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The Van earthquake (ML 7.2, 23 October 2011), the
one of the most destructive seismic events all over
Turkey, occurred in accretionary wedge basin “Lake
Van” in Eastern Anatolian orogeny. Lake Van locates
in highly active volcanic intraplate environment, is
frequently subjected to microseismic events (2≤m≤4).
In this study, we aim to image seismic structure of the
heterogeneous crust, to model space-time and depth
distribution of the earthquake data in the principal focal zone of the Van seismoactive region and expect to
propose the implications for volcanic intraplate seismicity in an accretionary setting.
To illustrate crustal seismic anatomy and the causative mechanism of the Van earthquake and its aftershocks (6500 events during 10 months), we used

earthquake data set from Kandilli Observatory and
Earthquake Research Institute, Turkey (KOERI,
2011–2012). We estimated the earthquake clustering
patterns and deformational structures in the aftershock
zones of the Van-Tabanli 7.2 and Van-Edremit 5.6
earthquakes. We used the hypocenter depths, epicenter distribution and time-dependent seismicity patterns (magnitude-depth-seismic density) collected
from the seismograms of 6500 aftershocks recorded
at VANB-Broadband station during 2011 October –
2012 August.
Fig. 1 shows epicenter distribution and time-dependent seismicity patterns of the events (m≥4; 184, 189
events in Fig. 1a, b) and (m≥5; 13, 14 events in Fig. 1c,
d), extracted from the cumulative number of 5487 and

Fig. 1. The epicenter distribution of the events (184 events, m≥4) and (13 events, m≥5) in a and c, and their time-dependent seismicity patterns
(magnitude-depth-seismic density) in b and d (data, date and time interval explanations are indicated on these figures)
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6005 events during 173 and 255 days (varying numbers are due to changing processing dates). Fig. 1b,
d show time-dependent variation and propagation of
events, respectively (m≥4 and m≥5). Fig. 2 indicates
cross-sectional depth pattern of 4690 events and its map
view, revealing low-angle thrust system in south (point
A) and crustal detachment in 10 km. Fig. 3 shows 3Dperspective, cross-sectional profile of Fig. 2 and it includes 5088 (in map view) and 4753 events (in section).
The uplifting structure (Çarpanak area, ÇA) extends
from west (Çarpanak Spur Zone, ÇSZ) to east (Lake
Erçek, LE) along the fault (F).
Cross-sectional images of aftershocks show the
shallow 4–10 km range beneath the aftershock zone
(Figs. 2 and 3) and low-angle thrust system. Non-linear
increase in aftershock patterns results in one gradual
increase in magnitudes (m≥4, ≈ 189 events) in the
upper crust beneath the seismically active causative
fault-shear zone (N-boundary fault of Lake Van and
Çarpanak Fault in S, Fig. 1a, c). This shear zone suggests a heterogeneous crust beneath the region. This
rigid upper crustal block, associated with the mainshock, is inferred to have rotated obliquely (toward
ENE) and to experience strain incompatibility problems. Margin boundary faults of Lake Van, associated
with the Çarpanak uplift (ÇA) (Fig. 3) and central basin subsidence, are found to be associated with intrusive bodies (inferred to be magmatic) at upper crustal
depths. Dense clustering of aftershock events (Fig. 3)

Fig. 2. Hypocentral cross-section (south to north, O-C projection) of
4690 events (top) and its location on the map view (green square and
line at bottom, yellow colors are the epicenters of 5000 events)
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Fig. 3. 3D-perspective, hypocentral cross-section of Fig. 2, with epicenters of 5088 events (in map) and hypocenters of 4753 events (in projection). Symbols in red (+) show the first 12 events (1 hr. 38 min. 40 sec.).
Note 25 km width of uplifted structure: BP-M, Bitlis Pötürge Massive;
MS, Muş Suture; NV, Nemrut Volcano; SV, Süphan Volcano; ÇA, Çar
panak Area; ÇSZ, Çarpanak Spur Zone; LE, Lake Erçek; F, Fault.

is mainly confined to the zone characterized by faultbounded “transpressional” area (ÇA) with very low
magnetic anomaly. Probably, this can describe the
rigid, competent, compressed and brittle portions of
upper crustal rotational block and the causative fault
zone. Intrusive-extrusive events, as observed in the
lake, also can accumulate a great amount of strain energy to result in aftershocks. It is inferred from seismic
reflection profiles and crustal model sections compiled
from earthquake data that strain accumulation, localization and concentration of the crustal stress, associated with the intrusive-extrusive events of rising magmatic bodies, contribute significant stress perturbation
to the crustal regime to cause the Van earthquake. In
cross-sections, very distinct detachment surface between 5 to 10 km depths has also been recognized on
the causative, south dipping N-boundary fault (Figs.
1–3). This may be attributed to the magmatic fluid
filled-ductile shear zone beneath the lake.
Van mainshock 3D-volumetric density distribution
of the hypocenters is detected to be associated with an
upper crustal ductile shear zone. Thus, it is inferred
from the high b-value tomography (>2.0) and structural patterns of lake-bounding faults, intruded by rising
magmas, that the occurrence of the Van mainshock activity seems to have facilitated by upper crustal rigid
body block rotation (crustal oblique flake) of Lake
Van basin and the presence of magma-related materials (e.g., fluids/volatiles) at hypocentral depths. These
findings reveal anomalous distribution of shallow
seismicity of the lake, its crustal shear zones and
heterogeneous nature by monitoring and analysis of
the earthquake data and underline the limits of seismic
anatomy of Van earthquake and its volcanic intraplate
seismicity in E-Anatolian orogeny.

