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           Preface 
 

 

The Earthquake Monitoring Center (EMC) of Sultan Qaboos University (SQU) is 

pleased to organize the Gulf Seismic Forum 2018 held in the Sultanate of Oman 

during March 19-22, 2018. We welcome all attendance and participants. The Gulf 

Seismic Forum 2018 is the tenth in a series of very successful conferences on 

“Seismology and Earthquakes in the Arabian Gulf Region”, as previously orga-

nized by:  

GSF 1st  by University of Sharjah, February 2004. 

GSF 2nd by United Arab Emirates University in Al-Ain, February 2005. 

GSF 3rd  by Sultan Qaboos University, Sultanate of Oman, February 2006. 

GSF 4th  by Kuwait Institute for Scientific Research (KISR), February 2007, 

GSF 5th  by Seismology and Volcanology Observatory Center in Yemen, April 2008, 

GSF 6th  by National Center of Meteorology and Seismology in Abu Dhabi, March 2010, 

GSF 7th  by Saudi Geological Survey in Saudi Arabia, January 2012. 

GSF 8th  by Sultan Qaboos University, Sultanate of Oman, February 2013. 

GSF 9th  by Kuwait Institute for Scientific Research (KISR), April 2015, 
 

This Forum is a venue for the presentation of ideas and recent research work on 
seismology, seismic hazards, and earthquake engineering in and around the Ara-
bian Peninsula. The Forum will cover discussions on seismic and earthquake engi-
neering related topics, and provide platform for the planning of region-wide col-
laborative seismological studies and exchange of seismic data between centers in 
the region.  
 

Gulf Seismic Conferences provide an opportunity for scientists and engineers to 
present relevant results, to propose potential collaborations, and identify areas 
requiring additional research. A number of important outcomes and recommen-
dations have resulted from the forums and will be addressed in this forum.  
 
  Conference Topics 
  

   - Seismology and active tectonics  
   - Seismic networks: data processing, and analysis  
   - Seismic hazard and mitigation 
   - Seismic risk 
   - Seismic building code 
   - Structural and earthquake engineering  
   - Tsunami hazard assessment 
   - Crustal structural and crustal deformation 
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  GSF Steering Committee 
            

   - Prof. Abdullah Al-Amri  
   - Prof. Khalifa Al-Jabri  
   - Dr.     Abdullah Al-Enezi 
   - Dr.     Issa El-Hussain 
   - Mr.    Khames Al-Shamsi 
   - Mrs.  Eman Al-Khatib  
   - Eng.  Hani Zahran 
   - Mr.   Khalil Ibrahim 
   - Mr.   Mohamad Jabir Almirri 
 
 
 
 

  10th GSF 2018 Organizing Committee 
            

   - Dr.     Issa El-Hussain, chairman  
   - Prof. Sobhi Naser, member  
   - Prof. Khalifa Al-Jabri, member 
   - Dr.    Ahmed Deif, member 
   - Dr.    Adel Mohamed, member 
   - Dr.    Salah Al-Khirbash, member 
   - Dr.    Ghazi Al-Rawas, member 
   - Mr.   Majid Al-Saifi, member 
   - Mr.   Yousuf Al-Shijibi, member 
   - Mr.   Zaid Al-Habsi, member 
   - Mr.   Mohammad Al-Rawahi, member 
   - Mr.   Khamis Al-Musharfi, member 
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      Technical Sessions 
Sunday/March 18th, 2018  
Reception and Registration 
 

DAY ONE: Monday/March 19th, 2018 
Registration 08:00-09:00 In front of Conference Hall 
Opening ceremony 09:00-10:00 in Conference Hall 
Coffee break 10:00-10:30  
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Session # 1  

SESSION NO. 1 (10:30-12:30) (Seismic Hazard Assessment) 

Chairs: Issa El-Hussain and Aymen Mohsen 
10:30-11:00: Keynote Speaker: Abdullah Al-Amri 
                Geodynamic and geothermal constraints of regional Mantle flow  
                beneath volcanic Harrats in western Arabian Shield 
    S1.1  11:00-11:15  Deif A, Al-Shijibi Y, El-Hussain I, Ezzelarab M, Mohamed, A M E 

                    Compiling an earthquake catalogue for the Arabian Plate, Western Asia 

  S1.2  11:15-11:30  Al-shijibi Y, El-Hussain I, Deif A, Al-Kalbani A, Mohamed A M E 
                    Probabilistic Seismic Hazard Assessment for the Arabian Peninsula 

  S1.3  11:30-11:45 Ezzelarab M, El-Hussain I, Mohamed A M E, Deif A 
                   Surface level earthquake ground motion parameters at the South- 
                   eastern part of Muscat, Sultanate of Oman 

  S1.4  11:30-11:45  Gok R, Tarabulsi Y, El-Hadidy S, Mahmoud S, Youssef K, Raddadi 

                                    W, Zahran H 

S1.5  12:00-12:15 Şeşetyan K, Danciu L, Çaktı E 
                   Probabilistic and deterministic modelling of long-period ground  
                   motions from the Makran Subduction Zone 

S1.6  12:15-12:30  Pyle L M L, Gok R, El-Hussain I, Al-Amri A, Harris D, Dodge D A 

12:30-14:00 Lunch and Prayer 

SESSION NO. 2 (14:00-16:00) (Site effect, Seismic Hazard Assessment and Software)

Chairs: Rengen Gok and Ryad Darawcheh                      

Session # 2  

  S2.1  14:00-14:15  Khalil A I, Nawawi M, Anukwu G, Latiff A  
                   Stochastic earthquake ground motion scaling and simulation at Sabah State 
                   East Malaysia  



 

 

6 

  S2.2  14:15-14:30  Adly A, Danciu L, Fäh D, Poggi V, Hassoup A, Omran A 
                   Probabilistic Seismic Hazard Model for Cairo, Egypt: estimates and  
                   uncertainties 

  S2.3  14:30-14:45  Olimat W E  
                   Seismic site effect estimation using microtremor studies in the archaeol- 
                   ogyical City, Jerash in Jordan  

  S2.4  14:45-15:00  Badreddine S and Badreddine B  
                   Microzonation of an urban area at Mohammadia-Algiers City  

  S2.5  15:00-15:15  Vernon F  
                   Antelope around the World  

  S2.6  15:15-15:30  Vernon F, Harvey D, Lindquist K, Franke M  
                 Antelope Bighorn - Real-time continuous response spectra for rapid 
                   and robust damage assessment  

  S2.7  15:30-15:45  Franke M, Radman S, Allili T  
                   Aspen systems in the Gulf – review of a client-centric open platform  

16:00-16:30 Coffee break  

  S2.8  15:45-16:00  Ciudad-Real M, Skolnik D A, Franke M, El-Idrissi M, Parrott B, 
                    Swanson D, Bishop E  
                    OASIS Plus: an end-to-end earthquake business continuity solution  

Technical Sessions 

SESSION NO. 3 (16:30-18:30) (Geophysics) 
Chairs: Khames Al-Shamsi and Salah Mahmoud 

Session # 3 

S3.2  16:45-17:00   Farfour M and Adetunji A 

                     S-wave extraction for subsurface formation characterization: examples 
                       from reflection and near surface seismic 

S3.3  17:00-17:15   Toni M, El Rayess M, Yokoi T 
                    Application of microtremor SPAC method for shallow shear-wave  
                    velocity determination in Suez City,  Egypt  

S3.1  16:30-16:45   Khalil A E and Anukwu G 
                     Two-dimensional MASW survey at Pulau Pinang using an experi- 

                        mental multi-filtering technique 



 

 

7 

              Technical Sessions 

 
DAY TWO: Tuesday/March 20th, 2018 

 

SESSION NO. 4 (08:00-10:00) (Seismicity and earthquake parameters) 
Chairs: M A Baptista  and Abdul Nasser Darkal  
08:00-08:30: Keynote Speaker: Erdal Şafak 
                Shortcomings of current seismic design codes and implications for 
                the Gulf region 
 

  S1.4  11:45-12:00 Zare M, Kamranzad F, Memarian H 

                   Recent findings in seismic hazard models of Iran 

  S4.2  08:45-09:00  El-Hadidy S and  Tarabulsi Y  

                     Seismicity and Seismotectonic Setting of Saudi Arabia 

Session # 4  

S4.3  09:00-09:15 Aourari S, Machane D, Guerboudj F 
                   Seismic hazard mapping: Principle and examples of northern Algeria 

  S3.4  17:15-17:30   Abdul-wahed Mohamad Khir 

                       Ambient noise measurements as non-destructive technique for the  
                       assessment of dynamic proprieties of Damascus Citadel 

  S3.5  17:30-17:45   Mohamed G A, Abd el-aal A K, Toni M 

                       Shear-wave velocity imaging and shallow geological characterization 
                       derived from passive ambient seismic noise techniques. 

  S3.6  17:45-18:00   Abd El-Gelil M, Ghaderpour E, Pagiatakis S D, Zahran K H 
                       The application of least squares cross wavelet analysis method in  
                       determination of atmospheric admittance 

  S3.7  18:00-18:15   Scharf A and Mattern F 

                      Post-obductional extension along the Frontal Range Fault of the  

                       Eastern Oman Mountains (northern flanks of the Saih Hatat and 



 

 

Technical Sessions 

 Session # 5 

S4.4  09:15-09:30  Mohsen A, Weber M, Kottmeier C 

                 Monitoring the Dead Sea Region by multi-parameter stations 

S4.5  09:30-09:45  Abdulnaby W, Abd N, Ramthan A, Mahdi H, Al-Shukri H, Gok R  

                  Earthquake Activities of Summer 2017 in Al-Rifai District, Iraq 

S4.6  09:45-10:00  Al-Shukri H, Mahdi H, Abdulnaby W, Ramthan A, Abd N, Ahmed, 

                                  Numan N, Gok R 

                 The November 12, 2017, Mw 7.3 Earthquake along the Iraqi-Iranian  

                  borders 

S5.1  10:30-10:45   Dmitry A. Storchak, James Harris, Lonn Brown, Kathrin Lieser  

                                   Edith Korger 

                  First results of the rebuild of the ISC Bulletin 

S5.2  10:45-11:00  Rémy Bossu 

                 Can citizen seismology tools compare with earthquake early warning 

                 systems? 

  S5.3  11:00-11:15  Emad AbdulRahman Al-Heety 

                   Is there relation between earthquake parameters and focal  
                   mechanism parameters? Preliminary study 

  S5.4  11:15-11:30  Mohammed Abbas N A Al-Sabri 

                   Seismic activity in the southern Red Sea and its seismotectonics 
                   significance 

  S5.5  11:30-11:45  Alrumhi B A and AlSudairi K  

                     Oman national multi-hazard early warning system  

SESSION NO. 5 (10:30-12:45) (Seismicity and earthquake parameters) 
Chairs: Sobhi Nasser and Abdullah Al-Enezi  

10:00-10:30 Coffee break  
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S5.6  11:45-12:00  Moustafa S M, El-Amin E M, Hamada S 



 

 

Technical Sessions 
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Session # 6 

S5.8  12:15-12:30  Maarouf S T, Gadelmula A, El-Haddidy S, EL-Hady S 

               Seismicity and seismotectonic of northeastern Sudan 

S5.9  12:30-12:45  Khalda Y Ibrahim and Gadelmula A 

               Seismicity and seismotectonic study of Juba and Mongala Area,  

                South Sudan 

S6.1  14:00-14:15  Waris M B, Saeed H, Al-Jabri K, El-Hussain I 

                 Comparison of Oman seismic code for buildings with international  
                 Counterparts based on seismic hazard 

S6.2  14:15-14:30  Hancilar U, Cakti E, Sesetyan K, Kamer Y, Durusoy G 

                 Earthquake Loss Estimation Routine for lifeline systems: ELER-Lifelines 

SESSION NO. 6 (14:00-16:00) (Seismic Code, Seismic Risk and Seismic Networking) 
Chairs: Erdal Safak and Ghazi Al-Rawas  

S6.3  14:30-14:45  Hancilar U, Şafak E, Cakti E 

                 Seismic fragility assessment of tall buildings 

S6.4  14:45-15:00  Parol J, Farah J, Al-Qazweeni J, Enezi A, Kamal H 

                 Structural characteristics of a tall tower in Kuwait using vibration  
                  measurements and finite element analysis 

12:45-14:00 Lunch and Prayer  

S5.7  12:00-12:15  Hassib G H and El-Amin E M 

                Thirty five years investigation of the reservoir induced seismicity in and 
                 around the northern part of Aswan Lake, Egypt 

S6.5  15:00-15:15  Alwahsh H, Al-Dabbeek J, Borzi B, Germagnoli F, Ceresa P,  

                                  Monteiro R 

                 Using applied research and community services to build resilience of  
                  nations and communities to disasters 

S6.6  15:15-15:30  Al Khatibi E and Abou Elenean K 

                  Dubai smart seismic network 



 

 

Technical Sessions 

 Session # 7 

SESSION NO. 7 (16:30-18:15) (Seismic Networking) 
Chairs: Salah El-Hadidy  and Salah Al Khirbash  

  S6.7  15:30-15:45  Mohamed A M E, El-Hussain I, Deif A, Ezzelarab M, Al-Shijby Y,  

                                     Al-Saifi M 

                    Oman Strong Motion Network (OSMN) and site-specific characterization 
                      for the entire strong motion stations in Muscat Region 

  S6.8  15:45-16:00  Soliman M S, Zahran H M, El-Hadidy S, Al-Raddadi W W 

                   Evaluation of Saudi National Seismic Network (SNSN): data quality and 

                     detectability 

S7.1  16:30-16:45   Al-Hajeri H and Megahed A 

                 United Arab Emirates strong motion network 

S7.2  16:45-17:00   Al-Saifi M, El-Hussain I, Al-Shijiby Y, Deif A, Mohamed A M E,  

                                   El-Habsi Z 

                  Oman Seismic Network (OSN) through sixteen years  

  S7.3  17:00-17:15  Megahed A and Al Afeefi M 

                    Structural health monitoring system in unique buildings in Abu Dhabi, 

                    United Arab Emirates 

  S7.4  17:15-17:30  Abdel-Fattah R, Jabir M, Abdulkareem I 

                   Qatar Seismic Network 

16:00-16:30 Coffee break  
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S7.5  17:30-17:45  Mahdi H, Al-Shukri H, Abd N, Abdulnaby W, Ramthan A, Chlaib H, 

                                  Gok R 

                 Earthquake monitoring in Iraq 

S7.6  17:45-18:00  Jamal M. sholan 

                 Yemen National Data Center establishing procedures as it relates to  
                  CTBT and CTBTO capacity building system 

  S7.7  18:00-18:15  Abdel Hafiez H E 

                     Performance of the Egyptian national seismological stations based on      
                     background noise level 



 

 

Technical Sessions 
DAY THREE: Wednesday/March 21st, 2018 
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Session # 8 

SESSION NO. 8 (08:00-10:00) (Seismotectonics) 
Chairs: Kamal Abou Elenean  and Daniel Moraetis  

  S8.1  08:00-08:15  Chiang A, Gok R, Mellors R, Zahran H, Tarabulsi Y, El-Hadidy S, 

                                    Youssef K, Mansoup T 

                   Moment Tensor Inversion in the Arabian Peninsula and Vicinity 

  S8.2  08:15-08:30  Mokhtari M, Haberland C, Ryberg T, Lauterjung J, Alibabaie H, 

                                    Alaamjadi A 

                   The significance of deep active seismic data for better understanding 

                     of Makran structural models 

  S8.3  08:30-08:45  Abbasi I A, Kakar D M, Khan M A, Sana A 

                   Mud volcanoes in an active fore-arc setting: A case study from the 
                    Makran Coastal belt, SW Pakistan 

  S8.4  08:45-09:00  Abdul Nasser Darkal 

      Active tectonics and Quaternary stress in Syria 

 S8.5  09:00-09:15  Darawcheh R and Hasan A 

                    Seismotectonics of the north easternmost Mediterranean, Offshore Syria 

                    and Lebanon 

 S8.6  09:15-09:30  Zahran K H and Abd El-Gelil M 

                  Tectonic settings and neo-tectonics of the Arabian Peninsula as deduced 
                  from satellite altimeter and gravity data 

  S8.7  09:30-09:45  Abu El-Nader I and  Hussein H M 

                   The present day active deformation in the central and northern parts of 
                    the Gulf of Suez Area, Egypt from earthquake focal mechanism data 

  S8.8  09:45-10:00  Derder M E M, Maouche S, Henry B, Bayou B, Amenna A,  
                                    Bestandji R 
                    Neotectonic deformation model for the northern Algeria: Paleomagnetic 
                    and structural constraints  

10:00-10:30 Coffee break  



 

 

Technical Sessions 

 

 

 

Session # 9 

SESSION NO. 9 (10:30-12:30) (Seismotectonics and Crustal Structure) 
Chairs: Mohammad Mokhtari and Mohammed Farfour  

  S9.1  10:30-10:45  Khaled KHANBARI 

                   Seismotectonic Provinces of Yemen 

  S9.2  10:45-11:00  Nasr I H, Ben Moussa S, Bahrouni N 

                   Seismotectonic characteristics of northern Tunisia: Insights from geology, 

                   gravity, and seismic 

    S9.3  11:00-11:15 Weidle C, Wiesenberg L, Meier T, Schwarz P, Heinisch H, 

                                     Agard P, Ducassou C, El-Hussain I 

                    COOL project – an unprecedented high quality dataset across the Oman 

                    Ophiolite 
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    S9.4  11:15-11:30  Wiesenberg L, Weidle C, El-Sharkawy A, Meier T 

                    Ambient noise tomography across the Oman Ophiolite  

    S9.5  11:30-11:45  El-Sharkawy A, Meier T, Lebedev S, Weidle C, Cristiano L 

                    Surface wave tomography across the Mediterranean and Middle East 

  S9.6  11:45-12:00  Rafi Z, Priestly K, Mahmood N 

                   Crustal Structure of Islamabad Pakistan by using teleseismic receiver 
                     functions and joint inversion technique 

  S9.7  12:00-12:15  Hosny A and Nyblade A 

                     Crustal structure in southeastern Egypt: Symmetric thinning of the 
                     northern Red Sea rifted Margins 

    S9.8  12:15-12:30  El Tahir N, Nyblade A, Julià J, Durrheim R 

                     Crustal structure of the Khartoum Basin, Sudan  

12:30-14:00 Lunch and Prayer  



 

 

          Technical Sessions 
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SESSION NO. 10 (14:00-16:00) (Tsunami Hazard Assessment) 
Chairs: Khalifa Al Jabri  and Hedar Al-Shukri  
14:00-14:30: Keynote Speaker: M A Baptista 
                  An overview of three years of Tsunami research in the NEAM region 
 

  S10.1  14:30-14:45  Miranda J M and Baptista M A 

                    The 18th Century and 20th Century tsunami sequences in the northeast 

                    Atlantic 

  S10.2  14:45-15:00  Omira R and Baptista M A 

                    Progress in the tsunami hazard assessment from seismic and non-seismic 
                    sources: The NE Atlantic 

16:00-16:30 Coffee break 

  S10.3  15:00-15:15  Salaree A, Okal E A, Mansouri R 

                    The intriguing Gulf tsunami of 19th March 2017 at Bandar Dayyer, Iran 

  S10.5  15:30-15:45 Roessler D, Al-Harthy S, Weber B, Alrumhi B, and the team  

                                     of gempa 

                      Monitoring of earthquakes and tsunamis at the National Tsunami  
                      Warning Center of DGMET, Oman 

  S10.6  15:45-16:00 Al-Salem K and  Al-Enezi A 

                     Evaluation of tsunami Hazard along the Kuwaiti coastline due to 
                      possible earthquake and landslides 

Session # 10 

  S10.4  15:15-15:30  El-Hussain I, Al-Habsi1 Z, Omira R, Al-Bulushi K, Deif A,  
                                      Al-Rawas G , Mohamad AME,Baptista MA  
                    Tsunami hazard assessment for Diba Oman and Diba Al Fujairah United 
                    Arab Emirates 



 

 

      Technical Sessions 
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S11.1  16:30-10:00  Fernandes R M S, Bos M, El-Hussain I, Alothman A, Aydrus A,  
                                    Khalil H 
                 Present-day predicted motions for the Arabia-Nubia-Somalia triple plate 
                   boundary  

S11.2  16:45-17:00  Mahmoud S, Wonnacott R, Farah H  
                African geodetic reference frame and first results from GNSSNetworks in 
                  Africa  

  S11.4  17:15-17:30  Mahmoud S, Mohamed A A, Radwan A, Reilinger R, McClusky S 
                   Seismicity and GPS observations in and around Egypt to detect crustal  
                    deformation associated with earthquake activities   

S11.5  17:30-17:45  Elsayed A Issawy 
                Geodynamics behaviour of Greater Cairo as deduced from 4D gravity  
                  and seismic activities  

  S11.6  17:45-18:00  Moraetis D, Mattern F, Scharf A, Frijia G, Kusky T M, Yuan Y,  
                                     El-Hussain I 
                    Geomorphological observations and uplift rates in a passive margin in Tiwi 
                    Oman. A window to the mechanisms of uplift 

  S11.7  18:00-18:15  Mattern F, Scharf A, Al Amri S H K 

                    East-west directed Cenozoic compression in the Muscat Area (NE Oman):    

                    Timing and causes 

S11.8  18:15-18:30  Rajendran S and Nasir S  
                 Mapping of minerals and rocks for landslide assessment of Jabal Samhan- 
                   Zalawt Plain of Sultanate of Oman – An integrated study using Remote 
                   Sensing technique  

S11.3  17:00-17:15  Fernandes R M S and EPOS Team  
                   EPOS - a long-term project to optimize the European Infra-structures for  
                   Geosciences  
 

SESSION NO. 11 (16:30-18:30) (Crustal Deformation) 
Chairs: Mohamed Al-Wardi and Hatem Odah 

Session # 11 



 

 

                Technical Sessions 
DAY FOUR: Thursday/March 22nd, 2018 
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12:00-12:30   Recommendations and Closing Ceremony  
 
12:30-13:30 Lunch and Prayer 

 

 

 
13:30-18:00   Field Trip ( Moho in Wadi al-Abyadh)  
 

 

Field Trip 

Closing Ceremony 

Session # 12 

SESSION NO. 12 (08:00-12:00) Workshop on (Seismic Array Analysis) 
By: Moira Pyle, Rengin Gok, and Andrea Chiang  
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Geodynamic and Geothermal Constraints of Regional Mantle 

Flow Beneath Volcanic Harrats in Western Arabian Shield 

 
Alamri A M, Alfouzan F A, Duncan R, Kent A, Camp A, Mellors R and Harris D     

 

Saudi Arabia offers a strong potential for geothermal energy, but only a limited 

amount of exploration efforts have taken place. The geologic survey of the har-

rats focused on evaluating potential sources of subsurface heat and groundwa-

ter. Subsurface heat is based on age of erupted volcanics and expected volume 

of subsurface magma chambers. The harrats are ranked in terms of geothermal 

potential, with Harrat Rahat, Lunayir, and Khaybar selected as highest poten-

tial. In general, the harrats are comparable in setting to the Tres Virgines geo-

thermal plant in Baja California, Mexico. This plant currently produces 10 MW 

but is estimated to overlie a resource capable of 40 MW. As the harrats cover a 

much larger area, the associated resources may be much larger. We have pro-

duced new data that allow us to constrain the geodynamic processes that lead 

to harrat magmatism. The key issues we address in this research concern the 

ultimate causes of melting, specifically: (i) the role of asthenosphere vs. litho-

sphere in the production of harrat magmas; (ii) systematic changes in the depth 

and extent of melting in space and time, and the relation between melting and 

mantle thermal structure, and (iii) the potential role of mantle plume material 

in harrat volcanism. We conclude that Hutaymah and Lunayyir lavas were 

generated at depths of 60-80 km and small degrees of melting (1-10%), while 

Khaybar and Rahat lavas were generated under a progressively thinning litho-

sphere (60-36 km) and increasing extents of melting. Lithosphere that is de-

rived from melting of the upper mantle also has this small range of isotopic Sea 

at depths of 0-10 km. This regional variability in mantle melting can be       

explained by modest lithospheric extension and mantle decompression melting 

coupled with northward asthenospheric flow from the Afar hot spot . However, 

a geochemical contribution to harrat volcanism from Afar plume material is so 

far missing, or very minor. Geologically, these Harrats may host between 150 

and 300 °C geothermal systems, hence its importance as a source for possible 

energy production. The obtained results imply a possibility of existence of mag-

matic materials of low shear wave velocity beneath Harrat Khaybar as a result 

of magma upwelling in the region. Competing geodynamic models fall into two 

broad categories: passive and active. Our new results also support active geody-

namic models.  
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Compiling an earthquake catalogue for the Arabian Plate, 

Western Asia 

 
Deif1,2 A, Al-Shijibi1 Y, El-Hussain1 I, Ezzelarab1,2 M and Mohamed1,2 A M E 
 
1 

Earthquake Monitoring Center, Sultan Qaboos University, Sultanate of Oman 
2  National Research Institute of Astronomy and Geophysics, Helwan, Cairo, Egypt 
 

 

The Arabian Plate is surrounded by regions of relatively high seismicity. Ac-

counting for this seismicity is of great importance for seismic hazard and risk 

assessments, seismic zoning, and land use. In this study, a homogenous earth-

quake catalogue of moment-magnitude (Mw) for the Arabian Plate is provided. 

The comprehensive and homogenous earthquake catalogue provided in the cur-

rent study spatially involves the entire Arabian Peninsula and neighboring are-

as, covering all earthquake sources that can generate substantial hazard for the 

Arabian Plate mainland. The catalogue extends in time from 19 to 2015 with a 

total number of 13,156 events, of which 497 are historical events. Four poly-

gons covering the entire Arabian Plate were delineated and different data 

sources including special studies, local, regional and international catalogues 

were used to prepare the earth-quake catalogue. Moment magnitudes (Mw) 

that provided by original sources were given the highest magnitude type priori-

ty and introduced to the catalogues with their references. Earthquakes with 

magnitude differ from Mw were converted into this scale applying empirical 

relationships derived in the current or in previous studies. The four polygons 

catalogues were included in two comprehensive earthquake catalogues consti-

tuting the historical and instrumental periods. Duplicate events were identified 

and discarded from the current catalogue. The present earthquake catalogue 

was declustered in order to contain only independent events and investigated 

for the completeness with time of different magnitude spans. 

 

S1.1 23 



 

 

Probabilistic Seismic Hazard Assessment for the Arabian 

Peninsula 

 
Al-shijbi1 Y, El-Hussain1 I, Deif A1,2, Al-Kalbani1 A and Mohamed1,2 A M E 

 
1 

Earthquake Monitoring Center, Sultan Qaboos University, Sultanate of Oman 
2  National Research Institute of Astronomy and Geophysics, Helwan, Cairo, Egypt 

 
 

Seismic hazard for the Arabian Peninsula in terms of 5% damped peak ground 

acceleration (PGA) and spectral acceleration (SA) was evaluated using the 

probabilistic approach. For this objective, a revised earthquake catalog, ex-

tends from   19 AD to 2015 AD, was compiled for the Arabian Plate, including 

all available earthquakes with magnitude greater than 4.0. All magnitude scales 

in the compiled catalogue were homogenized into moment magnitude (Mw). 

The earthquake catalogue was declustered to remove the dependent events, and 

then tested for the completeness of earthquakes with different sizes. The seismic 

hazard assessment was conducted in the frame work of the logic-tree approach 

in order to take into account the epistemic uncertainties associated with input 

parameters (seismic source model, recurrence parameters, maximum magni-

tude, and ground-motion prediction equations). A novel seismic source model 

consisted of 58 seismic zones was proposed by the current authors to be an al-

ternative included in the modeled logic tree. The recurrence parameters were 

computed mainly using the doubly bounded exponential distribution. Horizon-

tal ground-motion  in terms of geometric mean acceleration were computed for 

different spectral periods utilizing ground-motion prediction equations bor-

rowed from tectonic environments comparable to those containing Oman. 5% 

damped seismic hazard values at the bed-rock conditions with 475, 975, and 

2475 return periods were calculated. Additionally, results were displayed in 

terms of uniform hazard spectra (UHS) for the important cities in the Arabian 

Peninsula. Highest seismic hazard values were observed along Zagros, Eastern 

Anatolian fault and Aqaba-Dead sea fault. The provided maps can be used to 

build the Unified Gulf Building Code (UGBC).  
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Stochastic earthquake ground motion scaling and simula-
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Among the various provinces in Malaysia, Sabah state is the only one with  

remarkable earthquake activities. Sabah is close to Kalimantan subduction 

zone at the south-eastern border. In addition, local seismic activities at the 

western part of state at the town of Ranau near the state’s capital Kota Kina-

balo are observed with magnitudes that can reach up to 6.0. Even though the 

local seismicity is much lower compared to the Kalimantan subduction zone, 

the only life casualties reported occurred in 2015 from local earthquake of mag-

nitude 6.0 near the town of Ranau. The observed local seismicity is scarce start-

ing only since early 1991 with very little seismic events recorded. As a result, 

many broad band and strong motion stations were established there, which 

successfully recorded the main-shock of the 2015 Ranau event and its after-

shocks in addition to seismicity elsewhere in the state. This database motivated 

the present work to scale the parameters for the stochastic strong motion simu-

lation method. The scaling analysis conducted considers the different sources in 

and around the state. After the determination of the optimum parameters for 

simulation, strong motion time histories and response spectra for selected sites 

near and inside Kota Kinabalo are conducted. The scaling will help to deter-

mine the ground motion levels at sites for the design of earthquake resistant 

structures or mitigation measure for existent structures. 
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Coda calibration technique has proven to be an unbiased, absolute measure of 

magnitudes for events that are normally too small to be identified with long-

period waveform modeling.  We obtained source spectra using data from Saudi 

National Network (SNN) in Saudi Geological Survey (SGS).  SNN consists of 

nearly 120 high-quality broad-band stations. We validated the resulting spectra 

by comparing the spectral ratio of both raw and calibrated coda envelopes. For 

coda calibration, we calculated synthetic coda envelopes for S waves based on a 

simple analytic expression that fits the observed narrowband filtered envelopes 

using the method outlined in Mayeda et al. (2003).  To provide an absolute 

scale of the resulting source spectra, path and site corrections are applied using 

independent spectral constraints (e.g., Mw and stress drop).  We used a recently 

developed coda calibration module of Seismic Wave Form Tool (SWFT).  

SWFT is a software developed in Java and it is an openly available tool to 

measure moment magnitudes of coda envelopes.  While we obtain more stable 

estimate of source spectra along a wide range of frequencies (0.05-1 Hz) in sta-

ble part of Arabian Peninsula we observe larger scatter among the events prop-

agating from Zagros.   
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The Makran subduction zone encompasses a 900 km long, east-west trending 

subduction interface where the oceanic crust of the Gulf of Oman and Arabian 

Sea is being thrusted under the Eurasian Plate. It is bounded to the west by 

continent-continent collision between Arabia and Eurasia, and to the east by 

continent-continent collision between the Indian and Eurasian plates. Based on 

GPS measurements, the convergence rate across the Makran subduction zone is 

32–35 mm yr-1 (Reilinger et al. 2006) and the Makran interface is characterised 

with an extremely low dip angle (~5 degrees, Jacob and Quittmeyer, 1979; Byr-

ne et al., 1992; Carbon, 1996). The overriding lithosphere in Makran is marked 

with segmentation along the Sistan Suture Zone. The level of seismicity in 

Makran is quite low and exhibits strong variation between its eastern and west-

ern segments. The entire eastern Makran has been ruptured throughout history 

by large earthquakes, most recently by the 1945 Mw 8.1, Belochistan 

(Pakistan) earthquake and currently is experiencing very low seismic activity 

in its fore-arc setting, while historical large magnitude earthquakes can barely 

be associated with the its western section. Deterministic simulations of wave 

propagation were carried out for subduction interface events likely to be gener-

ated by the Makran zone (Çaktı et al., 2015) and the results revealed that long 

period ground motions (e.g. Spectral Accelerations for T=4s and larger) were 

much higher than those that would be predicted by the general trend of the 

response spectrum shape modelled through conventional ground motion predic-

tion equations (GMPEs), especially as most of the subduction zone GMPEs 

used so far did not provide estimations for ground motions with periods larger 

than 4s.  The recently released EMME (Earthquake Model of Middle East) Pro-

ject seismic source model (Danciu et al., 2017) suggests a detailed source model 

for the Makran subduction.  
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However due to the characteristics of the associated GMPEs, the computed 

intensity measures contain Spectral Accelerations up to T=2 s and combined 

with it, due to computational limitations on the hazard integration distance, 

the EMME seismic hazard model does not address long period ground motions 

over large distances (Sesetyan et al., 2017). In the present study we combine 

the EMME source model for the Makran subduction, including both interface 

and slab events, with recent subduction GMPEs covering a wider period range 

(including spectral accelerations for periods larger than 4 sec), to investigate the 

effects of Makran subduction over large distances and more specifically at the 

southeastern part of the Arabian Peninsula. The results are compared with 

those from deterministic wave propagation simulations.  
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As part of capacity building and joint research under the U.S. Department of 

Energy’s Seismic Cooperation Program (SCP), Lawrence Livermore National 

Laboratory (LLNL) collaboratively installed 9-element seismic arrays QWAR 

(Saudi Arabia, 2012) and HOQAIN (Oman, 2015). All elements are equipped 

with 3-component short-period sensors. HOQAIN array data is received in real-

time at the Earthquake Monitoring Center (EMC) of Sultan Qaboos University 

(SQU) using the Antelope software. The aperture of both arrays is approxi-

mately 3.5 kilometers, and minimum element spacing is about 500 meters. We 

test the array capabilities with a time-domain beampacking scheme which 

searches for the optimal slowness vector of a signal by measuring the power of 

beams formed over a grid of slowness points. The slowness vector provides in-

formation on both the apparent velocity and direction of the signal. We extend 

this analysis to examine the coherent noise recorded over time at the array. 

Coherent noise is generated globally in a range of frequencies and is useful due 

to its ability to impact an array’s detection performance, and its ability to be 

used in a variety of seismic imaging studies. We also test waveform correlation 

detection performance using both arrays and Global Seismic Network data in 

the Middle East. 

Prepared by LLNL under Contract DE-AC52-07NA27344. 

  

S1.6 29 



 

 

Surface Level Earthquake Ground Motion Parameters at the 

Southeastern Part of Muscat, Sultanate of Oman 

 
Ezzelarab M1,2, El-Hussain I1,  Mohamed A M. E1,2 & Deif A1,2 

 

1 
Earthquake Monitoring Center, Sultan Qaboos University, Oman 

2  National Research Institute of Astronomy and Geophysics, Helwan, Cairo, Egypt 
 

were presented for the southeastern part of Muscat governorate, including   

fundamental site period, amplification factor at different periods and the values 

of PGA and spectral accelerations at the surface. The study starts with assess-

ment of the seismic hazard at bedrock level using the probabilistic approach. 

This assessment was preformed considering an updated earthquake catalogue. 

The outputs of the probabilistic seismic hazard were uniform hazard spectra for  

return periods of 475,975 and 2475 years. Spectral matching technique was  

applied to define the compatible ground motion time series based on the out-

puts of the probabilistic approach and the deaggregation process. The repre-

sentative’s dynamic soil profiles were determined using the in-situ measure-

ments of compressional and shear waves.  The effects of soil deposits on the 

propagated ground motions time series was evaluated using the equivalent line-

ar analysis in the frequency domain. The final results clarified that, the funda-

mental site period at the middle coastal parts of the area has the largest values 

(0.2 to 0.276 sec). The maximum amplification factors found to be 2.76, 2.36, 

and 2.8 for the periods of PGA, 0.1 sec, and 0.2 sec, respectively. The values of 

PGA and    spectral accelerations at the surface level are also provided.  
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A new seismic hazard model for Cairo, the capital city of Egypt is developed 

based on a comprehensive consideration of uncertainties in various components 

of the probabilistic seismic hazard analysis. The proposed seismic hazard model 

is developed from an updated catalogue of historical and instrumental          

seismicity, geodetic strain rates derived from GPS-based velocity-field of the 

crust, and geologic slip rates of active faults. The seismic source model consists 

of area sources and active faults characterized to forecast the seismic productiv-

ity in the region. Ground motion models were selected to describe the expected 

ground motion at the sites of interest. The model accounts for inherent epistem-

ic uncertainties of statistical earthquake recurrence, maximum magnitude, 

ground motion prediction models and their propagation to the obtained results. 

The proposed model was applied to a site-specific hazard analysis for Kottami-

ya, Rehab City and Zahraa-Madinat-Nasr (hereinafter referred to as Zahraa) to 

the East of Cairo (Egypt). The site-specific analysis accounts for the site re-

sponse, through the parameterization of the sites in terms of average 30-meter 

shear-wave velocity (Vs30). The present seismic hazard model can be consid-

ered as a reference model for earthquake risk mitigation and proper resilience 

planning. 
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Seismic Site Effect Estimation Using Microtremor Studies in 

the Archaeological City Jerash in Jordan 
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In this study we determined the local site effect by means of the horizontal-to-

vertical (H/V) spectral ratios. The Nakamura's concept (Nakamura Y. 1989) is 

applied in Jarash in order to determine the resonance frequencies and amplifi-

cation factors for, finding the dynamic characteristics for structural engineering 

purposes. Results obtained in this study show that; dominant frequencies F 

varies from site to another also the amplification factor. This means that struc-

tural culture in most localities of the study area might be seriously affected by 

any of eventually major short periodic earthquakes released by the nearby  

seismologic active sources westward. Exceptions are the localities characterized 

by long periodic dominant frequencies of the study areas, considering that most 

structures of the study area are characterized by one to three story profiles 
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This paper presents an overview of seismic microzonation studies of the city of 

Mohammadia-Algiers, which are  important for a detailed ground movement 

modeling of urban cities. According to the seismic history of the city, one ex-

traordinary earthquake event has been taken into consideration is Boumerdes 

earthquake (Algeria, May 21, 2003 magnitude Mw=6.5), that caused a huge 

damage. Thereby, the variability prediction of the seismic ground movement in 

a given built up area, is considered as an effective tool for planning appropriate 

urban development and understanding the seismic risk and damage pattern, 

caused by a strong movement event. We note that the shaking level is mainly 

described in terms of both maximum ground acceleration and visualized ampli-

fication by using response spectra. The study is carried out in two steps: -1) a 

detailed mapping of the geological and geotechnical properties of the area, -2)  

a numerical modelling of expected ground motions during earthquakes. A 

qualitative microzonation of the Mohammadia-Algiers city is presented, and it 

is discussed by comparing it to the historically reported damage of the 2003 

Boumerdes earthquake. Finally, this study deals with the seismic microzona-

tion map development, based on a SIG geological model. 
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Antelope Around the World  

 
Vernon F 

  
The Antelope Environmental Monitoring Software is being used on every conti-

nent on Earth.  The Antelope software is a fully supported commercial solution 

for mission-critical data acquisition systems and is not encumbered by open 

source software vulnerabilities.  Antelope is currently being used by the 10 larg-

est seismic networks in the world (outside of Japan).  The Antelope ORB sys-

tem is built on a unique data neutral design and completely data driven archi-

tecture. Antelope provides the most comprehensive field data acquisition Com-

mand and Control capabilities including state-of-health monitoring of any oper-

ational seismic real-time data acquisition system. The Antelope real-time sys-

tem design has the lowest intrinsic data latency, suitable for Early Warning 

Systems.  When paired with the Kinemetrics Etna2, data latencies of less than 

200 milliseconds can be sustained.  This allows for unique automated real-time 

response spectra computation with exceedance alarms.  Antelope's open archi-

tecture allows for real time data exchange capability with virtually any seismic 

networks in the World. There are rich and documented APIs for interfacing 

client’s own programs and there is an open source contributed software reposi-

tory.  Deployed Antelope systems have consistently high availability uptime 

and data return rates; for example, the USArray project accomplished a data 

return of 99.5% with over 1,600 installations over a duration of 10 years. 
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Antelope Bighorn - Real-time continuous response spectra 

for rapid and robust damage assessment 

  
Vernon F, Harvey D, Lindquist K, Franke M 

 

An approach is presented that can be used for near real-time earthquake alarms 

for structures at distributed locations and large facilities using real-time estima-

tion of response spectra obtained from near free-field motions. Influential stud-

ies dating back to the 1980s identified spectral response acceleration as a key 

ground motion characteristic that correlates well with observed damage in 

structures. Thus, monitoring and reporting on exceedance of spectra-based 

thresholds are useful tools for assessing the potential for damage to facilities 

based on input ground motions only. With as little as one strong-motion station 

per site, this scalable approach can provide rapid alarms on the damage status 

of remote towns, critical infrastructure (e.g., hospitals, schools) and points of 

interests (e.g., bridges) for a very large number of locations enabling better rap-

id decision making during critical and difficult immediate post-earthquake re-

sponse actions. Real-time calculation of PSA exceedance and alarm dissemina-

tion are enabled with Bighorn, a component of the Antelope software package. 

Examples will be shown using several recent M~5 event recorded in the near 

field by the ANZA seismic network as well as results from the UCSD Charles 

Lee Powell Structural Research Laboratories Englekirk Structural Engineering 

Center. 
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In the Gulf area, seven data centers have an Aspen Seismic Information System 

with robust real-time data acquisition and processing, and extensive state-of-

health network monitoring using the Antelope Software. Many of them are 

seamlessly exchanging real-time data. Beyond such core processes, the installed 

Aspen Systems carry out a plethora of other tasks supported by the rich and 

documented APIs for interfacing client programs or taking advantage of the 

open source contributed software repository. It is worthwhile to review the 

commonalities and differences of implementation in order to learn where and 

how to improve seismic monitoring in the Gulf. Over the past years, the Aspen 

Systems were expanded to produce USGS ShakeMaps in English and Arabic 

with the appropriate GMPE, provide event alerts as e-mails, text messages, and 

xml files in both languages. A database with place names also in English and 

Arabic is used for directional and distance information of an earthquake with 

respect to important or critical locations. Another database of polygons 

(countries, counties, islands, water bodies, etc.) in English and Arabic was de-

veloped to address the epicenter location beyond general geographic regions or 

coordinates. Beside these application level developments, recent deployments of 

Aspen Systems run in virtualized computer environment on enterprise class 

servers providing high-availability infrastructure leveraging Antelope’s intrin-

sic mission-critical design. Moreover, automatic failover procedures that are 

continuously refined through real-world implementations allow the set-up of 

backup data centers giving the network operator peace of mind to overcome a 

breakdown of the primary data center. A roadmap for future enhancements 

could include streamlined moment tensor calculation, real-time response spec-

tra computation for rapid structural damage assessment, and app based event 

dissemination to the public. 
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Buildings worldwide have been instrumented with seismic and structural health 

monitoring systems for the purpose of understanding structural response to 

damaging and potentially damaging earthquakes. These data are used to fur-

ther our understanding of actual building dynamic behavior, ultimately leading 

to advancements in research and building codes. Over time, the cost-bearing 

stakeholders indirectly benefit from this work by owning and residing in safer 

structures. However, there is opportunity for a direct benefit from this type of 

monitoring. Recent advances in client-based information-driven services has 

led to a new application; earthquake business continuity. This paper presents 

earthquake business continuity solutions based on seismic and structural health 

monitoring, performance-based earthquake engineering (PBEE) principles, 

standard-of-care for post-earthquake safety assessments, and a communication 

platform. Occupants in essential facilities such as hospitals, military installa-

tions, financial institutions, and ultra-tall buildings, cannot easily evacuate 

immediately after an earthquake or wait for detailed safety assessment to reoc-

cupy and resume operations. These decisions are difficult, especially under state 

of distress, and can have dire consequences if made incorrectly or too slowly 

(e.g. panic related injuries, losses due to unnecessary downtime, etc.) Examples 

of avoidable financial loss and injury ultimately due to uninformed decision 

making are easily found in across areas of low and high seismicity. 
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Current MASW techniques are applied for an array of geophones (usually 24 or 

higher) to produce an average shear-wave velocity underneath the array. This 

averaging may reduce the resolution especially when the soil experiences large 

lateral variation (the case of landfill site with the presence of huge boulders). In 

such situations, the produced dispersion curve is rather complicated and the 

risk of missing the locations of heterogeneous bodies (such as cavities or huge 

boulders) becomes unavoidable. To solve this problem, the present research 

explores the multi-filtering technique that is used in earthquake seismology to 

determine the average shear-wave velocity for the path between the earth-

quake source and the receiver. As a starting point, we applied the technique for 

the conventional shot gathers data of 24 geophones. The dispersion curve ob-

tained is compared with the counterpart from conventional techniques availa-

ble such as the phase shift method. The next step is to use the MFT method to 

produce the dispersion curve of each geophone. The experimental technique 

explored two different strategies. The first one is to use the original MFT tech-

nique as is to estimate the dispersion curve that represents the medium between 

the source and the geophone. Second, to estimate the dispersion curve at each 

geophone location after cross-correlating the trace at this geophone with the 

trace of the previous one. Some modifications are needed to ensure clear disper-

sion characteristics to be determined. The source offset is set to be at a consider-

able distance (15 meters offset from the first geophone) and the inter-geophone 

distance to increase to 3m. Even though the method is still experimental, the 

model obtained enhanced the resolution of the method.   
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Throughout a long history of seismology and seismic methods, shear wave ve-

locity has played key roles in characterizing subsurface formations. The increas-

ing importance and understanding of S-waves have led geophysicists to develop 

a number of ways and options in order to derive them from other wavefields. In 

fact, the shear waves are commonly inferred from the conversion or the reflec-

tion of the P-waves, and also from the inversion of the Rayleigh wave’s disper-

sion. We present here two examples of S-wave data extraction. The first exam-

ple shows the S-wave extraction from reflected P-wave data. The combined use 

of P-wave and the extracted S-wave, with the help of Poisson’s Ratio derived 

from them, has contributed to identify gas-saturated formation and discrimi-

nate it from its surrounding. In the second example, S-wave is derived from the 

Rayleigh wave’s dispersion. The inverted S-wave velocity has revealed key in-

formation about near surface formation from Oman and has also provided a 

support to interpretation from P-wave.    
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Recording microtremors has become a very attractive tool to retrieve the shear 

wave velocity (VS) profiles especially in urban environments. The Vs  is 

commonly used in many earthquake engineering applications such as the 

estimation of (Vs,30), which is used in building codes for seismic response site 

classification. Beside the low cost and time effectiveness, the wider range of 

frequency content of microtremors makes it possible to investigate deep 

structures compared to using artificial sources which offer a restricted 

investigation depths and may cause disturbance to inhabitants and neighboring 

structures. In the present work microtremor data has been recorded through an 

array of sensors in five sites distributed in Suez City, which is located in the 

western side of the Suez Canal in Egypt. In order to cover a wide range of 

frequencies, four arrays with sizes 48m, 24m, 12m, and 6m were carried out at 

each measured site. Each array comprises a central station and four seismic 

stations with triangular configuration. Measurements were made using McSEIS 

(OYO Corporation)  high-performance accelerometer. The signal was recorded 

with 100 sample per second and 90 minutes record duration. The recorded 

signals was analyzed  by SPatial AutoCorrelation method (SPAC). The analysis 

includes two main stages: calculation of dispersion curves and inversion process 

to infer the Vs profile. The procedures of data analysis include data formating,  

multiplexing, resampling, calculation of inter-station distances and azimuths, 

calculation of SPAC coefficients, and finally determination of dispersion curve. 

In the inversion stage, the Heuristic search of Vs structure was used to retrieve 

the 1D Vs profile. The obtained dispersion curves cover frequencies between 2.0 

Hz to 29.0 Hz and show a good fitting between the observed and the calculated 
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ones at all ones at all measured sites. The resulted 1D VS models show shear 

wave velocity ranges between (160 m/s - 200 m/s) at the surface and (450 m/s - 

550 m/s) at  the  bedrock. Shallow boring data was  used to verify  the results of 

this work and the comparison showed a good agreement between the obtained 

Vs values and the surface and subsurface geological setting of Suez City. The 

results of this work may be considered as a first step toward develpment of 

seismic response and site classification scheme at Suez City which currently 

witnesses large investments and rapid land use planning.  
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Syria was seismically very active in the history and has number of monuments 

that are affected by the earthquakes. Considering the geotectonic environment 

and the historical importance, it is necessary to investigate the dynamic charac-

teristics of the historical constructions for rational and effective countermeas-

ures against earthquake disasters. It is well known that, degree of damage dur-

ing earthquakes strongly depends on the dynamic characteristics of buildings as 

well as amplification of seismic waves. Because of this, it is necessary to analyze 

their behaviors before reinforcing or repairing them. Since, historical monu-

ments are not suitable for laboratory experimentation and all works should be 

carried out directly on the buildings, in the present study ambient noise meas-

urements are used for this purpose. Rather than the other time consuming and 

expensive approaches, ambient noise is the easiest and cheapest way to under-

stand the structural behaviors without causing any harm to the structure. In a 

short period of time it provides several information including natural frequen-

cy, amplification and vibration characteristics of structures at different fre-

quencies. With spectral analysis of microtremor records, predominant frequen-

cies, amplification factors, and damping ratios could be determined. 

Considering this, the dynamic characteristics and response of some structures in 

Damascus citadel are analyzed on the basis of ambient noise measurements, 

performed on the ground, upper floors of towers and walls. With spectral analy-

sis of microtremor records, predominant frequencies, amplification factors, and 

damping ratios could be determined.  
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The microzonation activities, which aim at assessing the site response as accu-

rately as possible, have become a fundamental task for the seismic risk reduc-

tion of urbanized areas. Methods based on the measurements of seismic noise, 

which typically are fast, noninvasive, and low cost, have become a very attrac-

tive option in microzonation studies. Using two schemes for observations de-

rived from seismic noise recordings collected by many single seismic stations 

and two‐dimensional arrays of seismic stations at some coastal cities, Red Sea, 

Egypt, we present a joint inversion scheme for surface wave curves. In particu-

lar, the Rayleigh wave dispersion and the H/V curves will be innovatively com-

bined in a joint inversion procedure. We present inversion procedure based on 

the computation of high-frequency correlation functions between stations of a 

small-scale array deployed for recording ambient seismic noise. The calculation 

of Rayleigh wave phase velocities is based on the frequency-domain SPatial 

Auto Correlation technique. Constitutively, a tomographic inversion of the 

travel times estimated for each frequency is performed, allowing the vertically 

varying 1-D surface wave velocity structure below the array to be retrieved. 

The procedure is tested using a data set of seismic noise recordings collected at 

many sites along Red Sea coast area. 

 

S3.5 43 



 

 

The Application of Least Squares Cross Wavelet Analysis 

Method in Determination of Atmospheric Admittance  

   
Abd El-Gelil M1, Ghaderpour E2, Pagiatakis S D2 and Zahran K H 3 

 

1 College of Engineering, Sultan Qaboos University, Oman 
2 Lassonde School of Engineering, York University, Canada  
3 National Research Institute of Astronomy and Geophysics, Helwan, Cairo, Egypt  
 

The least-squares wavelet analysis, an alternative to the classical wavelet anal-

ysis, was introduced in order to analyze unequally spaced and non-stationary 

time series exhibiting components with variable amplitude and frequency over 

time. The existence of this type of time series is almost normal in geodesy and 

geophysics. The superconducting gravimeter (SG) time series is no exception; it 

has gaps, trends and unequally weighted. This SG instrument is very sensitive 

to sense the small changes of the gravity. It is one of the most precise instru-

ment for measuring temporal surface gravity variations. The data recorded 

from the SG is saturated and contains many signals and by nature many noises 

as well. The atmospheric pressure variation is one of those signals/noises which 

contaminate the SG measurements. It introduces a significant gravity effect 

which can reach up to 10% of the tidal signal. It is one of the largest environ-

mental noise sources in surface gravity observations. There are more than 30 

SG stations currently operational within the frame of Global Geodynamics Pro-

ject (GGP) installed mainly to investigate the global and local geodynamic 

problems. In this study, a time-frequency dependent admittance is determined 

based on the least squares wavelet analysis and cross least squares wavelet 

spectrum. Three SGs distributed in northern and southern hemisphere are used 

in this research. First, the time-frequency representation of both gravity and 

pressure is estimated. Second, the cross spectrum of both gravity and pressure 

is determined to define their coherent. Third, the probability density function 

of the cross spectrum is used to define the stochastic surface at 95% confidence 

level. Finally, the common and significant scattered peaks in the time-

frequency representations of gravity and pressure are suppressed to determine 

the surface of the pressure admittance, which represent a smooth gravity re-

sponse to air pressure fluctuations in time and frequency domains. This method 

shows a significant improvement in the gravity residuals where small signals 

can be detected. 
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Post-obductional extension along the Frontal Range Fault of 

the eastern Oman Mountains (northern flanks of the Saih 

Hatat and Jabal Akhdar domes) 
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The Oman Mountains consist mainly of autochthonous Permo-Mesozoic shal-

low-marine carbonates and allochthonous deep-sea sediments of the Tethys-

derived Hawasina sediment nappes and the Semail Ophiolite which were ob-

ducted onto the Arabian Platform during the late Cretaceous. After ophiolite 

emplacement, two major domes were formed; the Saih Hatat and Jabal Akhdar 

domes. Our study concerns post-obductional extension at the northern flanks of 

these domes and the area in between. These flanks are marked by a system of 

major, extensional faults, the “Frontal Range Fault System”. The vertical dis-

placements along the Saih Hatat and westerly located eastern Jabal Akhdar 

domes measure 2.25-6.25 km, 0.5-4.5 km and 4-7 km, respectively. The dis-

placement amounts to 1-5 km along the central and eastern Jabal Akhdar 

Dome. Extension started at the end of obduction. Two phases of extension 

along similar striking parts the Frontal Range Fault can be reconstructed (1st 

phase during the late Cretaceous to early Eocene; 2nd phase probably during the 

Oligocene) for the Saih Hatat area. Along the differently striking fault seg-

ments at Sad and Sunub, the same two stages of deformation are ascertained, 

with the first stage being characterized by extension but the second stage being 

marked by dextral motion, including local transtension. Post-late Eocene ex-

tension affected the Batinah Coast Fault (north and west of the Jabal Akhdar 

Dome) and also outcrops at the Saih Hatat Dome. It is unclear whether the 

western segment of the Frontal Range Fault also had two stages of defor-

mation. Bedding-parallel deformation (ductile and brittle) is a common phe-

nomenon. Hot springs, listwaenite and a basalt intrusion are associated with 

dextral releasing bends within the fault system. In the Jabal Akhdar Dome, 

extension affected the Frontal Range at least 2.5 km south of the Frontal 

Range Fault  in  its footwall. Also here, bedding-parallel shearing is  important.  
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We observed the extensional reactivation of a late Cretaceous thrust by a 

branch fault of the Frontal Range Fault. Extension is ductile (limestone mylo-

nites), ductile and brittle (ooid deformation, boudinaged belemnite rostra, shear 

bands) or brittle (Riedel faults). We relate extension mainly to orogenic/

gravitational collapse of the Oman Mountains. Collapse may have been associ-

ated with isostatic rebound and initial rise of the two domes. In the western 

part of the study area, the Frontal Range Fault has a listric character, where it 

probably becomes horizontal at depth of 15km below the Batinah coastal area. 

The fault likely used the clay-bearing Aruma Group as a shear horizon. The 

depth of 15 km coincides with the brittle-ductile transition of quartz-rich rocks. 

At this depth, the listric Batinah Coast Fault merges into the Frontal Range 

Fault. We propose that extension along the Frontal Range Fault and possibly 

the Batinah Coast Fault reactivated preexisting late Cretaceous thrust faults. 

The Frontal Range and Batinah Coast faults are probably mechanically linked 

with the extensional faults along the Saih Hatat Dome. Listwaenite and ser-

pentinite cluster preferably near the extensional faults.  
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Seismic analysis and design of structures are becoming more sophisticated and 

precise.  The reasons for this include the introduction of performance-based 

design approach, the construction of more complex structures (e.g., super tall 

and slender buildings), requirements by design codes to account for nonlinear 

behavior, more accurate modeling and analysis tools, data from instrumented 

structures, and more powerful computers. Consequently, the engineers are now 

asking for more precise definition of ground motions to perform their analysis 

and design. This paper outlines some of the ground motion parameters that the 

engineers need beyond what is given in current design codes. They are related 

to long-period components of ground motions, duration of shaking, rotational 

effects due to surface waves, methods used for processing of earthquake records, 

sensitivity of nonlinear response to the build-up of shaking intensity, and the bi

-directional modeling of shaking.  These parameters are particularly important 

for slender and long-period structures, which are present in large numbers in 

the Gulf Region. Examples are presented to justify the need for additional 

ground motion parameters, and suggestions are made on how to quantify and 

utilize them in seismic design.  
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Taking into account the seismotectonic framework and high seismicity with 

destructive earthquakes as well as the large population density settled in the 

earthquake-prone areas, the necessity for the development of a database with 

field investigations for the seismic hazard and risk assessment is critical. It 

showed be noted that reliable seismic hazard studies depend on having a robust 

earthquake catalog, good knowledge of tectonic conditions and relevant attenu-

ation model applied for the hazard analysis. The better input for hazard analy-

sis results in more reliable the parameters and the seismic hazard assessments. 

The uncertainties associated with the seismic hazard analysis and level of suc-

cess of the methodology in the region is also treated. It is essential to revise 

maps permanently and to move forward in re-evaluation of seismic hazard al-

gorithms and models. In summary, our aim is to move from the current status 

toward a favorable status using all the potential approaches and new models. 

The research steps are as below: 

 Compilation of existing seismicity catalogues 

 Reevaluating the historical earthquake catalogues   

 Incorporating the new sources of information 

 Assembly of strong ground-motion database 

 Development of predictive model for peak ground motion and spectral values  

 Evaluation of site amplification and soil linear and nonlinear behavior 
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Seismicity and seismotectonic setting of  Saudi Arabia  

 
 El_Hadidy S, Tarabulsi Y 

 

Saudi Geological Survey 

 

Earthquakes are the most typical phenomena of natural hazards. They have 

effects on nature, human life and man made structures. Assessment of earth-

quake occurrence sequences for any area plays an important role in proposing 

measures to minimize earthquake damage and to anticipate the future develop-

ment of the strategic projects. Saudi Geological Survey (SGS) has the responsi-

bilities of operating, up-dating and maintaining Saudi National Seismic 

Network (SNSN).   SGS has completed up-dating of existing old seismograph 

stations to be comparable with the new VSAT communication system used at 

SGS.  Saudi National  Seismic Network (SNSN) consists of 225 broadband sta-

tions to monitor the earthquake activity all over the Kingdom of Saudi Arabia 

as well as the volcanic regions. For a better understanding of the seismicity and 

tectonic settings; the denser seismic network has been established to locate the 

hypocenter in a better accuracy and to examine the fault plane solution. SNSN 

helps to greatly extend the better understanding of the seismicity of the King-

dom as well as the regional seismicity by compiling all available data from the 

surrounding countries. Using the earthquake catalogs produced by SGS 

through the years 2006 up to now, in addition to the published catalogs by the 

International Seismological Centers, SGS has compiled complete earthquake 

catalog, which will be very useful for studying seismotectonic setting and evalu-

ation of seismic hazard assessment in KSA. Using the compiled earthquake cat-

alog, SGS has produced a recent seismicity map for KSA and correlates it with 

structural map for better understanding of the tectonic setting of Saudi Arabia. 
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ern Algeria 
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Experience has shown that the best ways to reduce earthquake risk are to 

adopt prevention plans by controlling the management of potentially risky are-

as, through seismic microzoning studies. After having carried out beforehand 

an assessment of the seismic hazard at the regional level, of which the seismo-

tectonic zone phase is the most crucial. The zoning or cartography of the seis-

mic sources is based on the analysis of the historical seismicity, the structural 

analysis and the understanding of the geodynamic context. The principle of 

zoning consists of the delimitation of a geological domain subject to earth-

quakes into seismotectonic zones; on the basis of neotectonic deformation and 

historical seismicity. Therefore, the source zone I would correspond to the geo-

logical province which reveals a plio-quaternary tectonic phase; and it would 

bring together for this purpose all the identified active faults (observable and 

hidden). Zone II would correspond to the province revealing a neogene defor-

mation and a quasi significant seismicity. Zone III would correspond to the 

geological province subjected to the uplift of its elder massifs and or subsidence 

of its basins and by a low seismicity. The more advanced phase of seismic haz-

ard assessment, integrating the geometric parameters (surface, length, width, 

dip and depth) of identified or suspected active tectonic structures into empiri-

cal formulas to estimate the maximum credible magnitude designated ECM of a 

potential earthquake (Wells & Coppersmith, 1994). The source lines and sources 

zone parameters are also included in empirical formulas to calculate the maxi-

mum ground acceleration PGA. 
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The Dead Sea Transform (DST) has accommodated left-lateral transform mo-

tion of 105 km between the African and Arabian plates since the early Miocene 

(?20 My). The DST strikes in a north-northeast direction and extends over 

some 1000 km from the active spreading center of the Red Sea, to the continen-

tal collision zone in the Taurus-Zagross mountain belt. The Dead Sea Region is 

an exceptional ecosystem whose seismic activity has influenced all facets of the 

development, from ground water availability to human evolution. Israelis, Pal-

estinians and Jordanians live in the Dead Sea region are exposed to severe 

earthquake hazards. Repeatedly large earthquakes (e.g. 1927, magnitude 6.0; 

(Ambraseys, 2009)) shook the whole Dead Sea region proving that earthquake 

hazard knows no borders and damaging seismic events can strike any time. 

Combined with the high vulnerability of cities in the region and with the enor-

mous concentration of historical values this natural hazard results in an ex-

treme earthquake risk. Thus, an integration of earthquake parameters at all 

scales (size and time) and their combination with data on infrastructure are 

needed with the specific aim of providing a state-of-the-art seismic hazard as-

sessment in the Dead Sea region as well as a first quantitative estimate of vul-

nerability and risk. A strong motivation for our research is the lack of reliable 

multi-parameter ground-based geophysical information on earthquakes in the 

Dead Sea region. The proposed setup of a number of observatories with on-line 

data access will enable to derive the present-day seismicity and deformation 

pattern in the Dead Sea region. 
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Earthquake Activities of Summer 2017 in Al-Rifai District, 

Iraq 

 
 Abdulnaby W, Abd N, Ramthan A, Mahdi H, Al-Shukri H, Gok R 

 

Al-Rifai, which is the largest districts in Thi-Qar Governorate, located 77 Km 

NW of Nasiriyah city in south central Iraq, with a population of 450,000. Tec-

tonically, the area is located within the Mesopotamian zone of Iraq and it has 

experienced moderate size earthquakes since the 1980s.  In order to closely 

monitor this activity as well as Iraq’s activity in general, a seven-element high-

frequency three-component array and broadband stations were installed in Al-

Rifai area in 2014. A seismic swarm took place between late May and early 

June in the area in 2017. The swarm started May 24/25 and lasted beyond June 

2nd. The largest earthquake occurred on June 2nd with a magnitude of 4.6. The 

event felt widely in Al-Rifai city and the surrounding area and caused public 

panics as well as structural damages to several buildings. On August 18, 2017, 

four earthquakes occurred in the same area, the largest earthquake has a mag-

nitude (mb) of 4.7, which was followed by three smaller earthquakes. The 4.7 

event was felt not just in Al-Rifai area, but also in Qalat Suker and Al-Neser 

cities and caused more structural damages than the earlier ones. Results of pre-

liminary analysis show that there are three different fault trends in the study 

area. These are the Khalaf Salman, Gharaff, and Al-Rifai faults. Results also 

show that these earthquakes are located along the Gharraf fault, which is 

trending north-south and associated with the Gharraf River. The fault was 

formed during the Hercynian orogeny and it was repeatedly activated by the 

Zagros collision. The focal mechanism solutions by moment tensors indicate 

that these earthquakes occurred on a fault surface with mainly reverse displace-

ment and slight strike-slip movement with a strike direction of NS and almost 

vertical dip angle. These results are in agreement with the characteristics of the 

Gharaff fault. 
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The November 12, 2017, Mw 7.3 Earthquake along the        

Iraqi-Iranian Borders  

 
Al-Shukri H, Mahdi H, Abdulnaby W, Ramthan A, Abd N, Ahmed, Numan N, Gok R  

 

On November 12, 2017, an earthquake of Magnitude (Mw) 7.3 took place along 

the Iraqi-Iranian boarders and caused wide spread death, injuries, destruction, 

and damage.  The earthquake took the lives of more than 500, injured about 

9,000, totally destroyed more than 12,000 home, and damaged more than 

15,000 home.  The official dollar loss figure still updating.  The majority of 

these losses were on the Iranian side; however, nine lives were lost, hundreds of 

injuries, wide spread damage and destruction happened also along the Iraqi 

side, especially in the nearby Darbandikhan Dam area.  The earthquake took 

place along an oblique-thrust shallow-dipping faulting at approximate mid-

crustal depth of 15 km.  The focal mechanism solution is consistent with suture 

zone of a plate boundary between Arabia and Iranian plates.  This boundary 

strikes in the northwest – southeast direction at the site of the epicentral loca-

tion.  The dimension of the ruptured area was modeled to be approximately 65 

km long and 25 km wide; however, so far fieldwork failed to map any surface 

fault scarp.  Inteferograms analysis indicates that part of the area above the 

epicenter was lifted by approximately 90 cm while other part was subsided by 

at least 30 cm.  The area displaced by at least 10 cm and extends to more than 

80 km in diameter (Hiroshi, et. al, 2017).  Felt Reports analysis released by lo-

cal and international agencies indicate that the Modified Mercalli Intensity 

Scale (MMI) has an upper value of more than VIII at and near the Iranian city 

of Sarpol-e Zahab which suffered the most death and destruction.  The strong 

motion stations in Iran and Iraq recorded a maximum value of g of approxi-

mately 0.7 at a distance of about 40 km and a value of 0.001 at the Basra Seis-

mic station.  The research team will update the information and results as the 

investigation is still underway.  
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First results of the rebuild of the ISC Bulletin 

 
Dmitry A. Storchak, James Harris, Lonn Brown, Kathrin Lieser and Edith Korger 

 

The data from the Bulletin of the International Seismological Centre (ISC) are 

used in a wide range of studies in Geosciences. The unique features of the     

Bulletin include long-term coverage, homogeneity and the most comprehensive 

set of included seismic parametric data from the majority of permanent seismic     

networks at any given time. To preserve the data homogeneity, the ISC has      

followed its own standard procedures that have not substantially changed until 

the early 2000s. Recent advancements in the ISC data collection and seismic 

event location have brought up a need to rebuild the data for earlier years in 

line with the new procedures. Thus was set up a project to rebuild the ISC    

Bulletin for all years up to the end of 2010. In this presentation we describe the 

work under the Rebuild project and announce the release of the first portion of 

rebuilt ISC Bulletin for the period 1964-1979. We show how the Bulletin has 

changed in the Gulf region. 

56 S5.1 



 

 

Can citizen seismology tools compare with earthquake early 

warning systems? 

 
Rémy Bossu, on behalf of the EMSC 

 
Over the last decades the Euro-Mediterranean Seismological Centre (EMSC) 

has been developing for citizen seismology, including a multi-component infor-

mation system aiming at providing very rapid public information for global 

earthquakes and massively collecting felt reports. The system exploits the pub-

lic online reaction to rapidly detect felt earthquakes. Three methods are in op-

erations: monitoring respectively the activity on Twitter, the activity on EMSC 

websites and the launches of EMSC Last Quake app. A widely felt earthquake 

generates a public online reaction which is automatically detected by one or 

several of these crowdsourced detection methods typically within 20 to 90s. 

This talk aims at giving an overview on this approach and how it compares 

with earthquake early warning.   
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A preliminary study was carried out to answer the question: is there relation 

between earthquake parameters (depth and Mw) and the focal mechanism pa-

rameters (dip and slip of the fault). The used data were extracted from Center 

Moment Tenser catalogue (CMT Catalogue) for the period from 1/1/1976 to 

31/12/1977. The data were analyzed according to global and local scales.       

According to type of faulting, the focal mechanism data are classified  into nor-

mal and reverse faulting mechanisms. Globally, the normal faulting mechanism 

showed that dip of the normal fault plane decreases with increasing of the focal 

depth while did not present any relation with the Mw of the earthquakes. There 

is no relation between slip of the fault plane and the depth and Mw of the 

earthquakes. The results did not record any relation between dip and slip of 

reverse fault plane and the focal depth and Mw of earthquakes. Remarkable 

relations between one or more of the focal mechanism parameters and one or 

more of the earthquakes were recorded in some regions, such as Fiji islands, 

Kermadec islands and Sumbawa island.  For example, in Fiji islands, dip of the 

fault plane decreases with increasing of the depth of faults. The author recom-

mends a detailed study in these regions and other regions for a longer modeling 

period. 

 

58 S5.3 
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The Red Sea rift system is one of the world's largest active continental rift   

systems and is part of an extensive global system of faults running approxi-

mately from north to south, forming the western margin of Arabian plate.   

Seismic activity in Southern Red Sea includes the quality of seismic activity, its 

spatial distribution, the meaning of magnitude and depth, as well as the       

significance of the place of occurrence. Mechanical analysis of 48 seismic events 

in the Southern Red Sea has given us many tectonic indications. Where the 

spatial distribution of earthquakes indicated their concentration in the central 

part in the form of shallow depth seismic swarms with medium size (magnitude 

≤ 7). The mechanical analysis of 48 seismic events show a transtension type of 

movement, indicating, in terms of tectonics, the association of seismic activity 

in the Southern Red Sea with the thermal and volcanic processes, and the non-

extension of transformational faults outside the region . 
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Oman National Multi-Hazard Early Warning System 
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Oman is exposed to local tsunamis (Makran subduction Zone) and distant tsu-

namis (Sunda trench zone). Other extreme hazards in Oman are tropical cy-

clones and flash floods. The Makran subduction Zone generated an earthquake 

of magnitude 8.1 in 1945, which made 4000 casualties in Pakistan, and also 

affected Iran, India and Oman. Tropical cyclones have hit the Omani coast 

several times; cyclone Gonu in 2007 made 49 casualties, while in 1890 a cyclone 

took 727 lives. Flash floods happen almost every year with infrequent casual-

ties but important economic impact. Oman operate National Multi Hazard 

Early Warning Centre (NMHEWC) since March 2015,the Tsunami Early 

Warning System consist of  21 Broadband Seismicstations, 10 GPS station in 

operation since January 2014, 10 Sea Level station operational since March 

2013, 5 Wave Radar and the Dissemination system (DSS). Oman National 

Committee for Civil Defense (NCCD) is responsible in calling for evocation and 

the NMHEWC is a very active member of the NCCD and head of the Observing 

and Early Warning Working Group. 

 

 

 

60 S5.5 



 

 

Seismic Activity and Groundwater Behavior at Kalabsha    

Area, Aswan, Egypt 

 
Moustafa1 S M, El-Amin1 E M,  Hamada S2 

 
1 National Research Institute of Astronomy and Geophysics, Helwan. Egypt. 
2 Faculty of Science, Ain Shams University, Egypt  

 

After the occurrence of 14, Nov, 1981 earthquake (M = 5.3), on Kalabska 

Fault, south of Egypt, seismic stations were installed in and around the Kalab-

sha area, in order to monitoring,   recording, and studying  the seismic activity 

in the area  .Additionally, from 1989 a number of piezometer wells were drilled 

in the same area, and distributed on both sides of the active faults area and in 

different water bearing formations, in order to measure the groundwater pa-

rameters (level, temperature, ph, and conductivity)  to monitor the relationship 

between those parameters and the seismic activity at Kalabsha area. The be-

havior of groundwater due to seismic activity over the world is studied by sev-

eral scientists i.e. H. Wakita (1979) on Izu-Oshima earthquake (M= 7.0) at Ja-

pan, M.E. Contadakis & G. Asteriadis (1972), and Evans (1966), they found 

anomalies on groundwater  measurements prior, co, and post  the occurrence of 

bigger earthquakes, referring to the probability of precursory evidence of im-

pending earthquakes. In Kalabsha area, this study is done using recorded 

seismic data, and the measurements of underground water parameters. Same 

phenomena of anomalies are found on groundwater measurements pre, co. and 

post the occurrence of earthquakes with magnitude larger than 3, and no sys-

tematic regularity exists for epicenter distance, duration of anomalies or time 

lag between anomalies' appearance and occurrence of events. Also the results 

present a strong relation between the groundwater in the upper unconfined aq-

uifer Nubian Sandstone formation, and Kalabsha seismic activity. Conversely, 

there is no relation between the seismic activities in the area with the deep 

groundwater in the lower confined aquifer Sandstone. 
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The first instrumentally recorded earthquake in Aswan province occurred on 

November 14, 1981 on Kalabsha fault with a magnitude of 5.3. Thirty five 

years of seismic monitoring in the northern part of the Aswan Lake (the second 

largest reservoir in the world) has shown that the epicenters were clustered on 

the active fault segments near the eastern part of the Kalabsha fault beneath 

the Kalabsha bay (the largest bay of the Aswan Lake). Composite focal mecha-

nisms have been determined for different earthquake clusters. In all cases, the 

composite focal mechanisms are characterized by strike-slip faulting and hori-

zontal stress axes. A gradual increase in shallow seismicity in Kalabsha area 

started in 1995 associated with the gradual increase of the lake water level and 

relatively higher seismic activities have been observed within the time period 

from 2007 up to 2016. This activity is concentrated mainly on the two fault 

segments east of Gebel Marawa beneath the lake. The interesting phenomena 

shown at Khor El-Ramla seismic zone is outward migration of epicenters     

followed the growth of the reservoir upstream from 1982 to 1998. The           

epicenters are moved slightly from southwest to northeast as the water level 

increased from 175.29m in 1982 to 181.3m in November 1998. The temporal 

distribution of the seismic activity east of Gebel Marawa and Khor El-Ramla 

area from 1982 to 2016 showed an alternating in seismic activity along these 

two seismic zones. The increase in seismicity at some places on the lake periph-

ery following the seasonal increasing of the lake water level reveals that the 

pore pressure diffusion plays an important role in triggering earthquakes. The b

-value is calculated for seismicity occurred at the most active zones from 1982 

to 2016 using the cumulative frequency-magnitude of Gutenberg and Richter 

relation. The result shows that the b-values are ranged from 1.03 to 1.07.  
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The North-eastern (NE) Sudan area includes the Red Sea hills, the Nubian De-

sert and the Bayuda Desert. The Precambrian geology in NE Sudan comprises 

two distinct crustal domains: The Nubian Shield and the Nile Craton. The evo-

lution of the Nubian Shield (analogous to the Arabian Shield) is attributed to 

accretion of inter-oceanic island-arc, back-arc basins and continental micro-

plates as a result of collision between the East and west Gondwanas during the 

Late Pan-African time. These terranes are welded together along Ophiolite-

decorated sutures and disrupted along N-trending shortening zones and north-

east trending dextral strike slip faults. The Nile craton is of pre-Pan-African 

age, but has been affected by crustal reworking in the Late Proterozoic. The 

contact between the Nubian Shield and the Nile Craton was identified as the 

north trending, sub-vertical Keraf shear zone. Related tectonic magmatic intru-

sions and associated dyke swarms were extensive over the whole area. The Late 

Proterozoic dextral Central African Fault Zone (CAFZ), which represents one 

of the major zones of lithospheric weakness in Africa truncates the area and has 

been reactivated many times. Intraplate deformation is manifested by strike 

slip movements and formed local to regional uplifts in the areas adjacent to 

(CAFZ). The Tertiary to Recent Red Sea rift follows zones of weakness or struc-

tural trends established by Precambrian and Paleozoic events. Seismological 

data have been collected for the period 1860-2008 indicated that the seismic 

activity in the region is restricted and is associated with a number of tectonic 

provinces. Earthquakes in the northwestern part show that this area is still 

tectonically active. This activity is associated with Cenozoic uplift and concen-

trated along E-W fractures and at their intersection with N-S old ones. Some 

earthquakes were recorded in the Hamisana, Oko, Allaqi, Keraf and the CASZ 

which is considered to be occurring due to the rejuvenation of movement in 

these Precambrian structures. The area adjacent to the Red Sea coast is affect-

ed by earthquakes that are caused by recent strike slip and normal faults. Other 

geophysical evidences such as gravity data confirmed the seismological investi-

gation. 
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Juba and Mongala are two large cities in the South Sudan. This area and its 

surrounding were recognized as seismic areas, encouraging various seismic and 

seismotectonic studies to be carried out. The large earthquakes that occurred in 

Juba area during the nineties of last century are among the largest earthquakes 

recorded in Africa. This study aims to throw the light on seismic activity and 

seismotectonic around Juba and Mongala area. Earthquake aerial distribution 

illustrated that earthquakes are of shallow type and the earthquakes of 1990 

are the most recent example of this type of events. The depth distribution rang-

es between 0 and 47km and the magnitude is ranging between 3.9 and 7.1 mb. 

Rose diagram was created based on the lineaments from the geological map and 

digital elevation model which revealed that most of the lineaments trend in the 

northeast, northwest, north –south, and east - west directions. The earthquake 

epicenters are found to be associated with the lineaments. A fault plane solu-

tion of 20, 24 May and 9 July 1990 earthquakes indicate that the plane of the 

fault is directed northwest/ southeast and east/west. This study is the first step 

towards performing a successful seismic hazard assessment and risk mitigation. 
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Comparison of Oman Seismic Code for Buildings with Inter-

national Counterparts Based on Seismic Hazard 

 

Waris M B*, Saeed H, Al-Jabri K , El-Hussain I  

  

Oman Seismic Code (OSC) was developed in 2013 to provide seismic analysis 

and design of buildings up to a height of 60m. Prior to its development, specifi-

cations of Uniform Building Code (UBC) and International Building Code 

(IBC) were usually used for this purpose. OSC utilizes the seismic hazard assess-

ment of the country and is applicable to building heights up to 60 m. OSC cate-

gorizes Sultanate of Oman into two zones; a high seismic zone (Zone-1) and a 

low seismic zone (Zone-2). The Oman Seismic Code defines Muscat as Zone-1, 

while based on seismic hazard assessment this Zone is equivalent to Zone-1 of 

UBC and Zone-I of IBC. Using a 25m x 25m plan with column spacing of 5m in 

either direction, the paper compares base shear, lateral force distribution and 

storey drift obtained from the three seismic codes using equivalent static load 

method. 4-, 10- and 14- storey buildings having heights of 17 m, 41 m and 57 m, 

respectively were considered. The buildings were modeled as reinforced concrete 

having normal occupancy conditions, resting on soil class “C” defined as very 

dense soil or soft rock. The base shear values based on OSC were 464 KN, 1105 

KN and 1533 KN for the three building heights. For all building heights, the 

international codes (UBC & IBC) provided base shear values that were multiple 

times higher than OSC. Values of base shear obtained by using UBC were 4.0, 

2.1 and 1.7 times higher and those from IBC were 3.0, 1.6 and 1.2 times higher 

than those from OSC for the 4-, 10- and 14- storey buildings, respectively. The 

ratio of IBC to UBC remained the same for all building heights, which was 

0.763. Lateral force distribution had the same scale factor as base shear while 

OSC distribution followed the similar distribution pattern as UBC with a slight-

ly smaller allowance for the additional force at the top storey. The top lateral 

displacement using OSC was 9.30 mm, 48.9 mm and 119.4 mm for the 4-, 10- 

and 14-storey buildings, respectively. These numbers indicate that the both 

UBC and IBC provide conservative seismic loads on buildings compared with 

OSC. Therefore, it is essential that the national seismic code is implemented, to 

make the seismic design more realistic and economical. 
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ELER-Lifelines has been developed for the assessment of earthquake risks as-

sociated with four critical lifeline networks: Water, Electric Power, Gas and Oil 

transmission and distribution systems. It is a standalone application with a 

modular structure that is coded in Matlab. As input to damage analyses, spatial 

distributions of strong ground motion parameters, e.g. peak ground accelera-

tion, velocity, etc., are computed with the ground shaking module. It is also 

possible to incorporate recorded strong motion data, if available, in the produc-

tion of ground shaking maps. Risk analyses are realized at network and compo-

nent levels for each lifeline system by separate loss modules. Expected damage 

and losses are calculated with alternative fragility/vulnerability models and the 

resulting risk maps are presented for the following system elements: Water Net-

works: Wells, Water Treatment Plants, Pumping Stations, Tanks and Pipe-

lines; Electric Power Networks: Low-, Medium- and High-Voltage Substations, 

Distribution Poles and Lines; Gas and Oil Networks: Refineries, Processing 

Plants, Pumping Stations, Tank Farms and Pipelines. 
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Increasing populations, growing economies, rapid urbanization as well as re-

strictions on land use because of environmental and/or man-made factors on 

one hand, advancements in engineering knowledge and developments in con-

struction technologies and services on the other hand, have made tall buildings 

more common worldwide not only for commercial/business purposes but also 

for housing. Although they are engineered structures designed to resist diverse 

effects of natural hazards, e.g. earthquake, wind, seismic damageability/

vulnerability characteristics of tall buildings need to be addressed in earth-

quake loss models. This can be achieved through fragility/vulnerability func-

tions that are mathematical expressions representing the probability-based 

relations between the expected response and the seismic performance limits in 

terms of cumulative density function of the probability of exceeding of specific 

damage limit states (or being in certain damage states) for given measures of 

ground motion severity. In this study, analytically derived fragility functions 

for tall buildings with different heights are presented in terms of global and 

local structural response parameters. 
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Structural characteristics of a tall tower in Kuwait using    

vibration measurements and finite element analysis 
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Regional and local earthquakes in Kuwait would have significant effects on tall 

buildings; and thus, monitoring responses of buildings is important. Tall build-

ing deformation behavior could be monitored using Structural Health Monitor-

ing (SHM) technology. SHM could be employed to identify the damages occur-

ring during and after an earthquake, due to any other natural hazards, aging or 

harsh environmental conditions in bridges and tall buildings. The main ad-

vantage of SHM with real time monitoring is the ability to assess the damage 

during or immediately after any catastrophic events. Structural damage will 

result in changes in the structural stiffness and damping, and they are directly 

related to the natural frequencies, and mode shapes of the structure. Changes in 

natural frequency or mode shapes are some indicators of damages in the struc-

ture. In this study, vibration characteristics of a tall tower in Kuwait are pre-

sented. Natural frequencies of the tower are obtained using the finite element 

analysis. Two nodded Classical Euler beam element is used to model the beams 

and columns. Shear walls and slabs are modelled using four-nodded linear 

Mindlin’s plate elements. Free vibration analysis is carried out to examine the 

mode shapes and corresponding frequencies of the tower. The fits two modes 

are lateral mode and third mode is a torsional mode. As a part of the continuous 

ambient vibration measurements, several measurements were taken. Measure-

ments were taken at three different floors (ground floor, 60th floor and 80th 

floor). The recorded vibration data was analyzed using an in house computer 

program. Results obtained from the finite element analysis are compared with 

values obtained from vibration measurements. Both results are in excellent 

match.  
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Resilience has a very important role in all disaster risk management phases and 

tasks: mitigation, preparedness, emergency response, recovery and reconstruc-

tion. So it is recognized as imperative for sustainable development and pivotal 

for implementing Sendai Framework for DRR 2015 - 2030 and priority for ac-

tions of UNISDR science and technology Road Map. Building resilience is a 

cross-cutting issue and a fundamental interdisciplinary concept, which requires 

natural and social sciences innovations. To reach the desired progress in science 

and technology, disaster risk reduction (DRR) Innovations, building resilience 

of nations and communities’, the following key-elements are needed: data-

collection, assessment, management methods, disaster risk institutional ar-

rangement, risk communication, knowledge-sharing, and group-work innova-

tions. Additionally, these elements enhance decision-makers managing DRs, 

implementing and monitoring particularly Sendai Framework for DRR 2015 - 

2030. Building the resilience of nations and communities to disasters requires 

adopting holistic approaches, concepts, and tools. An-Najah National Universi-

ty’s Urban Planning and Disaster Risk Reduction Center (UPDRRC) brought 

players, using scientific knowledge and community services driving through 

change towards policy, preparedness and public awareness. UPDRRC, as an 

academic hub, has an important role in enhancing the Palestinian communities’ 

disaster resilience, through adopting holistic approaches to DRR activities 

adopting scientific strategy drawing together decision-makers, practitioners 

and the public driving towards sustainable RR, exceeding traditional academic 

centers parameters. Based on networking and integration concepts and to 

achieve  its  goals  and  objectives,  UPDRRC participated  in and/or conducted  
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several local, regional and international DRR projects and activities in coopera-

tion with UN organizations and other scientific research institutes, such as: 

EUCENTRE and IUSS in Italy, GFZ in Germany, USGS in USA, etc. This 

paper contains examples for several dissemination activities as well as a de-

tailed case study for an important scientific project "Support Action for 

Strengthening Palestine capabilities for seismic Risk Mitigation - SASPARM2". 

Recent studies conducted by the Urban Planning and Disaster Risk Reduction 

Center (UPDRRC) at An- Najah National University estimated that a total 

damage of around 5% to 15%  and partial damage of 25% or more are expected 

in some areas.  
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In April 2006, Dubai Municipality established the broadband seismological 

network in Dubai Emirate, United Arab Emirates (UAE). This network was 

the first seismic network in UAE and consists of four remote seismic stations to 

observe local and regional seismic activity that may have an effect on Dubai 

Emirate and the surrounding areas. The network exchanges real-time data with 

the National Center of Meteorology in Abu Dhabi, the Earthquake Monitoring 

Center in Oman, and imports in real-time data from few Global Seismic Net-

work stations, which increases the aperture of the network. The earthquake 

information system sends the SMS and emails alerts within few seconds to the 

government organizations (i.e.  Police and Civil Defense) in case of any felt 

earthquake in the region. In April 2012, Dubai Municipality has installed an 

additional five free-field strong motion stations inside the urban area to esti-

mate and publish a real-time ShakeMaps for public and decision makers. While, 

in June 2013, an independent backup server was installed at Umm Suqeim Du-

bai Municipality center to acquire and analyze the earthquake data in case of 

any emergency in the main center at main building of Dubai Municipality. 

During 2015 to 2017, four smart structural health monitoring system were in-

stalled on four strategic buildings (i.e.  DWTC Rashid Tower, Burj Khalifa, 

Dubai Police Forensic Building and Dubai Municipality).  These systems were 

supported by a smart application (DB-SAFE) to support the emergency re-

sponse plan during earthquake shaking inside these buildings. This smart appli-

cation is also available for public to know all local and regional earthquake in-

formation and safety awareness within a short time compared to the interna-

tional data centers.   
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In 2001, the earthquake monitoring center (EMC) at Sultan Qaboos University 

(SQU) started monitoring earthquakes that occur in and around the sultanate 

of Oman through 10 short-period stations. The number of monitoring stations 

grew to 20 broad-band seismic stations between 2004 and 2011 deployed in dif-

ferent parts of the sultanate. In 2014, EMC-SQU began an extensive project for 

updating and improving the monitoring network by adding 6 broad-band sta-

tions and establishing the strong motion network consisting of 62 monitoring 

stations. This provides a good opportunity to investigate the influences of the 

seismic source, path, and site effects in the ground motion, particularly in the 

near-source area. Such data are essential for improving seismic hazard maps 

and consequently seismic building codes and earthquake-resistant design. A 

wide site selection survey was carried out for the entire new stations taking into 

account the standard site selection criteria. In order to use the strong motion 

recordings at their full potential, information on the site response at the record-

ing site is needed. So, site investigation at 26 stations in Muscat region was per-

formed in terms of P-wave velocity (using shallow seismic refraction tomogra-

phy technique), S-wave velocity (using multichannel analysis of surface waves 

(MASW) technique), and resonance frequency (using horizontal-to-vertical 

spectral ratio (HVSR) method) in addition to the available geotechnical bore-

holes. The results reflect the site classification in the light of NEHRP/IBC 

standards. 
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Seismic networks, originally designed to detect local and regional earthquakes 

and to determine earthquake parameters, have evolved into sophisticated tools 

to monitor and study ground motions produced by natural and artificial 

sources. Seismic networks are used for scientific study, to delineate areas of 

earthquake activity, volcanic activity, as well as for monitoring underground 

explosions and industrial ones. The goals of earthquake monitoring include gen-

eration of seismicity catalogues for later hazard and risk assessment, and very 

rapid earthquake detection and characterization for earthquake early warning. 

In order to investigate the current status of the Saudi National Seismic Net-

work (SNSN), which is operated by the National Center of Earthquakes and 

Volcanoes, Saudi Geological Survey since 2006, data quality and detectability 

were checked. Seismic monitoring in Saudi Arabia has a great change after the 

installation of Saudi National Seismic Network upgrades drastically the previ-

ous analog telemetry networks. During the last eleven years, the number of 

stations in operation has greatly increased to 223 stations all are Broad Band, 

and 77 accelerometers connected in real time using VSAT transmission. Sta-

tions are strategically located to maximize the use of data from stations. The 

spatial distribution of these stations covers most of Saudi Arabia concentrated 

in the Western part. Since the operation of the network, a significant number of 

local, regional and tele-seismic events was located by both manually and auto-

matic processing, revised and archived in databases. These data are useful for 

making decisions that provide highly accurate, timely warnings and infor-

mation. In this study, SNSN Broadband stations performance and data quality 

is evaluated. We consider background noise by analyzing station locations and 

conditions and their data contribution to earthquake solutions. We also use 

power spectral density (PSD) to compare station noise levels to global stand-

ards using the “PQLX” software by computing PDFs and PSDs of the record-

ings. Based on the above parameters, the broadband seismic network is current-

ly performing well. 
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In The next few years with the adding of new seismic BB stations led to densify 

the network and to enhance performance of the Saudi National Seismic Net-

work. We present the first detailed study of earthquake detection capabilities of 

the Saudi National Seismic Network. The detection-location capability of the 

Saudi National Seismic Network has been estimated for the period 2006-2017. 

The obtained results are plotted in the form of contour maps which show that 

the network in the examined time period has the ability to detect and locate 

shallow earthquakes occurred in Saudi Arabia and around it. When the rest 

stations will be connected to the network, the detectability -locatability of that 

time network will be improved considerably. For a specified network geometry, 

station characteristics and a target monitoring volume, the method determines 

the lowest magnitude of events that the seismic network is able to detect and 

locate ,and estimates the expected location and origin time errors for a specified 

magnitude. 
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UAE strong motion network consists of 62 stations distributed all over the 

country to construct UAE-Ground GSM “ShakeMaps” for existing urban areas 

and areas under strategic development. Additionally, structural design parame-

ters will become available for verification and calibration of the seismic design 

code. Forty stations are equipped with shallow borehole EpiSensors and four-

teen stations with surface EpiSensors installed on open ground or in small 

buildings and 7 stations equipped with TSA-100 and one station equipped with 

Titan. Stations use high dynamic range, IP aware, digitizer model Basalt, Tri-

dent or Quanterra, for data acquisition. The network telemetry topology con-

sists of wireless GPRS backbone with data service from multiple ISPs and some 

station transmit data via VSAT. A site characterization study at each site in-

cluded geotechnical and geophysical analyses, microtremor testing, and soil 

dynamic investigations. The integral results provides estimation on the poten-

tial effects of local site conditions upon recorded ground motions. The primary 

operational objective is to provide input accelerations in real-time for the auto-

matic calculation and distribution of reliable UAE-GSM “ShakeMap” immedi-

ately after a seismic event. This report describes certain details on the strong-

motion network deployment, configuration and recorded ground motion pa-

rameters during 7.8 earthquake magnitude in Iran Pakistan border on 16-04-

2013 felt in UAE. 

 

S7.1 75 



 

 

 

76 S7.2 

Oman Seismic Network (OSN) through sixteen years  

 
Al-Saifi M1, El-Hussain I1,  Al-Shijby Y1,Deif A1,2, Mohamed A M E1,2, El-Habsi Z1 

 

1  Earthquake Monitoring Center (EMC), Sultan Qaboos University (SQU)  
2  Seismology Department, National Research Institute of Astronomy and Geophysics (NRIAG)  

 

Earthquake monitoring Center (EMC) is a national Omani research center   

located in Sultan Qaboos University. It was established in 2001 to record earth-

quakes locally, regionally and internationally. The EMC receives real time data 

from remote seismic stations, where the data transmission from remote stations 

is based on V-Sat communication to analyze the data, locate the events and 

evaluating the source parameters for each event. The obtained parameters 

saved and stored in the Oman Seismological Network database. The recorded 

data represents the core for conducting advanced research and studies on the 

seismicity and geophysics. It was known that, the three main purposes of     

seismic networks are seismic alarm, general or special seismicity monitoring, 

and research of interior of the Earth, so one of the main objectives of EMC is to 

establish hazard location maps that can be used by planners and engineers for 

construction and design to lower the risk of earthquake damages. The number 

and  quality of seismic stations of OSN network continually improves,  never-

theless there is always scope to optimize their performance. This includes site 

selection, equipment testing, installation, noise level, noise level, intrinsic    

attenuation, detectability and integration through exchange data with neigh-

boring networks.   
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Abu Dhabi, United Arab Emirates 
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Siesmology Department, National Center Of  Meteorology, UAE 

 

The term "Structural Health Monitoring (SHM)" refers to real-time monitoring 

of a structure by digital instruments. The primary objective in SHM is to track 

the changes in the dynamic characteristics of the structure, and to detect and 

locate damage after an extreme event, such as an earthquake. In addition, the 

data from SHM systems are used to check design assumptions and design codes, 

to predict response for larger excitations, to calibrate analytical models, and to 

develop instantaneous damage and loss maps. In general, acceleration sensors 

are used for monitoring. Several unique structures in  Abu Dhabi are being in-

stalled with SHM systems, including the ADNOC head quarter, S-shaped Ad-

nec  Building, Sky Tower, world trade center Abu Dhabi, 20 story residentail 

building, UAE University crescent building and Madinat Zayed hospital. Site 

characterization and results of site response analysis for different return periods 

are presented for all buildings. The monitoring sytems are composed of 36 or 24 

acceleration sensors within the building, a wind velocity/direction sensor at the 

top, and a three-component downhole acceleration sensor close to the building. 

Data from the sensors are all time-synchronized, and recorded continuously at 

200 sps in real-time. A unique aspect of the SHM work is that the data are pro-

cessed, analyzed, and interpreted in real-time. A real-time data analysis soft-

ware, REC_MIDS, are developed for the work, and customized for each build-

ing.  The software includes a large number of user-selectable processing and 

analysis options, as well as display and animation routines. The data analysis 

incorporates special techniques to minimize the effects of noise in order to im-

prove accuracy when calculating displacements and inter-story drifts from the 

recorded accelerations.  Inter-story drifts are used as the damage parameter by 

specifying their threshold levels for various performance levels.  The software 

REC_MIDS automatically issue three levels of alerts for damage, and send no-

tification emails to specified addresses. 
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Qatar is located within the Arabian Plate which is characterized by active seis-

mic edges. Qatar is one of the main oil and gas producers worldwide and it has 

intensive production activity. Such tectonic setting and hydrocarbon produc-

tion can cause earthquakes. These earthquakes can create negative impact to 

the country developments. Recently, much major industrial and urban devel-

opments have been built in Qatar and major advances in economic, human and 

social developments continue to occur. The Qatar National Vision 2030 aims to 

create a sustainable economy and advance the standard of living of its people. 

Therefore, Qatar shows extensive interest for earthquakes studies to reduce 

their risks and to take advantage of their occurrence. From this perspective and 

on the basis of the Qatar National Research Strategy, the Qatar Meteorological 

Department (QMET) of Civil Aviation Authority (CAA) established Qatar Seis-

mic Network (QSN) to constitute the first step towards the establishment of 

Qatar Seismic Information Center (QSIC). The establishment of QSN was start-

ed in 2013. The network designed based on many factors including noise meas-

urements, seismicity, geologic setting and the available technology. The QSN 

began operation in June 2014. The current QSN consists of nine field stations: 

three deep borehole stations, two shallow borehole stations, and four surface 

stations. All the stations are broad band stations except one of the surface sta-

tions is short-periods. Each station has one seismometer and one accelerometer. 

The spacing between field stations ranges from about 30 to 60 km. The real-

time data of the network are digitized using 24-bit digitizers with different sam-

pling rates and sent to the QSN data center via GSM cellular network. Antelope 

software is used for data acquisition, analyses and archiving.  
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Earthquake Monitoring in Iraq  

 
Mahdi H, Al-Shukri H, Abd N,  Abdulnaby W, Ramthan A, Chlaib H, and Gok R  

  

The earthquake monitoring system has been continuously improving and up-

dated since the first two broadband seismic stations installed in Baghdad and 

Mosul by the University of Arkansas in Little Rock and LLNL in 2005. In 2007 

a broadband station was installed in Duhok, northern Iraq. Sporadic swarms of 

earthquakes were observed in southcentral Iraq since the 1980s; however, since 

2012, these swarms became more frequent and increased in magnitude. In 2014, 

a seven elements high-frequency array was installed in The-Qar province to 

monitor these swarms and potentially to provide a causative explanation. Sev-

eral swarms have been recorded and the analysis results of these studies will be 

presented in a companion presentation by the research team. This was followed 

(8/2014) by the installation of four broadband stations: one in Basra and three 

in Nasiriya.  In 2015, a broadband and strong motion station was installed at 

the University of Sulaymaniyah and at the same time, the Basra station was 

supplemented by a strong motion station. During 2016, two of the three Nasiri-

ya broadband stations were relocated to Amara and Karbala. The data accu-

mulated from these installations made it possible for the research team to pub-

lish several peer-reviewed papers, graduate students research, and community 

outreach and public education activity. For the year 2018, the plan is to install 

four additional broadband stations. These stations will be located east of the 

city of Kut; Baghdad Province; Kirkuk University; and University of Anbar.  

Next year plan will also include realtime data feed to the Iraqi Data Center and 

to the University of Arkansas at Little Rock and IRIS. 
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The ability to establish the Yemen National Data Centre (Yemen-NDC) was 

under Capacity Building System (CBS) framework of the Comprehensive Nu-

clear-Test-Ban Treaty Organization (CTBTO) in parallel with relevant national 

contribution were gained in the period of 2010-2014. Establishment steps have 

been derived by Geological Survey Board (GSB), Ministry of Foreign Affairs 

(MFA), in addition, a sequence of official meetings and coordination with ap-

propriate national authorities and institutes which conducted to illuminate 

common vision on the purpose and benefit values of such center. Although 

Yemen has been signed CTBT in 1996, NDC issues stay as a theoretical concept 

without any action until 2010, the basic follow up taken by AFM-GSB experts, 

official communication and negotiations were established with CTBTO Provi-

sional Technical Secretariat (PTS) to schedule national commitments for site 

offering-preparing as well as requested support from PTS that includes; train-

ing items, technical equipment-software donation etc. In final implementation 

phase, Yemen-NDC would be presented a technical point of contact to PTS and 

IDC, having a signatory state right to access, download and analysis seismic, 

hydroacoustic and infrasound data of International Monitoring System (IMS) 

and IDC products through satellite or Internet VPN connection. Furthermore, 

crucial knowledge could be collected from CTBT civil and scientific activities, 

tsunami early warning systems, earthquake rapid information and response and 

physical oceanography and atmosphere studies. 
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The 12 October 1992 earthquake (Mw = 5.8), located 25 Km southwest of Cairo 

City generated great damage in its surrounding area. The Government estab-

lished the Egyptian National Seismological Network (ENSN) with 66 stations 

for monitoring the seismic activity in and around the country. The network is 

officially in operation since 1997 under the supervision of the National Re-

search Institute of Astronomy and Geophysics (NRIAG). After twenty years of 

this important event, a project was funded from Science and Technology Devel-

opment fund to review the performance of the network stations. Many steps are 

running to review station’s performance, including hardware, site conditions, 

and data quality. One of these ongoing studies is to check the characteristics of 

the background seismic noise. The data quality check is performed using a 

standard seismological tools: PQLX, McNamara & Boaz, 2005, applying Power

Density approach for frequencies ranging from 0.01 to 16 Hz. Continu-

ous data of the former day and all the 24 hours is considered, eliminat-

ing seismic events (both local and teleseismic) or anomalous transient phenom-

ena. The Probability Density Functions provide useful tool for characterizing 

the performance of broadband stations and for detecting operational problems. 

The noise level at stations is lying within the Peterson new model limits. 

The amplitude of the noise is observed to be higher with shifted dominant peak 

frequencies toward lower periods in winter times. In summer, the amplitude is 

lower with a peak shorter 

 The results of this study play an important role to the future sitting for 

the n etwork growth. The noise maps at body wave should be use-

ful for estimating the magnitude threshold or conversely for optimizing the 

distribution of regional network
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The use of regional distance long-period, complete waveform data to determine 

the seismic moment tensor is now a routine and reliable approach in determin-

ing the source mechanism of natural and man-made seismicity, and may be 

used to identify different types of seismic sources. Such source-type identifica-

tion is important for better understanding the physics of earthquakes, geother-

mal and volcanic seismicity, as well as seismicity induced by anthropogenic 

activities such as mining and hydrocarbon operations. We propose to establish 

a regional moment tensor inversion library in the Kingdom of Saudi Arabia 

using data from the Saudi National Network, operated by the Saudi Geological 

Survey, and its neighboring countries. To produce stable and reliable moment 

tensor solutions we need to ensure the quality of the instrument corrected seis-

mic waveform data and develop well-calibrated 1D velocity models for the Ara-

bian peninsula to account for the wave propagation effects. The estimation of 

seismic source parameters is dependent upon having well-calibrated velocity 

models. The calibration can be done through broadband waveform modeling 

and information from body or surface wave tomography models. Developing 

the capabilities of routine moment tensor inversion to establish a catalogue of 

reliable source mechanisms provide quantitative information about the charac-

teristics of seismic hazards, local and regional tectonics and in-situ stress fields 

of the region. This effort will help us better understand the nature of earth-

quake source mechanisms in the Harrats and other regions of interest in the 

Kingdom. 
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The Makran subduction zone (MSZ) is the result of northward subduction of 

the Arabian Plate beneath the Eurasian plate in the northwestern Indian 

Ocean. The MSZ is unique due to its geological and seismological characteris-

tics. Despite of the relatively low seismicity, the occurrence of the most recent 

large Tsunami of 1945 associated with an earthquake of magnitude 8.1indicates 

the vulnerability of the region. Due to the absence of deep seismic profiles and 

low local seismicity little is known about the lithospheric structure onshore and 

offshore. In the present study we will only present three deep and long seismic 

profiles onshore Makran. These data were acquired in a joint cooperation be-

tween IIEES and GFZ during a period of about a month in Iranian sector of 

the onshore Makran. These profiles are located within the Sistan and Ba-

luchestan, Hormozgan provinces. In addition the project was supported by the 

local universities of Sistan and Baluchestan and Hormozgan. The 3 profiles 

were about 250 km long each, with shooting interval of about 20 km in bore-

holes  and sensor interval of 700 meters in North- South direction. This is aimed 

at providing well defined structural elements and velocity models. Subsequent-

ly these data combined with offshore 2D seismic and refraction as well as wide- 

angle reflection seismic data will be used to better define major thrust Makran 

fault parameters. This will provide essential parameters for accurate definition 

of tsunami sources for modeling and related tsunami hazard assessment. It is 

important to mention that the quality of data is excellent and the wide angle 

seismic reflection data can be observed with good accuracy. So in this presenta-

tion after a general review of the need for such data, the seismic acquisition 

parameters will be described and some preliminary results will be presented.   
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The Makran coastal belt is over one thousand km long stretching from Iran to 

the east of Karachi in Pakistan. A major active subduction zone known as 

Makran subduction zone defined by the underthrusting of the Arabian plate 

beneath the Eurasian plate runs parallel to the coastline. The subduction zone 

is associated with a thick accretionary sedimentary wedge deposited in an ac-

tive fore-arc basin containing very thick detrital sediments contributed by the 

accretion of the subducting plate since Late Eocene time. The sediments in the 

fore-arc basin are fine grained usually of clay size fraction deposited in highly 

fluidized conditions trapping methane gas. The fluidized mud diapirically 

moves upward along weak zones as mud volcanoes due to high sedimentation 

rates and escaping gas pressure piercing through the overlying sediment layers. 

The development of mud volcanoes shows a close relationship between the sedi-

mentation rates, gas escape from sediments, and tectonic activity. Mud volca-

noes are found in abundance both onshore and offshore Makran Coast. Most of 

the mud volcano clusters in Makran coastal areas (onshore) are associated with 

fault zones and are believed to be triggered by tectonic activity. The area to the 

north of the Makran coastal belt is seismically active where sever earthquakes 

of magnitude 7 and above is a common phenomenon such as Awaran earth-

quake of 2013 measuring Mw=7.7 and Mw=8.2 of 1945. The seismic activity of 

this scale triggers appearance of new islands off the Makran coast in the Arabi-

an Sea such as one that appeared with 2013 major earthquake. In this chapter 

we will review major mud volcanoes formed along the Makran coastal region by 

describing their evolution history and mechanism of their formation. The chap-

ter will also describe the sudden appearance of islands off Makran coast since 

1945 major earthquake and their importance in the geological history of the 

coastal region.   
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The Territory of Syria encompasses several active tectonic structures lying at 

the northern part of the Arabian Plate. Field observations of geologic and geo-

morphic features indicate the recent tectonic activity along these structures. 

The main goals of this presentation are: (i) to show different geologic and geo-

morphic features that prove the recent activity along the main tectonic units in 

Syria. (ii) To represent a preliminary stress analysis of Quaternary features as a 

starting point towards establishing a “Quaternary stress map of Syria” based 

on field observation and measurements of tectonic structures in different re-

gions in the country. (iii) To call for cooperation to establish “An Arabian plate 

Quaternary stress map”. This could form the base for any correlation with in-

vestigations of the present-day stress state (e.g. In-situ stress - and focal mecha-

nism data) in order to get a better understanding of “the recent geodynamics of 

the Arabian plate”, and to contribute in the seismic hazard assessment in the 

region. The general picture of the Quaternary stress along the main structures 

in Syria shows the following distribution: (1) In the Euphrate graben system, 

analysis of brittle deformations suggests that the Quaternary period is charac-

terized by E-W tension and N-S compression. (2) In the Aleppo Plateau, the 

surveying of small scale structures records almost the same stress orientation as 

in the Euphrate region. (3) Recent studies along the northern segment of "West 

Shaam fault system WSFS" (also in the literature "Dead Sea fault system") 

have proved its activity. In the Ghab area, the analysis of strike slip fault sys-

tems shows a NW– SE direction of the σ1 axis (compression) and a NE–SW 

direction of the σ3 axis (tension). In addition, N-S striking normal faults, due to 

an E-W oriented tension, occur in Quaternary deposits. (4) Paleostress recon-

struction in the Palmyride fold and thrust belt demonstrate a Quaternary com-

pressional event in NNW-SSE orientation, which, in turn, caused a  N-S orient-

ed component of compression at the western edge of the Palmyrides, may be 

due to the existence of the Anti-Lebanon block to the west of it. (5) In southern 

Syria, the alignment of Quaternary volcanic centers, and the orientation of 

small Quaternary depressions indicate ENE-WSW trending tension in the Qua-

ternary period. As result, the compilation of these data forms the base for a 

preliminary "Quaternary stress map of Syria", that can be developed continu-

ously by adding results of new field investigations.    
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Study and analysis of earthquake and tectonic data, and marine seismic survey 

results based on related documents for assessing the seismotectonics of the 

north easternmost Mediterranean offshore Syria and its surrounding reveal the 

following: (1) the obliquely plate boundary between the Anatolian and Sinai 

plates, i.e. Cyprus arc, includes three regional faults, they are Latakia, Famagu-

sta and Kythrea; (2) the eastern segment of the boundary has a moderate 

earthquake activity since the beginning of the last century; (3) variety of the 

fault mechanisms reflects the complexity of the eastern segment of the arc; (4) 

unstable submarine sediments prone to slumping are exist at the Levant mar-

gin near the Syrian coast; (5) Cyprus arc, the unstable sediments and the Dead 

Sea fault system represent sources for producing tsunamis. A simple simulation 

of tsunami generation in the study area indicates it could cause inundation at 

the Syrian coast, requiring taking the geohazards into consideration. 
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The Arabian Peninsula is an interested region from both tectonic and seismic 

point of views. It shows an active geologic structure attributed to the tectonic 

movement of the rifting of the Red Sea from the west and the collision of the 

Arabian Plate with the Persian Plate to the northern and northeastern bounda-

ries. To the south, similar rifling running in a more east-west direction through 

the Gulf of Aden has separated the Arabian Peninsula from Africa. These com-

plicated tectonics attributed with seismological activities indicates seismo-

activities along the neo-tectonic zones. The availability of altimeter data from 

satellite observations has opened new perspectives in the Earth sciences. Radar 

altimetry data has been used to derive gravity and its variations over the 

world's oceans and an excellent tool for mapping sea floor structures, including 

tectonics, sea mounts and rifts. On the other hand, the Gravity Recovery and 

Climate Experiment (GRACE) satellite mission has widely demonstrated its 

sensitivity to ongoing mass redistribution within the various sub-systems of the 

earth. Finally, GOCE (Gravity field and steady-state Ocean Circulation Explor-

er) satellite is the first satellite mission that observes gradient of the Earth 

gravity field from space. The use of GOCE data provide better information for 

the determination of regional gravity field and can be used to predict surface 

gravity anomalies in un-surveyed areas of the Earth.  Integrated satellite gravi-

ty data have been used to delineate the tectonic settings and the neo-tectonics 

of the Arabian Peninsula. Results show important zones of mass discontinuity 

in this region correlated with the seismological activities and temporal gravity 

variation. The current study indicates that satellite gravity data is a valuable 

source of data in understanding the geodynamical behavior of the studied re-

gion and that satellite gravity data is an important contemporary source of 

data in the geodynamical studies. 
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The average seismic strain rate is estimated for the seismotectonic zone of the 

northern/ central parts of the Gulf of Suez. The principal strain rate tensor and 

velocity tensor were derived from a combination of earthquake focal mecha-

nisms data and seismic moment of small size earthquakes covering a time span 

of 13 years (1992-2004). A total of 17 focal mechanism solutions have been used 

in the calculation of the moment tensor summation. The local magnitudes (ML) 

of these events range from 2.8 to 4.7. The analysis indicates that the dominant 

mode of deformation in the central and northern parts of the Gulf of Suez is 

extension at a rate of 0.008 mm/y in N28°E direction, and a small crustal thin-

ning of 0.0034 mm/y. This low level of strain means that this zone experienced 

a little seismic deformation. There is also a right lateral shear motion along the 

ESE-WNW direction. This strain pattern is consistent with the predominant 

NW-SE normal faulting and ESE-WNW dextral transtensive faults in this 

zone. Comparing the results obtained from both stress and strain tensors, we 

found that the orientations of the principal axes of both tensors have the same 

direction with a small difference between them. Both tensors show a predomi-

nantly extensional domain. The approximate good correlation between the 

principal stress and strain orientations in the area suggests that the tectonic 

strength is relatively uniform for this crustal volume.  
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The present-day crustal deformation in North African area is mainly driven by 

the NNW–SSE convergence between the African and Eurasian plates. This 

convergence is accommodated over a wide deformation zone (the Tellian Atlas) 

implying existence of significant seismic activity. This domain represents the 

southern part of the Alpine ranges at the boundary between the African and 

Eurasian plates. The seismic activity is mainly characterized by moderate to 

destructive magnitude events as it was shown by the 21 May 2003 Zemmouri 

earthquake (Mw=6.8) and the 10 October 1980 El Asnam (presently Chlef) 

earthquake (Mw=7.3). These two earthquakes are the strongest recent ones 

that occurred in this part of Western Mediterranean area. According to the Al-

gerian earthquake catalogue, the earthquake activity is mainly concentrated in 

the intramountainous seismogenic basins which belongs to the Tellian Atlas. 

Related to the counterclockwise rotation of Africa with respect to Eurasia since 

the Late Cretaceous, the movement between these two plates involves an 

oblique convergence forming a tectonic transpression system along the western 

part of North Africa. This NNW-SSE transpression, initiates faulting activity 

along “en echelon” NE-SW trending folds and associated reverse faults. Some 

authors assumed that this “en echelon” system is related to the presence of 

deep major E–W strike-slip faults. The different “en echelon” structures define 

several NE-SW oriented tectonics blocks. The active deformation in North Af-

rica could be thus explained by a simple kinematic model of block rotation re-

lated to the transpression with NNW-SSE direction of plates convergence. We 

present in this study, the results obtained from four different structural and 

paleomagnetic studies carried out in Northern Algeria. These new data reveal 

existence of numerous clockwise block rotations and confirm thus the validity 

of this kinematic model at regional scale. The Tellian Atlas domain is then con-

stituted of tectonic blocks delimited by strike-slip faults, as in a “bookshelf” 

model. The results inferred from this work represent a starting point for more 

detailed studies in seismogenic zones. This constitutes a significant advance-

ment for an assessment of seismic hazard in regions where large earthquakes are 

expected. 

S8.8 89 



 

 

Seismotectonic provinces of Yemen 

 
Khaled KHANBARI 

 

Yemen is located on the southwestern corner of the Arabian plate, on the 

eastern margin of the Red Sea and on the northern margin of the Gulf of Aden. 

The tectonic movement and interaction of Arabian and African plates 

constituting rifts of the Red Sea and the Gulf of Aden are the principal causes 

of earthquakes in Yemen. In general the seismic activity around Yemen is most 

pronounced along the spreading ridges. However small-to-moderate sized 

earthquakes occur inside the land of Yemen. In this study, we have used 

earthquakes data-set and density of epicenter, geological map, faults, stress 

field data and digital elevation model (DEM). All data are implemented in 

geographical information system (GIS) environment to evaluate the seismic 

hazard and to study the seismotectonic of Yemen. The results show that 

Yemen and surrounding area can be divided into six seimotectonic provinces. 

The first and the second provinces represent the Red Sea and the Gulf of Aden 

ridges which are the most seismically active regions. The third province covers 

the western part of Yemen including the volcanic margin. This province is the 

most active part of Yemeni land. It is related to volcanic activities and normal 

faulting with dominant NE-extension. The fourth province is including the 

central part of Yemen which occurred on stable basement. The fifth province 

represents the northern part of Yemen which covers Rub Al-Khali desert. It is 

considered to be the most stable part of Yemen. The sixth province covers the 

eastern part of Yemen including non-volcanic margin. It is characterized by 

sedimentary basins and Tertiary sediments. It is seismically stable with normal 

faulting sub-parallel to the trend of the Gulf of Aden and producing NNE to 

NNW extension. The interaction between faulting and volcanic activities is the 

main cause of earthquakes in the western part of Yemen. Therefore the western 

seismotectonic province is characterized by the highest level of seismic hazard 

and the hazard is low across the central and eastern parts. The result of this 

study will be useful for the seismic hazard assessment and earthquakes 

mitigation in Yemen. 
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Due to its key position within the Africa–Europe convergence zone, Tunisia is 

marked by thrusting, folding, and faulting and has a major rupture zones asso-

ciated with active faults. Consequently, most of Tunisian land is seismically 

active with significant active deformations, showing recent seismic events and 

In Tunisia, the seismicity appears to be  low to moderate with magnitude rang-

ing from Mw 2-5.6. Some earthquakes areregularly experienced by the popula-

tion and caused local damage and very significant surface effects as indicated 

by the data of seismic activity since about 1000 years (in IMN Catalog). The 

historical sources (Roman then Arabic) give evidences for strong seismic activi-

ties. The study of historical manuscripts showed the existence of strong earth-

quakes that can be devastating, as was the case of the 410 AD Utica earth-

quake, that of Kairouan in 854, and also the historic earthquake of 856 that 

devastated the city of Tunis. In Tunisia, the spatial distribution of recent 

earthquake epicenters seismically suggests that the main activity occurred in 

Northwestern Atlas, Southern Atlas, Eastern and Pelagic platform and Tunis 

surroundings. Additionally, we distinguish active zone where late Quaternary 

surface related deformations (Faults, flexures, uplift) have been evidenced. This 

work results from a compilation of seismotectonic features, active faults, histor-

ical seismic catalog, recent seismic events geological information, lineaments, 

and discontinuities deduced from gravity data analysis. Numerous data from 

multi-scalar approaches contributed to this work providing good opportunities 

to clarify the Present day Kinematic model within the North African margin. 

We propose to treat the active deformation based on observations and new in-

vestigations in the field to be able to develop new databases for detailed studies 

of recent tectonics, seismo-tectonic, historical seismicity, ruptures and surface 

effects in selected risky areas. The regional stress states reconstructed in recent 

geological outcrops show a correlation with seismic activity. The mechanism of 

most Tunisia earthquakes combined with the existing tectonic and structural 

information and  reconstruction of  the stress tensor allow better understanding  

S9.2 91 



 

 

of the seismogenic zone and provide a better assessment of the seismic risk to 

infer new conclusions on the seismogenic zones related to the geodynamic     

African-Eurasia plate boundary. We aim to concentrate several complementary 

approaches to determine, in each domain, the seismicity in the most active 

zones around the major faults and to determine the present stress pattern, to 

characterize the active fault and to evaluate the seismic risk. 
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 We operated a temporary network of 40 broadband seismometers – provided 

by the German Geophysical Instrument Pool (GIPP) - across the Oman Moun-

tains with an inter-station spacing between 10-50km. The network and project 

dataset is complemented by data from 10 permanent stations in northern Oman 

operated by the local Earthquake Monitoring Center. Main aspects of the pro-

ject target the local velocity structure of the Oman Ophiolite and the continen-

tal lithosphere below the eastern Arabian plate to further our understanding of 

obduction scenarios. At the same time, the network offers a great data set for a 

wide range of seismological applications, examples of which will be presented in 

our contribution. Data quality of the temporary stations is overall high as will 

be visualized by quality control tools such as power spectral densities, average 

noise amplitudes and event examples. Using array processing techniques, we 

are able to characterize and quantify ambient seismic noise in northern Oman 

over the project duration. Changes in noise directivity can be clearly linked for 

example to individual low pressure systems in the Indian Ocean. Preliminary 

observations from ambient noise autocorrelations show consistent reflectors in 

the crust across the network which are presumably related to structural fea-

tures such as sedimentary, ophiolite or crustal thickness. This approach seems 

thus highly useful to image shallow crustal discontinuities and complementary 

to Receiver Function analysis. The high spatial density of seismic stations of-

fers also the potential to improve localizations of the local seismicity in north-

ern Oman and beyond. We welcome interested parties to discuss potential col-

laboration on exploitation of this unprecedented dataset. 
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The Oman ophiolite is one of the best preserved and studied ophiolites, where 

oceanic lithosphere was obducted on top of a continent. It covers an area of 

about 700 x 140 km with a thickness of up to 12 km. In this work, we want to 

use surface wave tomography by using ambient noise data, to image the 3D 

geometry of the ophiolite which is almost entirely unknown. This will lead to a 

better understanding about the origin of the Oman ophiolite, the obduction 

process which occurred around 94-97 million years ago, and the internal proper-

ties of the Oman ophiolite itself. Therefore, we operated a network of 54 seismic 

stations (40 temporary, 14 permanent) for passive seismic registration from 

October 2013 to February 2016. The analysis of ambient seismic noise allows us 

to calculate the Green’s function for vertical, radial and transverse components 

by cross correlating the data of two different stations. This has been done for 

every possible combination of stations (#1862). Afterwards we estimate phase 

velocities by taking the observed phases from our Green’s functions and fitting 

them to a Bessel function which depends on frequency and phase velocity. The 

results are promising. We find distinct differences in the dispersion curves at 

lowest periods (2-5s) which can be interpreted as structural differences in the 

uppermost part of the crust. Paths across the ophiolite show consistently higher 

phase velocities than those further south which traverse sedimentary sequences 

only. Synthetic tests on 1D inversion of the dispersion curves for shear wave 

velocity with depth illustrate the feasibility of the applied approach to resolve 

the 3D geometry of the Oman ophiolite across Northern Oman.  
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The Alpine-Mediterranean mobile belt including Anatolia and the Middle East 

is, tectonically, one of the most complicated and active regions in the world. 

Since the Mesozoic, collisions between Gondwana-derived continental blocks 

(Africa and Arabia) with Eurasia, due to the closure of a number of rather small 

ocean basins in addition to the continent-continent collision zones, have shaped 

the region’s geology. Plenty of studies analyzed the kinematics of the Mediter-

ranean to capture the dynamics of the system addressing questions regarding 

the motion of Anatolia and Arabia or why the Hellenic trench retreats so fast. 

Nevertheless, the slab pull model can hardly explain the motion of Arabia 

which may be related to the slab pull exerted by the Makran system, given the 

slab beneath the eastern Anatolia-Bitlis-Zagros is probably inactive and has 

been detached. Despite the numerous studies that have attempted to character-

ize the lithosphere-asthenosphere structure in that area, details of the litho-

spheric structure and dynamics, as well as flow in the asthenosphere are, how-

ever, poorly known. A 3D shear-wave velocity structure of the lithosphere-

asthenosphere system in the Mediterranean and the adjacent regions are inves-

tigated using new tomographic images obtained from surface wave tomogra-

phy. An automated algorithm for inter-station phase velocity measurements is 

applied here to obtain both Rayleigh and Love fundamental mode phase veloci-

ties. We utilize a database consisting of more than 4000 seismic events recorded 

by more than 3000 broadband seismic stations within the area, provided by the 

European Integrated Data Archive (WebDc/EIDA) and IRIS. Moreover, for 

the first time, data from the Egyptian National Seismological Network 

(ENSN), recorded by up to 25 broad band seismic stations, are also included in 

the analysis. Path average dispersion curves are obtained by averaging the 

smooth parts of single-event dispersion curves. We calculate maps of Love and 

Rayleigh phase velocities at more than 100 different periods which in turn pro-

vide the local phase-velocity dispersion curve for each geographical grid node of  
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the map. Each local dispersion curve is inverted individually for 1D shear wave 

velocity model using  a newly implemented Particle Swarm Optimization (PSO)  
algorithm. The resulted 1D velocity models are then combined to construct the 

3D shear-velocity model. Our 3D isotropic SV model reveals significant varia-

tions in shear wave velocity both vertically and laterally in the crust and upper 

mantle structure, emphasizing the processes associated with the convergence 

between the Eurasian and both African and Arabian plates which shows the 

high variability of lithospheric structure of the Mediterranean basin. Based on 

our results, surface waves tomography shows a high potential to reveal the ge-

ometry of the subducting slabs, slab gaps and slab segmentations. 
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In this study, we used P wave teleseismic receiver functions (RFs) from broad-

band seismic station Islamabad (ISBA) in the new seismic network of Pakistan. 

Our goal in this paper is to present the teleseismic receiver function results and 

constrain the crustal structure in the vicinity of Islamabad. The H-k stacking 

and inversion techniques have been used to image the crustal structure. We 

applied HK stacking on teleseismic receiver functions developed by Zhu and 

Kanamori, 2000 and averaged the s (H, k) values. We assumed an average Vp 

of the crust is 6.24 km/s based on global Iaspei91 model for Pakistan region. 

The H-k stacking results show a crustal thickness of 48 +/- 2.2 km with average 

Vp/Vs of 1.87 +/- 0.04. Inferred from stacking of P waves teleseismic RFs the 

Moho-converted Ps phase shows complexity in the crust due to presence of sed-

imentary layer at ~15km with a delay 2s, which is consistent with surface geol-

ogy beneath the station. Radial receiver functions from broadband station 

ISBA show a strong signal at ~6sinterpreted as a conversion from the Moho. A 

small positive phase before the Moho conversion is observed which is likely 

caused by sedimentary layer which seems a low velocity layer.  There looks like 

there is a crustal conversion at approx. 2-3 seconds after the P-arrival and an 

interesting pulse at 8-10 seconds, so we believe a more complex model than a 

single-velocity crust is required for this station.  In this study, we combined 

surface wave dispersion with receiver functions to jointly invert for 1D shear 

velocity at ISBA station. The results of our analysis reveal that S-wave veloci-

ty in the crust is slightly above 4.6 km/s. We suggest a new 1D crustal model 

(H, Vs) beneath the station which is consistent with the previous results are 

consistent with earlier studies based on RF study, geology and the geodynamic 

context. Analysis of the Moho interaction phases in the receiver functions and a 

joint inversion with Rayleigh-wave dispersion velocities delineate the S-wave 

velocity structure.  
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Crustal structure in southeastern Egypt has been investigated to elucidate the 

nature of crustal thinning across the northern Red Sea. P-wave receiver func-

tion modeling for seven stations in southeastern Egypt yields typical Proterozo-

ic crustal thicknesses of 35–38 km around Lake Aswan, and thinner crust (25–

26 km) within 50 km of the Red Sea coast. Vp/Vs ratios are on average 1.78 and 

indicate an intermediate composition crust. These results, when combined with 

other estimates of crustal thickness in the region, reveal a symmetric pattern of 

crustal thickness beneath the conjugate margins of the northern Red Sea. Such 

a pattern is consistent with a pure shear model of extension, and suggests that 

the greater amounts of uplift and volcanism on the eastern side of the Red Sea 

compared to the western side may be the result of deeper flow in the mantle 

associated with the African superplume and not directly a consequence of the 

rifting process.  
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Crustal structure of the Khartoum basin, Sudan 

 
El Tahir N, Nyblade A, Julià J, Durrheim R 

 

The crustal structure of the northern part of the Khartoum basin has been in-

vestigated using data from 3 permanent seismic stations within 40 km of Khar-

toum and two modelling methods, H-k stacking of receiver functions and a 

joint inversion of receiver functions and Rayleigh wave group velocities. The 

Khartoum basin is one of several Mesozoic rift basins in Sudan associated with 

the Central Africa Rift System.  Results from the H-k-stacking indicate that 

crustal thickness beneath the Khartoum basin ranges between 33 and 37 km, 

with an average of 35 km, and that the crustal Vp/Vs ratio ranges from 1.74 to 

1.81, with an average of 1.78. From the joint inversion of receiver functions and 

Rayleigh wave group velocities, we obtained similar results for Moho depth, as 

well as an average shear-wave velocity of 3.7 km/s for the crust. These results 

provide the first seismic estimates of Moho depth for a basin in Sudan. When 

compared to the average crustal thickness for unrifted Proterozoic crust in east-

ern Africa, our results indicate that at most only a few kms of crustal thinning 

may have occurred beneath the Khartoum basin. This finding is consistent 

with estimates of effective elastic plate thickness, which indicate little modifica-

tion of the Proterozoic lithosphere beneath the basin, and suggests that there 

may be insufficient topography on the lithosphere-asthenosphere boundary 

beneath the Sudanese basins to channel plume material westward from         

Ethiopia.   
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An Overview of Three Years of Tsunami Research in the NE-

AM Region 
 

M A Baptista1,2 
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Tsunamis are high impact natural disasters. The Indian ocean tsunami in De-

cember 2004 and the March 2011 event in Japan showed the limitations of cur-

rent knowledge on tsunami sources, coastal impacts and mitigation measures. 

Tsunamis are a societal problem in the North East Atlantic and Mediterranean 

(NEAM) regions because of the existence of very high populated coastal areas. 

The cost of protecting them by building protective/defences is out of the ques-

tion because of the frequency of tsunami events. All types of tsunami sources 

exist along the coasts of Europe in the NEAM region: earthquakes in the Hel-

lenic Arc, the Anatolian Fault, north of Algeria and South-western Iberia, vol-

canoes in the Canaries and Santorini; and mega-landslides in the Norwegian 

margin. ASTARTE project (ASTARTE - Assessment Strategy and Risk Re-

duction for Tsunamis in Europe) project was a major European initiative to 

develop a comprehensive strategy to mitigate tsunami impact in Europe. AS-

TARTE focused the long-term recurrence of tsunamis and generation mecha-

nisms. ASTARTE produced new methods for inverse modelling and novel fore-

casting techniques based on emulation rather than simulation. In the frame-

work of the project new analytical benchmarks for model validation based on 

laboratory experiments on typical Mediterranean marine structures were ad-

dressed. The ASTARTE hazard assessment studies included scenario-based and 

seismic probability-based studies. The results are presented in the form of maps 

depicting flow depths and inundation limits for a specific scenario or a set of 

scenarios. The new probabilistic studies resulted in the design of the pioneer 

TSUMAPS-NEAM map for seismic tsunamis for Civil protection use. The new 

vulnerability studies in a number of test sites, applied especially to assets like 

buildings, industrial plants and coastal infrastructures. ASTARTE assessed the 

operational infrastructures of the Tsunami Early Warning Systems in the NE-

AM region and assessed preparedness skills and attitudes in NEAM communi-

ties. The results show a low level of awareness of tsunami hazard in the area. 

ASTARTE recognized the need for new evacuation plans including safe sites 

and new educational materials. Finally, ASTARTE developed a tool for emer-

gency management: FIND – Finding Inaccessible people in Natural Disasters. 

ASTARTE collaborative project received funding from European Union 7th 

Framework program FP7 ENV2013 6.4-3, Grant 603839 
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In this study, we present a review of two tsunami sequences which took place in 

the North East Atlantic during the 18th and 20th centuries, along the western-

end of the Nubia- Eurasia plate boundary. The 18th century tsunami sequence 

occurred between 1722 and 1761, namely on the 27th December 1722, 1st No-

vember 1755 and 31st March 1761. The large amount of historical reports avail-

able enabled the investigation of their source areas. The 1st November 1755 

tsunami, known as the Lisbon tsunami, caused massive devastation along the 

coasts of Portugal, Spain and Morocco and was observed as far as the Caribbe-

an islands and the United Kingdom. The catastrophic impact of these event 

and its transoceanic impact makes it one of the best study historical events. 

The less known 31st  March 1761 tsunami, generated a transatlantic tsunami 

although its impact was much less severe than the 1755 event. In the 20th cen-

tury, another cluster of earthquake-induced-tsunamis was observed along the 

same segment of the plate boundary between 1939 and 1969. This sequence 

comprises a first event located close to the Azores and the last one in the com-

pressional sector close to the Strait of Gibraltar in the Mediterranean. The 18 th 

century sequence ruptured the western segment of the plate boundary from 

East to West whereas the 20th century sequence ruptured the from West to-

wards East. Here, we present an overview of the research on the source of these 

events and discuss these sequences in terms of tsunami hazard in the North 

East Atlantic. 

 

 

104 S10.1 



 

 

Progress in the tsunami hazard assessment from seismic 

and non-seismic sources: The NE Atlantic 

 
Omira R1,2 and  Baptista M A2,3 

 
1 Instituto Português do Mar e da Atmosfera, IPMA, I. P.; Rua C do Aeroporto, 1749- 007,  
   Lisbon, Portugal. 
2 Instituto Dom Luiz – IDL, Faculdade de Ciências da Universidade de Lisboa; Campo 10 
   Grande, Edifício C8, Piso 3, 1749-016 Lisbon, Portugal. 
3  Instituto Superior de Engenharia de Lisboa – ISEL; Instituto Politécnico de Lisboa; Rua 
   Conselheiro Emídio Navarro, 16 N. 1, 1959-007 Lisbon, Portugal. 

 

The 2004 Indian Ocean and the 2011 Tohoku-Oki tsunamis brought to the fore 

the hazardous nature of the tsunami phenomenon. Consequently, the tsunami 

hazard assessment has gained a significant progress. Deterministic and proba-

bilistic analyses have reached commonly accepted formulations being used for 

assessing the tsunami hazard in various coastal zones around the world. The 

NE Atlantic region, as a tsunami prone zone, followed the trend and tackled 

the tsunami hazard assessment considering different approaches and sources. In 

this sense, this study presents an overview of the progress in the tsunami haz-

ard assessment at the NE Atlantic coast. The tsunami hazard is carried out by 

the means of numerical modelling and considering both seismic and non-seismic 

sources (submarine landslides, volcanic flank-collapses) from near- and far-

fields. We use both the deterministic and the probabilistic approaches to derive 

high-resolution maximum wave height and inundation maps. We further high-

light the importance of considering the non-seismic sources in any comprehen-

sive tsunami hazard assessment. 
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On 19 March 2017, a surge from the Gulf inundated significant parts of the Port 

of Dayyer on the southern coastlines of Iran. It, reportedly, capsized about 300 

boats, caused ~$10 million of damage and resulted in one death and five people 

missing. Although a significant storm had preceded the surge, there were indi-

cations of calm weather during the event in some of the remaining footage 

which could play a critical role in reconstructing the tsunami by studying it as 

a meteorological phenomenon. Here, we are reporting the data from a field sur-

vey in the affected area which revealed a concentration of inundation along a 

~30 km  stretch of coastline with run-ups reaching 3 m at ~4 km west of 

Dayyer. In the absence of any major seismic event at or around the occurrence 

of the tsunami, we consider landslides as well as atmospheric phenomena as 

potential sources for the event. We use simultaneous hydrodynamic dipoles as 

landslide scenarios (e.g. Synolakis et al., 2002) and simulate water amplitudes 

close to the coastlines using the MOST algorithm (e.g. Titov & Synolakis, 1995). 

We also use the method by Platzman (1958) to model the surge as a meteotsu-

nami. Our simulations suggest that the Dayyer tsunami was caused by a local 

system of atmospheric pressure gradient, as our landslide models fail to repro-

duce high amplitudes as documented in our field survey. 
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Tsunami is one of the most devastating natural hazards phenomenon causing 

loss of life and property throughout history. The Sultanate of Oman and Unit-

ed Arab Emirates were subjected to one confirmed tsunami in November 27, 

1945 due to an Mw 8.1 earthquake in Makran Subduction Zone. In this study, 

we present deterministic and probabilistic tsunami hazard assessments (PTHA 

and DTHA) for the coasts of Diba Oman and Diba Al Emirates, which are lo-

cated on the western coast of the Oman Sea. The tsunami vulnerability of these 

cities increased due to increasing critical infrastructures and urban concentra-

tion along their coasts. Therefore, tsunami hazard assessment is necessary to 

mitigate the risk on these developments. The major known source of tsunamis 

capable to affect both coasts of Oman and United Arab Emirates is the Makran 

Subduction Zone (MSZ), which extends for approximately 900 km.  The DTHA 

approach uses specific scenarios considering the maximum credible earthquakes 

occurring in the MSZ and computes the ensuing tsunami impact in the coasts of 

the study area. PTHA is calculated using the results of Probabilistic Seismic 

Hazard Assessment for Oman. The return periods for different magnitudes is 

calculated based upon the rate of slip and the dimension of the studied source. 

DTHA and PTHA are complimentary. DTHA provides a description as precise 

as possible of the effects of large tsunamis that can be triggered by well-known 

geological features close to the Sea of Oman. PTHA aims to quantify the proba-

bility of occurrence of given tsunami effects. Both approaches show that the 

maximum wave height in the range of 1 to 2 m can be expected following earth-

quakes in the MSZ.  
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Automatic and manual real-time analysis of signals from earthquakes and tsu-

namis is feasible and required for earthquake and tsunami early warning, civil 

protection or the safe exploitation of natural resources .In March 2015 the 

national tsunami warning center at DGMET in Oman was inaugurated The 

backbone of the center is SeisComP3, a quasi-standard software package for 

automatic real-time earthquake monitoring .Complemented by additional 

software packages based on the SeisComP3 framework, we have set up a turn-

key solution for earthquake and tsunami monitoring and early warning.The 

additional packages include modules for enhanced data acquisition, earthquake 

monitoring of low-magnitude earthquakes, rapid moment tensor determination 

and automatic and interactive tsunami simulation, observation and warning 

dissemination .Since 1 April 2015 the system has proven its high performance 

by detecting about 1800 earthquakes with Magnitude 2.1 to 7.8 in the Indian 

Ocean region and Oman .The application of unique modules and processing 

strategies dedicated to local earthquake monitoring also provides fast and ro-

bust images of the seismicity in Oman .Based on example earthquakes the 

performance of the system in terms of earthquake detection speed and location 

stability as well as tsunami simulation and warning dissemination is demon-

strated .The results show that this system is capable of providing rapid 

warning to Oman in case of tsunamis generated in the Indian Ocean, specifical-

ly off-coast Oman in the Makran Subduction or the Owen Fracture Zone . 
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This study identifies three major tectonic faults in the Arabian Gulf region. It 

was found that only one fault, the Makran Subduction Zone (MSZ), situated 

outside the Arabian Gulf can potentially cause the submarine earthquake in-

duced tsunami. The earthquakes between the magnitudes of Mw 8.3 and Mw 9.0 

at MSZ were studied It was found that only the tsunami generated by Mw 9.0 

earthquake could yield a significant impact on the whole Arabian Gulf region 

having a maximum tsunami amplitude of around 2 to 3m and decreases to less 

than 1 m at the innermost part of the Arabian Gulf. Tsunamis generated by Mw 

8.3 earthquake along the MSZ have a very small effect on Kuwait City (< 0.1 

m), while Mw 8.6 and 9.0 can generate the maximum tsunami height along the 

Kuwait City up to 0.2 m to 0.7 m after 10 h. This study illustrated that incor-

porated effects of natural tide can cause tsunami in a wider area, which have 

maximum tsunami amplitude of more than 0.5 m in Kuwait for Mw 9.0 earth-

quake. This effect is  obvious along Kuwait rather than other countries in the 

Arabian Gulf. The study investigated the landslide induced tsunami. This study 

preliminarily calculated landslide induced tsunami assuming some simple vol-

ume, e.g., landslide volume varied between 0.75 and 2.0 km3. Results suggested 

that the landslides only cause some localized impact; however, they can pro-

duce tsunami amplitude as large as 3 to 4 m inside the Arabian Gulf and about 

0.5 m arriving Kuwait City after 3 h, for the sources near Kuwait as shown in 

Fig 3. In addition, possible landslide sources opposite to the Kuwaiti coastline 

were assumed to generate a significant tsunami impact to Kuwait with land-

slide volume 1.25 km3. The maximum tsunami amplitudes along the Failaka 

Island and inside the Kuwait Bay were 0.8 m and 0.3 m, respectively. 

       
  

109 S10.6 

mailto:ksalem@kisr.edu.kw


 

 

Present-day predicted motions for the Arabia-Nubia-

Somalia triple plate boundary 

 

Fernandes M S1, Bos M1,  El-Hussain I2,  Alothman A3,  Aydrus A4,  Khalil H5 

 
1 SEGAL (UBI/IDL), Covilhã, Portugal (rui@segal.ubi.pt) 
2 EMC, SQU, Muscat, Oman 
3 KACST, Riyadh, Saudi Arabia 
4 Univ. Sana’a, Sana’a, Yemen 
5 NRIAG, Helwan, Egypt 

 

The Afar Triple Junction is the only emerged RRR-type (Ridge/Ridge/Ridge) 

triple junction in the globe. The three segments of plate boundaries are formed 

by the Red Sea Ridge (Arabia-Nubia), Aden Gulf Ridge (Arabia-Somalia) and 

the Ethiopian Rift (Nubia-Somalia). The present-day magnitudes of the open-

ing rates between these tectonic plates are still under evaluation, in particular 

for the opening rate between the Arabia and Somalia plates. Recent works have 

updated the estimations of the Arabia and Somalia plates. We will investigate 

the improvement of the relative motions using mainly GNSS observations ac-

quired in continuous mode to compute estimations of the relative motions be-

tween these three tectonic units. The public available GNSS data set is aug-

mented with several stations in Somalia plate region, Saudi Arabia, Yemen, 

and Egypt (including some campaign solutions), which allow us to produce an 

improved model of the angular velocity for these plates. We estimate the angu-

lar velocity model with respect to ITRF2008, which will be compared with re-

cent estimates in ITRF2014. We also use the temporal correlations existing in 

the data to properly estimate the uncertainty of the time-series and derived 

angular velocity model. In addition, we compare our solutions with other recent 

published models based on geodetic and geophysical data. We show that previ-

ous global models should be avoided since they predict significant incorrect 

motions which can mislead when used to constrain their relative motions. 
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The African Geodetic Reference Frame (AFREF) is conceived as a unified geo-

detic reference frame for Africa. It will be the fundamental basis for the nation-

al three-dimensional reference networksfully consistent and homogeneous with 

the International Terrestrial Reference Frame (ITRF). Whenfully implement-

ed, its backbone will consist of a network of continuous, permanent GPS sta-

tions such that a user anywhere in Africa would have free access to, and would 

be at most 1000km from, such stations. Full implementation will include a uni-

fied vertical datum and support for efforts to establish a precise African geoid, 

in concert with the African Geoid project activities. The realization of AFREF 

has vast potentials for geodynamics, geodesy, mapping, surveying, geoinfor-

mation, earthquakes, natural hazards mitigation, earth sciences, etc. Its imple-

mentation will provide a major springboard for the transfer and enhancement 

of skills in surveying and geodesy and especially GPS technology and applica-

tions. AFREF is, therefore, an African initiative to unify the geodetic reference 

frames of Africa based on the ITRF through a network of Global Navigation 

Satellite System (GNSS) base stations at a spacing such users will be at most 

within ~1000 km of a base station. First Reference Frame Solution of about 80 

geodetic GPS stations in Africa has been started in February 2014 at some pro-

cessing centers in Europe and Africa. Results of independent solutions being 

developed by various African scientific teams: Hart RAO, South Africa, Ardhi 

University, Tanzania and SEGAL, University of Beria Interior, Portugal, show 

an accuracy of aligned ITRF 2008 using 42 IGS stations in E and N compo-

nents with 3.0 mm and in U component 7.5 mm. 
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EPOS (European Plate Observing System) is a European Union project aiming 

to integrate Infrastructures for Solid Earth Sciences Research across Europe. It 

is formed by a consortium of potential stakeholders and users from academy, 

governmental and industrial institutions, scholars and students that are requir-

ing data, data products, software and services on different areas of Solid Earth 

(e.g., Earthquakes, Volcanoes, Surface Dynamics and Tectonics) for scientific 

as well as societal purposes. The current phase, Implementation Phase (EPOS-

IP), started in October 2015 and is combining the Solid Earth science infra-

structures and their associated data and services together with the scientific 

expertise into one integrated delivery system for Solid Earth science. By im-

proving and facilitating the integration, access, use, and re-use of Solid Earth 

science data, data products, services and facilities EPOS is developing a holis-

tic, sustainable, multidisciplinary research platform to provide coordinated 

access to harmonized and quality controlled data from diverse Earth science 

disciplines, together with tools for their use in analysis and modelling. EPOS-P 

is also establishing the legal framework of EPOS-ERIC, which should start 

before the end of the EPOS-IP project (September 2019). The EPOS-ERIC 

(which is also called EPOS Operational Phase) project are will rely on the cur-

rent EPOS-IP goals: implementing Thematic Core Services (TCS) for each of 

the different areas (seismology, geodesy, volcanology, etc.), the domain-specific 

service hubs for coordinating and harmonizing national resources/plans with 

the European dimension of EPOS; building the Integrated Core Services (ICS) 

to provide a novel research platform to different stakeholders; ensuring sustain-

ability and governance of TCS and EPOS-ERIC. Here we present a general 

overview of the current activities and the major goals of this large project that 

is involving most of the Solid Earth Research community in Europe. The col-

laboration with researchers of other regions (particulary, North Africa, Middle 

East) is also a major objective of this project, which will be also discussed in 

detail. 
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Egypt has suffered from a number of damaging earthquakes such as Aswan 

earthquake (1981, Mag 5.4) near the High Dam, Dahshour earthquake (1992, 

Mag 5.8) near Cairo City and Aqaba earthquake (1995, Mag 7.2). As the catego-

ry of earthquake damage includes all the phenomena related to the direct and 

indirect damages, the Egyptian authorities do a great effort to mitigate the 

earthquake disasters. Seismicity especially at the zones of high activity is inves-

tigated in detail in order to obtain the active source zones. Studies of crustal 

movements in Egypt started as early as 1983 following the occurrence of Aswan 

earthquake in 1981. The first program for monitoring the crustal deformation 

has been started in Aswan area during the winter of 1983. Since the year of 

1994 till now (currently 24 CORS stations), the geodetic observations by means 

of Space Technique (GPS) were applied instead of the terrestrial ones to cover 

some other regions in Egypt.  These regions include Sinai, Gulf of Suez, Greater 

Cairo, Aswan and the Middle part of the River Nile. Data adjustment and anal-

ysis of the repeated GPS campaigns from the different networks prevailed sig-

nificant movements which may help in better understanding of the geodynam-

ics of these regions. In the meantime, GPS measurements of crustal motions for 

189 sites extending east-west from the Caucasus and Zagros Mountains to the 

Adriatic Sea and north-south from the southern edge of the Eurasian plate to 

the northern edge of the African plate were carried out to Estimate the plate 

motions at stations located at different plates. Results show that there are some 

correlations between the computed surface deformation and the earthquake 

occurrences in local and regional scales. In the regional scales, the Hellenic Arc 

and the Levant Transform Fault of Aqaba Gulf are the regions that show very 

well correlation. In the local scales, there are some regions in Egypt such as 

Sinai, Aswan, and Greater Cairo.  
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Recent crustal deformation studies in Egypt are applied on the most active 

areas in relation to seismic activity. Temporal gravity variations in parallel 

with the geodetic technique (GPS) were used to monitor recent crustal move-

ments in Egypt since 1997. The non-tidal gravity changes were constrained by 

the vertical component of surface movements derived from the GPS observa-

tions. The gravity changes were used to understand the surface tectonics and 

geodynamic modelling of the Greater Cairo region after the occurrence of an 

earthquake of 1992. It was found that there is a certain relation showed by in-

creasing of gravity values before the main seismic activity. As an example,        

a relative considerable increase of gravity values was noticed for the network 

between the epochs of 2000 and 2004. Otherwise, the temporal gravity varia-

tions were reported a considerable decrease in gravity values between the two 

campaigns of 2004 and 2007 for the same stations. This behaviour could explain 

by compressive deformation and strain build-up stage before the South West 

Cairo earthquake (July 31, 2005 with a magnitude of 4.3) and the stress release 

stage occurred after the main event. The geodetic measurements showed that, 

the estimated horizontal velocities for most of points are 5.5 mm/year in ap-

proximately the NW direction. 
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Geomorphological observations and uplift rates in a passive 

margin in Tiwi Oman. A window to the mechanisms of uplift 

  

Moraetis D1*, Mattern F1, Scharf A1, Gianluca Frijia G1,  Kusky T M2,3 , Ye Yuan Y3,   
El. Hussain I4  

1  Department of Earth Sciences, Sultan Qaboos University, Al-Khod, Muscat 123, Oman 
2  State Key Laboratory for Geological Processes and Mineral Resources, Three Gorges         

Re- search Center for Geohazards, Ministry of Education, China University of Geosciences, 
Wuhan 430074, China  

3  Center for Global Tectonics, School of Earth Sciences, China University of Geosciences, 
Wuhan 430074, China  

4  Earthquake Monitoring Center, Sultan Qaboos University, Al-Khod, Muscat 123, Oman  
 

This work explores the uplift history of the best exposed marine terraces in the 

eastern Arabian Peninsula near Tiwi (~100 km SW of Muscat). A multidiscipli-

nary approach was employed including a topographic survey, carbon-14 dating, 

thin section studies and scanning electron microscopy analyses. Six distinctive 

marine terraces with approximate widths ranging from several kilometers to 

tenth of meters and elevation from five to ~400 meters were investigated. Adja-

cent to the marine terraces are shallow-marine limestone in up to 2000 m eleva-

tion. The terraces record an along-strike heterogeneous uplift history, while 

they show temporally variable uplift rates ranging between 1.1 to 5.8 mm/a. 

We attribute the variable uplift along strike of the terraces result from a combi-

nation of two mechanisms.  

1. vertical movements along deep-rooted post-Eocene reverse faults that bound 

large crustal-scale blocks (extent >100 km); These faults may responsible for 

the uplift of Paleogene shallow-marine sediments at more than 2000 m eleva-

tion. 

2. compression in the back of the forebulge area of the Zagros-Makran subduc-

tion zone. The northeasterly to the Arabian continental plate attached ocean-

ic plate is subducting NE-ward below the Zagros-Makran subduction zone. A 

slightly reduction of the subduction velocity of the oceanic lithosphere would 

result into compressional forces in the back of it, thus, in the most distal Ara-

bian Plate. The compressional direction would be horizontal and NE-SW di-

rected, which is perpendicular to our studied marine terraces. This interpreta-

tion is supported by a uniform uplift pattern of Upper Pleistocene to Holo-

cene marine terraces at the eastern margin of the Arabian Peninsula from 

Qatar to eastern Oman, which implies a regional uniform mechanism for up-

lift.  
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East-west directed Cenozoic compression in the Muscat Area 

(NE Oman): Timing and causes 

 

Mattern F1*, Scharf A1, Al Amria S H K1.  
 

1 Department of Earth Sciences, College of Science, Sultan Qaboos University, 
    P.O. Box: 36, PC 123, Al-Khod, Muscat, Sultanate of Oman.  
*  Email: frank@squ.edu.om  

 

Late Oligocene to Pliocene E-W to NE-SW-directed compression has been re-

ported in the Muscat area in the hanging wall of the Saih Hatat Dome Many 

authors mapped N-S-trending fold axes of open folds in the Paleocene-Eocene 

shallow-marine sediments in the Rusayl area. New observations from the cam-

pus of Sultan Qaboos University and nearby Al-Khod Village include the pres-

ence of a west-directed syndepositional thrust and an east-directed reverse 

fault, respectively, as additional evidence for E-W compression. The thrust was 

active during deposition of the Barzaman Formation, which is of mid-Miocene 

to probably Pliocene age. Thrusting stopped within the Barzaman Formation. 

The syndepostional thrusting may explain soft sediment deformation features 

within the Barzaman Formation causing seismicity and slope instability. This 

is the first direct evidence for Miocene (to possibly Pliocene) E-W compression. 

The reverse fault in Al-Khod Village deformed the late Cretaceous Al-Khod 

Formation. Geometric considerations allow to interpret the thrust and the re-

verse fault as a conjugate system of similar age. The causes of compression are 

not well understood or they are least two-fold. E-W- compression forms a high 

angle to the Zagros-Makran collision zone. The interaction between the Arabian 

and Indian plates might be involved. The gravitational sliding of the Paleogene 

sediments into the Rusayl Embayment as a cause. Sliding from the Saih Hatat 

Dome ensued towards the NW but was also directed to the N or NNE from 

Jabal Nakhl, causing convergence, crowding and folding within the Rusayl 

Embayment. Our interpretation of the origin of Neogene E-W compression in 

the Muscat-Seeb area is that the extensional Frontal Range Fault  was active 

until the Miocene (possibly Pliocene). This fault system bounds the northern 

margin of the Saih Hatat and Jabal Akhdar domes. During extension the hang-

ing wall moved downwards as well as northwards and caused the above men-

tioned folds and faults. Our data suggest the end of folding and faulting for the 

mid-Miocene to Pliocene, which indirectly time-constraints cessation of exten-

sion along the Frontal Range Fault. 
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Mapping of minerals and rocks for landslide assessment of 

Jabal Samhan–Zalawt plain of Sultanate of Oman–An inte-

grated study using remote sensing technique 

 

Rajendran S and Nasir S 
 

Earth Science Research Centre, Sultan Qaboos University, Al-Khod, 123 Muscat, Oman 

 

Satellite images have potential applications to explore earth resources, protect 

and utilize environments, and identify and assess natural disasters. In the pre-

sent study, an assessment on landslides occurred in parts of Jabal Samhan – 

Zalawt plain of Sultanate of Oman is carried out based on mapping of minerals 

and rock types using visible near infrared (VNIR) and shortwave infrared 

(SWIR) spectral bands of low-cost multispectral advanced spaceborne thermal 

emission and reflection radiometer (ASTER) satellite data, and principal com-

ponent analysis (PCA) and spectral angle mapper (SAM) image processing 

methods. The study integrates the drainage, relief, geomorphology and struc-

ture of the study area. The ASTER RGB color composite image (R:8; G:3; B1) 

clearly showed the occurrence of thin shale intercalation at the top of the mas-

sive bioclastic limestone formations in the Jabal Samhan area. The PCA dis-

criminated the presence of land slid materials (rock fall and debris slide) and 

occurrence of landslides over Mirbat sandstone and crystalline rocks in the 

Zalawt plain. The materials are slid from the Tertiary and Cretaceous for-

mations that is rich in carbonate formations as rock fall, translational slides, 

debris and slumps at Radhuma escarpment (has steep cliffs) and distributed 

over the Mirbat sandstones crystalline rocks of the Zalawt plain. The occur-

rence and distribution of rock fall and debris materials are confirmed through 

detection of minerals of the source rocks of the area by SAM method. The Ra-

dhuma escarpment is described in between the carbonate formations of Jabal 

Samhan and the sandstone and crystalline rocks of Zalawt plain over the AS-

TER global digital elevation map (GDEM). The study on the occurrence of 

drainages show the presence of trellis and dendritic drainage patterns with anti-

directional  flows over the mountains of  Jabal  Samhan  and  plains  of  Zalawt   
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area respectively. The image interpretation of geomorphological units of the 

area shows the presence of newly developed and created slope pediments along 

the escarpment in between the hill and slope alluvial pediments. The major 

structures namely Sala Afan Graben, faults, extensional fractures and tension 

joints are occurred in the Tertiary formations of Jabal Samhan area. These are 

perpendicular and parallel to the Radhuma escarpment. The visual interpreta-

tion of images of ‘Google Earth’ suggests that the region is active and vulnera-

ble to landslide. The images interpreted are verified and occurrence of the dif-

ferent type of rocks and minerals, drainage patterns, tensional fractures and 

slope pediments in the area are confirmed in the field. The assessment of the 

landslides of the study area shows that the landslide occurrences are mainly due 

to 1. the lithology, 2. the steep slope occurred along escarpment, 3. the anti-

direction drainage patterns, 4. the tensional fractures and joints developed per-

pendicular to faults and 5. the wet and dry arid climate of the study area. The 

preliminary study suggest for a detailed large scale work to protect the land-

scape, natural resources and save the environments in the Jabal Samhan – 

Zalawt region of the Sultanate of Oman. The study also demonstrates the capa-

bility of ASTER sensor and image processing methods for mapping and as-

sessing landslides, and recommends to similar arid regions of the world. 
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Introduction to Seismic Array Analysis 

 

By:  Moira L. Pyle 
 

This course is designed to give a brief overview of arrays and some basic array 

processing techniques. Array analysis is a powerful tool that can help enhance 

coherent seismic signals, suppress incoherent noise, and provide information, 

such as direction and phase, of an unknown signal. We will cover the funda-

mentals of two of the most common analysis tools, linear beamforming and f-k 

analysis. We will end the session with a software demonstration and some 

hands-on examples of how to use these techniques on real data. 
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The Oman Ophiolite 

Wadi Abyad MOHO  

 

Field trip leaders:   

                           Prof Sobhi Naser  -  Dr. Salah Al Khirbash 

 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

Wadi Abyad – MOHO - Field Trip – GSF 2018 



 

 

126 

Date: March 22nd, 2018 Time: 13:00  

Assembly point: in front of the main Administration building-SQU 

 

Purpose: 

The main aim of this half day fieldtrip is to Show participants the main elements 

of the Cretaceous Oman ophiolite, particularly within the Moho zone as exposed 

in Wadi Abyad, Northwest of Muscat (Fig. 1). 

The geological descriptions for the different stops will be given by Sobhi Nasir and 

Salah Al Khirbash  

 

ـ ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــ
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The Samail Ophiolite  

The Ophiolite (Greek: Ophios=snake; Lithos=rock) has long been considered as 
remnants of ancient oceanic crust that was thrusted onto land (obducted). In sim-
ple terms the Ophiolite is oceanic crust exposed on land.  

 

How Ophiolite Forms 

In the middle of the ocean, the oceanic crust becomes thin and eventually breaks 
as a result of the underlying rising hot mantle fluid. This mantle fluid collects as 
crystals, together forming a dense 'mush'. This becomes 'ultramafic' rock (rich in 
magnesium and iron), called 'peridotite' or 'harzburgite'. Lighter fluid is  then 
squeezed out of the mush, rises higher and crystallizes progressively as it encoun-
ters lower temperatures.  

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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The rocks that form initially in large fluid-filled chambers are known as layered 

gabbros. Later and higher up, sheet-like dykes (rock intrusions) or basalts are 

formed in vertical fissures. It was recognized early on that the sheeted dyke com-

plex had to be formed in an environment where the crust was being cracked and 

was diverging such as found at present day mid-ocean ridges. Each dyke intrudes 

and splits the last dyke emplaced. Finally, lavas erupt on to the sea bed to form 

pillow lavas. Between the top of the deeper mantle rocks (peridotites) and the 

base of the overlying crustal rocks (layered gabbros, sheeted dykes and pillow 

lavas) is the Moho. These 4 units together with the Moho form what is known as 

the Ophiolite Suite.  

 

 

 

 

THE SAMAIL OPHIOLITE  

Ophiolites are very common in the Middle East, occurring in elongate belts that 

make up an integral part of the Alpine mountain chains which extend eastward 

and southward from Cyprus into Syira, the Turkey-Iran border fold belt, through 

ـ ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ ـــــــــــــــــــــــــــــ
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Oman has the largest Ophiolite outcrop in the world. It is widely believed to have 

been emplaced from its original position – at bottom of the sea - onto Oman 

around 90 million years ago. In the Muscat area, it is characterised by its dark 

brown colour (greenish when freshly cut) and weathers as rugged peaks.  

The Oman Ophiolite outcrops in a belt 600 km long and 150 km wide and be-

tween 5 and 10 km thick. It provides us with a peak beneath the seafloor and ex-

poses one of the most hidden boundaries (Moho) of planet Earth. Continuous 

scientific interest in Ophiolites led to an international symposium on the Samail 

Ophiolite which was held in Muscat in 1990. 

In the past, what we knew about the oceanic crustal structure was learnt from 

analyzing drill cores, from images of the seafloor and from small submersibles, 

and inferred from geophysical data. The occurrence of the oceanic lithosphere on 

land (Samail Ophiolite) presents geoscientists with the opportunity to walk 

around far below the ocean floor providing crucial insights into processes taking 

place deep in the ocean crust. Furthermore, economic minerals associated with 

the Samail Ophiolite such as Copper, Chromite and Gold have all been discovered 

in Oman. 

So the next time you take a stroll on the Chorniche in Muscat have a closer look 

at the chocolate coloured rocks on either side of the road and imagine yourself 

walking on the seafloor. For those who like the outdoors you can easily have a 

picnic on the Moho the most important internal boundary of our planet. So do 

not be surprised when one of your colleagues tells you “Fancy joining me on a 

stroll on the Moho”.  

 

The Samail Ophiolite can be broadly divided into two major units  

1 - Mantle Sequence: 

The sequence represents the upper sub-oceanic mantle. It is composed of tec-

tonized harzburgites (85-95 %), lherzolites and dunites (5-15%). The sequence 

may reach a thickness of 10-12 km. The sequnce is being cut by numerous dukes, 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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2 - Crustal Sequence:  

Consisting of a layered series (cumulate peridotites and gabbros) which is overlain 

by non-layered plutonic rocks (high-level Intrusives), a sheeted Dyke Complex and 

an Extrusive sequence of lavas which is interbedded with and overlain by pelagic 

sediments. The sequence varies in thickness between 4 and 9 km. The layered 

series of the Semail Ophiolites consists of layered peridotites (dunite and wehrlite 

25 %) and gabbros (75 %) The series vary in thickness between 0.5-6 km. They 

rest disconformably on the petrologic Moho. They are characterized by rhythmic 

layering on scale of 0.5 cm to 2 m. The cyclic layering points to open system frac-

tionation. The overlying high level gabbros are characterized by the absence of 

layerig and variable texture. They form a discontineous unit up to 700 m thick. 

They are characterized by medium-grained hypidiomorphic to ophitic textures.  

The gabbros grade in turn into diorites to trondhjemites. Late intrusive complexes 

composed of peridotites, gabbros, diorites and plagiogranites intrude up into the 

upper crustal units of the ophiolite. These complexes were subdivided into an 

older series of differentiated gabbro to plagiogranite plutons and a younger group 

of peridotite-gabbro intrusions. The older group composed mostley of layered 

and massive gabbros and diorites with few plagiogranite. The younger group con-

sists of a completely differentiated series from wehrlite at the base, overlain by 

layered and non-layered gabbros and diorites and plagiogranite. The sheeted 

dyke complex occurs between the plutonic rocks and an overlying volcanic se-

quence. The complex consists of near vertical dykes that have lava and gabbro in 

the upper and lower contact zones. The upper part of the Semail Ophiolite that 

overlying the Sheeted Dyke Complex, consists of up to 2000 m of pillowed basal-

tic lavas. The metalliferous and associated pelagic sediments found in the upper 

parts of the ophiolite sequence, provide strong evidence for a deep-water origin 

for the lavas.  

The base of the Semail Ophiolite is marked by a major thrust zone that separates 

the ophiolite and its basal metamorphic sheet from the underlying rocks. The 

meta-morphic sheet forms a separate thrust slice attached to the base of the 
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A typical ophiolite sequence based on ophiolite from Oman  

Searle  and Cox, 1999 
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Stop 1: Crustal sequence- layered gabbro/  

These outcrops in the center of the wadi show good examples of the layered gab-
bros from the lower part of the gabbro succession. [The upper part of the gabbro 
succession is more massive gabbro].    

Stop 2: Mantle sequence -Harzburgite   

Driving NE along the wadi for approx. 1 km from the previous stop, we encounter 
the mantle peridotite (harzburgite), cut by several stages of gabbroic dikes. This 
outcrop shows the mantle transition zone (a more realistic representation of the 
Moho).    

From the Ternary diagram you will be able to characterize the mineralogically of 
the main mantle rock types found on this section of the trip  

* dunite,  

* harzburgite and  

* wehrlite. 

* Identify mantle peridotite (harzburgite). This rock is black or brown and con-
tains olivine, orthopyroxene and a few black grains of spinel. It may be cut by 
fine veins of black serpentine.  

* The mantle peridotite here often is cut by veins of gabbro and contains some 
very small whitish patches (handlense). Any idea what the white patches 
might represent? 
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Stop 3: The Moho    
Continue driving along the wadi where we will see the Moho zone.  

  * Try and to distinguish between the dark peridotite, brown dunite, grey/white  

gabbro. Can you work out where the Moho is located? 

  * This outcrop shows the relationships between layered gabbros (light 
colored) and wehrlite (black). 

Between the top of the mantle and the base of the oceanic crust is the most im-

portant of all the Earth’s internal boundaries, the MOHO. Wadi Abyad is well 

know with geologists for its walk through the Moho:    That's what Wadi Al 

Abiyadh is famous among geologists for. The Wadi   always carries water 

and features 'blue & milky white' pools with white carbonate clouds precipitating 

from the water. The whitish pools, according to popular here-say, give wadi 

Abyad its name, the 'white wadi', contrasting with the surrounding dark ophiolite 

rocks.   Several exposures show typical high T- harzburgite with a dextral shear 

band, cut by several veins of dunite. The shear band is typically injected by sever-

al gabbro dykes. We will stop on a sharp MOHO, horizontal, with strong high T 

flow structures in the harzburgite, overlain by a few meters of dunite and thin sills 

of  gabbro. Above the sharp contact, typically lower layered olivine gabbro with 

foliation and lineation. At this level the massive harzburgite of the mantle is trun-

cated by layered gabbro that forms the base of the magma chamber and thus the 

base of the oceanic crust.  Again on the dry land of Oman and along many of its 

running wadis the Moho can be touched and examined for a distance of almost 

700 km ¾ you can even have a picnic on top of it.   
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