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ABSTRACT 

The continental collision between the Afghan and Lut blocks has led to vast deformations with a 
northwest trend in eastern Iran. The radial receiver functions obtained at 11 stations in this 
region exhibit strong P to S conversions. We analyze crustal seismic anisotropy with the use of 
arrival time variations (cosine moveout) of converted shear phases as a function of back-
azimuth. We fit harmonic functions to the arrival time variations of Ps phases to obtain dipping 
interfaces and plunging anisotropy beneath a station. Simple crustal models with one or two 
anisotropic layers can justify the cosine moveout variations of the converted phases. This 
method gives us the apparent splitting parameters for a stack of anisotropic layers above a 
converting interface. Using a layer-stripping approach, the effect of seismic anisotropy in the 
shallower layers could be corrected on deeper discontinuities. The average fast axis, which is 
parallel to the Sistan suture zone, might be related to the direction of faults and the presence of 
highly deformed flysch as a response to continental collision. 
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INTRODUCTION 

The delay time between the converted shear phases and the first arrivals can give us information 
about the crustal and mantle interfaces. To isolate the converted shear phases, receiver functions 
are used, which are the deconvolution of the vertical component seismogram records from the 
horizontal components (Burdick and Langston, 1977). Several phenomena like dipping 
interfaces, anisotropy and diffracting heterogeneities cause specific back-azimuth dependent 
arrival times of the converted phases. The arrival time shifts with back-azimuth can be analyzed 
in order to recover the anisotropy parameters and dip and strike of the interfaces (e.g., Li et al. 
2019). 

The Sistan suture zone in eastern Iran is the location of the continental collision between the 
Afghan and Lut blocks, which resulted in folding and faulting since the Paleocene. A flysch 
zone is located between the Lut block in the west and Afghan block in the east, which is highly 
deformed and tectonized and consists of thick sediments (Tirrul et al. 1983). In this study, to 
understand the evolution and deformation regime of this region, we analyzed crustal seismic 
anisotropy through the harmonic decomposition of Ps converted time shift variations with back-
azimuth, which is not yet constrained in this region. We present evidence for the existence of a 
strongly anisotropic crust in eastern Iran. 
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Methodology and Observations 

To analyze the crustal seismic anisotropy in eastern Iran, we used over 2000 high-quality P-
waveforms from teleseismic events (M>5) recorded at 11 seismic stations. The waveforms were 
band-passed filtered at 0.05-2 Hz, then, an iterative time-domain deconvolution algorithm 
(Ligorria and Ammon, 1999) with a Gaussian parameter of 3 is applied to the waveforms. 
Poorly deconvolved receiver functions were removed, and receiver functions are stacked into 5° 
back-azimuth and 0.06 s/km slowness bins for each station. The presence of dipping interfaces 
and/or seismic anisotropy results in the variation of arrival times as a systematic function of 
back-azimuth on both the radial and transverse components. At least two sharp and large 
azimuthally varying polarized phases occur within the first 6s and indicate the presence of 
layered anisotropy and/or dipping layers in the crust. The back-azimuthal variation of the arrival 
times of Ps in Radial receiver functions from dipping Moho, azimuthal anisotropy, and plunging 
anisotropy can be fitted by a cosθ function, a cos2θ function, and a combination of both, 
respectively (Li et al. 2019). 

Figure 1. Anisotropic parameters of the crust. 

In this study we are mainly interested in crustal anisotropy. First, we fit harmonic functions to 
the earlier Ps phase on receiver functions to obtain the anisotropic characteristics of the upper 
layer. Then, we correct the effect of the upper layer on the Ps arrival times of the lower layer 
(Rümpker et al. 2014). Upper crustal anisotropy in eastern Iran is well-matched with the 
direction of faults in many stations suggesting that seismic anisotropy in this region could be 
produced by pore and crack alignments in the upper crust. However, under the pressure and 
temperature conditions in the lower crust, the lattice-preferred orientation of minerals also is a 
possible source of seismic anisotropy (Ozacar & Zandt 2004). The region has been formed by 
the closure of a Paleocene oceanic basin, filled by thick flysch deposits (Tirrul et al. 1997). 
During the shortening of this region, this sediment layer, due to temperature and pressure 
conditions, should have been thickened and its lower part might have been methamorphized to 
schist-like rocks (Tirrul et al. 1997), which are known to be highly anisotropic. The average 
orientation of the fast axes on the collision zone trends northwest, perpendicular to the direction 
of compression of the sediment complex. 
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Conclusions 

We investigate crustal seismic anisotropy in eastern Iran. Analysis of harmonic decomposition 
of the arrival time-shifts of receiver functions suggests the presence of two anisotropic layers 
beneath the region. Possible sources of anisotropy in this region are the crack alignments in the 
upper crust and highly deformed sedimentary rocks due to the continental collision between the 
Afghan and Lut blocks. 
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