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The Ahar-Varzaghan earthquake doublet (Mw6.5
and Mw6.3), separated in time by 11 minutes, and its
aftershocks sequence are studied. The main goal of this
research is to investigate the seismotectonic features of the
Ahar-Varzaghan complex fault system in order to assess
the seismic hazard of the region and especially Tabriz city.
The 11th August 2012 Ahar-Varzaghan earthquake doublet
occurred on previously unidentified Ahar-Varzaghan fault
system. This fault system is situated on 50 km northeast
of Tabriz with two million populations. Our final goal
is to investigate the stress interaction between the Ahar-
Varzaghan earthquake doublet causative faults and the
North Tabriz fault with a history of several M7.0+ historical
earthquakes. We used the data of a local dense seismic
network installed by IIEES in order to study the aftershocks
of the Ahar-Varzaghan seismic sequence and investigating
the seismotectonic features of the causative faults of this
doublet. The aftershocks relocated with high accuracy and
their focal mechanisms solved using first motion polarities.
Then, the 1D velocity model of the area was computed. The
mainshocks were relocated and their source parameters were
obtained by inverting the regional broadband and near-field
strong motions. Using the obtained source models, the 3D
stress field of each mainshock was obtained and the effect
of stress transfer from M1 to M2 and from both of them to
NTF was investigated.

The results show that the mainshocks have occurred on
two different faults: M1 ruptured on an E-W striking 80°
south dipping fault, while M2 slipped on an ENE-WSW
striking 60° northward dip plane. Both ruptures extended
toward the west and to shallow depths. The rupture of M1
was estimated on an elliptical patch with a maximum slip
of 3.1 m situated at 5 km west of its hypocenter. The total
rupture occurred in 8 s releasing the total seismic energy of
8.4E+18 Nm. The M2 ruptured on two patched with different
mechanisms. The first patch had a strike-slip mechanism.
The rupture on this patch occurred in 2.5 s with speed of ~2.5
km/s. Then the second patch started rupturing at the depth of
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~13 km and with speed of >2.8 km/s for ~2.6 s. The whole

rupture released the total seismic moment of 3.2E+18 Nm.

The spatial distribution of aftershocks has a good consistency
to the obtained geometries for the mainshocks faults. They
situated in three main clusters on east, north and west of the
surface rupture. The eastern and northern aftershocks are
situated near the mainshocks slips. A 3D stress tensor were
obtained from the M1 shows a considerable positive stress
transfer of higher than 10 bars to the ruptured segment during
M2. Also, the area with remarkable negative stress seems
to behave as a barrier to the continuation of the M2 rupture
near the depth of 8 km. Finally, a 3-D stress tensor of both
mainshocks was computed from their source models on the
NTF. It showed stress increase of over 0.1 bar on the eastern
segment of the NTF. It seems that the 2012 Ahar-Varzaghan
earthquake doublet brought the eastern segment of the NTF
closer to failure. This segment did not rupture since 1721

which has been ruptured in an M7.6-7.7 historical earthquake.

Our finding reveals that the Ahar-Varzaghan fault system
contains two major faults in a very close distance which
can cause earthquake doublets in the future. Also, these
two active faults can raise the probability of occurrence
of an event on the eastern segment of the NTF. Although
this probability slightly decreases on the western segment
of the NTF, this study shows that in seismic sequences the
occurrence of the secondary events can be strongly affected
by the stress field produced by the first main shock.

Keywords: Ahar-Varzaghan, Earthquake doublet, Moment
tensor inversion, North Tabriz fault, Near-field source
inversion, Coulomb stress changes
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