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Abstract  

Recently, the S receiver function method has been successfully developed to identify 
upper mantle interfaces. S receiver functions have the advantage of being free of s-wave 
multiple reflections and can be more suitable than P receiver function for studying mantle 
lithosphere. However, because of specific ray geometry of the S-to-P converted waves, 
the S receiver function method has some technical difficulties and limitations. We 
selected data from teleseismic events (Mb>5.7, epicentral distance between 60˚- 85˚) 
recorded since 1996 to present at 8 three component short period stations from the Tabriz 
Telemetry Network. Clear negative signals from the lithosphere-asthenosphere boundary 
(LAB) are observed. The average LAB depth is approximately 85 Km and varies from 77 
to 103 km underneath the NW of Iran. 
 
Key words: lithosphere- astenosphere boundary, S receiver function, Teleseismic event, 

NW of Iran 
 

 Sكمك تابع گيرنده   بهشمال غرب ايران، زير كره  سست–كره  مرز سنگ بررسي
 

 4نرگس افسري  و3محمدرضا قيطانچي ،2 فروغ صدودي،1زاده فرهمند فتانه تقي
 

  دانشكده علوم دانشگاه آزاد اسلامي واحد قم، ايران، گروه فيزيك،استاديار 1
  مؤسسه تحقيقاتي علوم زمين هلمهولتز، پتسدام، آلمان،پژوهشگر 2
 ران، ايرانمؤسسة ژئوفيزيك دانشگاه تهگروه فيزيك زمين،  ستاد،ا 3

 شهر، تهران، ايران ، دانشگاه آزاد اسلامي واحد اسلامشناسي دانشجوي دكتري زلزله 4

 )5/11/87: ، پذيرش نهايي23/7/87: دريافت( 
 

 چكيده
. است تكتونيكي زمين هاي صفحهكره سازنده  سنگ .است در هر منطقه كره محاسبه ضخامت سنگ ابزار مناسبي براي S تابع گيرنده

در اين  .شود تغييرات منفي سرعت مشخص مي كم يا اي هاي لرزه كره با مشاهدات سرعت كره و سست  مرز سنگ،ها در بيشتر مكان
 محاسبه كره كره ضخامت سنگ  سست-كره  مرز سنگ درSp، با استفاده از زمان رسيد تبديل S به كمك تحليل تابع گيرنده بررسي

هاي مربوطه و   و همه بازتابS قبل از رسيد مستقيم Sp در اين است كه فازهاي تبديلي Sمزيت استفاده از تابع گيرنده . شد
كه اين فاز  در صورتي. تر است  آسانSp و شناسايي فاز تبديلي شوند  در ايستگاه دريافت ميS بعد از رسيد مستقيم هايشان بازتاب

در صورت متفاوت بودن پاسخ  ابتدا Sمنظور محاسبه تابع گيرنده  به .شود هاي پوسته پوشيده مي  با بازتابP گيرنده تبديلي در تابع
) N-S,E-W(دو مؤلفه افقي  سپس .شود، بايد اثر دستگاهي از روي آنها حذف E-W, N-S, Zنگار در راستاي   سه لرزهبسامدي

 دستگاهدر مرحله بعد چرخش . شوند ميتبديل ) R,T(هات شعاعي و مماسي ده شده و به جان چرخBack Azimuthتحت زاويه 
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 صحيح چرخش بايد زاويه يبراي اجرا. گيرد صورت مي LQT (P, SV, SH) مختصات محلي پرتو دستگاه به ZRTمختصات 
اي كه انرژي موج  زاويه. ندشو  ميانده از زواياي تابش چرخاي مجموعه حول Lهاي  براي اين منظور، مؤلفه. تابش صحيح انتخاب شود

Sبيشتر انرژي فازهاي تبديلي ،بعد از مرحله چرخش. استشود تقريب خوبي از زاويه تابش درست   در زمان رسيدش حداقل مي Sp 
ميخت Ĥ واهمQ روي مؤلفه S را با سيگنال Lهاي  ، مؤلفهLهاي   از مؤلفهSمنظور حذف سيگنال  به.  خواهد بودLهاي  روي مؤلفه

به دليل وابستگي . نامند  مي S را تابع گيرنده استهاي چندگانه   بدون بازتابSp حاصل كه شامل فازهاي تبديلي Lمؤلفه . نيمك مي
 Spاز آنجا كه تبديلات .  صورت گيردS بايد تصحيح ديناميكي روي توابع گيرنده S به كندي موج Spزمان رسيد امواج تبديل 

در نهايت . كنيم  را با هم جمع ميS بعد از اعمال تصحيح ديناميكي، توابع گيرنده ،بت سيگنال به نوفه، براي بهبود نساند عموماً ضعيف
توان عمق  مي IASP91  مستقيم به عمق با استفاده از مدل سرعتي مرجعSبا تبديل اختلاف زماني بين فازهاي تبديلي و موج 

 ايستگاه ثابت دوره كوتاه شبكه دورلرز تبريز 8 دورلرز ثبت شده هاي لرزه  زمينهاي  دادهبراي اين منظور. دست آورد هها را ب ناپيوستگي
.  مورد پردازش قرار گرفت60˚ >> 85˚ و در فاصله رو مركزي ≤Mb 5ر7 با بزرگاي 2008 تا 1995رب ايران از غدر شمال 

، تا )SHB( ترين ايستگاه شبستر زير غربي كيلومتر 77 كيلومتر محاسبه شد و مقدار آن از 85طور متوسط   بهLAB مقدار ضخامت
 .، در تغيير بود)SRB( ترين ايستگاه سراب  كيلومتر زير شرقي103

 

 كره، دورلرز، شمال غرب ايران  سست-كره ، مرز سنگSتابع گيرنده  :هاي كليدي واژه
 

1 INTRODUCTION  

The thickness of the lithosphere, the cold 
boundary layer near the earth's surface, 
controls the heat loss and tectonics of oceans 
and continents (Priestley and McKenzie, 
2006). Once plate tectonics had been 
generally accepted, it become clear that the 
properties of the entire lithosphere beneath 
cratons were likely to be responsible for their 
behaviour rather than those of the crust alone 
(McKenzie and Priestley, 2007). The 
lithosphere is generally divided into two 
parts. The crust lithosphere includes the 
upper part of the lithosphere, whereas the 
mantle lithosphere located in the lower part 
moves as the high velocity lid on the top of 
the asthenosphere. The high viscosity 
lithospheric plates moving over a lower 
viscosity asthenosphere is a basic element of 
plate tectonics. Observations of low seismic 
velocities in the upper mantle are generally 
associated with the lithosphere-asthenosphere 
boundary named LAB. This boundary 
appears as a negative contrast in which the 
seismic velocities decrease with depth. In 
contrast to the Moho depth which is usually 
observed at high resolution by different 
techniques such as the P receiver function 
method, the lower boundary of the mantle 
lithosphere is generally considered not sharp 
enough to be well observed by seismic body 
wave observations. The thickness of the 

lithosphere has been mostly obtained from 
low resolution surface wave observations. 
The lithosphere has a global average 
thickness of 80-100 km, ranging between 
zero and 200 km beneath mid ocean ridges 
and stable cratons, respectively (Kumar et al., 
2005a). However, the recently developed S 
receiver function technique (Li et al., 2004; 
Kumar et al., 2005a; Sodoudi et al., 2006 a,b) 
can be optimally used to identify the LAB 
boundary using higher resolution body 
waves, since this method is free of multiples. 
This boundary is almost invisible in the P 
receiver function due to the crustal multiples, 
which arrive at the same time and heavily 
disturb the time window of the LAB arrival. 
The thickness of the lithosphere is one of the 
most important parameters to address the 
problems of the plate tectonic processes. 

The main goal of this paper is to derive a 
more homogeneous image of the lithosphere-
astenosphere boundary for NW of Iran. To 
obtain this goal, we use the S receiver 
function method. 

 

2 TECTONIC SETTING OF NW IRAN 
RECION 

Iran is located as a part of the Alpine-
Himalayan orogenic belt. The region referred 
to in this study as northwest Iran is enclosed 
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between 45˚-48˚ east longitude and 37˚-39˚ 
north latitude (figure 1). This region is one of 
the seismologically active regions in the 
Middle-East and has experienced many 
destructive earthquakes (Gheitanchi et al., 
2004). This area appeared with the closure of 
the Neotethys Ocean and with the collision of 
the Arabian plate and the central Iran block 
and deformation. NW Iran is a region of 
intense deformation and seismicity situated 
between two thrust belts of the Caucasus to 
the north and the Zagros mountains to the 
south (Hessami et al., 2006). Deformation 
and seismicity in this region is mainly due to 
the continental shortening between the 
Eurasian and Arabian plates. Geological 
evidences and fault plane solutions of 
earthquakes in this region indicate the 
existence of both thrust and conjugate strike-
slip faulting (Jackson, 1992). Several NW-SE 
trending major faults such as the Tabriz fault 
and the Bostanabad fault are examples of 
well known major faults in northwest Iran. A 
group of N-S trending minor faults is 
observed around Tabriz and extended to the 
North. Another minor fault system with NE-
SW trend, almost perpendicular to the north 
Tabriz major fault, is observable from the 

northeast part of Ardabil, passing through 
Meshghinshahr and Azarshahr and crossing 
Orumiyeh lake as well as the Orumiyeh the 
major fault in west extreme (Gheitanchi et 
al., 2004). More groups of faults with 
different trends are indicating a complicated 
pattern of deformation in northwest Iran. 

 
3 DATA AND METHOD OF STUDY 

3-1 DATA 

We selected teleseismic events (Mb>5.7, 
60˚< <85˚) recorded form 1996-2007 at 8 
three component stations from the permanent 
Tabriz Telemetry Network (AZR, BST, HRS, 
HSH, MRD, SHB, SRB and TBZ). These 
stations are equipped with SS-1 seismometers 
with frequency response of 1 HZ made by 
Kinemetrics Co., VHF antenna, Tx 
transmitters made by Nanometrics of Canada, 
16-bit digitizers, and a power supply based 
on solar energy. The data is recorded on a 50-
samples-per-second. Figure 1 shows the 
setup of the Tabriz Telemetry Network and 
table 1 lists station names and coordinates. 

Figure 2 shows teleseismic events which 
are used in the study. 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 1. Location map of the seismological stations (triangle) used in this study. The main faults are shown by the red 
lines. 
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Table 1. Specification of the seismic stations shown in figure 1. 

Station name Station code Latitude (Deg.) Longitude (Deg.) Elevation   (m) 
Azarshahr AZR 37.6783 45.9800 2300 

Bostanababd BST 37.7000 46.8917 2100 
Hashtroud HSH 37.3067 47.2633 2850 

Heris HRS 38.3183 47.0417 2100 
Marand MRD 38.7133 45.7033 1684 
Sarab SRB 37.8250 47.6667 1950 

Shabestar SHB 38.2833 45.6166 2150 
Tabriz TBZ 38.2333 46.1466 1650 

 

 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. The epicenter distribution of events used to detemine S receiver functions. The green star shows the center of 
the Tabriz Telemetry Network. The red solid circles mark the 60° and 85° epicentral distances, respectively. 

 
Table 2. List of events recorded by Tabriz Telemetry Network for S receiver function. 

Time Date Lat (Deg.) Lon (Deg.) Depth (km) Mb Epicentral 
Distance (Deg.) 

1996 2 28 9 44 10.9 1.756 126.048 115 6.2 80.66 
2001 1 1 6 57 4.17 6.898 126.579 33 6.4 77.92 
2002 3 5 21 16 9.13 6.033 124.249 31 6.3 76.61 
2002 12 30 4 49 8.69 7.471 123.407 10 5.9 75.07 
2003 5 5 23 4 45.7 3.715 127.954 56 6 80.95 
2003 5 5 15 50 8.47 0.215 127.354 123 5.9 82.64 
2003 5 26 23 13 29.7 6.761 123.707 565 6.2 75.74 
2003 5 26 23 26 31.9 6.812 123.88 583 5.9 75.85 
2003 11 12 0 29 45.4 1.593 126.48 33 5.7 81.10 
2004 6 30 23 37 25.5 0.797 124.726 90 6 80.22 
2005 1 20 16 47 1.86 3.739 126.814 10 5.9 80.04 
2005 2 15 14 42 25.9 4.756 126.421 39 6.1 79.10 
2005 3 4 19 5 19.9 2.67 126.407 59 6.1 80.38 
2006 3 31 21 14 47.2 3.787 126.369 54 5.9 79.66 
2007 6 16 1 18 47.9 1.152 126.413 47 5.8 81.30 
2007 9 13 9 48 45.1 3.801 126.342 26 6.1 79.71 
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3-2 METHOD OF STUDY  
S-to-P conversions produced at significant 
velocity discontinuities beneath the station 
(figure 3) can be obtained by deconvolving 
the Sv component from the P component. 
The S receiver functions have a significant 
advantage over P receiver functions because 
the converted Sp phase arrives earlier than 
the direct S phase (e.g., Faber and Müller, 
1980; Bock, 1991; Farra and Vinnik, 2000; 
Li et al., 2004; Kumar et al., 2005a; Sodoudi 
et al., 2006a) and therefore upper mantle 
conversions are free from interface of crustal 
multiples (figure 4, right panel). The 
converted Sp phases are generally best 
observed at epicentral distances between 60˚ 
and 85˚ (Faber and Müller, 1980). 

Since the time difference between 
converted Sp and S waves depends on the ray 
parameter, we correct the S-to-P conversions 
to a common distance using a reference 
slowness of 6.4 sdeg-1 Although this value is 
not necessarily realistic for S waves, it is 
used to make P and S receiver function 
timescales directly comparable. The S 
receiver functions are much noisier than P 
receiver functions due to their later arrival 
times. They also have a longer periods in 
comparison with the P receiver functions and 
resolve less fine structure within the crust and 
mantle lithosphere. However, the fact that 
they are free multiples enables the 
identification of Sp conversions at mantle 

discontinuities. Therefore, mantle 
discontinuity conversions, which are masked 
by crustal multiples arriving at nearly the 
same time in P receiver functions, can be 
isolated in the S receiver function (figure 4). 

Figure 4 demonstrates a simple two 
layered model over a half space containing 
crust-mantle and lithosphere-asthenosphere 
boundaries at about 30 and 125 km, 
respectively. The synthetic P and S receiver 
functions are computed and compared. The P 
onset (for P receiver function) and S onset 
(for S receiver function) are fixed to be on 
zero. While the Ps converted phase arrives 
later than the direct P phase, the converted Sp 
phase is a precursor of the direct S wave and 
arrives earlier. As figure 2 shows, all 
multiples arrive after the direct S wave, 
therefore they cannot disturb the major 
conversions. The computed P receiver 
function shows the converted Ps phase at 
Moho as well as its multiples. The converted 
phase from lithosphere-asthenosphere 
boundary is covered by the multiples arriving 
at the same time on the S receiver function at 
13s (reversed time). Assuming the same ray 
parameter, the arrival time of the converted 
Sp phase at Moho is similar to that of the P 
receiver function but in the reversed time 
(3.5s). Different sign of the S-to-P 
conversion coefficient relative to those of P-
to-S conversion makes a reversed polarity for 
the Sp converted phase. 

 
 
 
 
 
 
 
 

 
 
 

 
Figure 3. Ray path of P and S waves. 
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Figure 4. Synthetic P and S receiver functions are computed for a two layered model over a half space shown in the left 

part of the figure. 
 

 
4. DISCUSSION AND CONCLUSION 

In this study, we selected a time window of 
200 seconds in length (100s before the S 
onset) and calculated the S receiver function 
by applying band pass filter 4-20 s. 
Calculation of S receiver function includes 
mainly coordination rotation and 
deconvolution. We rotated the ZNE 
components into the LQT system using back 
azimuth and incidence angle. The angle of 
incidence is defined by the minimum of 
energy in the L component at arrival time of 
the S phases. As an example, the figure 5 
represents an event at 81˚ epicentral distance 
with magnitude of 5.7 recorded at short 
period station AZR. The figure shows the L 
components obtained from rotation around 
incidence angles of 0-72˚. The best observed 
incidence angle is indicated with a red arrow 
(27˚) and the amplitude of the LAB 

converted phase occurred about 11 s. Prior 
stacking, the moveout correction for 
reference slowness of 6.4 sdeg-1 (IASP91 
global reference model) was applied. To 
make the S receiver functions look like 
conventional P receiver functions, we 
reversed the polarity of the S receiver 
function amplitudes as well as the time axis. 
The S receiver functions for some stations are 
shown in figure 6. Negative amplitudes are 
plotted in gray indicate velocity decreasing 
downwards, while positive amplitudes in red 
show an increasing velocity with depth 
(Sodoudi, 2005). The S receiver functions are 
sorted by their back azimuth. The phase is 
visible on the record, which is marked on the 
summation trace at the top in figure 6 with 
negative amplitude ranging between 8.5-
11.5s delay time, indicating the converted Sp 
phase due to the lithosphere-asthenosphere 
boundary (labeled with LAB).
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Figure 5. The L component has been rotated around different incidence angles ranging between 0-72˚. The observed 
incidence angle is indicated with the red arrow. The left part is the parameters of the event.  

 

  
 

The delay times of the LAB phase 
obtained from each station were converted 
into the depth. The arrival times of the LAB 
in seconds may be multiplied by factor of 9 
(according the IASP91 reference model) to 
obtain the LAB depth estimate in kilometers. 
Delay times and depth values of the NW Iran 
are given in table 2. 

To generate a depth section, the receiver 
functions for each station is migrated. In the 
migration process, each single receiver 
function is back-project along its path. The 

paths are calculated using IASP91 reference 
model (Kennett and Engdahl, 1991). The 
obtained 2D migrated section along the 
longitude is represented in figure 7. Positive 
amplitudes of receiver functions are plotted 
in red (Moho), while negative amplitudes are 
in blue (LAB). The converted phase 
associated with the LAB is observed under 
network at about 80 km. The obtained 2D 
migrated section confirms our results that 
were computed from S receiver functions. 

 
 
 

Table 2. The Sp conversion times and depth of LAB. 

Station AZR BST HSH HRS MRD SRB SHB TBZ 

Delay time (s) 11.2 8.5 8.6 8.6 9 11.5 8.5 8.6 

Depth (Km) 101 77 78 78 81 103 77 78 
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Figure 6. Individual S receiver functions for some stations in the Tabriz network are sorted by their back 

azimuth. Negative amplitudes are plotted in gray and indicate velocity decreasing downwards. The 
S receiver functions are plotted in reverse time in order to compare with P receiver functions. The 
arrows on the stacked trace show the average time of the Sp conversions generated by the 
lithosphere-asthenosphere boundary. 
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Figure 7. The 2D migrated S receiver function section along the longitude. The positive (negative) amplitudes of the 

receiver function are plotted in red (blue). The LAB lies at about 80 km. 
 

 
Unlike P receiver functions, the Sp 

conversions are not located close to the 
stations and show additionally significant 
overlapping with the Sp conversions obtained 
from adjacent stations. In figure 8 the 
location of the piercing points at 100 km 
depth (likely to be approximately the 
thickness of the LAB) for the Sp conversions 
are plotted. The locations of piercing points 
of S receiver functions at 100 km depth are 
indicated by cross marks. Since the Sp 
conversions are generally weak, a stacked S 
receiver function was computed based on the 

latitude and longitude of the piercing points. 
In figure 9 the computed stacked S receiver 
functions for piercing points at 100 km depth 
are plotted. The stacking method enhances 
the conversions and reduces the error of the 
depth determination by averaging the 
information of several single traces within 
each station. Negative (positive) amplitudes, 
plotted in gray (black) indicate a velocity 
decrease (increase) with depth. A clear 
negative phase (labeled LAB) at ~ 8.7s is 
apparent.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Location of piercing points (blue crosses) of S receiver functions at 100 km depth. Stations are indicated by 

black triangles.  
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Figure 9. The stacked S receiver functions are computed based on latitude and longitude of piercing points. Negative 

(positive) amplitudes, plotted in gray (black) indicate a velocity decrease (increase) with depth. A clear 
negative phase (labeled LAB) at ~ 8.7 is labeled on the summation trace. 

 
 

In this study, we use short period data to 
obtain S receiver functions. The Moho Ps 
conversions (~6s) in S receiver functions are 
in good agreement with Moho depth obtained 
from P receiver functions (T-Farahmand et 
al, 2008). According to the error introduced 
by the selected reference velocity model 
IASP91 (~ 5-10 km), our results are 
expectable. These results are also in good 
agreement with other geophysical studies in 
this region (Priestley and McKenzie, 2006; 
McKenzie and Priestley, 2007).  

The lithosphere–astenosphere boundary is 
not completely flat in NW Iran. The S 
receiver function obtained from a short 
period seismograms map a clear LAB 

showing a thin continental lithospheric 
thickness of 85 Km and varies from 77 to 103 
km. Deeper and shallower lithosphere–
astenosphere boundary are found under the 
western and eastern parts beneath SHB and 
SRB stations respectively.  
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