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Abstract: 
This study provides a detailed explanation of inelastic attenuation, first within 

its theoretical framework, including an explanation of the effect of wave paths  

through the depths of the earth's crust from the source toward the receiver 

within heterogeneous and tectonically active media, and the reflection of this 

path on the waves through attenuation, which appears as intrinsic 

(transformational) attenuation and scattering attenuation. This is followed by 

an explanation of the mathematical relationships of attenuation and coda 

waves, along with an overview of the attenuation calculation methods used by 

researchers in previous studies and reference research. Second, the practical 

framework includes the steps followed to calculate attenuation using the Coda 

Wave Decay Method, which was applied to the southern Syria region using 

31 seismic events recorded at the National Earthquake Center on 38 stations, 

with a total of (210) seismic recordings between (2009-2024), with 

magnitudes ranging between (2-5), at central frequencies (1-24) Hz, for a total 

of 7 central frequencies. The attenuation calculations resulted in contour maps 

representing the variations of the quality factor for each central frequency 

separately, in addition to extracting the basic attenuation parameters (Q0, α), 

and subsequently obtaining the general attenuation equation for the study area, 

which takes the form : 

𝑸�𝒄� = 𝟏�𝟑�𝟎� ∓ 𝟐�𝟔� . 𝒇�𝟎�.𝟖�𝟏�∓𝟎�. , where the relatively low Q0 values (130) 

indicate  

that attenuation is high in the studied area due to the spread of tectonic 

deformations and faults, and the high values of the constant (α) (0.81) indicate 

a strong dependence of attenuation on frequency in the studied area. 
Keywords: Quality factor, inelastic attenuation, coda waves, coda wave decay 

method. 
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 الملخص:

بإطبسه   نظلي أوً م ت ضااااااا نبً شااااااالل ت  ال  ت  ف  هذ    بحث شااااااالل تخاااااااار     بت     تل  
 تقال  لأتو ج ض ن أ  بق   ق لة  لأسض   تن    نبع ببتجبه    ق قبِر ض ن أوتبط غال 

ت جبنقاااا  ون ااااط  ت  ون بًم و ن ابع هذ     قااااال   خ  لأتو ج تن ا       بت    ذي  ظ ل 
ب اااار ت بت  تحو   وت بت  تب ،ليم وتن    شااالل     هبع   ليبضااا       بت م وأتو ج كو   
تع   ح   ن طل ئ  حقاااابت     بت  ك ب تاااابهو   ببح،و     ب تااااب  تن    س تاااابع و لأبحبث 

بس         بن بًم وي ضااا ن    طو ع     ب    حقااابت     بت  بطليق  ت شااا     ل ع  . و لإط
( بحااااث طبقاااا هاااذه   طليقااا    خ تنطقااا  Coda wave Decay Methodأتو ج كو   )

تحط   38ح ث        تقااااجر ف     لك    وطن         ف   31 نوت تاااوسي  ببتاااا      
(   خ 5-2( بق وس ت ل ول اان )2024-2009( تقاااااجار        اان  بت  )210ب ج وع )

تل   ع تلك ي . ن ج  ن حقااابببع     بت  ال ئ   7( هلت  ب ج وع 24-1تل   ع تلك ي  )
كون وسي  ت ،     غال ع ت بتر   جو ة تقبار كر تل   تلك ي   خ ح ةم إضااااااابف   تااااااا  ل ج 

  ف    بت( وتن      حاااااااو    خ     ب       بت    αم Q0ت بت ع     بت   لأتاااااابتاااااا   )
بحاث أظ لع ق    𝒇. �𝟔�𝟐 ∓ �𝟎�𝟑�𝟏=  �𝒄�𝑸�𝟎�.𝟖�𝟏�∓𝟎�.𝟎�𝟖� تنطق     س تااااااا     و  بب  اااااااار

Q0 ( ًكو      بت   ب   ف     نطق      سوتااااااا  بقااااااابج  ن  ااااااابس 130   ن خضااااااا  نقاااااااب ب )
 (   ستببط    ب       بت 0.81(    لتخ   )α    ااااوهبع      ون   و   ااااا وع م وق     ،باا )

 بب  ل   ف     نطق      سوت .
 ت بتر   جو ةم     بت     تل م أتو ج كو  م طليق  ت ش  أتو ج كو  . الكلمات المفتاحية:
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Introduction: 
Seismic waves are affected, during the path they travel, by the properties of the rocks within the earth's crust 

and by the interfaces between geological layers, causing a decrease in their amplitude known as attenuation. 

Attenuation falls within the path effect, which affects the waveform of the seismic signal in addition to the 

effect of the source and the site. Physically, the attenuation of seismic waves is defined as: the decrease in the 

amplitude of seismic waves as they propagate through the layers of the earth's crust, resulting from geometrical 

spreading and scattering attenuation due to the heterogeneity of the medium's properties, in addition to intrinsic 

absorption resulting from the friction of the rock grains that make up the earth's crust (Padhy et al. 2011) [1]. 

The study of the layer quality factor (Q) plays an important role in studies of the structure of the earth's crust, 

as useful information about the properties of the medium can be inferred, which is necessary for seismic hazard 

studies and assessment. Over the past three decades, various studies have been used in many parts of the world 

(Azzaro et al., 2013; Del Pezzo et al., 2016; Singh et al., 2016; Giampiccolo, 2018), where the study of the 

layer quality factor (Q) relies on coda waves from small earthquakes to determine the attenuation 

characteristics of the crust. The wide variety of paths through which these scattered waves travel provides a 

range of information related to the properties of the medium, and the attenuation of seismic waves in the 

lithosphere depends heavily on frequency, resulting from a combination of two effects: scattering and inelastic 

attenuation, which are difficult to separate from one another, since each has a similar dependence on travel 

time or distance. Inelastic attenuation depends heavily on the tectonic environment, as shown in numerous 

studies conducted in different parts of the world (for example, Havskov et al. 1989) [2]. 
1- References Review: 
( 1221تح اا م  ) studied the propagation characteristics of local and regional seismic waves in Syria, which 

allowed for characterizing the propagation properties and behavior of the various wave phases for more than 

340 earthquakes recorded at 57 seismic monitoring stations in the Syrian national network or neighboring 

networks in Turkey, Cyprus, and Jordan. This was done by applying the Seismic Tomography Technique, in 

which the Lg wave phase, which carries most of the energy released by large earthquakes to distances 

exceeding 150 km, was studied. A two-dimensional tomographic model was developed for the variations of 

ηLg and LgQ0 values for Syria and neighboring regions. The calculated Q0 values ranged between (60 and 

400). It was also indicated that LgQ0 values ranged between 150–225 in the southwestern region, which is low 

compared to other regions, due to variations in the thickness of the earth's crust and plate deformation processes 

that lead to a rise in temperature, in addition to the wide distribution of volcanic deposits. In the southern 

region, however, the Q0 value reaches 300 within the Al-Rutba uplift zone and eastern Jordan [3]. 
( 1214هاااناااو تااا م  ) carried out magnitude calculations for about 449 tremors, with relocation of the tremors' 

epicenters using one, two, and three stations. The locations of tremors shared with the Lebanese and Syrian 

networks were also relocated by combining the readings of the Lebanese and Syrian monitoring stations with 

the stations used in the research, which gave more accurate results due to the increased number of monitoring 

station readings. The crustal wave phases and their different paths from the seismic focus to the recording 

stations were then studied, and travel times, amplification, and the quality factor (Q) were calculated using the 

coda wave method to determine the propagation characteristics of microseismic waves in the geological 

structures of the study area. The quality factor results showed that the Qalamoun region is characterized by 

high attenuation resulting from its complex tectonic structure, such that the attenuation value calculations in 

the region produced attenuation contour maps at central frequencies (16, 8, 4, 2) [4]. 
Later, (Bao et al., 2011) produced a seismic attenuation map of the regional Pg phase for the northern Middle 

East region using frequency-dependent Q measurements from two stations and seismic attenuation 

tomography. The attenuation cross-sectional images in the northeastern Mediterranean show large variations 

in the (Qpg) value, which may be due to variations in the crustal composition itself; a large diversity is also 



- 4 - 
 

observed in the (Qpg) pattern, such as low (Qpg) values within the Anatolian plate and high (Qpg) values 

within most of the Arabian plate [5]. 
(Sandvol et al., 2001) then used a large dataset of local and regional recordings registered in the Middle East, 

amounting to about 5000 seismic recordings from 65 stations and 2200 events, aiming to analyze the 

characteristics and propagation pattern of regional seismic waves. A map of efficient and inefficient 

propagation zones for (Lg), (Pg), and (Sn) across the Middle East was also produced, using two tomographic 

techniques developed to identify lithospheric attenuation zones within the Middle East. The results showed 

evidence of large increases in Lg attenuation, relative to Pg, in the Bitlis suture zone, the Zagros folds, and the 

thrust belts at the boundary between the Arabian and Eurasian plates. Zones of inefficient Sn propagation were 

also observed along the Dead Sea Fault System (DSFS) [6]. 
2-Tectonic and Geological Description: 
With respect to the main structural units in Syria, the study area is part of the relatively stable zone of the 

Arabian plate margin, characterized by a shallow basement and the absence of differentiation within the thin, 

gently folded sedimentary cover ( 1221حقانم  ). This includes each of the following [7]: 
A- Jordan Uplift: 
It appears in Syria at its northern end. Its cross-section forms a massive arch, with a steeply dipping western 

limb and a gently dipping eastern limb. It is bounded on the west by the strike-slip (rift) valley of the Jordan 

River, which belongs to the northern segment of the Grand African Fault System and is considered a 

continuation of it. The rift valley is filled with a large thickness of Neogene and Quaternary sediments, mainly 

of lacustrine origin. The rocks of the uplift itself belong to the Triassic–Jurassic–Cretaceous. Recent tectonic 

movements have raised the Pliocene sediments, under the influence of faulting, to a level higher than the floor 

of the rift valley [7]. 
B- Jabal Al-Arab Depression: 
This depression is filled with a large thickness of horizontally deposited Neogene and Quaternary basaltic 

flows. It is likely that the underlying Paleogene and pre-Paleogene sediments in this region are of greater 

thickness than those on the slopes of the Al-Rutba and Jordan uplifts. 
The structure of the Jabal Al-Arab depression is complicated by a set of faults trending northwest, parallel to 

the axis of this depression, and these faults are marked by rows of volcanic peaks following the same direction. 

These faults are deep, since they were used over a long period of their development as conduits for the 

discharge of lava flows. The extensive volcanic activity in this depression is linked to the development of the 

Levant strike-slip system [7]. 
C- Al-Rutba Uplift: 
The core of this uplift (arch) consists of Triassic and Jurassic rocks whose layers are deposited nearly 

horizontally, or with a slight dip. The northern slope of the uplift, on the other hand, consists of Cretaceous 

and Paleogene sediments showing gentle folds of the Brachy Anticline type, the largest of which have an oval 

shape (in cross-section). Their axes range in length from 10–80 km and in width from 5.5 km. The arches 

(upper part or crest) of these folds consist of horizontally deposited Lower Eocene rock layers. The dip of the 

limbs of these longitudinal anticlines is estimated at (1–2)° and rarely reaches (3–5)°. The arches of the large 

anticlines are clearly visible at the surface as uplifted landforms, while local depressions occur between a 

number of these longitudinal anticlines. These depressions are filled with Neogene and Quaternary sediments, 

Figure (1). 
The Al-Rutba uplift is bounded on the north by a set of transverse faults whose traces appear on the terrain as 

longitudinal ridges. Along their extent, breccia-type rocky zones are observed to be widespread. The fault 

planes of some of these faults are visible, and folded rock layers are also found adjacent to them, in addition 
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to some volcanic cones. The transverse faults extend for 150–200 km, yet they have a relatively small throw 

(a few tens of meters). These faults are accompanied by a large number of fractures distributed either parallel 

to the fault direction or perpendicular to it. 

 
Figure (1) Geological map of Syria; the box represents the studied area. The map is from the official website of 

the (Geological Institute, Russian Academy of Sciences) 
 
4-Method: 
Coda waves form the tail end of the seismic signal for local and regional events, beginning to arrive after the 

shear wave (S). Coda waves consist of incoherent waves scattered due to heterogeneity, and their amplitude is 

believed to decrease only due to attenuation (including scattering) and geometrical spreading. The decay of 

the coda amplitude A(f, t) as a function of frequency f and time t can be expressed as follows [8]: 
 

(1) 

 

 

where A0 is the initial amplitude, β is the geometrical spreading coefficient (1.0 for body waves, 0.75 for 

diffracted waves, and 0.5 for surface waves), and Qc is the coda attenuation. 
The geometrical spreading coefficient is usually assumed to equal 1.0, given the use of the early part of the 

wave peak for local earthquakes. By taking logarithms and rearranging, equation (1) can be written as follows 

[8]: 
(2)  

 

Plotting the curve (the first term of equation (2)) as a function of t, at a given central frequency (by filtering 

the signal around the central frequency within the passband), gives a straight line with a slope of (−πf/Qc(f)), 

and Qc(f) can be determined using least squares. 
The curve can be obtained by computing the root-mean-square (rms) values within a running window of 

specified length, starting at a specified time, the elapsed time, and after the event onset time. Alternatively, the 
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curve is sometimes computed using the envelope definition together with the Hilbert transform H, as follows 

[8]: 

(3)  

 

This method is called the coda wave decay method [8] (CWD: Coda Wave Decay Method), and it is the most 

widely used method for determining coda Q. It has been applied in numerous scientific studies, such as (Bianco 

et al., 2002; Mak et al., 2004; Mukhopadhyay et al., 2008; Carcole and Sato, 2010; Calvet and Margerin, 2013; 

Singh et al., 2015). 

(Kumar et al., 2006) noted that the determination of Qc is not affected by near-surface attenuation, nor by soil 

amplification [9]. 
Coda Q (Qc) is believed to consist of scattering Q and intrinsic Q. Recent studies have been more consistent 

in finding that Qsc dominates at short distances (0–100 km), while Qi dominates at greater distances; for 

example, at a lapse time of 80 seconds, close agreement was found between Qi and Qc [8]. 
It was also observed that there is a frequency-dependent difference for data at short distances. At frequencies 

below 6 Hz, scattering was dominant, whereas intrinsic attenuation was dominant at frequencies above 6 Hz 

[8]. 
 

(4) 

 

 

where Q0 is the value of Q at a reference frequency f0, and α is a constant. Most studies assume f0 = 1 Hz, so 

that the equation then takes the form [8]: 
 

(0)  

 

 

Equation (5) is the general attenuation equation. 
The Seisan program is used to calculate attenuation by adding the seismic event recordings to the program, 

then identifying the main wave arrivals, in addition to determining the elapsed time by entering the attenuation 

calculation parameters into the Seisan program (Havskov, 2016), such that it is twice the S-wave arrival time 

[8], followed by applying filtering using a Butterworth filter at 7 central frequencies (1-2-4-8-10-16-24). 
The quality factor values for the central frequencies are obtained and assigned to the midpoint between the 

source and the station. The resulting values are used to draw contour maps representing the quality factor 

isolines within the study area. From these values, the Q0 and α values can be obtained, and by substituting 

them into the general attenuation equation, the attenuation equation for the study area is derived. 
5-Data: 
The method described above was applied to 31 seismic events recorded at 38 monitoring stations, providing a 

total of 210 seismic recordings suitable for applying the research methodology. Table (1) presents some details 

about these seismic events, and Figure (2) then shows the map of the epicenters of these events. 
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Table (1) Information on the events studied in this research, including epicenter location, time, and magnitude 
No. year month date hr min sec Longitud Latitude depth Ml 

2 2009 12 20 0 25 23.8 35.339 33.207 0 2.4 

1 2010 3 20 18 45 29.6 35.676 32.931 0 3.1 

3 .2010 3 27 0 5  35.697 33.66 6.3 2 

4 2010 11 14 18 48 13.4 35.551 33.097 0.9 2.5 

5 2011 1 1 16 31  35.677 32.712 10 3.4 

6 2011 1 20 21 38 49.7 35.51 33.052 0 3.2 

7 2011 6 8 21 26  35.793 33.264 10 2 

8 2011 9 21 21 56 6 35.375 33.329 5.8 2.7 

9 2012 4 21 6 17 15.1 39.522 33.965 38.3 3.1 

22  2012 4 22 8 17 46.2 37.449 34.65 235.2 3 

22 2012 7 3 10 54 19.2 40.589 33.377 341.2 3 

12  2012 7 10 17 35 2.8 35.579 33.072 4.2 2.9 

32  2012 11 18 3 54 4.6 35.455 33.083 15.2 2.9 

42  2012 12 3 5 14 49.9 34.65 33.672 13.5 3.1 

52  2013 5 1 6 50 53 41.075 34.331 16.7 3.6 

62  2013 10 17 18 17 53.2 35.612 32.812 8.5 3.1 

72  2013 10 20 12 54 6.4 35.622 32.82 6.8 3.2 

82  2018 4 17 15 45 33.1 36.959 33.923 31.9 3.3 

92  2018 7 8 21 42 47.7 35.755 32.812 2.4 3 

12 2018 7 22 6 41 28 35.791 32.801 3.8 3.4 

21  2018 7 27 8 51 20.7 35.756 32.869 14.9 3.2 

11 2018 11 3 17 42 52.8 35.195 33.712 34.4 3.3 

13 2020 2 6 4 53 58.2 35.377 32.752 101 4.2 

14 2020 4 22 13 55 35.8 38.461 33.323 104.8 3 

15 2020 6 5 5 23 2.2 35.401 33.075 0 2.5 

16 2022 5 15 20 14 21.5 35.784 33.884 0 2.2 

17 2022 9 21 18 22 56.7 35.955 33.905 0.9 2.2 

18 2022 11 18 11 36 22.6 35.326 33.434 0 2.8 

19 2023 6 3 11 15 43 35.874 33.887 10 2.5 

32 2024 3 12 3 59 51.6 35.806 33.418 9.7 2.4 

23  2024 3 13 10 50 31.8 35.632 32.95 18 3.7 
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Figure (2) Distribution of the recorded events used in the attenuation calculation 

6-Results and Discussion:  
The attenuation calculations using the Seisan program [10] produced quality factor values for each central 

frequency separately, and these values were entered into the Surfer program in order to obtain contour maps 

of the quality factor isolines, representing the variations of the quality factor within the study area. 
- The General Attenuation Equation: 
After plotting the isoline maps of the quality factor variations in the study area, the average values of Q0 and 

α can be obtained from the Seisan program calculations, which are (130, 0.81), respectively. 
By substituting into the general form of the attenuation equation, the attenuation equation for the study area is 

as follows, Equation (6): 

(6)  
𝑸�𝒄� = 𝟏�𝟑�𝟎� ∓ 𝟐�𝟔� . 𝒇�𝟎�.𝟖�𝟏�∓𝟎�.𝟎�𝟖� 
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The parameters and equations specific to a group of stations within the region can also be shown in 

Table (2): 

 

Q2 

 

 

Q0 

 

Q8 

 

 

Q4 

 

Q16 

 

 

Q10 

 

α 

 

 

Q24 

Figure (3) Quality factor contour maps at central frequencies (from 1–24), in addition to the α variation map 
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Table (2) Attenuation equation values at five of the stations that recorded the studied events 

Attenuation equation Station name 

𝑄�𝑐� = 135 ∓19 .𝑓�0.77∓0.05 BARB 

𝑄�𝑐� = 122 ∓13 .𝑓�0.85∓0.04 TCHB 

𝑄�𝑐� = 107 ∓8 .𝑓�0.87∓0.04 TOTH 

𝑄�𝑐� = 125 ∓38 .𝑓�0.93∓0.13 QASN 

𝑄�𝑐� = 114 ∓23 .𝑓�0.93∓0.11 QNTR 

Low Q0 values indicate areas of low quality, dominated by high tectonic deformation and significant 

lithological heterogeneity, and consequently high attenuation values, and vice versa. 
( 1221تح  م  ) observed that LgQ0 values ranged between 150–225 in the southwestern region, which is low 

compared to other regions, due to variations in the thickness of the earth's crust and plate deformation processes 

that lead to a rise in temperature, in addition to the wide distribution of volcanic deposits. In the southern 

region, however, the Q0 value reaches 300 within the Al-Rutba uplift zone and eastern Jordan [3]. 

The relatively low Q0 in the lower frequency ranges is attributed to energy loss due to the presence of numerous 

heterogeneities and reduced rock strength. Comparing the Q0 values from this research with previous studies, 

the Q0 values are low, indicating high wave attenuation, particularly in the southwestern region, which is an 

area of high tectonic deformation, especially due to its proximity to the Dead Sea Fault systems and the spread 

of volcanic rocks (with Q0 values reaching up to 100). The quality factor value increases toward the south 

(reaching up to 130) and the southeast, since the southern region is more stable. 
The areas represented on the map with the lowest quality factor value (in white) are the areas of high tectonic 

deformation; the first represents the Qasioun Mountain area (in the shape of a circular sector), and the second 

represents the area closest to the Dead Sea Fault. 
These two areas are characterized by being mountainous regions full of faults, which explains the low quality 

factor values, and consequently wave attenuation is at its highest compared to the rest of the study area. 
High α values indicate a greater dependence of attenuation on frequency (given that the α value across the 

study area is above 0.5). (Giampiccolo, 2018) showed that this result falls within the expected values for areas 

of high lithological variability, high tectonic complexity, and high seismic activity [11]. A relatively low α 

value is observed within the study area in the region surrounding Quneitra toward the east (with an average of 

0.81). Table (3) presents a comparison between the Q0 and α values of this study and a group of studies from 

around the world: 
Table (3) shows large differences in the attenuation parameter values (Q0 and α) among attenuation studies 

worldwide, and these values vary depending on the study areas, their tectonic characteristics, and the level of 

heterogeneity prevailing in each region. 
In the study by (Del Pezzo et al. (2015)), Q0 values as low as (30) appear, while α reached up to (0.5) [12]. 

The author attributes this to the fact that the study area (the Etna volcano region) is a volcanic area 

characterized by diverse heterogeneities, including faults in different directions and magmatic intrusions within 

the crust, as well as sources of heat flow and others, which play an important role in raising attenuation values 

in the region and consequently lowering the quality factor values. 
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In (Parvez et al. (2008)), the attenuation parameter values (Q0 and α) in the study area were (119, 0.9), 

respectively, and the author attributed this to the region having high tectonic activity, which also causes high 

attenuation [13]. 
On the other hand, the attenuation parameter values (Q0 and α) in (Pulli (1984)) were (460, 0.4), indicating 

low attenuation values, since the study area has stable tectonic activity [14]. 
Table (3) Comparative study of Q0 and α values with a group of results from studies around the world; the table 

is from (Giampiccolo, 2018) 
Source α Q0 Region 

This study 0.81 322  Southern Syria 

Giampiccolo(.2018) 0.7 50 Mts. Peloritani (northeastern Sicily) 

Tuvè et al. (2006) 0.5 76 Messina Strait (southern Italy) 

Ibanez et al. (1990) 0.8 86 Southern Spain 

Pujades et al. (1990) 0.9 63 Almeria Basin (Iberian Peninsula) 

Chung et al. (2009) 0.8 93 Taiwan 

Dasovic et al. (2013) 0.7 120 Pannonian Basin (Croazia) 

Singh et al. (2016) 1.1 111 Eastern Himalaya 

Parvez et al. (2008) 0.9 119 Andaman Islands 

Abdel-Fattah et al.2008) 0.9 20 Abu Dabbab (Egypt) 

Havskov et al. (1989) 0.9 63 Washington State (USA) 

Gupta et al. (1998) 1.1 96 Koyna (India) 

Del Pezzo et al. (2015) 0.5 30 Mt. Etna (Italy) 

Domínguez et al. (2003) 0.5 92 Volcan de Colima (Mexico) 

Kvamme and Haskov (1989) 1.1 120 Norway 

Pulli (1984) 0.4 460 New England 

Dias and Souza (2004) 0.9 151 Northeastern Brazil 

 
In another comparison between the Q0 and α values and one of the previous studies, Figure (4): 
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Figure (4) Variations of the PgQ and PGn values in Syria; the figure is from (Bao et al., 2011) 
The Q0 value variations from (Bao et al., 2011) show that the color scale reflects a diversity of values, ranging 

between (100–300) in southern Syria and reaching up to (400) in northern Jordan [5]. These variations continue 

toward the north, reaching values of up to (300–500) in the northeastern part of Syria. Since the median Q0 

value in this research was 130 (as in Equation (6)), the obtained values are similar to the Q0 values from (Bao 

et al., 2011). As for α, it ranges between (0–0.5) in the northeast and increases toward the northwest to reach 

1. In the south, its value is between (0.5–1), which is close to the average value of the α factor in this research 

(0.81). 
7-Conclusions: 
Accordingly, the following results emerge from the above: 
1- The basic attenuation parameters (Q0 and α) were extracted from a number of seismic recordings totaling 

31 seismic events in southern Syria, recorded at 38 stations with a total of 210 seismic recordings, and the 

values of these parameters were (Q0 = 130) and (α = 0.81). Thus, the attenuation equation for the study area 

was obtained: 

Qc = (130 ∓ 26).  f0.81∓0.08  

2- As a result of plotting contour maps of the quality factor, in addition to α, in the study area at the central 

frequencies studied, and after comparing them with previous studies in the region, such as (Bao et al., 2011) 

and (Mohammad, 2012), it was found that the results in the aforementioned studies are close to these results; 

however, the maps, variations, and results in this research are more detailed, since it focuses on a small area 

within Syria compared to studies examining wide regions that may include all of Syria and its surroundings. 
3- Clarifying the relationship between the change in attenuation and frequency showed a close correlation and 

a strong variation of attenuation values with frequency, as the quality factor increased with increasing 

frequency in the study area, indicating a decrease in attenuation with increasing frequency. 

4- The areas of topographic elevation and the areas with high deformation in the study area have the lowest 

quality factor values; the first represents the Qasioun Mountain area (in the shape of a circular sector), and the 

second represents the area closest to the Dead Sea Fault. 
This research represents an important part of the steps toward completing attenuation calculations within Syria 

in general and southern Syria in particular. The above can be summarized by noting that the study area is a 

region of high attenuation in the southwest, and to a lesser degree in the rest of the region, as shown in the 

maps studied. Attenuation also plays an important role, as its close dependence on frequency is evident through 

the attenuation variations observed at the different central frequencies read. 
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