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ABSTRACT 

Crustal anisotropy beneath 11 permanent seismic stations situated at the northern Iran is 

investigated based on the sinusoidal harmonic fitting to the P-to-S conversions in radial receiver 

functions from the Moho and an intracrustal discontinuity. This variations of converted phases in 

stacked R_RF can be announced by fast polarization direction and time delay. In the multilayered 

anisotropic media the distinct cosine moveout of the radial component can be distinguished for 

Ps phase in upper crust. The magnitude of crustal anisotropy is found to range from 0.1 to 0.47. 

Based on lower layer results, central Alborz is subdivided to eastern a western section.  
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INTRODUCTION 
Seismic anisotropy is the property of rocks that has related the seismic wave speed at a point to 

the direction of wave propagation. The crustal seismic anisotropy is generally attributed to rock 

fabrics, filled fractures, aligned minerals, metamorphism or magma injection in to a shear zone 

((Babuska and Cara, 1991; Okaya and Christensen, 2002; Okaya and McEvilly, 2003). however 

seismic anisotropy is an important aim to developing geodynamic models, but the number of such 

studies in Iran have been limited.  

The first major study was by Kaviani et al. (2009). They presented a complicated pattern, using 

shear wave splitting of the core refracted phases, including null measurements in the main 

mountains belts in Iran (i.e. Zagros, Alborz and kopet Dagh). The NW_SE trending of fast axes 

in the central Iran that rotates to a NE_SW direction in northeast Iran is deduced in their results. 

Sadidkhouy et al. (2008) also studied mantel anisotropy in central Alborz and observed a NE_SW 

direction of it. Studies by Arvin et al. (2014) in NW Iran and Moradi et al. (2015) in western 

Alborz also showed a dominant NE-SW trend of the fast-axes. Kaviani et al (2014) presented a 

robust technique for the analysis of shear wave splitting in layered media and they used this 

method in Iran just for two stations.  

The important question in this study is that how geology in complicated regions such as Alborz 

by various fault trending can control the crustal anisotropy? 
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Methodology & Data 

In this investigation we used of 11 permanent stations in central Alborz including International 

Institute of Earthquake Engineering and seismology (IIEES) and institute of geophysics, 

university of Tehran (IGUT). The earthquakes have been selected have magnitude greater than 

5.5 and epicentral distance from 30° to 90°. The time interval of these events is from 2006/01/01 

to 2019/06/01. In this paper, the RFs are constructed using the time domain iterative 

deconvolution algorithm (Ligorria and Ammon, 1999) because of its better stability compared 

with the water level frequency domain deconvolution. Before the harmonic fitting to the R_RFs, 

we perform the incident moveout corrections (Yuan et al., 1997) and back azimuthal binning. An 

increase in ray parameter p (increase in the incident angle from a decrease in epicentral distance) 

will result in an increase in tPs in R_RFs. If they were not corrected properly, the variations of 

arrival times due to different ray parameters would be mistakenly mapped into the back azimuthal 

variations from the dipping interfaces and crustal anisotropy. We use the global 1_D velocity 

model IASP91 (Kennett & Engdahl, 1991) to compute the moveouts for Ps, and correct them to 

a reference ray parameter of 0.06 s/km (Yuan et al., 1997). The reference ray parameter is the 

median of the values (0.04 to 0.08 s/km) for the teleseismic events we used to construct Rfs. 

Finally The following preprocessing steps are conducted for the purpose of increasing the 

reliability of the measured anisotropy parameters: (1) all the arrival times of the P to S converted 

phases are corrected to a uniform epicentral distance of 60°; (2) traces within 5° azimuthal bins 

are stacked together to increase the SNR and eliminate dominance by RFs from a limited number 

of BAZ bands; (3) stations at which the number of available BAZ bands is less than 18 out of the 

62 possible bands, or there is a BAZ coverage  

 

 

Figure1. The results of CHTH station for upper layer anisotropy with fast-axes about 30° and magnitude 

0.47 sec (left) and lower layer anisotropy parameters after stripping the effect of upper layer of whole 

crust (right). 

 

Gap of 90° or greater, are rejected in the study; (4) the azimuthal variation of Δt is clear, smooth, 

and coherent. The two phases utilized in this study include Pis and Pms. The former is the P to S 

converted phase from an intracrustal interface for measuring upper crustal anisotropy parameters, 

and the latter is the P to S converted phase from the Moho for extracting whole crustal anisotropy 

parameters. Theoretical formulations (e.g., Levin & Park, 1997a, 1997b; Liu & Niu, 2012; 

Savage, 1998) and new synthetic test (Li et al.,2019) suggest that when the dip angle of an 
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interface or the strength of anisotropy is not very large, the back azimuthal variation of the arrival 

times of Ps and crustal multiples in R_RFs from dipping Moho, azimuthal anisotropy, and 

plunging anisotropy can be fitted by a cosθ function (two lobed), a cos2θ function (four lobed), 

and a combination of cosθ and cos2θ functions,respectively. This assumes hexagonally symmetric 

anisotropy and planar interfaces, which are also assumed in this study. 

We utilize of cosθ and cos2θ functions to fit the arrival times of Ps with BAZ (θ) (Li et al., 2019): 
𝐹(𝛩) = 𝐴0 + 𝐴1𝑐𝑜𝑠(𝛩 − 𝛩1) − 𝐴2𝑐𝑜𝑠2(𝛩 − 𝛩2) 

 

 Where A0 is the central arrival time and A1, A2 and θ1, θ2 are the amplitudes and phases of the 

two lobed and four lobed variations. a model with dipping Moho has only the cosθ , where A1 is 

related to the dip angle and θ1 is related to the dip direction . a model with azimuthal anisotropy 

has only the cos2θ term, where A2 is related to the amplitude of anisotropy and θ2 is related to 

the strike of the fast axis and a model with plunging anisotropy has both the cosθ and cos2θ terms, 

where θ2 still indicates the strike of the fast axis and θ1 is either the same as θ2 or θ2 + 180° for 

negative and positive plunge angles , respectively (Levin & Park, 1997a, 1997b;  Frederiksen & 

Bostock, 2000; Frederiksen et al.,2003; Schulte Pelkum & Mahan, 2014; Park & Levin, 2016). 

Thus, a plunging anisotropy can mimic a combination of dipping Moho and azimuthal anisotropy, 

and vice versa.  

In this paper we used the last model for calculating plunging anisotropy for upper layer (in some 

stations with good visual BAZ coverage and cosine variation) and lower layer by stripping the 

upper layer effect of whole crust anisotropy.  

In CHTH station, we demonstrate the upper crust (intracrustal) and lower crust anisotropy 

parameters which have a good BAZ coverage (fig1.). 

 

CONCLUSION(S) 

In the most R_RFs under stations which located in Central Alborz can be distinguished Ps phase 

from intracrustal interface. The results mostly show a NE_SW direction for fast-axes of 

polarization in upper crust (fig.2). The lower layer but demonstrate a various result subdividing 

central Alborz to eastern and western sections. In the east mostly oriented to N and NE but in the 

west, the most stations show NW_SE directions. 

The efficiency of our results is more utilized events for calculating RFs. So that, vise versus the 

previous studies, determination of one predominant anisotropy fast-axes direction for integrated 

crust in complicated mountain belts cannot acceptable.  

 
Figure2. The results of anisotropy in upper, lower and integrated crust. 
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