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Abstract 

We calculate seismic velocity structure of the north Zagros suture zone, west Iran, to resolve 

the crustal features at the boundary of Arabian – Central Iranian collision. We compute 

teleseismic receiver functions (RFs) for 46 stations along a transect crossing the suture. 

Through harmonic analysis and inversion of the RF data, we obtain information on the 

characteristics of the suture zone at depth. The RFs and their harmonics show a low angle NE 

dipping boundary between the overriding layer and a mid-crustal low velocity zone which 

corresponds to the suture zone. The overriding high velocity feature (Vs~3.8 km/s) is 

interpreted as an intermediate depth crustal complex exhumed close to the surface through 

imbricate thrust faulting and enhanced by crustal buoyancy due to continental underthrusting. 

Significant anisotropy is found above and below the suture zone: we interpret it in terms of 

slow-symmetry-axis anisotropy and derive clues on the ongoing deformation processes. 
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1. Introduction 

The Zagros Mountains in central part of the Alpine–Himalayan orogenic system has 

formed during a long-lived continental collision between the Arabian plate and Central 

Iranian micro-continent from the Early Oligocene to recent (e.g., Agard et al., 2005 and 2011; 

Homke et al., 2010; Mouthereau et al., 2012). The collision has led to the accretion of 

different tectonic domains on the northeastern margin of the Arabian plate where the suture 

zone is marked by the exposure of Neo-Tethys oceanic remnant along the Main Zagros 

Thrust (Figure 1; e.g., Ghazi and Hassanipak 1999; Agard et al., 2005; Monsef et al., 2018). 

The lithospheric structure of the collision zone varies along-strike in the Zagros fold-

thrust belt. The Fars arc in SE Zagros is confronted by Central Iran through a high angle 

suture which causes significant internal deformation in the Arabian lithosphere (Motaghi et 

al., 2017a). To the contrary, across the Lorestan arc in NW Zagros, the Arabian lithosphere 

thrusts under the SW margin of Central Iran (Sanandaj-Sirjan metamorphic zone) about 200 

km with respect to the present-day location of the suture (Figure 1). This underthrusting 

occurs along a low angle (~10 degrees) shear zone and doubles the total thickness of 

continental crust beneath the Sanandaj-Sirjan zone (Moho depth of ~60 km - Paul et al., 

2010; Motaghi et al., 2017b). Like other collisional zones in the Alpine – Himalayan system, 

the Zagros suture area including the colliding margins of the Arabia and Central Iran, 

underwent a long tectono-magmatic history since at least the Triassic time (e.g., Stöcklin, 

1968; Hatzfeld and Molnar, 2010; Agard et al., 2011; Monsef et al., 2018). Various 

geotectonic processes occurred, such as continental rifting, oceanic subduction and its related 

metamorphism and magmatism (plutonism and volcanism), as well as ophiolitic obduction 

predating the final collision of the Zagros (Agard et al., 2005 and 2011, for more details). 

These large-scale processes had modified both the structure and geophysical characteristics 

of the margins through huge thermodynamic events and the creation of new 

crustal/lithospheric structures. Since the initiation of the collision at 30-25 Ma (e.g., Agard et 

al., 2005 and 2011; Mouthereau et al., 2012) this geotectonic assemblage has been involved 

in a progressive deformation at the lithospheric scale. The present-day crustal structure of the 

Zagros suture zone is thus a collection of structures and fabrics (frozen fabrics) inherited 

from a long geodynamic history along with superimposing new fabrics produced during the 

progressive deformation and tectonic evolution of the collision zone. Such a long-lasting and 

relatively pristine subduction to collision system makes the Zagros orogen an ideal natural 

laboratory for investigating the origin of particular crustal anisotropy and fabrics which are 

almost not recognizable in more developed mountain belts worldwide. 
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Recently, there has been a growing interest to study the deep structure of the Zagros 

collision zone by anisotropic fabrics within crust and upper mantle (Kaviani et al., 2009; 

Sadeghi-Bagherabadi et al., 2018a and 2018b) in order to describe the interplay between 

tectonic fabrics and geodynamic processes (e.g., Ozacar & Zandt, 2004; Schulte-Pelkum et 

al., 2005). Sadeghi-Bagherabadi et al. (2018a), suggest a lithospheric origin of the seismic 

anisotropy inferred in the NW Zagros from SKS-wave splitting measurements, attributing the 

cause of such anisotropy to transpressional deformations resulting from the oblique N–S 

convergence between the Arabia and the Eurasia in the NW Zagros. Among the arguments in 

favor of their hypothesis are sharp variations of fast-axis patterns through adjacent tectonic 

blocks, the very thick lithospheric root of the Zagros orogen and the discrepancy between fast 

anisotropy axes and plate motion vectors directions, ruling out the asthenospheric flow as the 

main cause of the observed anisotropy. However they cannot determine the crustal 

contribution to the observed anisotropy, which, in their words, is “matter for further 

investigation”. 

This paper is aimed at describing the geometry of crustal-scale structures and their 

associated seismic anisotropies across the north Zagros suture. We tried (a) to define the 

geometry of the shear zone between Arabia and Central Iran in NW Zagros, and (b) to 

investigate variations in anisotropic characteristics of the crust across the suture zone. To 

achieve this, we computed receiver functions (RFs) for 46 seismic stations along a 520 km 

long linear profile perpendicular to the Main Zagros Thrust (Figure 1). We performed 

harmonic analysis of the receiver function data set using the methods of Bianchi et al. (2008, 

2010, 2016) to recognize 3D subsurface structures (dipping interfaces and/or anisotropic 

layers) at crustal depth. Then we perform a search of the 3-D characteristics of the subsurface 

structure using the Neighborhood Algorithm (NA) of Sambridge (1999), for RFs data at 7 

stations located across the surficial expression of the suture zone (MRF in Figure 1). The 

interplay between the retrieved anisotropy and the geometry of the suture zone is investigated 

and leads us to distinguish current deformation from frozen fabrics from older tectonic 

events, and constrain plausible mechanisms of crustal deformation.  
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2. Data and Methods  

 2.1. RF Data Set and analysis 

We used data from CIGSIP (China-Iran Geological Geophysical Survey in the Iranian 

Plateau, Rahmani et al., 2019) temporary linear array of broadband seismic stations installed 

in NW Iran (Figure 1). Seismic records from 46 stations (M01 to M46, Figure 1) forming a 

straight transect over the Zagros collision zone have been used for preparing a P receiver 

function (RF) data set. We analyzed 154 events (see Figures S1b–S7b in the supporting 

information) with magnitude 5.1 or greater and epicentral distances between 25° and 140° (P 

and Pdiff) recorded by 46 stations. Teleseismic waveforms were visually inspected in order to 

select those with high signal to noise ratio. Radial (R) and Transverse (T) RFs have been 

computed using time-domain iterative deconvolution technique of Ligorria and Ammon 

(1999). A Gaussian filter (with Gaussian smoothing factor equal to 5) has been applied to 

limit the frequency band at about 1 Hz. The obtained RFs have been discarded when showing 

a variance reduction less than 40%, and only those showing a positive direct P-pulse larger 

than the following pulses on the wavelet have been retained (Schulte-Pelkum and Mahan, 

2014). Besides, the receiver function amplitude should not exceed 2 and any arrivals’ pulse 

length does not exceed 3.5 s. We considered two latter criteria because very high amplitudes 

and long oscillatory pulses are typical characteristics of an unstable deconvolution (Schulte-

Pelkum and Mahan 2014). The selected RFs have been stacked in 15° bins with back-

azimuth. Figures S1a–S7a in the supporting information shows the R- and T- RFs for station 

M15–M21. 

2.2. Harmonic Analysis 

We apply the harmonic decomposition of the both radial and transverse RFs, based on the 

derivation of the back azimuthal harmonics as a function of the incoming P wavefield 

direction (e.g. Girardin and Farra, 1998; Farra and Vinnik, 2000). The technique allows 

separating the constant azimuth term from the azimuth dependence terms (3-D features). 

Through the harmonic analysis, the contribution of the isotropic part of the structure below 

the seismic station (shown in the k=0 gather, see Figures S1c–S7c in the supporting 

information) is separated from the contribution of 3D structures (i.e. anisotropy with plunging 

symmetry axis and dipping interfaces) gathering them on the first‐order (k=1) components – 

N-S and E-W– of the harmonics analysis (Figures S1d–S7d in the supporting information). 

The k=1 terms are isolating the pulses displaying a two-lobed variation within the back-



©2019 American Geophysical Union. All rights reserved. 

azimuthal sweep (i.e. have a periodicity of 360°). The k=2 terms highlight pulses showing a 

four-lobed variation, i.e. 180° periodicity (Figures S1e–S7e in the supporting information). 

Very limited energy was observed on these harmonics meaning that limited or no anisotropy 

with horizontal symmetry axis is present (Levin and Park, 1998; Bianchi et al., 2008, 2010). 

Looking at the isotropic component of the harmonics (k=0) along the transect (Figure 2a), we 

can tentatively follow some continuous feature at depth. We focus this study on the suture 

zone, whose surface expression is thought to be the MRF (Figure 1). Therefore we select 7 

stations (M15–M21) on the hanging wall of the possible crustal-scale thrust (Figure 2a), 

starting from the station closer to the MRF (M15, cfr. Figure 1). At these stations clear 

negative pulses at increasing delay time (from ~1s at M15 to ~3s at M21) continuously 

delineate a northeast dipping feature (Figure 2a and b), the possible signature of a low-

strength shear zone between the underthrusting and overriding continents, analogously to 

what hypothesized by Paul et al. (2010) and Motaghi et al. (2017b) for the MRF, to the 

southeast. 

2.3. The 3-D Velocity Modeling 

Modeling the RFs is a non-linear and non-unique inverse problem, due to the trade-off 

between the seismic velocities of the P- and S-waves traveling in the structure below the 

seismometer and the depth of the converters. We solve the inverse problem for the 7 stations 

shown in Figure 1 and 2 by the application of the Neighborhood Algorithm (NA) 

(Sambridge, 1999) that iteratively samples the good data-fitting region of a given parameter 

space (Table S1 in the supporting information). The sampled parameter space contains a 

dipping interface separating two anisotropic layers above and below it. The parameter spaces 

defined for the NA searches are shown in the supporting information. Assuming that foliation 

of rocks (alignment of micas along the plane of foliation in schists), which reflects the 

direction of shear, is a primary cause for generation of seismic anisotropy near active tectonic 

structures (e.g. Audet, 2015; Licciardi et al., 2018, and references therein), we consider slow 

anisotropy perpendicular to the foliation (e.g., Lloyd et al., 2009, 2011). The best-fit models 

obtained for each station are displayed in Table S9-S16 in the supporting information. The 

uncertainties of the inverted parameters are assessed by mapping the distribution of sampling 

within the parameter space (Figure S8–S14 in the supporting information). The comparisons 

between synthetic and observed terms of the zero and first-order harmonics (k=0 and k=1) for 

the stations M15-M21 are shown in Figure 3a. A merged 2D velocity model beneath the 
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seismic stations and slow-axis orientation of two assumed anisotropic layers are shown in 

Figures 3b and 4c, respectively.  

3. Results  

We analyzed 46 seismic stations across the northern Zagros collision zone (Figure 1). A 

continuous feature (marked by green dashed line in Figure 2b) is revealed by the isotropic 

component of the harmonics (k=0) beneath seven stations located over the suture zone (M15–

M21 in Figure 2). Clear negative pulses at increasing delay time (delay time ~ 1–3 s) 

continuously delineate a northeast dipping feature (Figures 2a and 2b), the possible signature 

of a low-strength shear zone between the underthrusting and overriding continents. The 

effects of such dipping layer is observable as dipping linear negative pulse in both N-S and E-

W k=1 harmonics highlighted by green bands in Figure 2b. The nonlinear Neighborhood 

Algorithm (Sambridge, 1999) was employed to reveal the geometry and anisotropic velocity 

characteristics of both underthrusting and overriding crusts in the suture zone. The best 

obtained models were juxtaposed to construct a 2D velocity model across the suture, shown 

in Figures 3b. The slow-axis orientation of anisotropic layers is shown in Figure 3c. Best 

fitting parameters for the seven stations are presented in Tables S9-S16, in the supporting 

information. 

Beneath a thin (less than 1 km), soft layer of sediments (2.0 < Vs < 3.0 km/s), our inversion 

results predict a relatively high S-waves velocity (3.7-3.8 km/s) in the over-riding plate (dark 

yellow and orange layers above black solid line, Figure 3b). This high velocity occurs at top 

of the overriding plate above the presumed suture which is progressively deepening towards 

northeast and is characterized by a negative impedance contrast (velocity decreasing 

downward) of about 10% of the S-waves velocity (Figure 3b). The dip of interface becomes 

progressively gentler from southwest to northeast, passing from 60º for M15, to 10º for M21. 

Its depth goes from about 7 km at M15 to about 25 km at M21 (Figure 3b and Tables S9-

S16). Layers above and below this interface are modeled as anisotropic layers; we will refer 

to them as Upper Anisotropic Layer (UAL) and Lower Anisotropic Layer (LAL) in the 

following. From M17 onward, a further, progressively thickening layer is present on top of 

UAL. This is modeled as an isotropic layer with values of VS similar to those of the 

underlying anisotropic layer (VS~3.8 km/s). The thickness of UAL is about 5.5 km at M15, at 

its closer proximity to the supposed surface expression of the suture zone (MRF, cfr. Figure 1 

and Figure 2), and becomes approximately constant through stations M16-M21 (10-15 km 
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thick). This layer is characterized by relatively strong anisotropy (in the range of 5% to 10% 

for both P and S waves) and by slow anisotropy axes with steep plunges, ranging from 48º to 

70º from the horizontal plane (Figure 3b and Tables S9–S16). The trend of the anisotropy 

axes in UAL varies from NE to NW directions everywhere but at M17, where the axis points 

toward SW (Figure 3c and Tables S9-S16), and generally aligns roughly along the direction 

perpendicular to MRF (not at M19 and M20, where they though show the steepest plunges). 

Below the dipping interface marking the suture, our searches outline the properties of a 

further anisotropic layer (LAL), characterized by a lower Vs (about 10% lower than in the 

UAL) and decreasing thickness from M15 through M17 (from ~24 km to ~12 km), and then, 

at the remaining stations, in the range of 20±5km (Figure 3b and Tables S9-S16). The 

strength of slow anisotropy for both P and S waves is again in the order of 5-10%. The 

plunge of the slow anisotropy axes is generally less steep here with respect to UAL (Figure 

3b and 3c), with maximum value of 54º at M15. The trend of the slow anisotropy symmetry 

axes generally aligns toward northeast directions, almost perpendicularly to MRF (Figure 3c). 

Deviations from this behavior are observed at M20, where the trend is the same as that of 

UAL (but with less steep plunge), and at M21, where the trend points toward south (Figure 

3c). 

4. Discussion and Conclusions 

The intra-crustal part of the north Zagros suture, between Arabia and Central Iran, is 

expressed in the velocity model by a remarkable negative impedance contrast (Figure 2) and 

a sharp decrease in S-wave velocity (Figure 3b). Back-azimuth variation of the RF 

amplitudes, quantified by the harmonic analysis (shaded area in Figure 2) indicates an 

anisotropic layer along the decoupling zone in the Zagros, which has likely resulted from 

localized simple shearing due to underthrusting of the Arabian crust under the southwest 

margin of Central Iran. The decrease in shear strength along the low-velocity decoupling 

zone may partly be explained by the release of water from underplated sediments into the 

upper crust and long-lasting progressive shearing since the onset of underthrusting, as well as 

local partial melting in the lower crust; a similar scenario has also been suggested for the 

Himalaya suture zone (Nabelek et al., 2009). In the northern Zagros, pre- and syn-collisional 

magmatism was affected the southern edge of Central Iran (e.g. Azizi et al., 2015; Zhang et 

al., 2018), leading to an anomalously higher temperature of Central Iranian lithosphere which 

might play a notable role in developing the low shear strength decoupling zone during the 

underthrusting process (Motaghi et al., 2017b). Furthermore, the large seismic moment 
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release in the Zagros Mountains and aseismic behavior of southern margin of Central Iran 

(Figure 1, Talebian and Jackson, 2004) characterized by low rate of active deformation is 

consistent with the low strength characteristics of this shear zone. The low mechanical 

friction between downgoing and overriding continents accommodates the shearing along the 

suture preventing significant deformation and related seismicity at the edge of the overriding 

continent (see also Motaghi et al., 2017b for geodynamic implications). The receiver function 

analysis (Figure 2) indicates that dip of the suture interface gradually decreases towards NE 

and flattens at a depth of ~25 km (see green dashed line in Figure 2). This listric geometry of 

Zagros suture, its depth range, and its evolution at depth well accord with earlier seismic 

observations by P receiver functions (Paul et al., 2010; Motaghi et al., 2017b) presented 

across a profile crossing the Zagros collision zone ~200 km south of our profile.  

The anisotropic velocity modeling revealed two anisotropic layers below and above 

the suture zone (Figure 3). In the lower part of the overriding continent (i.e., UAL), the 

majority of slow anisotropy axes are at high angle to perpendicular to the main thrust wall 

(Figures 3b), in agreement with the hypothesis that the primary cause of anisotropy here is 

the foliation of rocks in the direction of shear along the main thrust (e.g. Audet, 2015; 

Licciardi et al., 2018 and references therein). The original pattern of the slow anisotropy axes 

in the UAL, might been then offset by the progressive emplacement of an imbricate thrust 

system on hanging wall of the Main Zagros Thrust which is in charge of the accommodation 

of across strike shortening and crustal thickening at the southwest margin of Central Iran 

(Figure 4; e.g. Mohajjel et al., 2003). The anomalous pattern of slow anisotropy axes below 

station M19 and M21 corresponds to a band in which Mesozoic plutonic masses were 

intruded, sheared (mylonite granite) and exhumed to the surface (e.g. Mohajjel et al., 2003; 

Azizi et al., 2015; Zhang et al., 2018). The northwestern plunge of slow anisotropy axes on 

vertical planes (Figures 3b and 3c) could express transpressional dextral shear along vertical 

shear zones which, parallel to the Zagros suture, have caused exhumation of the masses of 

mylonite granite in this area (see Mohajjel et al., 2003).  

Within the shear zone on top of the undergoing Arabian crust (i.e., LAL), most of the 

slow anisotropy axes align with an acute angle to the listric low angle suture interface. A 

possible explanation for such orientation of the anisotropy axes with respect to the sense of 

shear is that the observed anisotropy here is due to fluid- or melt-filled cracks formed during 

the shear in planes perpendicular to the axis direction (Zandt et al., 2004). This also agree 

with the above hypothesis that the decrease in shear strength along the decoupling zone may 
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be related to water release from underplated sediments or local partial melting phenomena 

(Nabelek et al., 2009). An alternative hypothesis for the orientation of slow anisotropy axes 

in the LAL, is that at shallower depth (M15-M17, cfr Figures 3b and 3c) they reflect a 

preexistent fabric, while going at depth, where the shear zone progressively becomes mature, 

the fabric gradually aligns parallel to the shear zone, being the slow axes almost 

perpendicular to the MRF at M20 and M21 (see Figures 3b and 3c). 

Another interesting observation in the velocity model (Figure 3b) is an exceptionally 

high-velocity region (Vs ~3.7-3.8 km/s) at the overriding edge of Central Iran including two 

layers (above solid line in Figure 3b), from surface to a depth of ~25 km. This high-velocity 

domain occurs in southwestern margin of Central Iran where the metamorphic/crystalline 

core of the Zagros orogen is exposed (i.e. the Sanandaj-Sirjan zone; e.g. Hassanzadeh and 

Wernicke, 2016). This area contains varieties of metamorphic and plutonic rocks extensively 

deformed during different tectonic stages since the onset of Neotethys subduction (Mohajjel 

and Fergusson, 2000; Mohajjel et al., 2003; Sepahi et al., 2004). The rock assemblage is 

constituted of slate, phyllite, greenschist, and amphibolite which are intruded by various 

plutons ranging in composition from gabbro to granite, with climax activity during the 

Middle–Late Jurassic (e.g. Azizi et al., 2015; Zhang et al., 2018). Granitic plutons have 

exhumed to the surface and show mylonite fabrics (mylonite granite; Mohajjel et al., 2003). 

Thermal modeling of zircon, apatite (U-TH)/He and apatite fission-track data on the Jurassic 

plutons and metasediments in the Sanandaj-Sirjan zone indicated multi-episodic cooling from 

180°C to 220°C, during the Cenozoic time (Barber et al., 2018). This suggests at least 7–9 

km of exhumation and denudation of rocks bringing denser rocks (high velocity 

characteristics) of the mid/lower crust close to the surface. The pattern of high velocity 

anomalies observed on hanging wall of the Zagros suture (Figure 3b) is coherent with a 

gradual northward decrease in exhumation of the Zagros crystalline core at the overriding 

margin of Central Iran such that terrains farther from the MRF are less exhumed. This 

satisfies the shallower high velocity anomalies close to the MRF and the deeper anomalies 

beyond it (Figure 3). 

In summary, the pattern of both slow anomaly axes and high velocity layers observed 

in the southwestern edge of Central Iran could coherently be explained by the combined 

action of a shear processes and of an imbricate thrust system in the hinterland of the Zagros 

suture, responsible for shortening, thickening and crustal exhumation at the colliding edge of 

the overriding continent (Figure 4). This exhumation process has been enhanced through 
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crustal buoyancy caused by underthrusting of the Arabian margin beneath Central Iran. In the 

underthrusting crust, fluid or melt filled cracks/fractures/veins formed during the shearing are 

possibly responsible for the orientation of slow anisotropy axes. Our results provide 

constraints on the pattern of tectonic processes occurring at the Zagros collision boundary 

and should be applied in other areas along the suture reconstructing a more comprehensive 

image of crustal structures in order to evaluate the influence of different structural, geometric 

and rheological characteristics of the colliding edges on the evolution of collision boundaries.  

Acknowledgement 

We acknowledge CIGSIP, GSI and IASBS field team for their assistance in the field work. 

Receiver Function data used in this study are made available online at 

https://data.mendeley.com/datasets/43mcgkxjxc/1 or at 

https://iasbs.ac.ir/~kmotaghi/data.tar.gz 

References 

Agard, P., Omrani, J., Jolivet, L., & Mouthereau, F. (2005). Convergence history across Zagros (Iran): 

constraints from collisional and earlier deformation. International journal of earth sciences, 94(3), 401-419. 

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck, B., Spakman, W., Monié, P., Meyer, B. & 

Wortel, R. (2011). Zagros orogeny: a subduction-dominated process. Geol. Mag., 148, 692–725. 

Audet, P. (2015). Layered crustal anisotropy around the San Andreas Fault near Parkfield, California. J. 

Geophys. Res. Solid Earth, 120, 3527–3543. 

Azizi, H., Zanjefili-Beiranvand, M., & Asahara, Y. (2015). Zircon U–Pb ages and petrogenesis of a tonalite–

trondhjemite–granodiorite (TTG) complex in the northern Sanandaj–Sirjan zone, northwest Iran: Evidence for 

Late Jurassic arc–continent collision. Lithos, 216, 178-195. 

Barber, D.E., Stockli, D.F., Horton, B.K., & Koshnaw, R.I. (2018). Cenozoic Exhumation and Foreland Basin 

Evolution of the Zagros Orogen during Arabia‐Eurasia Collision, Western Iran. Tectonics, 37(12), 4396-4420. 

Bianchi, I., Piana Agostinetti, N., Chiarabba, C., & De Gori, P. (2008). Deep structure of the Colli Albani 

volcanic district (central Italy) from receiver functions analysis. J. Geophys. Res., 113, B09313, 

doi:10.1029/2007JB005548. 

Bianchi, I., Park, J., Piana Agostinetti, N., & Levin, V. (2010). Mapping seismic anisotropy using harmonic 

decomposition of receiver functions: An application to northern Apennines, Italy. J. Geophys. Res., 115, 

B12317, doi:10.1029/2009JB007061. 

Bianchi, I., Lucente, F.P., Di Bona, M., Govoni, A., & Piana Agostinetti, N. (2016). Crustal structure and 

deformation across a mature slab tear zone: the case of southern Tyrrhenian subduction (Italy). Geophys. Res. 

Lett., 43(24), 12-380. 

Farra, V., & Vinnik, L. (2000). Upper mantle stratification by P and S receiver functions. Geophys. J. Int., 

141(3), 699–712. 



©2019 American Geophysical Union. All rights reserved. 

Ghazi, A.M., & Hassanipak, A.A. (1999). Geochemistry of subalkaline and alkaline extrusives from the 

Kermanshah ophiolite, Zagros Suture Zone, Western Iran: implications for Tethyan plate tectonics. Journal of 

Asian Earth Sciences, 17(3), 319-332. 

Girardin, N., & Farra, V. (1998). Azimuthal anisotropy in the upper mantle from observation of P‐to‐S 

converted phases: Application to southeast Australia. Geophys. J. Int., 133, 615–629. 

Hassanzadeh, J. & Wernicke, B.P. (2016). The Neotethyan Sanandaj-Sirjan zone of Iran as an archetype for 

passive margin-arc transitions. Tectonics, 35(3), 586–621. 

Hatzfeld, D., & Molnar, P. (2010). Comparisons of the kinematics and deep structures of the Zagros and 

Himalaya and of the Iranian and Tibetan plateaus and geodynamic implications. Reviews of Geophysics, 48(2). 

Homke, S., Vergés, J., Van Der Beek, P., Fernandez, M., Saura, E., Barbero, L., ... & Labrin, E. (2010). Insights 

in the exhumation history of the NW Zagros from bedrock and detrital apatite fission-track analysis: evidence 

for a long-lived orogeny. Basin Research, 22(5), 659-680. 

Kaviani, A., Hatzfeld, D., Paul, A., Tatar, M., & Priestley, K. (2009). Shear-wave splitting, lithospheric 

anisotropy, and mantle deformation beneath the Arabia–Eurasia collision zone in Iran. Earth and Planetary 

Science Letters, 286(3-4), 371-378. 

Levin, V., & Park, J. (1998). P-SH conversions in layered media with hexagonally symmetric anisotropy: A 

cookbook, Pure Appl. Geophys., 151(2–4), 669–697. 

Licciardi, A., Eken, T., Taymaz, T., Agostinetti, N. P., & Yolsal-Çevikbilen, S. (2018). Seismic anisotropy in 

central North Anatolian Fault Zone and its implications on crustal deformation. Physics of the Earth and 

Planetary Interiors, 277, 99-112. 

Ligorria, J.P., & Ammon, C.J., (1999). Iterative deconvolution and receiver-function estimation. Bull. seism. 

Soc. Am., 89(5), 1395–1400. 

Lloyd, G. E., Butler, R. W., Casey, M., & Mainprice, D. (2009). Mica, deformation fabrics and the seismic 

properties of the continental crust. Earth and Planetary Science Letters, 288(1-2), 320-328. 

Lloyd, G. E., Butler, R. W. H., Casey, M., Tatham, D. J., & Mainprice, D. (2011). Constraints on the seismic 

properties of the middle and lower continental crust. Geological Society, London, Special Publications, 360(1), 

7-32. 

Mohajjel, M., & Fergusson, C. L., (2000). Dextral transpression in Late Cretaceous continental collision, 

Sanandaj–Sirjan zone, western Iran. Journal of Structural Geology, 22(8), 1125-1139. 

Mohajjel, M., Fergusson, C. L., & Sahandi, M. R., (2003). Cretaceous–Tertiary convergence and continental 

collision, Sanandaj–Sirjan zone, western Iran. Journal of Asian Earth Sciences, 21(4), 397-412. 

Monsef, I., Monsef, R., Mata, J., Zhang, Z., Pirouz, M., Rezaeian, M., ... & Xiao, W. (2018). Evidence for an 

early-MORB to fore-arc evolution within the Zagros suture zone: Constraints from zircon U-Pb geochronology 

and geochemistry of the Neyriz ophiolite (South Iran). Gondwana Research, 62, 287-305. 

Motaghi, K., Shabanian, E., Tatar, M., Cuffaro, M., & Doglioni, C., (2017a). The south Zagros suture zone in 

teleseismic images. Tectonophysics, 694, 292-301. 

Motaghi, K., Shabanian, E., & Kalvandi, F., (2017b). Underplating along the northern portion of the Zagros 

suture zone, Iran. Geophys. J. Int., 210(1), 375–389. 

Mouthereau, F., Lacombe, O. & Verggs, J., (2012). Building the Zagros collisional orogen: timing, strain 

distribution and the dynamics of Arabia/Eurasia plate convergence. Tectonophysics, 532–535, 27–60. 



©2019 American Geophysical Union. All rights reserved. 

Nábělek, J., Hetényi, G., Vergne, J., Sapkota, S., Kafle, B., Jiang, M., ... & Huang, B. S. (2009). Underplating in 

the Himalaya-Tibet collision zone revealed by the Hi-CLIMB experiment. Science, 325(5946), 1371-1374. 

Ozacar, A. A., & Zandt, G. (2004). Crustal seismic anisotropy in central Tibet: Implications for deformational 

style and flow in the crust. Geophysical Research Letters, 31(23). 

Paul, A., Hatzfeld, D., Kaviani, A., Tatar, M., & Péquegnat, C. (2010). Seismic imaging of the lithospheric 

structure of the Zagros mountain belt (Iran). Geological Society, London, Special Publications, 330(1), 5-18. 

Rahmani, M., Motaghi, K., Ghods, A., Sobouti, F., Talebian, M., Ai, Y. & Chen, L. (2019). Deep velocity 

image of the north Zagros collision zone (Iran) from regional and teleseismic tomography. Geophys. J. Int. 

Sadeghi-Bagherabadi, A., Sobouti, F., Ghods, A., Motaghi, K., Talebian, M., Chen, L., ... & He, Y. (2018a). 

Upper mantle anisotropy and deformation beneath the major thrust-and-fold belts of zagros and alborz and the 

iranian plateau. Geophysical Journal International. 214, 1913–1918. 

Sadeghi‐Bagherabadi, A., Margheriti, L., Aoudia, A., & Sobouti, F. (2018b). Seismic Anisotropy and Its 

Geodynamic Implications in Iran, the Easternmost Part of the Tethyan Belt. Tectonics, 37(12), 4377-4395. 

Sambridge, M. (1999), Geophysical inversion with a neighbourhood algorithm—I. Searching a parameter space. 

Geophys. J. Int., 138, 479–494. 

Schulte-Pelkum, V., Monsalve, G., Sheehan, A., Pandey, M. R., Sapkota, S., Bilham, R., & Wu, F. (2005). 

Imaging the Indian subcontinent beneath the Himalaya. Nature, 435(7046), 1222. 

Schulte-Pelkum, V., & Mahan, K.H., (2014). A method for mapping crustal deformation and anisotropy with 

receiver functions and first results from USArray. Earth Planet planet. Sci. Lett., 402, 221–233. 

Sepahi, A.A., Whitney, D.L., & Baharifar, A.A. (2004). Petrogenesis of andalusite–kyanite–sillimanite veins 

and host rocks, Sanandaj‐Sirjan metamorphic belt, Hamadan, Iran. Journal of Metamorphic Geology, 22(2), 

119-134. 

Stöcklin, J. (1968). Structural history and tectonics of Iran: a review. Am Assoc Petrol Geol Bull, 52, 1229–

1258. 

Talebian, M., & Jackson, J. (2004). A reappraisal of earthquake focal mechanisms and active shortening in the 

Zagros mountains of Iran. Geophysical Journal International, 156(3), 506-526. 

Zandt, G., Gilbert, H., Owens, T. J., Ducea, M., Saleeby, J., & Jones, C. H. (2004). Active foundering of a 

continental arc root beneath the southern Sierra Nevada in California. Nature, 431(7004), 41– 46.  

Zhang, Z., Xiao, W., Ji, W., Majidifard, M.R., Rezaeian, M., Talebian, M., Xiang, D., Chen, L., Wan, B., Ao, S. 

& Esmaeili, R. (2018). Geochemistry, zircon U-Pb and Hf isotope for granitoids, NW Sanandaj-Sirjan zone, 

Iran: Implications for Mesozoic-Cenozoic episodic magmatism during Neo-Tethyan lithospheric subduction. 

Gondwana Research, 62, 227-245. 

  



©2019 American Geophysical Union. All rights reserved. 

 

Figure 1: Study area; region covered by seismic stations (triangles) along a line over the Zagros collision zone. 

MZRF: main Zagros reverse fault, MRF: main recent fault, SSZ: Sanandaj-Sirjan Zone, LA: Lorestan arc, FA: 

Fars arc. The upper inset shows the study area marked by a rectangle frame on a topographic map of the Middle 

East. The lower inset zooms in on the stations located over the suture thrust zone.  
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Figure 2: a) k=0 harmonic (constant azimuth term, i.e. simple stacking) of the RFs at the 46 stations of the 

CIGSIP linear array. Blue and red pulses indicate positive and negative amplitudes, respectively. Green 

arrowheads indicate negative pulses at increasing delay time (from SW to NE), the possible signature of the NW 

dipping suture zone. b) RF data set along these 7 seismic stations (green triangles), displayed as constant (k=0), 

cos φ (k=1, N–S) and sin φ (k=1, E–W) back‐azimuth harmonics. Dashed green line on the k=0 harmonics 

connects the above referred negative pulses. Green bands highlight the features around the arrival time of these 

pulses on the k=1 harmonics (N-S and E-W).  
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Figure 3: Non-linear modeling of receiver functions. a) Synthetic (green dashed line) versus observed data for 

modeling. b) 2D velocity variations between M15 and M21. Two sided arrows show the plunge of slow 

symmetry axis orientation of anisotropy above and below the decollement. c) Trend of slow symmetry axis 

above (blue) and below (red) the decollement. The plunge is shown again by empty circle around station 

locations (triangles). 
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Figure 4: Simplified sketch illustrating crustal structures of the north Zagros collision boundary. 2D (a) and 3D 

(b) models are supported by velocity model and slow axis orientation of anisotropic layers presented in Figure 3. 


