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1-Introduction

Moho depth is a crucial parameter for describing the crustal structure and can often be linked to the geology
and tectonic evolution of the region. The Moho discontinuity, the boundary between the Earth's crust and
mantle, has different depths in different regions, indicating significant changes in seismic wave velocities.
Moho depth could be determined using various geophysical methods, and seismic data is mostly used for
this purpose. The depth of the Moho discontinuity can be estimated from the arrival time difference of P
waves and the conversion of Ps to the seismic station (Ammon et al., 1990).

This study investigates the velocity structure of the crust in the eastern part of Iran, focusing on South
Khorasan Province. South Khorasan province is a part of the seismotectonic province of Central Iran. This
province is an intra-plate area that has been affected by several phases of orogeny. For this purpose, data
from teleseismically recorded earthquakes by the broadband stations of the Iranian Seismological Center
(IRSC), located in the eastern region of Iran, as well as the Afriz, Nehbandan, and Koohdasht stations in
central Iran, were used. Then, the Moho depth under these stations was determined using the method of
simultaneous inversion of the receiver function and velocity dispersion curves of the group Rayleigh waves.
The method of simultaneously inverting the receiver function and scattering of surface waves is one of the
accurate methods for determining the Moho depth (Ammon et al., 1990).

2-Materials and methods
This research investigates the determination of the crustal velocity structure using the simultaneous
inversion of teleseismic event receiver functions and the velocity dispersion of the Rayleigh wave group.
Teleseismic earthquakes, with epicentral distances from the station exceeding 25 degrees, are utilized for
studying the Earth's velocity structure. A low-pass Gaussian filter is applied to the receiver functions to
reduce high-frequency noise. When an initial waveform W propagates through the ground, different layers
could change seismic velocities, therefore forming a time series of reflectance R. This series changes the
initial waveform, and the seismic instruments record the resulting waveform S, which is the convolution of
the primary wave and the layers' effects (S=R*W). The unknown parameter R, representing the medium
effect, characterizes the time series of reflection horizons and is derived by deconvolution of the seismic
station response from the primary wave. This method minimizes the difference between the observed and
predicted signal, a combination of reconstructed waveforms and an unperturbed response, reflecting the
wave propagation environment.

In this study, the first part of the data consists of earthquakes recorded at the Koohdasht (TKDS),
Nehbandan (NHDN), and AFRZ (AFRZ) stations of the National Seismological Center over a six-year

* Corresponding author: nematimajid 1974@uk.ac.ir
DOI: 10.22055/aag.2024.47311.2461

Received: 2024-07-06

Accepted: 2024-12-07

1 ISSN: 2717-0764



aVa

Shahid Chamran Adv. Appl. Geol. Summer 2025, Vol. 15(2): 1 -19

University of Ahvaz

period (from July 10, 2010, to November 13, 2016). For the second part of the data, the velocity dispersion
curves of Rayleigh waves were adapted from Rahimi's (2011) study on the crust and upper mantle structure
of the Iranian plateau. After estimating the receiver functions, these functions are combined with Rayleigh
wave group velocity data to determine the velocity structure beneath the stations.

Initially, data recorded by the National Seismological Center was extracted from the IRSC website, and
the data format was changed using Seisan software to make it compatible with SAC software. Geographic
coordinates and the time interval between earthquake occurrence and detection are recorded, and the first
direct P phase onset on waveforms is calculated using Taup software. Data with a high signal-to-noise ratio
concerning back azimuth and epicentral distance is selected and classified.

Earthquakes with magnitudes greater than 5.5 and source-receiver distances between 25° and 90° are
selected to determine the receiver functions. These earthquakes' geographic coordinates and focal depths
are recorded, and significant data are separated using a pass filter to locate the P phases accurately. A total
of 153 teleseismic events were chosen, and a 135-second time window was applied for further processing.
High-frequency noise is removed using Gaussian filters, and iterative hybridization methods are used to
calculate receiver functions.

The velocity dispersion curve was calculated by focusing on low-frequency surface waves, which are
sensitive to variations in depth structure that involves using velocity dispersion data of Rayleigh waves to
study shear wave structures and obtain velocity models. For simultaneous inversion, receiver function data
are combined with surface wave velocity scattering using Herman and Amon (2002) software.

In the data analysis, selected waveforms are processed using the SAC software to determine receiver
functions. Velocity dispersion information is combined to present models for each back-azimuth range, and
events are classified by back azimuth and epicenter distance. The Moho boundary is detected using past
studies and observed data, considering an error margin of +2 km. The study investigates 188 earthquakes
recorded by stations. This comprehensive process aims to provide accurate insights into the crustal structure
and the Moho boundary.

3-Results and discussions

This research can be classified into two categories: uncertainty due to operator error in phase reading and
phase detection, and uncertainty resulting from offset errors in determining the crustal velocity pattern.
Regarding the crustal velocity, Rahimi et al. (2011) were used, which applies to most of the Iranian territory.
Due to the software's accuracy in displaying the seismic waves, the operator can accurately detect the
combined phases on the time axis up to 0.2 seconds. Considering the maximum speed of waves at the
boundary of the crust and mantle (~ 8 km/s), if this time is converted into distance, the distance error can
be obtained from this approximate method of nearly 1600 meters, which is within the 2 km error range of
the Moho boundary obtained from the other methods, which is acceptable.

The number of errors associated with the method used in this research is estimated to be within £2 km,
based on the similarity between this method and the research of Tatar and Nasrabadi (2013). In Geophysics
and this research, the minimization of the standard error between real and predicted data is a reliable
criterion for achieving a desired model that is close to the real model of the Earth. Based on the results of
this investigation, the Moho discontinuity is located under Kohdasht station, TKDS, at a depth of 4342 km,
under Afriz station, AFRZ, at a depth of 43+2 km, and under Nehbandan station, NHDN, at a depth of 41+2
km. Regarding the sensitivity of the results to the considered error, it could be concluded that according to
the average depth of the Moho in central and eastern Iran, which is based on the results of the work of
others (e.g. Nasrabadi et al. (2011) and Afsari (2015), Rajab-Beigi et al. (2011), Taghizade and Afsari
(2015) as well as Faramarzi et al., 1392 obtained by the boundary refracted method, the Moho depth is
more than 39 km which this error size (+£2 km) cannot change the results.Results and discussions

In Koohdasht station (TKDS), the Moho depth was determined as 43 + 2, and the incident time
difference of two transformation (Ps) and direct (P) phases was observed as 5 seconds, which is in
agreement with the result of Paul et al. colleagues (2006) for the Moho depth. It is close to the result of
their work, about 40 km, and the time difference between the P and Ps phases was estimated to be 5 seconds.

Taghizadeh Farahmand and Afsari (2015) worked on the waveforms of the broadband stations at the
International Institute of Seismology and Earthquake Engineering. They determined the Moho depth at the

b ISSN: 2717-0764



aVa

Shahid Chamran Adv. Appl. Geol. Summer 2025, Vol. 15(2): 1 -19

University of Ahvaz

TABS station to be 44 km. He used the receiver function modeling method. The result differs slightly from
the obtained depth, which can be attributed to the initial model. Because the receiver function method and
the dataset require initial model selection, which affects the results, this is important.

In the Nehbandan (NHDN) station, the Moho depth was estimated at 4142 km, and the time difference
between the two phases of (Ps) and direct (P) was 5 seconds. At the Afriz station (AFRZ), the Moho depth
was achieved at 43+£2 km, and the time difference between the two phases was 5 seconds. Nasrabadi et al.
(2011) obtained the Moho depth of 40 km at the ZHSF station in Zahedan by simultaneous inversion of the
receiver function and scattering of surface waves. Taghizadeh Farahmand and Afsari (2015) determined
the Moho depth to be 42 km in the station (SHRT), which is close to the Afriz station (AFRZ) in the present
study. Rajab-Beigi et al. (2011) investigated the crustal depth of the geographical area of Birjand with the
receiver function method and determined an average depth of Moho ~44 km. The difference between the
current research results and their work could be attributed to the method used. The method used in the
present study is certain due to the use of two data sets. Also, in Taghizadeh and Afsari's (2015) research,
the Moho depth at the SHRT station (near these two stations) was determined to be 42 km, which is in good
agreement with the results of this research. According to previous articles, the initial model selection is
important, indicating that they were very careful in using the initial model at this station. It demonstrates
that the initial model in the receiver function modeling method is crucial.

4-Conclusion

In this study, the optimal receiver functions were calculated using the waveforms and velocity dispersion
curves of the Rayleigh wave group. The Moho depth and the time difference between the two phases (Ps)
and (P) were determined at the Broadband station areas in South Khorasan, Iran. Based on this processing,
at Koohdasht station (TKDS), the Moho depth was determined to be 43 + 2 km, and the time difference
between the two phases of transformation (Ps) and direct (P) was observed to be 5 seconds. At the
Nahbandan (NHDN) station, the Moho depth was estimated to be 41+2 km, and the time difference between
the two conversion phases (Ps) and the direct (P) phase is 5 seconds. In the Afriz station (AFRZ), the Moho
depth is calculated as 4342 km, and the time difference between the two phases of (Ps) and direct (P) was
also obtained as about 5 seconds.
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Ps phases was 5 seconds and the Moho depth was 422 km.
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Table 2. The results obtained for Koohdasht station (TKDS).
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Fig. 5. Receiver functions used in classification for Nehbandan station (NHDN).
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Fig. 6. The result of the simultaneous inversion of the receiver function and Rayleigh wave group velocity scattering,
back-azimuth range 75°-V5° of, Nehbandan station (NHDN). According to the figure, the time difference between the P
and Ps phases was 5.5 seconds and the Moho depth was 4212 km.
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Table Y. The results obtained for Nehbandan station (NHDN)
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Table ¥. The results obtained for the Afriz station (AFRZ).

us’?“’")T“S’ [RTRESY

990 O (U Ty T

Ps g P 5l Gloy M3l (5eghS) 990 50 55

(a>,9) (b yeglS) (46)
Ye_y. (X7 5.0 FYEY
fove £.Y I FYLY
o--f- £.Y I FYLY
Fe-0 £.F 8.0 FELY
3eAs £y 5 Py
AR Y 5.0 FrEY
oo £y 5 FYLY
Oelee £y o FY LY

VO



\ O)LQui’ N0 O)5¢ AF-¥ )Le).

a

wns ., . e
W i )5 (ol e I ikl

Time after P (s)

Offset from MZT (km)

Slocroges ) gy s so las ) Ps 5l Jore Lo Sy asloas sols yioles N42 al )T Jsb 10 o b Ll el (godi 5 wlgs -4 IS
SIpl CIMC (izo-aeg)l oSl asgaze UDMA ()l o — zaisw (95 SSZ (w515 0 508 ZFTB) conl ol ailiigs pgaas YU o
(Paul et al., 2006) w‘ [ oolo L)L"“" g_i’) ‘5;‘ ulg.u l.: Mg oli:....;‘ (6);]4

Fig. 9. Displays the projected radial receiver functions along the N42 array. Arrows show the location of the Ps phase.
The tectonic seismic zone is written at the top of the image (ZFTB Zagros belt, SSZ Sanandaj Sirjan zone, Urmia-Dakhtar
magmatic complex UDMA, Central Iran CIMC). Station M8 is shown with a blue arrow (Paul et al., 2006).
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