(B (sl o

L g
: T
Unesco: \-/ d

Category 2 Centre o Research Center on Earthquake
under the auspices *  Risk Management and Resilience
of UNESCO . for West and Central Asia

3D Crustal Seismic Structure of Iran by
Adjoint Tomography

Farzam Yaminifard
Associate Professor, Seismology Research Center
faryam@iiees.ac.ir

Abolfazl Komeazi, Mohammad Tatar, Ehsan Karkooti

The main structural exposed units in the Iranian plateau
are Zagros, Alborz and Kopeh Dagh mountain ranges, the
Central Iranian block, the Sanandaj-Sirjan metamorphic
zone (SSZ), the Urmieh-Dokhtar magmatic arc (UDMA)
and the Makran subduction zone. Ambient noise
tomography is considered as an appropriate method to study
the 3-D structure of the Iranian crust because of the sparse
distribution of the seismic stations in Iran which limits the
efficiency of the earthquake travel time tomography. We
perform an adjoint waveform tomography using Rayleigh-
wave empirical Green’s functions (EGFs) at periods 10-50 s
to improve a pre-existing 3-D velocity model of the crust and
uppermost mantle beneath the Iranian plateau provided by
Kaviani et al. (2020). The starting model was derived from
a conventional surface-wave dispersion tomography based
on high-frequency ray-theory assumption to invert a quasi-
3-D shear-wave velocity model. The EGFs was used from
the same study which were derived from cross correlation
of continuous seismic noise. Adjoint tomography refines
the initial model by iteratively minimizing the frequency-
dependent travel-time misfits from synthetic and observed
EGFs measured in different period bands.

Our new model covers the known tectonic units such
as the Central Iranian Block, Zagros fold-and-thrust belt,
Sanandaj-Sirjan metamorphic zone and Urumieh-Dokhtar
magmatic arc. Overall, adjoint tomography provides images
with better lateral resolution and depth sensitivity and
more realistic absolute velocity values due to the inclusion
of finite-frequency waveforms. The use of the numerical
spectral-element solver in adjoint tomography provides
accurate structural sensitivity kernels, which helps to obtain
more robust images rather than those generated by ray-
theory tomography. The final model significantly improves
the initial model and provides a higher resolution for the
geometry of velocity anomalies.

The result of this study shows the low velocity in the deep
sediments of the southern basin of the South Caspian and
Zagros and the shallow high velocity anomalies in Central
Iran and the Arabian Shield. This model also confirms the
thin crust under Central Iran and the South Caspian Basin
and the relatively thick crust under the metamorphic zone
of Sanandaj-Sirjan and the Zagros mountain range, in
agreement with the high topography of these areas in the
west of Central Iran.
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Another feature of this model is the presence of high-
velocity anomalies under the southern Zagros and Persian
Gulf, and low velocities under the Lut block in eastern Iran
in the lower crust. Another noteworthy point in this model
is the crustal thickness changes along the collision zone,
which indicates a heterogeneous continental collision after
the end of the Neotethys subduction, which can be seen
by comparing the depth sections in the north and south of
Zagros. In general, it seems that the dip of the underthrusting
of the Arabian crust under Central Iran increases from the
southeast to the northwest.

In this velocity model, an obvious low-velocity zone is
also observed in the southern margin of the Kopet-Dagh
area and north of the Lut block in the lower crust, which can
be considered an important tectonic boundary in the Kopet-
Dagh collision zone in the Binalud region.

Keywords: Seismic structure, Crust, Upper mantle, Adjoint
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