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Abstract: The source mechanism of the January 25, 2005 Hakkari earthquake is obtained from both P wave first motion 
polarities and waveform modeling. The source mechanism derived from the P wave motion polarities has indicated a dextral 
faulting along a NW-SE trending rupture plane while sinistral faulting along a NE_SW trending rupture plane.  A point-source 
waveform inversion technique is applied to the teleseismically recorded P and SH waveforms of the earthquake to derive the 
source process. The data has been satisfactorily matched using two-subevent source process indicating a complex source process 
with a relatively large strike-slip faulting subevent that followed by a smaller oblique normal faulting subevent. The fact that the 
active fault map indicate a NW-SE trending thrust fault and NE-SW trending sinistral Akçalı fault in the near source region has 
prompted us to select the NE-SW trending nodal planes from both solutions as the fault plane. It is suggested that the earthquake 
was produced by the Akçalı fault and the faulting is left-lateral.  The overall source process implies a predominantly left-lateral 
faulting (strike=201o, dip=69o, rake=-24o) with a seismic moment of 3.5x1017 Nm (MW≈5.7). A stress changes due to rupture 
along the Akçalı fault well explained the M ≥4 seismicity after the earthquake, thus supporting a NE-SW striking fault. The 
Yüksekova-Şemdinli Fault Zone, which produced most of the following seismicity, was considerably stressed. The results 
further suggest active strike-slip faulting within or in the very neighborhood of the Bitlis Thrust Zone.  

Index Terms— The 25 January 2005 Hakkari earthquake, eastern Turkey, Bitlis thrust Zone, teleseismic point-source analysis 
 

I. INTRODUCTION1 

he 25 January 2005 Hakkari earthquake (MW=5.7) 
occurred on the south boundary of the eastern 
Anatolian block known as Bitlis Thrust Zone (BTZ) 

(Figs. 1 ve 2). Arabian and Anatolian plates collide along 
the BTZ [1, 2]. Recent studies have shown that the 
deformation related to the northward movement of the 
Arabian plate is mainly transferred to the Caucasian thrust 
zone lying in the NE via distributed strike-slip faults within 
the eastern Anatolian block [3, 4, 5, 6] (Fig. 2). Right-
lateral Yüksekova-Şemdinli and left-lateral Başkale, Arındı 
and Akçalı faults are the member of these strike-slip faults 
lying close to the epicenter of the 2005 Hakkari earthquake 
[7, 8]. These tectonic features have caused an intense 
seismic activity in the near source region both in 
instrumental [9, 10] and historical [11, 12] periods (Figs. 2 
and 3).  
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The 25 January 2005 Hakkari earthquake (MW 5.7) 
occurred on the BTZ (Figs. 1 and 2), [7, 9, 13]. The 
earthquake was strongly felt in the Van-Hakkari area, 
leading to 2 deaths and 26 injured peoples. Hypocentral and 
source parameters of the earthquake estimated by different 
seismological institutes and studies are summarized in 
Table 1. The source mechanism solutions suggest that the 
earthquake was due to strike-slip faulting.  

In the present study, the source parameters of the 25 
January 2005 Hakkari earthquake have been obtained from 
both P wave first motion polarities and teleseismic point-
source analysis [14].  Then Coulomb static stress changes 
caused by the earthquake have been calculated and overall 
results utilized to discuss importance of strike slip faulting 
earthquake hazard of the source region.  
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Fig. 1. Major tectonic elements of Eastern Anatolia and epicenter (white 
star) and the source mechanism of the 25 January 2005 Hakkari 
earthquake. Extents of faults and relative plate motions are from MTA [6] 
and Reilinger et al. [8] respectively.  Large rectangle encloses the map 
areas shown in Figs. 2, and 3 and large arrows indicate relative plate 
motions NAFZ North Anatolian Fault Zone, EAFZ East Anatolian Fault 
Zone, BTZ Bitlis Thrust Zone 

. 

 
Fig. 2. Local tectonic features and epicentral distribution of large 
earthquakes (white stars) with available focal mechanisms for Van-
Hakkari area. Extents of faults are from Koçyiğit [7] and MTA[8]. The 
fault within the dashed-lined rectangle was mapped as strike-slip fault by 
Emre et al. [15] but as a thrust fault in MTA [18]. HRV: Harvard GCMT, 
TO: Toksöz et al. [16], KL: Kalafat [17]. BTZ: Bitlis Thrust Zone, ÇF: 
Çaldıran Fault, BFZ: Başkale Fault Zone, YŞFZ: Yüksekova-Şemdinli 
Fault Zone, AFZ: Arındı Fault Zone, AF: Akçalı Fault, NBF: Northern 
Boundary Fault, SBF: Southern Northern Boundary Fault. 

 

 

Fig. 3. Historical seismicity of the Van-Hakkari area. The historical 
earthquakes are compiled from  Ambraseys and Finkel [11] Ambraseys 
[12]   Ergin et al. [18]. See caption of Figure 2 for the active fault 
references. 

II. DATA AND METHOD 

P wave first motion polarity readings have been taken 
from International Seismological Centre (ISC) bulletin [19]. 
The dilatational and compressional readings are manually 
separated as much as possible by means of trial and error 
[20]. 

We have used broadband teleseismic P and SH velocity 
waveforms recorded by the IRIS Data Management Centre. 
The data recorded at teleseismic distances between 30o and 
90o have been selected for the analysis in order to avoid 
upper mantle distortions and core-mantle boundary 
diffractions. The data are corrected for the instrument 
responses and bandpass filtered with corner frequencies at 
0.01 to 0.33 Hz regarding low signal/noise ratio, especially 
for the P waves. Considering the size of the earthquake a 
record length of 25 s is chosen for the inversion. A visual 
check of the waveforms has shown that the selected wave 
length contains the main source related wave arrivals at 
each station.  P waveforms at 7 stations and SH waveforms 
at 9 stations are included in the analysis of the 2005 
Hakkari earthquake. 
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Table 1. Source parameters of the 25 January 2005 Hakkari earthquake. 

 Lat. N 

(o) 

Lon. E 

(o) 

Depth 

(km) 

Strike 

(o) 

Dip 

(o) 

Rake 

(o) 

Mo 

(x1018 

Nm) 

Magnitude  

KOERI 37.75 43.79 16     MD5.5  

USGS1 37.62 43.70 41 219 70 -12 0.62 MW 5.8 

 

GCMT 37.72 43.72 13.2 209 79 -12 0.75 MW 5.9 

 

ZUR_RMT 37.62 43.70 24 34 85 2 1.29 Mw 6.0 

 

Şengül et al. [13] 37.75 43.79 6 35 68 33  Mw 5.4 

 

This study    201 69 -24 0.35 Mw 5.7 

 

KOERI = Kandilli Observatory and Earthquake Research Institute; USGS1 = United States Geological Survey body-wave moment tensor solution; GCMT = 
Global Centroid Moment Tensor Catalogue; ZUR_RMT = Zurich Moment Tensors. 

 

        
A teleseismic point-source inversion analysis developed 

by Kikuchi ve Kanamori [14] is used. The method first 
requires a point-source grid with an assigned strike to 
represent faulting. The point-source grid defined for the 
2005 Hakkari earthquake has 6 and 5 point-sources along 
strike and depth, respectively, having 3 km separations 
(Fig. 4). The strike of the grid is initially assigned as 300o, 
which is approximate strike of the YŞFZ. Third point-
source both along the strike and the depth is selected as the 
reference point. So, the reference point has a depth of 9 km 
and corresponds to the focus of the earthquake or the 
rupture initiation point. The rupture velocity is assigned as 
2.5 km/sec. We use a trapezoid source-time function that 
has 5 s total duration and equal rise and fall of 2 s. The 
crustal velocity structure used for the estimation of 
synthetic seismograms is adapted from the P wave velocity 
model of Zor et al. [21] (Table 2). Shear-wave velocities 
(Vs) are computed from the P wave velocity (Vp) by 
assuming Poisson materials: Vp = 1.73Vs. The SH 
waveforms are given larger weights in the inversion due to 
the low signal/noise ratios of the P waveforms. 

 
Coulomb failure stress change (Δσf) can be simply 

expressed as  
Δσf = Δτ + μ Δσn                                      (1) 

 
Where Δτ and Δσn represent the changes in the shear and 

the normal stresses over the fault plane, respectively, while 
μ is the apparent coefficient of the friction [22, 23], which 
includes the unknown effect of pore fluid pressure and has 
been pointed out to vary in the range 0.2-0.8 [23] and to be 
not crucial in affecting the pattern of change in Coulomb 
failure stress [24]. We have used μ=0.4 in our stress 
calculations and base them on the coseismic elastic 
dislocation modelling of the earthquakes [25] by assuming 
earthquake ruptures as rectangular dislocation surfaces in 

an elastic half-space having Young’s modulus of 8x105 bar 
and Poisson’s ratio of 0.25. Fault lengths and slip values are 
determined from the empirical relations of Wells and 
Coppersmith (1994). The earthquake rupture represented by 
a fault plane of 10 km x 6 km with homogeneous slip of 
0.25 m.   

 

 
Fig. 4. Point-source grid used for the teleseismic analysis of the 25 
January 2005 Hakkari earthquake. RP stands for the reference point.  

 

Table 2. The crustal velocity structure used fort he calculation of the 
synthetic seismograms in the study (adapted from Zor et. al. [21]).  

Depth 
(km) 

Vp 
(km/s) 

Vs 
(km/s) 

Density (  ) 

x103 kg/m3 
4.0 5.20 3.10 2.60 

18.0 6.20 3.60 2.70 

28.0 5.20 3.10 3.30 

7.0 5.75 3.35 2.60 

46.0 6.90 4.00 2.70 

III. RESULTS 

Many trials have been implemented to find a solution 
that separates the dilatational and compressional P wave 
first motion readings as much as possible. Figure 5 reflects 
the best achieved from the data in the study.
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Table 3.  The source parameters of the 25 January 2005 Hakkari earthquake resulted from the inversion runs carried out in the study. 

Inversion 

Run 
Subevent Rupture time(s) 

Distance 

(km) 

Depth 

(km) 

MO 

(x1018 Nm) 

Strike 

(O) 

Dip 

(O) 

Rake 

(O) 

RMS 

error 

 
Single point-source modeling (point-source grid strikes 300o)  

IR1 1 1-9 0.0 3.0 0.35 198 87 13 0.458 
Double point-source modeling (point-source grid strikes 300o)  

 

IR2 

1 1-8 0.0 3.0 0.38 197 89 -11 

0.377 2 5,5-11 -6.0 -3.0 0.16 241 57 -53 

Total    0.36 201 71 -21 

Double point-source modeling (point-source grid strikes 210o)  

 

IR3 

 

1 1-9 0.0 3.0 0.32 197 88 -12 

0.374 2 6-13 -3.0 -3.0 0.15 237 54 -55 

Total    0.35 201 69 -24 

 
 

 
Fig. 5. The fault plane solutions for the 25 January 2005 Hakkari 
earthquake obtained from the P wave first motion polarity readings in ISC 
Bulletin. The squares and triangles denote dilatational and compressional 
P wave first motion readings, respectively.  

  
The data has been inverted using both single and double 

subevent source models. These inversion runs are called as 
“inversion run 1” (IR1) and IR2, respectively.  The source 
parameters for these inversion runs are juxtaposed in Table 
3. Both RMS (Root mean squares) errors and visual 
comparison of the synthetic-observed waveforms suggest 
that the data could be satisfactorily modeled using double-
subevent source model. Another inversion trial (IR3) with 
double-subevent is also implemented using a point-source 
grid striking 210 (assumption that the earthquake occurred 
along the sinistral Akçalı fault) (Fig. 2). This trial has 
resulted in almost the same RMS error and the rupture 
process model (Table 3) as the IR2 that corresponds to a 
faulting along the YŞFZ. This finding suggests that the data 
do not have the resolution to discriminate between the NE-
SW trending sinistral and the NW-SE trending dextral 
faultings. For visual purposes, the source mechanisms, 
synthetic-observed waveform comparison and rupture 
process model for the IR3 have been shown in Fig. 6. 

Stress changes caused by the 2005 Hakkari earthquake 
are resolved both on optimally oriented strike-slip and 
thrust faults (Fig. 7). The stress patterns in Fig. 7 have been  

 
imaged at a depth of 5 km and increase and decrease in the 
stresses are represented with red and blue colors, 
respectively. In Fig.7 we also show the M ≥4 seismicity 
following the earthquake for comparison with the stress 
changes. The M ≥4 seismicity data obtained from the 
catalogue of Kandilli Observatory and Earthquake Research 
Institute.  
 

 
 

 
Fig 6. Teleseismic point-source analysis results for the 25 January 2005 
Hakkari earthquake obtained from the inversion run IR3. Source time 
functions, the mechanisms of the subevents and the total mechanism are 
given at the top while the observed (up) and calculated (down) 
waveforms are compared at the bottom. The numbers shown to the left of 
the waveform couples are peak-to-peak amplitudes in microns (up) and 
the amplitude ratio of calculated to observed seismograms (down). 
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Fig. 7. Maps of Coulomb stress changes caused by the 25 January 2005 
Hakkari earthquake calculated over the optimally oriented (a) strike-slip 
and (b) thrust faults along with the M≥4.0 seismicity (white circles). Stars 
denote the epicenter of the 2005 Hakkari earthquake.  

IV. DISCUSSION 

It should be emphasized that the data do not allow 
preferring between the IR2 and IR3. As seen from Table 3, 
both runs resulted in virtually the same results. It could not 
be distinguished which of the fault, the dextral YŞFZ or 
sinistral Akçalı fault, produced the earthquake in the 
analysis. Both faults coincide with the nodal planes of the 
source mechanisms from both IR2 and IR3. Emre et al. 
(2005) mapped a right-lateral fault lying NW of the YŞFZ 
in the north of Hakkari from the field images taken from 
space and air. They considered this 25 km-long fault as a 
part of YŞFZ toward NW and assigned it a possible source 

of the 2005 Hakkari earthquake. Therefore, Atalay [10] had 
selected the NW-SE trending nodal plane resulted from the 
IR2 as the fault plane and proposed the earthquake faulting 
to be dextral. Nevertheless, in the updated active fault map 
of Turkey by MTA [8], this fault was drawn as thrust fault 
(Fig. 2), which does not coincide with the type of faulting 
suggested by the source mechanisms from both polarity and 
wave form data (Figs. 5 and 6, respectively). Therefore, we 
consider NE-SW trending nodal plane as the fault plane, 
strike of which coincides with Akçalı fault’s strike. The 
inversion run with the NE-SW trending (strike=210o) point-
source grid (e.g. the IR3) fits closely with the strike of 
Akçalı fault (Figs. 2, 3 and 6) and is used as a base for our 
discussion here. 

For the IR3, the total solution requires a strike of 201o, a 
dip angle 69o, a rake angle of -24o and a seismic moment of 
3.5x1017 Nm (Mw ≈ 5.7) suggesting sinistral faulting for the 
earthquake (Table 3; Fig. 5). The first and larger subevent 
with left-lateral faulting is located at a depth of 12 km just 
below the reference point and released a seismic moment of 
3.2x1017 Nm in 8 s (Fig. 8) The second and smaller 
subevent with normal faulting dominance is located updip 
from the larger subevent at a depth of 6 km and 3 km NE of 
it. The second subevent released a seismic moment of 
1.5x1017 Nm in 6 s that partly overlaps (about 2 s) with the 
rupture time of the larger subevent. We interpret these 
results as that the first subevent to rupture the Akçalı fault 
and the smaller subevent to occur along a tiny fault within 
the connection of the Akçalı fault with the Başkale fault 
zone. 

 
Fig. 8. Location of the subevents obtained in the inversion on the point-
source grid used for the teleseismic analysis of the 25 January 2005 
Hakkari earthquake. RP stands for the reference point.  

 

The stress maps in Fig. 7 indicate that occurrence of the 
2005 Hakkari earthquake increased stress along the YŞFZ 
and SE extend of the Akçalı fault and that stress changes 
over optimally oriented strike-slip faults (Fig. 7a) better 
explains the M ≥4 seismicity after the earthquake.  The fact 
that YŞFZ has produced main part of the following 
seismicity and the Fig 7a requires significant stress increase 
along the YŞFZ also support a rupture along the NE-SW 
trending fault plane and strike-slip faulting.  

The occurrence of the 2005 Hakkari earthquake 
implicates active strike-slip faulting within the BTZ, 
supporting the importance of the strike-slip faulting within 
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the eastern Anatolian block. The stressed YŞFZ seems to 
pose seems to earthquake hazard in the future. 

V. CONCLUSIONS 

 
The source parameters of the 25 Jaunuary 2005 Hakkari 

earthquake are determined from both P wave first motion 
polarities and teleseismic point-source analysis. The 
teleseismic P and SH waveforms are satisfactorily fitted 
with a double-subevent rupture model. Although which of 
the nodal plane represents the fault plane is  not clear from 
the data, the local tectonic features in the epicentral area 
prompted us to define NE-SW trending nodal plane as the 
fault plane, suggesting left lateral faulting for the 
earthquake. The vector sum of the solution requires a strike 
of 201o, a dip angle 69o, a rake angle of -24o and a seismic 
moment of 3.5x1017 Nm (Mw ≈ 5.7). The first and larger 
subevent with left-lateral faulting and a seismic moment of 
3.2x1017 Nm is located at a depth of 12 km while the second 
and smaller subevent with normal faulting dominance and a 
seismic moment of 1.5x1017 Nm is located at a depth of 6 
km and 3 km NE of the larger subevent. The first subevent 
is interpreted to rupture the Akçalı fault while the smaller 
subevent to rupture a tiny fault within the connection of the 
Akçalı fault with the Başkale fault zone. A stress changes 
due to rupture along the Akçalı fault well explained the M 
≥4 seismicity after the earthquake, thus supporting a NE-
SW striking fault. The results further suggest active strike-
slip faulting within or in the very neighborhood of the Bitlis 
Thrust Zone. 
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