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Abstract 

    Seismic refraction survey is conducted along both banks of Euphrates River, northwestern 

of AL-Anbar governorate  in order to investigate the subsurface structures at the study area. 

Four main layers are delineated from the results of interpretation to the seismic data. The first 

layer represents surface layer which corresponding to quaternary deposits , the ranges of 

velocity and thickness to the first layer are (600m/sec-950m/sec) and (2.26m-7.4m) 

respectively. The second layer corresponding to Euphrates Formation with ranges of velocity 

and thickness between (1400 m/sec -2000 m/sec) and (6.2 m-21.2 m) respectively. Third layer 

corresponding to Anah Formation with velocity and thickness ranges between (2400 m/sec -

3000 m/sec) and (20.6m-40.4m) respectively. Fourth layer corresponding to Baba Formation 

it has velocity range between (3333m/sec- 4000m/sec). The area at the right bank of 

Euphrates River is characterized by complex geological situation. Two faults are recognized 

on the right bank of Euphrates River (F1 and F2), both of them  are normal. The first one  is 

located at a distance of 230 m from the river bank and the second is located at a distance of 

575m from the river bank. The area at the left bank of the Euphrates refer is characterized by 

horizontal layers and there is  no evidence of any subsurface faults in this part of the study 

area. 
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  التحري عن التراكیب التحت سطحیة باستخدام الطریقة الزلزالیة الانكساریة

  شمال غرب محافظة  الانبار / العراق

 
 *   أ.م.د. سلمان زین العابدین خورشید*      د. منذر ظاھر نصیف  الأوسي**

  قسم علوم الأرض - كلیة العلوم –* جامعة بغداد 

  ولوجیا النفط والمعادنقسم جی –كلیة العلوم  –** جامعة دیالى 

 

 الملخص

اجري مسح زلزالي انكساري على جانبي نھر الفرات شمال غرب مدینة الانبار للتحري عن التراكیب التحت سطحیة في    

منطقة الدراسة. أظھرت نتائج التفسیر للبیانات الزلزالیة أربع طبقات رئیسیة. الطبقة الأولى تمثل  الطبقة السطحیة  وتشمل 

 م/ثا) والسمك بین900- م/ثا600سبات العصر الرباعي حیث تراوح مدى السرعة الزلزالیة لھذه الطبقة بین( على تر

م/ثا)  2000-م/ثا 1400م) الطبقة الثانیة تكافئ تكوین الفرات الجیري الذي ظھرت بمدى سرعة زلزالیة بین( 7.4 -م2.26(

مل على تكوین عانة الذي ظھرت بسرع زلزالیة تتراوح بین( م). الطبقة الثالثة تشت 21.2-م6.2وبسماكة تتراوح بین( 

م) , اما الطبقة الرابعة التي تشتمل على تكوین بابا فظھرت  40.4 -م20.6م/ثا) وبسماكة تراوحت بین( 3000-م/ثا 2400

ولوجي معقد م/ثا). المنطقة على الجانب الایمن لنھر دجلة امتازت بوضع جی4000-م/ثا3333بسرع زلزالیة تراوحت بین (

م ویمتدان الى  575م عن نھر الفرات والثاني یبعد عن النھر بمسافة  230حیث تم تمییز فالقین اعتیادین یبعد الأول مسافة 

نھایة عمق التحري, بینما امتازت المنطقة في  الجانب الایسر لنھر الفرات بتركیبھا البسیط ولم یظھر اي دلیل  على تواجد 

  ھذا الجانب.فوالق تحت سطحیة في 

    الزلزالیة الانكساریة ,تراكیب  تحت السطح , فوالق اعتیادیة , تكوین عانة - الكلمات المفتاحیة:

 

Introduction 

   Seismic surveys are widely used around the world to produce a detailed image of the 

geology beneath the earth’s surface. The seismic refraction method is one of the seismic  

techniques which is frequently used to determine the characteristics of soils and rocks (1) and 
(2). Seismic refraction finds application in the determination of rock competence for 

engineering application, depth to bedrock, groundwater exploration, crustal structure and 

tectonics (3); (4); (5) and (6).  



  

 

Investigation of Subsurface Structures by Using Seismic Refraction  

Method, Northwestern of Al-Anbar Governorate / Iraq 

Salman Z. Khorshid* and Mundher Dh.Al-Awsi** 
 

 

 

114Vol: 10 No: 4 , October 2014 ISSN: 2222-8373  

   The seismic refraction method is based on the measurement of the travel time of seismic 

waves refracted at the interfaces between subsurface layers of different velocity (2). The 

seismic signal is introduced into the subsurface via a shot point using explosives, hammer 

blow, dropped weight or an elastic wave generator (7). 

     The energy generated either travels directly through the upper layer (direct arrivals), or 

travel down through the various layers before returning to the surface (refracted arrivals). The 

energy is then detected on surface at a series of receivers called geophones spaced at regular 

intervals (8). After a certain distance from the shot point, known as the cross over distance, the 

refracted signal is observed as a first arrival signal at the geophones (arriving before the direct 

arrival). Both compressional waves (P-waves) which provide depth information of interfaces 

and Shear waves ( S-waves) which provide additional data about engineering properties of the 

subsurface media can be used in the seismic refraction method (2) and (9).  

     The seismic method relies on the tendency of acoustic velocities to increase with depth, 

which sometimes makes it insensitive to low velocity layers in the subsurface. Based on the 

analysis of the field data, the seismic surveyor draws a profile showing the thickness of the 

subsurface and   a good idea of what materials they consist of (2); (10); (7); (5)and  (9). Seismic 

refraction survey uses the process of critical refraction to infer interface depths and layer 

velocities. The data are usually are plotted as time –distance curves and then  presented as 

cross sectional plots representing P-wave path, velocities and depths to various interfaces. The 

aim of using seismic refraction survey in the current study is to get a better view of the 

subsurface layering and structures in both lateral and vertical directions. 

 

Location and Geological Setting of The Study Area.  

    The study area is located in the  northwestern  part of Al-Anbar governorate western of Iraq 

between latitudes34.43º-34.46º N and longitude  41.71º- 41.73º E, along both banks of 

Euphrates river (figure-1-). The topography is irregular , where is the area at the left bank of 

the river being flat almost with an average height about 154m  above sea level, while at the 

right bank of the river the maximum highest  is 198m at the northeastern  direction and the 

minimum height is 142m at the southwestern direction .   Four boreholes are located a few 
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meters away from the study area(figure-2-). According to these boreholes, three rock groups 

are characterized  at the study area, these are , Oligocene group, Miocene group and 

quaternary deposits. The following is a brief description of the geological Formations from 

the oldest to the youngest:-  

1-  Oligocene group:- consists of two rock units, these are from oldest to youngest :- 

 Baba Formation (Middle Oligocene):-This Formation composed of chalky 

fossiliferous limestone(11).  

 Anah Formation (Upper Oligocene ):- This Formation consists of white or grey 

dolomitlzsd and recrystallized limestones, massive in the lower part and 

thinner 

       bedded upwards. Dolomitization is strongest in the upper parts.  

2- Lower Miocene group:-  This group represented by Euphrates Formation. This 

Formation is divided into two members  (11), (12) :- 

 The lower member :- consists of mainly of basal conglomerate , gravels 

followed by layers of  limestone that contains fossils.  

 The upper member:-  consist of sequence of brecciated rock unit, chalky 

limestone , dolomite with horizontal lenses and layer of green shale.   

3- Quaternary deposits:-  Different types of Quaternary deposits are developed in the 

studied area. Quaternary sediments forms a discontinuous cover represented by River 

terraces, sand, gravel, conglomerate in addition to the river shoulders and valleys 

shoulders. 
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Figure (1) Location maps of the study area. 

 

 
Figure (2) Lithostratigraphic  distribution in available boreholes at the study area 
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Methodology 

        Data Acquisition  

   Seismic refraction survey is carried out by using ABEM TERRALOC MK3 seismograph. 

The measurements are taken along both banks of Euphrates River (figure -1-c). The total 

length of the seismic survey line is 2970m, 900m on the right bank and 2070m on the left 

bank. Twelve seismic spreads are laid on profile, three spreads on the right bank and nine on 

the left bank.  Each geophone spread consisted of 24 geophones placed 10m apart. For each 

spread, the number of shots are from 5-7 shots and located at normal, reverse, center and 

offsets of 100m 200m at both sides of the spreads (figure-3-). A sledge hammer of 10kg in 

weight is used as seismic source for short distance shots (Normal, Center  and Reverse shots), 

and explosive source  with 200gm charge of dynamite was used for offset distance  100m-

200m from both ends of spreads. The instrument is triggered by two different ways ,these are 

by using trigger geophone near the shot point and by using the break switch at far shots. In 

order to improve the signal to noise ratio, each shot is  stacked  5-10  times , and low cut 

frequency of (10-34 Hz) and high cut frequency of (20-100 Hz) are done to remove the 

unwanted signals and to improve the signal to noise ratio. 

 

Figure (3) Geophones distribution and shot points locations 

 

Data Interpretation  

    The first step in processing and interpreting of refraction seismic data is to pick the first 

arrival times of the signal, called first break picking. A plot is then made showing the arrival 

times against the distance between the geophones. This is called a time-distance graph (Figure 
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4). The time-distance graphs are interpreted in terms of layer velocities and depth to refraction 

boundaries by applying least square and intercept time method respectively. The values of 

velocities and depths are used to construct seismic section at the study area which are finally 

evaluated in term of geological sections. 

  

Figure (4) Time distance graph for spread 2 at right bank area with out offsets 

 

Results And Discussion 

   Seismic cross sections of the survey line for both right and left banks of Euphrates river 

(Figures  5 and 6) show,  that the study area generally consists of four main layers, the ranges 

of velocities and thickness of these  layers are listed in table (1). These layers from top to 

bottom consist to:- 

1. A surface layer corresponding to quaternary deposits . 

2. Second layer corresponds to Euphrates Formation. This layer appear at the surface in some 

places at the right bank of the river. 
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3. Third layer corresponding to Anah Formation 

4. fourth layer corresponding to Baba Formation  

   Two faults are shown on the section at the right banks of the Euphrates River(F1 and F2), 

both of them are normal  faults. The first one  is located at a distance of 230 m from the river 

bank and the second is located at a distance of 575m from the river bank.  These  faults are 

the main reasons that make the second layer disappear and  rise as a surface layer in some 

parts  at the study area. The area between these faults seems as horst by influence of the 

faults. The area at the left bank of the Euphrates River is characterized by horizontal layers 

and there is no evidence of any subsurface faults in this part of the study area. 

 

Table(1) range of velocity and thickness of different layers 

Layer velocity 

(m/sec) 

Range of velocity 

(m/sec) 

Layer 

thickness(m) 

Range of 

thickness(m) 

V1 600-950 T1 2.26-7.4 

V2 1400- 2000 T2 6.2- 21.2 

V3 2400-3000 T3 20.6 -40.4 

V4 3333-4000 T4 - 

 

 
Figure (5) seismic section at the right bank of Euphrates River 
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Figure (6) Seismic section at the left bank of Euphrates river 

 

Conclusion 

   Seismic refraction method is  used to delineate the subsurface structure at the  study area . 

Four main layers are delineated from the results of interpretation, the first layer represents 

surface layer which corresponding to quaternary deposits , the second layer corresponding to 

Euphrates Formation , third layer corresponding to Anah Formation ,and  fourth layer 

corresponding to Baba Formation . Two faults are recognized on the right bank of Euphrates 

River (F1 and F2), both are normal faults. The area between these faults seems as horst by 

influence of these faults. These faults extending at the interfaces between second and third 

layer and between third and fourth layer, these faults are the main reasons that make the 

second layer disappear in some parts at the study area. The area at the left bank of the 

Euphrates refer is characterized by horizontal layers and there is  no evidence of any 

subsurface faults in this part of the study area.  

Acknowledgements 

      Authors would like to extent sincere gratitude to both professors Tariq safa  al-Din and 

Amin Ibrahim AL-Yassi   for their assistance in acquiring the seismic refraction data and 

making the research a success. 

 

 



  

 

Investigation of Subsurface Structures by Using Seismic Refraction  

Method, Northwestern of Al-Anbar Governorate / Iraq 

Salman Z. Khorshid* and Mundher Dh.Al-Awsi** 
 

 

 

121Vol: 10 No: 4 , October 2014 ISSN: 2222-8373  

References 

1. Ugwu, S.A., (2008) . Determination of depth to bedrock in Afikpo syncline of the Benue 
Trough, Nigeria, using seismic refraction methods. Scient. Afr 

2. Ayolabi, E.A., L. Adeoti, N.A. Oshinlaja, I.O. Adeosun and O.I. Idowu, 2009. Seismic 
refraction and resistivity studies of part of Igbogbo township, south-west Nigeria. J. 
Scient. Res. Dev., 11: 42-61. 

3. Kilner, M., L.J. West and T. Murray, 2005. Characterisation of glacial sediments using 
geophysical methods for groundwater source protection. J. Applied Geophys., 57: 293-
305. DOI: 10.1016/j.jappgeo.2005.02.002 

4. Asokhai, M.B., J.C. Egbai and E.C. Okolie, (2008). Using shallow reflection seismology 
for mapping bedrocks. Nigeria J. Sci. Environ., 7: 66-72. 

5. Varughese, A., P. Kumar and N. Kumar, (2011). Seismic refraction survey a reliable tool 
for subsurface characterization for hydropower projects. Proceedings of Indian 
Geotechnical Conference, Dec. 15-17, Kochi, pp: 137-139. 

6. Chiemeke, C.C. and H.O. Aboh, 2012. Delineation of aquiferous layers within the 
basement complex using joint inversion of seismic refraction tomography and high 
resolution 3D seismic reflection survey. Arch. Applied Sci. Res., 4: 400-405. 

7. Igboekwe, M.U. and H.E. Ohaegbuchu, 2011. Investigation into the weathering layer 
using up-hole method of seismic refraction. J. Geol. Min. Res., 3: 73-86. 

8. Anomohanran, O., 2012. Geophysical interpretation of seismic reflection data obtained 
from Umureute and Amiynaibo area of Delta state. Nigeria, Nigerian J. Sci. Environ., 11: 
148-153. 

9. Gabr, A., A. Murad, H. Baker, K. Bloushi and H. Arman et al., 2012. The use of seismic 
refraction and electrical techniques to investigate groundwater aquifer, Wadi Al-ain, 
United Arab Emirates (UAE). Proceedings of the International Conference on Water 
Resources and Wetlands Sept. 14-16, Tulcea-Romania, pp: 94-99. 

10. Okiongbo, K.S., E. Akpofure and E. Odubo, 2011. Determination of aquifer protective 
capacity and corrosivity of near surface materials in Yenagoa city, Nigeria. Res. J. 
Applied Sci., Eng. Tech., 3: 785-791 

11. Bellen,R.C.,Dunnington,H.V.,Wetzel,R.,and Mortan,D.M.,1959. Lexique stratigraphque 
international, Vol.III, Fasc.10a,Asi, Iraq,333p. 

12. Jassim,S.Z.and Goff,J.C.,2006. Geology of Iraq.Published by Dolin,Brague Moravian 
Museum,Berno.345p. 


