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Abstract 
                                                                                -                                 –      

    ) are investigated using Rayleigh surface wave analysis and inversion. Data sets of several regional 

Earthquakes occurred over the period between 1998 and 2000, were recorded by two broad-band seismic stations 

(HITJ and RUWJ) that were located in Jordan. Multiple filter analysis in the frequency range (0.02-0.25) Hz 

have been employed to determine fundamental mode Rayleigh group velocities dispersion. Inversion method is 

performed to find the average structure along seventy ray paths for fifty one recorded events located around 

Zagros-Taurus plateau which produced a good coverage of the study area.  

One dimensional crustal velocity models with theoretical group velocity dispersion curve that best fits and match 

the observed dispersion are considered as representative crustal structure of the event-station path.  The thickness 

of the upper crust ranges between (6-14 Km) low-velocity layers, its primary wave velocity (Vp) varies between 

5 and 6 km/s. Mid crustal layer has a  P-wave velocity from 6 to 6.5 km/s down to around 28 km depth. A P-

wave velocity from 6.4 to around 7.5 km/s characterizes the lower crust. In general the crustal structure revealed 

lateral and vertical variations in shear wave velocity within the crust, the resulting models display the average S-

wave velocities range between 3 to 4 km / s in Earth's crustal layer. The high P-wave velocities greater than 7.8 

km/s and about 4.5 km/s for S-wave used to identify the Earth's uppermost mantle. 

The crustal thickness was found to increase towards the Zagros thrust zone and the interplate seismicity is 

significantly more dominant than the intraplate activity. Those observations, the variation in crustal thickness 

and the seismic activity are related to the collision of the Arabian plate with Eurasia.                          
1-Introduction 
The knowledge of the crustal structure beneath any 

region is of vital importance for both the 

understanding and teleseismic travel time studies ( 

1). The lithosphere behaves as a rigid spherical shell 

or plate, it rest on a dense mantel and consists of cold 

and rigid materials (2). Surface waves are 

cornerstones of seismology which are used for 

determination of Earth's structure (3,4).  The travel 

time curves are used to learn about the velocity 

structure between the source and the receiver. The 

study of the surface wave whose energy is 

concentrated near the Earth's surface holds a special 

place in seismology because of their large amplitudes 

compared to body waves for teleseisms. These waves 

are also significant as they arise from boundary 

conditions near the Earth's surface (5).  
The aim of this research is to process the data set 

waveforms and extract the fundamental mode 

Rayleigh waves from the vertical component records 

and to obtain the dispersion frequency and group 

velocity dispersion using advance multiple filter 

technique (MFT). Then invert the dispersion group 

velocities to one dimensional velocity structure in 

order to get a satisfactory conclusion from this 

analysis on the crustal structure in the N-NE Iraq 

beneath the studied area.  
2-Location of the studied area 
This investigation covers the north and northeastern 

part of the                                          

                                     -              

                   -         , see Fig.1. 
3-Data Acquisition 

In this study the crust and upper most mantle 

structure of north and northeast Iraq are investigated 

using surface wave analysis. Multiple filter analysis 

techniques in the frequency range 0.02-0.25 Hz is 

employed to determine the fundamental mode 

Rayleigh group velocities through extracting the 

dispersion values and inversion method to find the 

earth structure beneath the northern most of Arabian 

plate. 
Seventy earthquakes to station propagation paths 

were chosen in this study resulted from fifty one 

recorded regional events which traversed the studied 

area, Fig 1.  
A multiple filter analysis is performed to estimate 

group velocities along event to receiver path. The 

maximum amplitude of the Rayleigh waves that have 

been picked from the seismogram over the period 

range between 4 to 50 sec appeared on the vertical 

component and represented by the square shapes in 

the fig 2.  

4-Crustal Structure  
In this study the observations are surface wave group 

velocity dispersion from fundamental mode Rayleigh 

waves that were inverted for crustal structure. This 

inversion is sought to resolve the upper crustal 

structure in term of the shear velocity in order to 

better understand how energy passes through the 

region of study (6,7). 

The inversion process is repeated through iterations 

where the model is perturbed and the resulting fit is 

observe. The number of iterations is monitored to 

minimize extraneous artifacts being introduced into 

the model (8). One type of inversion is  called a 
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stochactic least squares inversion which includes a 

damping factor that limits the amount variation 

between iterations and reduces the standard misfit to 

the observation (9) (10). 

The initial velocity model for one of the selected 

events is listed in the table (1). Inversion is used to 

determined model parameters. Velocity data 

dispersion are given in table (2). The final velocity 

model for this event is listed in table (3). 

To elucidate the calculations of shear velocity models 

from the inversion of the Rayleigh waves to velocity 

structure and Moho depth and performing the 

isolation of fundamental signals from the original 

ones along different station to receiver paths, an 

example of one event is given in Fig. 3 and Fig. 4  

5-Discussion and Conclusions 
The crustal structure in this study is characterized by 

an upper crust with primary velocity between 5 to 6 

km / s at shallow depths with about 6 to 14 km 

thickness. Underlying layer is a mid-crustal layer has 

a positive gradient p-wave velocity ranging from 6 to 

6.5 down to around 28 km depth. A P-wave velocity 

gradient from 6.4 to 7.5 km/s characterizes the lower 

most crust. The resulting models display the average 

S-wave velocities range between 3 to 4 km / s in the 

Earth's crustal layers. The relatively high P-wave 

velocities (grater than 7.8 km/s) that noticed 

underneath the crust and about 4.5 km/s for S-waves 

at 38 to 48 km depth overall the region tend to 

identify the Earth's uppermost mantle. So we can 

reach to  the following conclusions: 

1) The velocity changes with depth at the upper 

15km show a clear dependency on the lithology. 

2) The inversion method revealed increasing 

lithospheric shear velocity distributions and density 

with depth as well as relatively high values for the 

upper mantle (grater than 7.8km/s).  

3) The causes of most earthquakes taken place in the 

area are probably due to stresses generated by the 

Arabian plate movement to the north and north east 

and its collision with the Iranian-Turkish plateau in 

addition to the effect of neo tectonic activation of the 

upper crust.  

4) In general, the crustal and upper mantle velocity 

values resulted from the event to receiver paths along 

the Iranian plateau are relatively higher than the 

values obtained along the Turkish plateau.  

5) The epicentral distribution follows the general 

trend of Zagros-Taurus belt which is influenced 

mainly by these systems.  
6) The presence of a-low velocity layer has not been 

seen in the inversion modeling results along the 

source to receiver paths beneath the area of study.

  

 

 
 

Fig. 1  A path map showing the epicenter location and .  ray path 
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Fig. 2  The original seismogram for the event recorded.  at (HITJ) station 
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Table 1  Initial velocity values of the Vp and Vs and the crustal density  for one of the selected event 
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Table 2 Velocity data dispersion for the period 12 to 40 sec for the selected event 
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Table 3 The final velocity values of the Vp and Vs and the density of the selected event 
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Fig. 3 wave forms for the path of the event show the original (A), the. residual (B) and isolated 

fundamental mode signal (C) 
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Fig.4   Shows the starting model, current model and the dispersion data. Points are observed dispersion 

and the red line is the synthetic (predicted) dispersion 
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 دراسة تركيب القشرة الارضية والجزء العلوي من الجبة لشمال وشمال شرق العراق
3، عمر قادر شسوار 2، نوال عبد الرضا 1غسان إبراهيم العقابي

 

  ، اميركا سانت لويس جامعة واشنطن 1
 قسم علوم الارض ، كلية العلوم ، جامعة بغداد ، بغداد العراق  2
  ، السليمانية ، العراق جامعة السليمانية ، قسم علوم الارض ، كلية العلوم 3

 ( 2111/  11/  21 تاريخ القبول: ---- 2111/   9/   11 تاريخ الاستلام:) 
 الملخص:

وشمال شرق العراق من خلال تحليل وتحويل موجات الرايلي السططحية للزطتات المسطجلة خطلال ال تطرة استدل على  تركيب القشرة والجبة العلوية لشمال 
فططي محطتططين تلططتاليتين اواتططي التططردد الواسطط  والططواقعتين فططي الاردنت اسططتخدمت تقنيططة تحليططل المرشطط  المتعططدد  ططمن  2111الططى  1991الممتططدة مططن 

ية لمجمطو  سطر  رايلطي المشطتتة ، وانجطتت عمليطة التحويطل لايجطاد معطدل تركيطب السطر  التلتاليطة بطين هرتت لتحديد الصيغة الاساسط 22,1 - 12,1التردد
كططل هططتة و المحطتططين التلططتاليتين لسططبعين مسططار شططعاعي و المسططجلة لاكاططر مططن خمسططين هططتة ار ططية والتططي تغطططي بشططكل جيططد منطقططة الدراسططة الواقعططة 

 التركيةت – من الص يحة الايرانية 
شططتت النمططااا الاحاديططة البعططد الناتجططة للسططر  تركيططب القشططرة الار ططية بططين مسطار الزططتة والمحطططة والتططي ا زططرت التطططابق والتوافططق بططين منحنيططات التتماطل 

 الن ريططة لمجمططو  السططر  والتشططتت التجريبيططةت وا زططرت تركيططب القشططرة الار ططية المسططتخرجة عمومططا اختلافططات عموديططة وجانبيططة لسططرعة موجططات القطط ت
اطا ت   /كطم 1-2كم والمتكونة من طبقطات اات سطر  تلتاليطة واطيطة بطين حطوالي  11الى  1تراوح سر  الموجات الاولية في النطاق العلوي للقشرة بسمك ت

موجطات ويتميطت النططاق السط لي للقشطرة بانحطدار سطر  لل 2,1الى  1كم بانحدار موجب لسر  الموجات الاولية بين  21ويمتد النطاق الاوسط الى عمق 
اططا فططي طبقططات القشططر /كططم 1الططى  3اططا  واعطططت المططوديلات الار ططية معططدلا لسططر  الموجططات الاانويططة والتططي تتططراوح بططين /كططم 2,7الططى  1,1الاوليططة مططن 

 اا للسر  الاانوية الى بداية الجبة العليات/كم 2,1اا وحوالي /كم  1,7الار ية وقد تؤشر السر  العالية للموجات الاولية اكار من 
ن لطوح  وجططود اتديططاد فططي سططمك القشططرة نحططو سلسططلة حططتام تاكططروس مطط  تواجطد للنشططاط التلتالططي بططين الصطط ا   نسططبة الططى حدواطط  داخططل الصطط ا   وان تكططو 

 التيادة في سمك القشرة الار ية والنشاط التلتالي نتيجة لعملية الاصطدام بين الص يحتين العربية واليوراسيةت
 


