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To investigate the crustal structure of the northeast of Lut block and Eastern Iranian
Ranges, we deployed 31 seismic stations along a 230 km profile for a period of
approximately nine months. Using the migration of P-wave receiver functions, we
analyzed changes in the Moho depth along this profile. Our results indicate that
the boundary between the crust and upper mantle is nearly flat, with a depth
of approximately 40 km. Furthermore, we found that the thickness of the crust is
relatively high beneath the Lut-Afghan Block boundaries and Bagheran Mountain,
where receiver functions suggest the presence of more complex structures including
inclined interfaces. Our findings suggest that the collision of Lut-Afghan blocks has
not significantly increased the crustal thickness in the northeast Iran compared to
the Zagros collision zone in the southwest of Iran. Rather, we propose that the
observed shortening in this region is primarily due to the interaction of strike-slip
motions, which can accommodate shortening through mechanisms such as rotation
and wedge escaping.
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ABSTRACT

1. Introduction

The eastern part of Iran is a long north-south
belt, which is mainly composed of rocks of
Cenozoic age and extends between the Afghan
Block in the east and Lut Block in the west (Stocklin,
1968). The geological evolution of the eastern
Iran can be attributed to multiple factors, including
the convergence of the Arabian and Indian plates
with Eurasia, the escape of the Afghan Block
towards Iran, the subduction of Makran, the
evolution of the Sistan Ocean, and igneous activities
(Berberian & King, 1981; Walker & Jackson, 2004;
Walpersdorf et al., 2014; Bagheri & Stampfli,
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2008; Hollingsworth et al., 2010; Allen et al.,
2011; Nozaem et al., 2013; Bagheri & Damani
Gol, 2020). Together, these complex interactions
have shaped the geological and tectonic features of
the region, contributing to its unique and diverse
characteristics. The geodynamics of eastern Iran
area has received attention in recent years, and
considering the limitations in geological and geo-
chemical studies and inconsistency of their results
in this region, studying the structure of lithosphere
in this region using seismological methods can help
understanding of its geological evolution. For this
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purpose, Teleseismic seismograms, at epicentral
distance of 30 to 90 degrees and with a magnitude
greater than 5.5, recorded by 31 temporary and
permanent seismic stations, are used to study the
structure of the crust and the upper mantle of the
Eastern Iran in the South Khorasan province, along
a  230 km profile oriented N40°E.

In this study, P-wave receiver functions were
used to detect discontinuity boundaries. For this
purpose, Iterative deconvolution in time domain
(Ligorria & Ammon, 1999) was used to calculate
receiver functions, then, radial receiver functions
were migrated to the depth according to the method
proposed by Zhu (2000), to define seismic bound-
aries by Ps-converted phases along the seismic
profile.

2. Geology and Tectonics

After the closure of the paleoTethys, the
northern subduction of the NeoTethys begins,
which caused the stretching of the Mesozoic back
arc and the subsidence of the Cimmerian Mountain
(Shojaat et al., 2003; Shafaii Moghadam & Stern,
2015). During the Paleogene period, the Iranian

Plateau  (especially in Eastern Iran) was dominated
by tensile regimes, and this tension was probably
associated with delamination and caused calc-
alkaline magmatism in East Iran (Pang et al.,
2013). In addition, the back-arc extension led to
the rise and opening of several small-scale and
short-term seas around the central-eastern sub-
continent of Iran, such as the Sabzevar Ocean and
the Sistan Ocean, which separated the central-
eastern subcontinent of Iran from northeastern
Iran and the Afghan block, respectively (Agard
et al., 2006). These small seas were closed in
the late Cretaceous-early Paleogene, which is
probably responsible for the emplacement of the
ophiolitic belts in the Sabzevar zone and the Sistan
suture zone (Camp & Griffs, 1982; Saccani et al.,
2010).

Rifting between the Afghan and Lut blocks,
which started around Cenomanian time, create the
Sistan Ocean that eroded during the late Paleocene,
and the Sistan suture zone resulted from the
collision between the Afghan and Lut blocks
(Figure 1) (Tirrul et al., 1983). Subduction direction
remains a controversial issue in this region (e.g.

Figure 1. Map of stratigraphic-seismotectonic divisions and surface effects of major faults in eastern Iran, Afghanistan and the
western part of the Indian plate. The map information is taken from Ahmad et al., 2012; Bagheri & Damani-Gol, 2020. The study area
is marked with a bold pink box.
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Fotoohi Rad et al., 2009; Bagheri & Damani Gol,
2020).

The collision of the Lut block with the Neh-Retuk
accretionary-subduction complexes is marked by
the end of marine sedimentation in the Middle
Eocene and the beginning of significant folding in
the Sefidabeh basin. Two related folding and
transpression events have been revealed between
the early Eocene and early Miocene times, and the
third phase of metamorphism continued in the
Miocene-Pliocene until the Quaternary, which can
be recognized by the activity of right-lateral
strike-slip faults with a north-northeast trend
(Tirrul et al., 1983).

The main role of the faults in the east Iran is to
provide the movement of the Lut Block towards
the north with respect to the stable Afghan block
(Walpersdorf et al., 2014). Igneous activities
occurred in the Mesozoic and Cenozoic eras in
Lut and Sistan regions, and the Mesozoic events are
spatially limited to the strike-slip fault systems near
the Retuk and Neh ophiolites, while the igneous
events of the Cenozoic in Northern Lut are scattered
and they can be related to the rise of asthenosphere
due to delamination of the thickened lithosphere
root by Afghan continental collision (Pang et al.,
2013).

Stress field interactions on the Eastern Lut,
including the Arabian-Eurasian oblique con-
vergence, with a rate of about 22 mm per year
(Vernant et al., 2004), the Makran subduction
and the collision of the Indian plate with Eurasia,
and the motion of the stable Afghan plate towards
Iran, has caused the formation of the north-south
strike-slip fault system. The collision of the Indian

and Afghanistan plates with Eurasia has caused
the counterclockwise rotation of the Lut Block
relative to Eurasia (Soffel et al., 1996). Recently,
Mattei et al. (2019) re-evaluated the rotation of
the Lut Block and classified it into two groups, one
is the clockwise rotation resulting from the action
of the EW left-lateral strike-slip faults and the
other is the anti-clockwise rotation resulting from
the action of the NS right-lateral strike-slip faults.

GPS modeling and paleomagnetic results
indicate that the crustal segments of the Central-
Eastern Iranian subcontinent rotated in a horizontal
plane from the Middle-Late Miocene, which
probably played an important role in accommoda-
tion of the NS shortening (Mattei et al., 2019;
Walpersdorf et al., 2014). GPS data indicates that
the convergence towards the north in eastern Iran
is accommodated by both 6-13 mm per year slip
and counterclockwise rotation, 0.4±1°/Ma, of the
Strike-slip fault systems (Walpersdorf et al., 2014).

3. Data and Methodology

In this study, the data recorded by 31 seismic
stations were used to study the structure of the
lower crust and the upper mantle of South Khorasan
along the profile N39.61°E, with a length of about
230 km (Figure 2). These stations include two
broadband stations belong to the International
Institute of Earthquake Engineering and Seismology
(IIEES), seven stations from the Institute of
Geophysics, University of Tehran (IGUT), and 22
temporary seismic stations installed in South Khorasan
in 2017 for nine months by IIEES (Figure 2 and
Table 1). Teleseismic earthquakes with a mag-
nitude greater than 5.5, which occurred at the

Table 1. Seismic station coordinates and their sensor types.
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Table 1. Continue.

Figure 2. Location of two broadband stations of IIEES (yellow inverted triangle), seven stations belonging to the IGUT (inverted
triangle in orange), and 22 temporary seismic stations installed by IIEES (inverted triangle in blue), located in South Khorasan (Eastern
Iran). The northeast-southwest profile in this study is depicted with a yellow line.
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Figure 3. The epicenter of earthquakes with a magnitude greater than 5.5, occurred at epicentral distance between 30o and 90o
relative to the study area (green square).

epicentral distance between 30 and 90 degrees,
were selected to calculate the P receiver functions
(Figure 3).

Ps converted phase is observed in the radial
component, thus the seismogram components are
transferred from ZNE to ZRT coordinate system as

Figure 4. Radial and transverse receiver functions for SHRT station stacked for back-azimuth distances in 10-degree bins. A
coherent positive amplitude is observed in the radial component around 5 s, which may indicate the Ps Moho converted phase.

represented in Figure (4) for station SHRT. To
ensure the quality of our data, we applied a selection
criterion that excluded seismograms with a signal-
to-noise ratio of less than two. This approach
allowed us to focus on high-quality data, which
are essential for accurate analysis and interpretation
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of seismic signals. The initial time window for
calculating P receiver functions was considered
from 60 s before and 120 s after the onset of the
P wave. The P receiver functions were calculated
by deconvolution of the vertical component from
the radial component in the time domain using an
iterative time domain deconvolution method
(Kikuchi & Kanamori, 1982, Ligorria & Ammon,
1999). Deconvolution operation removes the
instrument response, the source and path effects.
The receiver functions have high frequency noises in
the time domain. To eliminate them, a Gaussian
low-pass filter with a width of 1 Hz and Gaussian
coefficient of 5 was applied.

The receiver functions calculated in the final
step are checked visually, and receiver functions
with negative amplitudes at zero were dropped
from the data set. In addition, receiver functions
with Moho Ps conversions around 5 s and their
shape consistent with the dominant shape of other
receiver functions at the same station are selected.
Receiver functions represent subsurface structures
and sample a specific spatial distance. In order to
find the piercing point of the P wave rays at the
Moho depth (~40 km), the ray parameter of the
P phase was calculated. Figure (5) represents the
piercing points of the P receiver functions at
40 km depth. They indicate that many rays were
received from the east.

A total number of 1775 (out of 2347) receiver
functions were selected and migrated for the
stations located 20 km from the profile. The
common conversion point (CCP) stacking method

(Zhu, 2000) was used to image the structure of
the crust and the upper mantle along the profile.
In this method, in order to migrate the receiver
functions, the ray path of each receiver function
is calculated through the IASP91 velocity model,
and the receiver function is placed on its related
ray path. Therefore, the Ps converted phase is
placed on the actual location where the P to S
conversion took place. Then, a 3D grid is con-
structed and the average of the amplitudes in
each bin is calculated and projected on the profile
(Figure 6). Figure (6) shows the amplitude stacking
of common conversion points on the profile. The
dimensions of the bins in this image are 10 km,
4 km and 2 km in x, y and z directions, res-
pectively. This selection of parameters gives us a
smoothed image of the structural variations across
the region. In order to retain the highest-possible
spatial resolution, smoothing was minimized in the
construction of the images, and the depth profile
is divided into grids with spacing of 2 km along
the profile and 2 km in depth. Therefore, we observe
the details and can follow the trend of the
discontinuities (Figure 6).

4. Results and Discussions

The details of the crust and upper mantle have
not been accurately determined in Eastern Iran
due to the lack of seismic data. However, a few
large-scale studies have been conducted recently.
For example, Nasrabadi et al. (2019) studied the
Moho depth changes in Central and Eastern Iran
and reported a decrease in crustal thickness in

Figure 5. The black inverted triangle indicates the location of the seismic stations and the red dots indicate the piercing points of
teleseismic P phase at a depth of 40 km.



JSEE / Vol. 24, No. 1&2, 2022 21

Crustal Structure of the Northern Lut Block in Eastern Iran Using P Wave Receiver Function Migration

Eastern Iran to 38 km. They related thin crust to
the presence of major strike faults and the low
shortening rate in Eastern Iran as noted by
Vernant et al. (2004) and Khorrami et al. (2019).
Moreover, Movaghari & Javan-Doloei (2020)
have derived the 3D shear wave velocity (Vs)
model of the crust and uppermost mantle under
Iran plateau using phase velocity ambient noise
tomography and proposed a low crustal thickness
beneath eastern part of Iran in comparison to the
thick crust of Central Iran. Simultaneous inversion
of the P-wave receiver functions and Rayleigh
wave group velocity shows thin lithosphere and a
40 km thick crust under the Lut block (Namvaran

Figure 6. Migration of receiver functions obtained by two different smoothing parameters.

et al., 2020). Wu et al. (2020) studied the lithos-
phere and asthenosphere in the northeast to the
east of the Iran plateau by studying S wave
receiver functions. They observed a shallow Moho
(about 45 km) and a relatively flat lithosphere-
asthenosphere boundary under eastern Iran at a
depth of 80-90 km. Kaviani et al. (2020) obtained
the 3D shear wave velocity (Vs) model of the
uppermost mantle and lower crust of the Middle
East using Rayleigh waves from ambient noise and
regional earthquakes. Their 3D velocity model
shows the low-velocity upper mantle under the
Lut block too, which may indicate hotter material
compared to the surrounding areas. Movaghari
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et al. (2021) revised 3D shear wave velocity
model beneath the Iranian plateau and once again
presented a thin crust for eastern part of Iran.
Therefore, recent regional studies in Iran plateau
proposed a thin crust in eastern part of Iran
(Motaghi et al., 2012a, 2012b, 2015).

The most prominent P-S conversion in the
image obtained by depth migration of receiver
functions indicate the Moho boundary at a depth
of 40 km, which is flat in most parts of the profile
(Figure 6). Other studies have also reported the
Moho discontinuity at about 40 km (e.g. Motaghi
et al., 2012a,b, 2015; Entezar-Saadat et al., 2017;
Nasrabadi et al., 2019; Movaghari & Javan
Doloei, 2020; Namvaran et al., 2020; Wu et al.,
2020; Kaviani et al., 2020; Movaghari et al., 2021).

The CCP image of the present study clarifies
the presence and geometry of the discontinuity
boundaries in the crust and upper mantle in more
details (Figure 6). The most important feature in
this image is the Moho boundary offset below the
BAR, BEN and BOQ stations, at a distance of 40
to 90 km from the center of the profile, beneath
Lut and Afghan blocks boundary. There is a clear
boundary at a depth of about 30 km. This boundary
is beneath major NS strike-slip faults that
accommodate some part of the Eastern Iran
motion relative to the Afghan block to the north.
A less smoothed image also shows a complex
structure in this region and an apparent dip toward
the southwest continues to the deeper parts in the
upper mantle.

Another crustal boundary can be seen at a
distance of -70 km from the center of the profile
and at a depth of about 28 km (Figure 6) that is
located under Basiran (BSRN) and Koh-Shah
(KOO) stations, showing a low-angle dip towards
the north-east.

Some reverse faults in the northern part of the
Sistan suture are considered as the termination of
the major north-south strike-slip faults (Walker &
Khatib, 2006). They are also considered as a
result of wedge confining pressure in this region
(Baniadam et al., 2019). Moreover, it is possible
to observe major low-angle fault in the suture
zone that can affect the entire crust and causes
thickening of the crust (e.g. Motaghi et al., 2017).
However, the direction of subduction in this area

is still unclear (e.g. Tirrul et al., 1983; Zarrinkoub
et al., 2012) and if we accept that the subduction
slope in this area was towards the west, the
thickening of the crust in this area under the
studied profile may be probable. Of course, it
should be considered that the studied profile is in
the northeast direction, and the slight thickenings
observed in this study cannot represent the actual
amount of thickening due to the possible mentioned
mechanism. However, assuming westward sub-
duction, the observed crust thickening is less
compared to Zagros, which can be related to the
significant role of strike-slip faults in the shortening
by their rotation and/or contribution in the extrusion
of the fault-bounded crustal blocks (e.g. Walker &
Jackson, 2004; Walpersdorf et al., 2014; Baniadam
et al., 2019).

5. Conclusion

`P receiver function analysis is one of the most
effective tools to obtain a robust image along
with the desired profiles. Taking advantage of the
31 seismic stations from different networks within
Lut Block, a valuable and specific large dataset
of teleseismic waveforms was assembled. The
results obtained from receiver functions analysis
and depth migration image (CCP) along NE studied
profile can be summarized as follows. Ps converted
waves on receiver functions can be observed at
about 5 s from direct wave that indicates the
Moho boundary, which is approximately flat along
a 230 km NE profile. This boundary shows a
small increase in depth at distances of 40 to 90 km
(beneath the Afghan-Lut border) and -40 to -60 km
(beneath Bagheran Mountain) from the center of
the profile. It implies a relatively thin crust beneath
the Afghan and Eastern Iran collision zone where
strike-slip motion has a significant role in the
deformation of Eastern Iran.
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