.2011 38.73–43.43 5 7.1 Van

of 10 cm. The geometric patterns of these deformations and
the other morphological features observed in the field indi-
cate that the faulting was reverse (the northern fault block
is hanging wall) and did not reach to surface (Emre et al.,
2011).

Table 1 provides hypocentral and source parameters
of the earthquake, estimated by different seismological

organisations and institutes. The source mechanism solu-
tions for the earthquakes suggest that the earthquake was
due to reverse faulting. Teleseismic waveform inversions by
Hayes (2011) and Utkucu (2013a) and geodetic inversion by
Atzori et al. (2011) using InSAR data indicated that the ma-
jor rupture propagated unilaterally to SW for about 30 km

Nat. Hazards Earth Syst. Sci., 13, 1889–1902, 2013 www.nat-hazards-earth-syst-sci.net/13/1889/2013/
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Fig. 4.Epicentre distribution of the aftershocks (white filled circles)
occurred until April 2012 and provided by Kandilli Observatory and
Earthquake Research Institute along with local tectonic features.
The black star and the rectangle denote the epicentre and surface
projection of the rupture plane of the 2011 Van earthquake used by
Utkucu (2013a), respectively. Note that the dense aftershock epi-
centres cover much broader area toward NE due to a lobe of after-
shock epicentres (broken red line) protruding outward. See caption
of Fig. 2 for the active fault references and abbreviations and text
for details.

and updip from the hypocentre with peak slip in the range 4
to 7 m.

The earthquake was followed by a long-lasting and effec-
tive aftershock activity that comprises 51MW ≥ 4.6 shocks
until the end of April 2012, as reported by KOERI and
USGS-NEIC (Table 3). Epicentral distribution of the 72 h
long M < 4.6 aftershocks along with allMw ≥ 4.6 after-
shocks given in Table 3 is depicted in Fig. 3. Also shown
in Fig. 3 is the available source mechanism in the GCMT
catalogue for theMW ≥ 4.6 aftershocks (see Table 3 for
the source parameters). Without defining any magnitude
threshold, the aftershocks available in KOERI catalogue until
April 2012 are shown in Fig. 4. The reason for the separate
showing of the aftershocks in two maps is to effectively com-
pare the stress perturbation caused by the 2011 Van earth-
quake with the spatial pattern of the aftershocks distribution.
The aftershock activity not only has been dreadful for the lo-
cal people but also inflicted additional damage, particularly
exemplified by the 9 November 2011 (MW = 5.7) aftershock
(Fig. 3). As apparent from both epicentre location and the
source mechanism solution of this aftershock, it occurred on
a different fault.

From the aftershock distribution and the available source
mechanisms shown in Figs. 3 and 4, the following spatial pat-
terns could be interpreted. Four clusters are apparent for the
Mw ≥ 4.6 aftershocks regarding their relative location with
the mainshock rupture and source mechanisms (Fig. 3). The
eastern and western clusters with thrust faulting mechanisms

are interpreted along the VF beyond the mainshock rupture.
The southern and north eastern clusters with strike-slip fault-
ing mechanisms are defined along the other faults lying close
to the VF, exemplifying off-fault aftershocks. Another pat-
tern appears from Fig. 4, which indicates that the dense af-
tershock epicentres cover much broader area toward NE, es-
pecially for the north of the VF.

If the damaging the 9 November 2011 (MW = 5.7) after-
shock has been triggered by the mainshock stress changes or
not and if the interpreted patterns of the aftershocks are con-
nected with the pattern of the coseismic stress changes are
the issues that are investigated in the present study for the
ultimate purpose of earthquake hazard mitigation.

4 Coulomb stress changes analysis

Having compiled the available background seismicity in
both historical and instrumental periods before the 2011 Van
earthquake, it is now examined whether coseismic Coulomb
failure stress changes related to the background seismic-
ity might have triggered the 2011 Van earthquake and if
Coulomb stress changes related to the mainshock itself could
explain the occurrence of aftershocks and their pattern. The
Coulomb failure stress changes due to the previous shock
or shocks are resolved onto the fault plane of the interested
earthquake by taking into account its strike, dip and rake an-
gles in the stress calculations. Coulomb failure stress change
(1σf) can be simply expressed as

1σf = 1τ + µ′1σn, (1)

where1τ and1σn represent the changes in the shear and
the normal stresses over the target fault plane, respectively,
while µ′ is the apparent coefficient of the friction (Harris,
1998; Steacy et al., 2005a), which includes the unknown ef-
fect of pore fluid pressure and has been postulated to vary in
the range 0.2–0.8 (Stein, 1999). The selection of value ofµ′

has been pointed out to be not crucial in affecting the pat-
tern of change in Coulomb failure stress (King et al., 1994;
Steacy et al., 2004). We have usedµ′

= 0.4 in our stress cal-
culations and base them on the coseismic elastic dislocation
modelling of the earthquakes (Okada, 1992) by assuming
earthquake ruptures as rectangular dislocation surfaces in an
elastic half-space having Young’s modulus of 8×105 bar and
Poisson’s ratio of 0.25. Coulomb 3.2 software is used to es-
timate Coulomb failure stress changes (Lin and Stein, 2004;
Toda et al., 2005).

To explore stress changes before the 2011 Van earthquake,
the 1646 Van earthquake has been selected as a time thresh-
old in the past and we have used onlyM ≥ 6.0 earthquakes,
with the exception of the 2000 Gevaş earthquake (MW =

5.6), in the Coulomb stress change modelling. The time
threshold is chosen because there is a large gap for reporting
of earthquakes in the historical sources before the 17th cen-
tury (Albini et al., 2012) and the 1646 Van earthquake has

www.nat-hazards-earth-syst-sci.net/13/1889/2013/ Nat. Hazards Earth Syst. Sci., 13, 1889–1902, 2013
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Table 3. The hypocentral and source parameters of theM ≥ 4.6 aftershocks of the 23 October 2011 Van earthquake, compiled from the
catalogues of Kandilli Observatory and Earthquake Research Institute, GCMT and USGS-NEIC.

No Date Origin time Latitude N Longitude E DepthMw ML mb Strike Dip Rake CMT depth
(GMT) (GMT) (◦) (◦) (km) (◦) (◦) (◦) (km)

1 23.10.2011 10.48.17 38.7513 43.5952 9 5.2 5.6
2 23.10.2011 10.52.05 38.7600 43.2500 7 – 4.8
3 23.10.2011 10.56.49 38.8137 43.4462 5 5.5 5.6
4 23.10.2011 11.00.14 38.5900 43.5200 10 – 4.6
5 23.10.2011 11.00.29 38.6000 43.1000 10 – 5.2
6 23.10.2011 11.10.44 38.4385 43.4148 11 4.7 5.0
7 2310.2011 11.16.26 38.7400 43.3400 10 – 4.7
8 23.10.2011 11.32.41 38.8095 43.3003 5 5.5 5.7
9 23.10.2011 12.03.10 38.7762 43.1970 5 – 4.7

10 23.10.2011 12.42.09 38.7300 43.1900 5 – 4.8
11 23.10.2011 15.24.31 38.4900 43.2600 15 4.8
12 23.10.2011 15.58.00 38.6600 43.3300 18 4.6
13 23.10.2011 16.05.08 38.7520 43.5530 5 4.5
14 23.10.2011 18.10.45 38.7102 43.3382 5 5.0 5.1 100/275 45/45 93/87 20.9
15 23.10.2011 18.53.48 38.7760 43.3507 8 4.9 4.9
16 23.10.2011 19.06.06 38.7868 43.2960 5 4.9 4.8
17 23.10.2011 20.45.34 38.6345 43.0775 5 6.0 5.7 6.0 281/111 40/50 82/96 12.0
18 23.10.2011 22.21.30 38.6200 43.0700 5 – 4.8
19 24.10.2011 04.43.01 38.6500 43.2300 5 4.7
20 24.10.2011 05.54.57 38.6400 43.3000 10 4.7
21 24.10.2011 08.28.26 38.6200 43.5500 3 4.8 92/265 45/45 94/86 22.0
22 24.10.2012 08.49.21 38.6700 43.5100 7 4.9 268/82 41/49 94/86 20.2
23 24.10.2011 15.28.06 38.6737 43.2243 5 4.8 4.9 269/93 44/46 87/93 18.5
24 24.10.2011 23.55.14 38.7400 43.5600 5 4.6
25 25.10.2011 02.33.52 38.7552 43.1905 5 4.1
26 25.10.2011 14.55.08 38.7733 43.5468 5 5.6 5.4 5.7 264/79 43/47 94/86 14.4
27 26.10.2011 03.16.18 38.7300 43.300 5 4.7 102/239 36/32 127/66 30.6
28 28.10.2011 08.48.08 38.6974 43.6293 6 4.2
29 29.10.2011 18.45.48 38.6252 43.1742 3 4.5
30 29.10.2011 22.24.22 38.8985 43.5503 5 5.3 5.0 298/206 77/82 172/-14 19.4
31 02.11.2011 04.34.20 38.8735 43.5695 5 4.8
32 02.11.2011 13.24.02 38.8565 43.5778 5 4.7 4.6
33 06.11.2011 02.43.12 38.9243 43.5650 5 4.9 4.7 277/186 64/87−176/ − 26 15.8
34 07.11.2011 15.53.51 38.6882 43.6307 4 4.7 4.8
35 08.11.2011 22.05.51 38.7242 43.0870 6 5.2 5.5 5.6 280/104 37/53 87/92 21.2
36 09.11.2011 19.23.33 38.4295 43.2342 5 5.6 5.6 5.6 267/358 72/89 179/18 13.5
37 09.11.2011 19.30.11 38.4200 43.2800 4 4.8
38 12.11.2011 18.20.01 38.6300 43.2200 5 4.6
39 14.11.2011 16.47.16 38.6500 43.0500 5 4.7
40 14.11.2011 22.08.16 38.6973 43.1578 8 5.2 5.3 296/98 40/51 104/78 17.3
41 18.11.2011 17.39.43 38.8235 43.8323 5 4.9 31/300 77/88 2/167 16.7
42 22.11.2011 03.30.35 38.6100 43.2900 2 4.6
43 30.11.2011 00.47.21 38.4740 43.4530 4 5.0 4.9 287/17 86/89 179/4 28.4
44 03.12.2011 01.30.54 38.8700 43.7900 5 4.7
45 04.12.2011 22.15.02 38.4600 43.3000 5 4.7 112/22 84/87−177/ − 6 24.3
46 06.12.2011 02.55.59 38.8527 43.6217 3 4.5
47 27.12.2011 19.18.52 38.8900 43.7900 5 4.7
48 20.01.2012 09.57.36 38.7185 43.5102 6 4.7
49 17.02.2012 09.32.58 38.7000 43.2100 4 4.7
50 26.03.2012 10.35.32 39.1700 42.3300 5 5.0 – 82/256 44/46 94/86 19.5
51 24.06.2012 20.07.22 38.7495 43.6143 9 4.5
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Table 4.Rupture parameters for the earthquakes selected for the Coulomb stress change modelling in the Lake Van area. S1 and S2 stand for
first and second segment of the earthquake rupture under interest. See Fig. 2 for the epicentral distribution.

No. Date
Epicentre

MS MW
Strike Dip Rake Fault Fault Slip

Lat. N–Lon. E (◦) (◦) (◦) length width (m)
(◦) (km) (km)

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2
1 07.04.1646 38.30–43.70 6.7 265 50 73 38a 23.50 1.7a

2 12.08.1670 38.00–42.00 6.7 303 85 175 38 18.07 1.4a

3 14.04.1696 6.8 105 117 85 85 176 176 42b 36b 24 24 Variableb

4 08.03.1715 38.40–43.90 6.6 255 50 73 35c 30 Variablec

5 30.05.1881 38.75–42.30 6.3 250 85 5 21a 10.04 0.5a

6 03.05.1891 39.15–42.50 6.0–6.3 250 85 5 21a 10.04 0.5a

7 28.04.1903 39.14–42.65 7.0 204 251 85 85 5 5 20 21 18.07 18.07 1.5a

8 10.09.1941 39.07–43.40 6.0 145 85 175 14a 10.04 0.3a

9 24.11.1976 39.10–44.02 7.3 105 117 85 85 176 176 42d 36d 24 24 Variablec

10 15.11.2000 38.40–42.92 5.7 228 40 37 9a 5 0.32–0.24
11 23.10.2011 38.73–43.43 7.1 255 50 73 35e 30 Variablee

a Fault lengths and slip values are determined from the empirical relations of Wells and Coppersmith (1994).b The same rupture model as the 1976 Çaldıran earthquake
obtained by Utkucu et al. (2002) is assumed.c The same rupture model as the 2011 Van earthquake obtained by Utkucu (2013a) is assumed.d The rupture model obtained by
Utkucu et al. (2002) is used.e The rupture model obtained by Utkucu (2013a) is used.

been known for its widespread and relatively well-reported
damage distribution (Ambraseys and Finkel, 1995; Sinclair,
1999; Ambraseys, 2009). It should also be noted that there is
another gap in the reporting between 1715 and 1860, as can
be clearly seen from Table 2. As there is no way for the de-
structiveM ≥ 6.5 earthquakes to be neglected in the histor-
ical sources after the start of 18th century, this gap could be
for the relatively smaller magnitude earthquakes, which have
smaller rupture length and insignificant stress perturbations
in the crust as compared to earthquakes with magnitude of
the order ofM = 7. So, 11 earthquakes, including the 1646
and 2011 earthquakes, are used in the modelling (Table 4).

The rupture parameters (strike, dip, rake and slip val-
ues of the faulting) for these earthquakes are summarised
in Table 4. The rupture parameters and source faults of the
earthquakes after the 1903 Malazgirt earthquakes are defined
from the published studies (Utkucu et al., 2002; Utkucu,
2013a). As for the rupture parameters of the historical earth-
quakes, including the 1903 Malazgirt earthquake, the follow-
ing methodology is used. We first assigned the most likely
source faults for the historical earthquakes. The strike of the
faulting is assigned from the trace of the source fault on the
active fault map (Figs. 2 and 3). Dip and rake angle of the
relevant earthquake is decided considering the type of the
faulting. If the source fault is strike-slip faulting then the dip
angle is vertical or nearly vertical in the range 80◦to90◦ (we
use 85◦ for that sort of faulting) and the rake angle is be-
tween±170◦ and 180

◦

for right-lateral faults and between
0◦ and±10

◦

for left-lateral faults. If the faulting is reverse,
then we assign dip and rake angles similar to the 2011 Van
earthquake and the strike is measured from the active fault
map. The rupture length and slip amplitude of the earth-
quake are defined regarding the magnitude of the relevant

earthquake using the empirical relationships given by Wells
and Coppersmith (1994) and assuming homogeneous fault
slip. For example, the 1903 Malazgirt earthquake ruptured
the two-segmented Malazgirt Fault (MF), the northern seg-
ment strikes 204◦ and the southern segment strikes 251◦, as
measured from the active fault map (Figs. 2 and 3) (MTA,
2012; Şarŏglu, 1985). When the fault is left-lateral strike slip
then its dip and rake angles are assigned as 85◦ and 5◦, re-
spectively. Regarding its large magnitude, the earthquake is
considered to rupture the MF all along its length, which is
measured 40 km from the active fault map (Figs. 2 and 3).
Then, assuming homogeneous slip, the slip amplitude is esti-
mated as 1.5 m from the empirical relationships. The seismo-
genic thickness starts from the earth’s surface and is assumed
to be 20 km for all earthquakes.

Coulomb stress changes merely due to the 2011 Van earth-
quake have been calculated to compare the stress pattern of
the mainshock with the occurrence of the aftershocks and
their distribution pattern. The stress changes have been es-
timated over the optimally oriented strike-slip and reverse
faults and individually over the selected faults as well. Note
that stress change calculations over an optimally oriented
fault require definition of the regional stress field by means of
principal stress axes orientations. We use the regional stress
field defined by Pınar et al. (2007) along with the regional
stress field determined in the study, using both background
seismicity, and the aftershocks with available source param-
eters (Tables 2 and 3).

5 Results

The map view of the calculated stress patterns before the
2011 Van earthquake have been shown in Fig. 5. The stress
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Fig. 5. Maps of Coulomb stress changes due to the background seismicity in the Lake Van area before and after the 23 October 2011 Van
earthquake. The stress changes due to(a) all earlier earthquakes,(b) the earthquakes before 1715 Van earthquake and(c) the earthquakes
after 1715 and before 2011 have been resolved onto the 2011 Van earthquake’s fault plane (strike 255◦, dip 50◦, rake 73◦). (d) The stress
changes following the 2011 Van earthquake calculated over the 1646 Van earthquake’s fault, the Gürpınar fault (strike 265◦, dip 50◦, rake
73◦). See Table 4 for the list of earthquakes in the background seismicity and their rupture parameters and the caption of Fig. 2 for the active
fault references.

patterns in Fig. 5 have been imaged at a depth of 9 km, which
is approximately equal to half the seismogenic thickness in
the Lake Van area. Enhancement and reduction in the stresses
are represented with red and blue colours, respectively. The
selection of the source faults for the historical earthquakes
(the 1903 Malazgirt and the earlier earthquakes) will be dis-
cussed below. The stress changes due to all of the earlier
earthquakes, the earthquakes before the 1715 earthquake and
the earthquakes following the 1715 earthquakes have been
resolved onto the 2011 Van earthquake rupture plane (e.g.
over the VF) and shown in Fig. 5a, b and c. Figure 5d illus-
trates the state of the stress changes following the occurrence
of the 2011 Van earthquake and reflects the stress changes
caused by the earlier earthquakes including the 2011 Van
earthquake. The stress changes in Fig. 5d have been com-
puted over the G̈urpınar fault (GF) (e.g. the source fault of
the 1646 Van earthquake).

Figure 6 reflects the Coulomb stress changes merely due
to the 2011 Van earthquake along with the epicentral distri-
bution of theMW ≥ 4.6 aftershocks (Table 3). In Fig. 6a and
b, the stress changes have been resolved onto the optimally

oriented strike-slip and thrust faults using the regional stress
field defined by Pınar et al. (2007). In Fig. 6c–f, the stress
changes have been estimated over the representative fault
planes of the aftershock clusters located in the east, west,
south and northeast of the mainshock rupture. The stress
changes have been resolved onto the fault planes with strike
of 266◦, dip of 45◦ and rake of 90◦ (e.g. eastern extend of
the VF) for the eastern cluster (Fig. 6c), onto the fault planes
with strike of 285◦, dip of 41◦ and rake of 90◦ (e.g. western
offshore extend of the VF) for the western cluster (Fig. 6d),
onto the fault planes with strike of 270◦, dip of 70◦ and rake
of 180◦ (e.g. EF) for the southern cluster (Fig. 6e) and onto
the fault planes with strike of 298◦, dip of 77◦ and rake of
−172◦ (e.g. faults related NW–SE trending EFZ in the east
of Lake Van) for the NE cluster (Fig. 6f).
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Fig. 6. Maps of Coulomb stress changes caused by the 2011 Van earthquake calculated over the optimally oriented(a) strike-slip and(b)
thrust faults along with over the representative fault planes of the four aftershock clusters discussed in the text and shown in Fig. 3.The stress
changes have been resolved onto the representative fault plane of(c) the eastern cluster (strike 266◦, dip 45◦ and rake 90◦), (d) the western
cluster (strike 285◦, dip 41◦ and rake 90◦), (e) the southern cluster (strike 270◦, dip 70◦ and rake 180◦) and(f) the for the north eastern
(strike 298◦, dip 77◦ and rake−172◦). The open circles denote the epicentres of theM ≥ 4.6 aftershocks listed in Table 3. See caption of
Fig. 2 for the active fault references.

6 Discussion

6.1 Selection of the source faults

Macroseismic effects of the 1646 and 1715 Van earthquakes
suggest that they occurred in the east-southeast of Lake Van
with the 1646 Van earthquake having a possible source fault
located more southward than the 1715 Van earthquake (Am-
braseys, 2009; Sinclair, 1999). Utkucu (2013a) argued that

the 1715 Van earthquake was a predecessor of the 2011 earth-
quake because of that it had caused damage in town of Erciş,
where no reporting of damage for the 1646 earthquake. Ad-
ditionally, the 1646 Van earthquake caused damage in town
of Gevaş and in the area south-southeast of that town, where
no damage was reported after the 1715 and 2011 Van earth-
quakes. So, the Van and Gürpınar faults have been assigned
as the source faults of the 1715 and 1646 Van earthquakes,
respectively.
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The damage area of the large 1670 Muş-Bitlis and 1705
Bitlis earthquakes covered W-SW of Lake Van (Ambraseys,
2009). However, the former caused damage in town of Hizan
in the south of Lake Van while the latter, in particular, yielded
destruction in the west of Bitlis. Therefore, the srike-slip
Bitlis fault has been considered as the likely source of the
1670 earthquake (Fig. 2), while the Kavakbaşı Fault (see
Fig. 1 for its location) has been assigned as the source of the
1705 Bitlis earthquake. The Kavakbaşı Fault zone remains
outside of the study area. Therefore, the 1705 Bitlis earth-
quake has not been included in the stress changes calcula-
tions.

The similarity in their damage patterns suggests that the
1976 Çaldıran earthquake was a recurrence of the 1696
Çaldıran earthquake and both were produced by the ÇF. The
1881 and 1891 Adilcevaz earthquakes obviously affected the
area between Nemrut and Süphan volcanoes (Clayton, 1881;
Ambraseys, 2009). As seen from Fig. 2, the 1891 Adilcevaz
earthquake was located near the MF. However, its destruc-
tion mainly occurred in the town of Adilcevaz, while rela-
tively slight damage was reported for the town of Malazgirt
(Ambraseys, 2009). The earthquake also caused a rise in the
level of Jilg̈ol, a small lake a few kilometers NW of Adil-
cevaz. Therefore, it was proposed that the earthquake had
taken place somewhere south of the MF (Albini et al., 2012).
The fact that lake Jilg̈ol is located near the NE extreme of the
Ahlat fault and the 1881 earthquake effected south of Adil-
cevaz prompted us to assign Ahlat fault as the source of both
the 1881 and 1891 earthquakes with the latter shock ruptur-
ing northeastern part of the fault.

As we discuss in this section, the source faults for the
larger shock of the 1646 and 1715 Van and 1696 Çaldıran
earthquakes are more or less known (Utkucu, 2013a). For
smaller historical shocks in 1881 and 1891, they do not have
much influence (with the exception of their local influence
on the MF or occurrence of the 1903 Malazgirt earthquake)
on the overall stress picture shown in Fig. 5. It would be rea-
sonable to think that the stress changes shown in Fig. 5 could
vary with different assignments of the source faults for the
historical earthquakes. Nevertheless, the overall stress pic-
ture would not change much by holding a different point
of view for the selection of the source faults of the smaller
shocks, especially for the area east of Lake Van that we fo-
cus on in the present study.

6.2 Stress changes before and after the 2011 Van
earthquake

Figure 5a indicates that the Van fault is partly stressed
and partly under the stress shadow due to all of the ear-
lier earthquake occurrences. Since we do not include stress
load caused by the plate motions in the interseismic pe-
riod it seems that the coseismic stress changes merely do
not overwhelm the stress decrease caused by the 1715 Van
earthquake over the Van fault (remember that the 1715 Van

earthquake has been regarded as the predecessor of the 2011
Van earthquake). When the stress changes due to the earth-
quakes before and after the 1715 Van earthquake have been
individually resolved onto the VF, we see that stress decrease
prevails over the 1715 Van earthquake rupture plane due the
earthquakes (the 1646 Van earthquake in particular) in the
previous period (Fig. 5b), while a slight stress increase has
resulted due to the earthquakes in the latter period (Fig. 5c).
These suggest that in addition to the tectonic loading due to
the plate motions, the 2011 Van earthquake’s rupture plane
has been stressed due to the coseismic stress changes caused
by the earthquakes after the 1715 Van earthquake. A stress
change calculation for the 1976 Çaldıran earthquake alone
(not shown here) has yielded that the stress increase over the
2011 Van earthquake in Fig. 5c was mainly caused by the
1976 Çaldıran earthquake.

Figure 5d reflects state of the stress following the 2011
Van earthquake. The stress changes estimated over the rup-
ture planes are similar to the 1646 Van earthquake’s rupture
plane (e.g. the GF) using all earthquakes in Table 4. Three
large earthquakes with a magnitude of the order of 7 occurred
in the eastern half of the study area during the historical pe-
riod (the 1646 and 1715 Van earthquakes and 1696 Çaldıran
earthquake). Both the 1696 Çaldıran and the 1715 Van earth-
quakes recurred. The 1976 Çaldıran earthquake was a recur-
rence of the 1696 Çaldıran earthquake while the 2011 Van
earthquake was a repetition of the 1715 Van earthquake. So,
the 1646 Van earthquake has not recurred. This is why the
stress changes have been calculated over the GF, the source
fault assigned for the 1646 Van earthquake. As is apparent
from Fig. 5d, the GF is almost completely under the stress
shadow of the earlier shocks. Since we do not include stresses
due to the tectonic loading in our stress change computations,
the state of stress without the 1646 Van earthquake has also
been computed (not shown in Fig. 5), which yielded almost
similar results. A computation of stress changes using only
the 2011 Van earthquake has resulted in that the GF was
again exposed to a stress decrease. Therefore, it is reason-
able to claim that the occurrence of the 2011 Van earthquake
decreased likelihood of an earthquake along the GF or sup-
pressed repetition of the 1646 Van earthquake.

6.3 The spatial pattern of the aftershocks versus the
mainshock stress changes

We now examine if the interpreted spatial patterns of the
aftershock distribution will have any relation with the es-
timated stress changes of the 2011 Van mainshock. Fig-
ure 6a depicts the Coulomb stress changes due to the 2011
Van earthquake over the optimally oriented strike-slip faults
along with the epicentral distribution of theMW ≥ 4.6 after-
shocks. It is clear that the stress changes following the main-
shock explain the southern aftershock cluster with strike-
slip faulting mechanisms but could not explain the northeast-
ern aftershock clusters with the same faulting mechanisms
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(Fig. 3). Interestingly, it partly explains the eastern and west-
ern aftershock clusters with thrust faulting. When the stress
changes resolved onto the optimally oriented thrust faults as
shown in Fig. 6b, it is seen that the clusters with thrust fault-
ing mechanisms (e.g. eastern and western aftershock clus-
ters) fall into the areas of stress increase while the strike-slip
clusters fall into the areas of the stress decrease. As indicated
above the stress changes shown in Fig. 6a and b have been
estimated using the regional stress field defined by Pınar et
al. (2007), who obtained a stress regime with predominantly
strike-slip faulting (azimuth and plunge pair forσ1, σ2 and
σ3 are (335◦, 16◦), (255◦, 32◦) and (42◦, 53◦), respectively).
Using the available source mechanisms for the background
seismicity (Fig. 2) and for the aftershocks of the 2011 Van
earthquake (Fig. 3; Table 3), Utkucu et al. (2013b) carried
out stress tensor inversion and obtained a stress regime with
predominant thrusting (azimuth and plunge pair forσ1, σ2
andσ3 are (124◦, 23◦), (20◦, 30◦) and (245◦, 51◦), respec-
tively). The stress changes have been estimated using the re-
gional stress field defined by Utkucu et al. (2013b) resulted
in virtually the same stress changes shown in Fig. 6a–b, sug-
gesting moderate variations of the regional stress regime do
not result in much change in the stress calculations.

Note that the stress changes over the optimally oriented
faults shown in Fig. 6a–b explain the aftershock clusters with
the exception of the northeastern aftershock cluster. We now
explore whether the stress changes estimated over the rep-
resentative fault planes of the aftershock clusters could ex-
plain the spatial pattern of the aftershocks, the northeastern
aftershock cluster in particular. The stress changes over the
VF beyond the rupture of 2011 Van earthquake indicate that
the mainshock rupture bolstered stress over both the east-
ern (Fig. 6c) and western (Fig. 6d) continuation of the VF,
providing proper conditions for the occurrence of the thrust-
ing aftershocks in the eastern and western clusters. Figure 6e
suggests that the mainshock rupture promoted the stress over
the EF or over the E–W trending strike-slip faults. How-
ever, one of the aftershock with known strike-slip mechanism
(number 43 in Table 3 and Fig. 3) fall into stress shadow.
Note that this aftershock falls into the area of stress increase
in Fig 6a, suggesting that it might have occurred on a strike-
slip fault having different orientation than the EF. When the
stress changes have been estimated over the planes parallel
to the ÇF, NE–SW trending left-lateral fault lying along the
NW coast of Lake Van, it is seen that the north eastern cluster
falls into the stress shadow (not shown in Fig. 6). This fault
also does not match any nodal plane of the available source
mechanisms in the north eastern cluster. Therefore, the stress
changes have been calculated over the planes running parallel
to the right-lateral EFZ (Fig. 6f). The EFZ runs offshore and
emerge in the east of NE tip Lake Van (Koçyiğit et al., 2011).
Orientation of the EFZ matches well the NW-SE trending
nodal plane of the available source mechanisms in the north
eastern cluster. Notice that this time the north eastern clus-
ter falls into the area of stress increase (Fig. 6f), suggesting

that the mainshock may have triggered aftershocks along the
EFZ.

Another observed spatial pattern mentioned above has
been that the dense aftershock epicentres cover a much
broader area toward NE due to a lobe of aftershock epicentres
protruding outward while their southern limit goes roughly
parallel regarding surface projection of the mainshock rup-
ture plane (Fig. 4). The stress change maps shown in Fig. 6
provide an answer for this observed pattern. Note that the ma-
jor faults lying in the north-northeast of the 2011 Van earth-
quake rupture are strike-slip faults (the EFZ and ÇFZ) while
the major faults lying in the south-southeast of the rupture
are thrust faults (the GF, SBF and NBF) (Figs. 2 and 3). Fig-
ure 6e and f, in which the stress changes are calculated for E–
W and NW–SE trending right lateral strike-slip faults, require
a lobe of stress increase in the NE, while the stress changes
for thrusting faults (Fig. 6b, c and d) require a large lobe of
stress shadow in the south-southeast. The strike-slip faults
are secondary in significance in the south-southeast and have
experienced partly stress decrease and increase (Fig. 6a, e
and f). These results coincide with the results of the previ-
ous studies suggesting a relation between the orientation of
the mapped structure and the aftershock seismicity following
a mainshock (Steacy et al., 2005b; McCloskey and Nalbant,
2009).

6.4 Implication for the earthquake hazard mitigation

As indicated above the 1696 Çaldıran and 1715 Van earth-
quakes most likely recurred as the 1976 Çaldıran and 2011
Van earthquakes, respectively, suggesting an earthquake re-
currence time of about 300 yr. Considering peak slip of about
4.5–5 m from the available slip models of both earthquakes
(Utkucu et al., 2002; Hayes, 2011; Utkucu, 2013a), a 300 yr
recurrence time would yield a comparable slip rate suggested
by GPS studies (McClusky et al., 2000; Reilinger et al.,
2006), which indicate a velocity of 12 mm yr−1 toward the
north and 5.3 mm yr−1 toward the west with velocity vector
having a direction almost perpendicular to the strike of the
VF. Since the 1646 Van earthquake has not yet recurred, the
GF with roughly same orientation as the VF has been ac-
cumulating elastic deformation or getting stressed for about
350 yr, meaning that it capable of producing an event even
larger than the 2011 Van earthquake. Fortunately, the GF not
only remained in the stress shadow of the 2011 Van earth-
quake but also of the 1715 Van earthquake. It is not far-
fetched that one of the reason behind the delaying of the oc-
currence of the 1646 Van earthquake might have been the
stress shadow of both earthquakes along the Van fault, con-
sidering the published cases in the past (Toda and Stein,
2002).

With an exception of the 1941 Erciş earthquake (MS =

6.0), we have no information for earthquakes rupturing
the EFZ after 1646. The 1941 Erciş earthquake was not
large enough to release tectonic deformation along the EFZ,
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Fig. 7. Coulomb stress changes imparted to the hypocentral area
of the 26 March 2012 aftershock (Mw = 5.0; number 50 in Ta-
ble 3 and is indicated with a black star) due to the 2011 Van earth-
quake rupture. The stress calculations have been implemented over
its north dipping nodal plane (strike= 256◦, dip= 46◦, rake= 86◦).
The open circles denote the epicentres of theM ≥ 4.6 aftershocks
listed in Table 3. Notice occurrence of this far away aftershock in
the stress enhancement area. See caption of Fig. 2 for the active fault
references.

meaning the EFZ has not been ruptured at least for the last
four centuries. Considering its similarity with ÇFZ, which
produced 1976 Çaldıran earthquake, both in orientation and
faulting type, the EFZ might have the potential to generate a
large shock, likelihood of which seems to increase due to the
occurrence of the 2011 Van earthquake (Fig. 6f).

As interpreted from the stress change maps shown in
Fig. 6, there is a strong correspondence between the stress
perturbations caused by the 2011 Van earthquake and the
observed spatial pattern of the aftershock distribution. This
advances the use of Coulomb stress change modelling as a
tool for aftershock hazard mitigation, especially for the main-
shocks with long and damaging aftershock activity like the
2011 Van earthquake. A preliminary stress analysis can sim-
ply be performed from the mainshock information available
in near-real time in order to guess or interpret upcoming spa-
tial patterns of aftershocks for earthquake hazard mitigation
and emergency response purposes. This issue has been elab-
orately discussed recently in several studies in which a strong
coincidence between Coulomb stress changes and the spatial
distribution of aftershock has been reported in cases where
the stress changes were based on the well-constrained rupture
properties and good knowledge of local geological structure
(Steacy et al., 2004; Steacy et al., 2005b; McCloskey and
Nalbant, 2009). Notice that there is a rare aftershock occur-
rence in the NW of Lake Van, including the 26 March 2012
aftershock (MW = 5.0; number 50 in Table 3 and Fig. 3) with
thrusting mechanism near the town of Bulanık. A Coulomb
stress change map calculated over its north dipping nodal

plane (strike= 256◦, dip= 46◦, rake= 86◦) due to the 2011
Van earthquake rupture has shown that this aftershock oc-
curred in the area of stress enhancement (Fig. 7), supporting
the apparent correspondence between the mainshock stress
changes and the spatial pattern of the aftershock seismicity
even for stress changes down to the 0.1 bar. This further bol-
sters the idea of how the stress change maps would be useful
for mitigating earthquake hazard to foresee the most likely
locations of the upcoming aftershocks, if such calculations
are carried out in near-real time.

7 Conclusions

We have studied Coulomb stress changes before and after
the 23 October 2011 Van earthquake using available data re-
lated to the background and the aftershock seismicity and
the likely source faults. The coseismic stress changes of the
background seismicity had slightly promoted stress over the
rupture plane of the 2011 Van earthquake while it yielded a
stress shadow over the GF, which has been argued to pro-
duce the 7 April 1646 Van earthquake. It is also discussed
that the repetition of the 1646 Van earthquake would be the
most likely candidate to strike the Lake Van area in the fu-
ture, regarding the available information from the historical
seismicity. The calculated stress change maps have shown
that the occurrence of the 2011 Van earthquake further de-
creased the stress over the GF meaning further delaying of
the successor of the 1646 Van earthquake to strike.

Two possible spatial patterns of the aftershock distribu-
tion of the 2011 Van earthquake have been identified. The
aftershocks define four clusters regarding their relative loca-
tion to the mainshock rupture plane and source mechanisms
and the area for their dense distribution gets broader toward
the northeast. Any correlation between these observed spatial
patterns of the aftershocks and the coseismic stress changes
imposed by the 2011 Van earthquake alone is searched for by
calculating Coulomb stress changes over the optimally ori-
ented strike-slip and thrust faults and over the faults lying
close to the mainshock rupture. It is shown that there is an
apparent correlation between the stress changes and the ob-
served spatial pattern of the aftershock occurrence support-
ing use of near-real time estimate of the stress changes as a
tool for earthquake hazard mitigation.
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Gülen, L., Utkucu, M., Budakŏglu, E., Yalçın, H. D., G̈uneş, Y.,
and Kalafat, D.: Seismotectonics of the Lake Van Region and the
23 October 2011 Van earthquake (MW =7.1), 2012 SSA Annual
Meeting, San Diego, Seismol. Res. Lett., 83, p. 438, 2012.

Harris, R. A.: Introduction to special section: Stress triggers, stress
shadows, and implification for seismic hazard, J. Geophys. Res.,

103, 24347–24358, 1998.
Hayes, G.: Updated Result of the Oct 23, 2011 Mw 7.1 East-

ern Turkey Earthquake, available at:http://earthquake.usgs.gov/
earthquakes/eqinthenews/2011/usb0006bqc/finitefault.php(last
access: 19 June 2013), 2011.
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Franz, S. O., Ulgen, U. B., and Niessen, F.: “PALEOVAN”, In-
ternational Continental Scientific Drilling Program (ICDP): Site
Survey Results and Perspectives, Quaternary Sci. Rev., 28, 1555–
1567, doi:10.1016/j.quascirev.2009.03.002, 2009.

McCloskey, J. and Nalbant, S. S.: Near-real-time aftershock hazard
maps, Nat. Geosci., 2, 154–155, 2009.

McClusky, S., Balassanian, S., Barka, A., Demir, C., Ergintav, S.,
Georgiev, I., G̈urkan, O., Hamburger, M., Hurst, K., Kahle, H.,
Kastens, K., Nadariya, M., Ouzouni, A., Paradissis, D., Peter,
Y., Prilepin, M., Reilinger, R., Sanli, I., Seeger, H., Tealeb, A.,
Toks̈oz, M. N., and Veis, G.: GPS constraints on plate kinemat-
ics and dynamics in the Eastern Mediterranean and Caucasus, J.
Geophys. Res., 105, 5695–5719, 2000.

McKenzie, D. P.: Active tectonics of the Mediterranean region,
Geophys. J. R. Astr. Soc., 30, 109–185, 1972.
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Çözümünden Elde Edilen Kırılma Modeli,̇IstanbulÜniv. Müh.
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