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In recent years, advances in new methods and equipment
have led to significant developments in Earth sciences.
Seismology is not an exception and it has progressed rapidly
along with other sciences. In this respect, recent advances
in the production of modern, high precision and sensitive
seismic devices, as well as the application of sophisticated
algorithms in determining and calculating the physical
properties of the earthquake and the Earth structure, have
been remarkable. Iran has long been one of the most
seismically active regions in the world and has always been
the focus for geoscience investigations. Diversity in different
parts of this zone, and including two continental collision
zones has given it a special place for active tectonic studies
and conducting seismological researches. The importance
of such studies will be doubled when one considers that
earthquake is one of the most dangerous natural disasters
in Iran. A large number of significant earthquakes occur in
different parts of the world annually and unfortunately, some
of them occur in densely populated areas. But by reviewing
past events and looking at the history of each region, the
effective role of earthquakes in causing many deaths and
devastations is significant. In Iran, devastating earthquakes
have repeatedly threatened the lives and property of the
people and sometimes caused severe damages. Alborz is an
example of such areas where earthquakes have always caused
many casualties and financial losses. The high population of
Alborz in comparison to other parts of Iran, and especially
the metropolitan area of Tehran, locating in this zone,
makes it very important for conducting studies concerning
social, political and crisis management aspects. In recent
years, the controversy Tehran surrounding earthquakes has
become an important issue for national authorities, which
emphasizes on the importance of studying this natural event.
Providing comprehensive seismotectonic model of Alborz
for accurate and more realistic seismic hazard assessment
of this zone requires sufficient documented data of different
seismic zones, including an appropriate knowledge of
crustal velocity structure, active faults geometry, size, and
mechanism, as well as earthquakes properties such as
hypocenter location, focal depth, fault plane solution and
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magnitude. Certainly, an important aim of this study is to
take advantage of the latest achievements in seismological
studies for precise investigation of the natural seismic events
properties in the Central Alborz and to provide preliminary
parameters for future studies in this area. For this purpose,
databases consisting of all seismic data recorded by
temporary and permanent seismic networks were collected
for the period 1996 to 2019. The database contains local
and regional earthquakes recorded by three permanent and
by four temporary seismic networks, comprising more than
19,000 seismic events, occurred in the Central Alborz. After
pre-processing steps such as merging of common events
between different catalogs, joint earthquake data integration,
removing outlier phases, and elimination of explosion
events, the most complete and reliable dataset for the central
Alborz earthquakes was achieved. In the second step, the
one-dimensional velocity model was calculated in order to
obtain a simple yet reliable velocity structure over the entire
Central Alborz, using the dataset provided in the previous
step. Comparison of the statistical results of the location
parameters shows improvement of location and reduction
of location errors and RMS. The resulting P-wave velocity
model obtained based on Fuzzy Self-Tuning Particle Swarm
Optimization algorithm (FST-PSO) comprises an upper
crust with 6 km and 4 km thick sedimentary layers having P
wave velocities (Vp) of ~5.35 and ~5.8kms—1, respectively,
above two 6 km thick layers of upper crystalline crust (Vp
~6.0 and ~6.15kms—1 respectively). Considering a Moho
depth of ~54 km from previous studies, the lower crystalline
crust is ~32km thick (Vp ~6.40kms—1).

In the third step of this research, the three-dimensional
velocity structure of the central Alborz has been calculated,
discussed and interpreted using local earthquake tomography.
Positive and negative velocity anomalies in the southern and
northern Alborz is remarkable and show a good consistency
between geological data and velocity structure in the first
few kilometers of the crust. Detecting low-velocity masses
associated with the volcanic activity in the central and
western part of the central Alborz is one of the important
achievements of this study which, while enhancing our
knowledge of the Alborz upper crustal velocity structure,
demonstrates both significant adaptation to previous studies
and new challenges on various issues.

The most important achievements of this study can be
summarized as follow:

- Under thrusting of the South Caspian Basin beneath the

Central Alborz is based on distribution of microseismicity

and 3-D velocity structure;
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- Detection of Damvand volcano old and young magma
chambers located in northeast and southwest of the «S¢lS g3l ccrluspio;d cgi—so;,d tgudS slaojlg
Damavand volcano crater; B 5088 (g 5 ISy S Jaw (D)3 plol (g5lwaigs
- Observation of a high velocity zone beneath the western 655 o sl e loee (sloo; s
part of the Central Alborz which as a seismogenic layer
is enough solid and competent to preserve accumulated
seismic energy due to Arabian — FEurasian plates
convergence, and therefore capable of causing strong
earthquakes in future;
- The Damavand volcano magma chamber is located
beneath the volcano crest as a low velocity zone, between
two Damavand and Alamkuh mountains, at a depth
of ~20 to 40 km as a potential source of magma in the
Alborz Mountain.

Keywords: Seismicity, Seismotectonic, Focal mechanism,
Particle swarm optimization, 1D & 3D velocity model,
Local earthquake tomography, Central Alborz
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