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SUMMARY  

 

Turkish Active Fault Map published in 1992 by General Directorate of Mineral Research and 

Exploration provided a template for various research studies. However, a comprehensive revision 

study was initiated in view of the developments in earth sciences in the last 20 years and it was 

completed and published in 2012 and 2013 successively. The revised active fault map involves 

twice as many active faults as the previous active fault map. The revised fault map shows that there 

are 500 active faults in Turkey. In order to understand the earthquake potential of these faults, it is 

needed to determine the slip rates. Although many regional and local studies were performed in the 

past, the slip rates of the active faults in covering whole Turkey have not been determined. In this 

study, the block modeling, which is the most common method to produce slip rates, is used. GPS 

velocities required for block modeling is being compiled from the published studies and the raw 

data provided, then velocity field is combined. To form a homogeneous velocity field, different 

stochastic models will be used and the optimal velocity field will be achieved. In literature, GPS site 

velocities, which are computed for different purposes and published, are combined globally and this 

combined velocity field are used in the analysis of strain accumulation. It is also aimed to develop 

optimal stochastic models to combine the velocity data. We also perform new GPS observations. 

Real time, survey mode and published GPS observations is being combined in this study. 

Furthermore, micro blocks and main fault zones from Active Fault Map Turkey are being 

determined and homogeneous velocity field is used to infer slip rates of these active faults. Here, we 

present the result of first two years of the study. This study is being supported by THE 

SCIENTIFIC AND TECHNOLOGICAL RESEARCH COUNCIL OF TURKEY (TUBITAK)-

CAYDAG with grant no. 113Y430. 
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1. INTRODUCTION 

 

Turkey Active Fault Map, which is published by General Directorate of Mineral Research and 

Exploration in 1992, has been used as a base map in various research until today. On the other hand, 

in the view of developments on geosciences in recent two decades, a revision has been begun and 

finalized in 2012. The upgraded new active fault map includes twice as many active faults as than 

the previous one. The new active fault map reveals that there are about 500 faults which can 

generate earthquakes. It is necessary to have a Seismotectonic Map of Turkey to make a newer 

Turkey Active Fault Map, for estimation of earthquake risk and making analysis by using aerial 

photographs, satellite images and geologic field works. For this purpose, it is needed to analyze the 

active faults by using seismological and geodetic data and determine the fault zones accumulating 

high strain energy. To predict the potential of earthquake, it is needed to determine the annual slip 

rates by using geodetic methods. For this purpose, episodic GPS observations are widely used. 

 

 
Fig 1: Updated 1:1250000 scale Active Fault Map of Turkey (Emre et al. 2013) 

 

Although many regional and local studies were performed in the past, the slip rates of the active 

faults in covering whole Turkey have not been determined.  To determine the slip rates, which are 
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the main input to produce seismotectonic maps, geodetic measurements are the most common 

methods. In this project, the block modelling, which is the most common method to produce slip 

rates, are being studied. GPS station velocities required for block modeling are compiled from the 

published studies and the raw data are provided, then velocity field are combined. To form a 

homogeneous velocity field, different stochastic models are used and the optimal velocity field is 

achieved. In literature, GPS site velocities, which are computed for different purposes, are 

combined globally and this combined velocity field are used in the analysis of strain accumulation. 

Global Strain Rate Map Project is an example for this. Even the homogeneous data set in this 

project covers the whole country, the scope of this project is broader than combined velocity field. 

Within this project, not only strain rates but also slip rates are determined.  

 

Table 1: The number of the stations which has been collected from the studies including IGS 

stations 

Current Velocity Fields  Number of Stations  

Aktug and Kılıcoglu (2006) 53  

Aktug et al. (2009)  204  

Aktug et al. (2013a)  137  

Aktug et al. (2013b)  133  

Ayhan et al. (2002)  136  

Dogru et al. (2014)  75  

Erdogan et al. (2008)  16  

Ergintav et al. (2014)  112  

Mahmoud et al. (2013)  44  

Ozener et al. (2010)  55  

Ozener et al. (2013)  35  

Ozener et al. (2013b)  28  

Reilinger et al. (2006)  433  

Reilinger et al. (2011)  227  

Tatar et al. (2012)  48  

Tiryakioglu et al. (2013)  39  

CORS-TR stations  146  

Yavasoglu et al. (2011)  16  

 

Data sources in the project are as follows: 

 Turkey National Permanent GPS Stations and Turkey National Permanent GPS Stations – 

Active (TUSAGA-Active)  

 Turkish National Fundamental GPS Network 

 Episodic GPS Observations (GPS campaigns were held to combine velocity fields) 

 Published GPS Velocity Data in the Literature 
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Fig 2: Locations of GNSS sites used in the study 

 

Coordinates of GNSS sites can be converted from one datum to another if the relationship is known. 

Modern three dimensional datums can be converted each other using similarity transformations. 

The seven parameter transformation expresses the relationship between the two datums in terms of 

translation, rotation, and scale factor. Detailed formula can be found in Soler, (1976 and 1998). The 

14-parameter transformation is a variation of the seven parameter transformation in which each 

parameter is assigned both a value at a reference epoch and a rate of change. The 14-parameter 

transformation is often used to express the relationship between modern high accuracy datums (e.g. 

ITRF). 

Gps-Constrained Estimate of Present-Day Slip Rate Along Major Faults of Turkey (8346)

Haluk Ozener, Bahadir Aktug, Asli Dogru, Levent Tasci and Mustafa Acar (Turkey)

FIG Working Week 2016

Recovery from Disaster

Christchurch, New Zealand, May 2–6, 2016



 

 

 

 

 

 

 

 

 
Fig 3: Velocity field of central and eastern part of North Anatolian Fault System 

 

 
Fig 4: GPS observations employed in this study. The velocity error ellipses are et 95% confidence 

level. 
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2. DATA PROCESSING AND CONCLUSIONS 

 

 
Fig 5: GPS networks located at western part of North Anatolian Fault System 

 

In 2015, a GPS campaign was performed at 35 stations. GPS data processing was carried out using 

GAMIT (Herring et al., 2010) scientific processing software. Each campaign was processed using 

the International Terrestrial Reference Frame ITRF2008. 14 of IGS stations were included in the 

process to calculate Earth Rotation Parameters more precisely and to associate the local network 

with global network. Precise final orbits by the International GNSS Service (IGS) were obtained in 

SP3 (Standard Product 3) format from SOPAC (Scripps Orbit and Permanent Array Center). Earth 

Rotation Parameters (ERP) came from USNO bull b (United States Naval Observatory bulletin b). 

The 9-parameter Berne model was used for the effects of radiation and the pressure. Scherneck 

model was used for the ocean tide loading effects. Zenith Delay unknowns were computed based on 

the Saastamoinen a priori standard troposphere model with 2-h intervals. Iono-free LC (L3) linear 

combination of L1 and L2 carrier phases was used. Losely constrained daily solutions obtained 

from GAMIT were included in the ITRF2008 reference frame. 
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Fig 6: Picture of a pillar used as tie point to combine velocity fields 

 

Transformation from a velocity field to another involves non-static reference frames that account 

for the effects of crustal movements. In this study, we develop optimal stochastic models to 

combine the velocity data of the sites. After that homogeneous velocity field will be used to infer 

slip rates of these active faults. These slip rates will be primary input for Turkey Seismotectonic 

Map. 

 

 

REFERENCES 

 

Aktug B., Kılıcoglu A., (2006), Recent crustal deformation of ˙Izmir, Western Anatolia and 

surrounding regions as deduced from repeated GPS measurements and strain field, doi: 

10.1016/j.jog.2006.01.00 

Aktug B., Nocquet J.M., Cingöz A., Parsons B., Erkan Y., England P., Lenk O., Gürdal M.A., 

Kilicoglu A., Akdeniz H., Tekgül A., (2009), Deformation of western Turkey from a combination 

of     permanent and campaign GPS data: Limits to block-like behavior,  doi: 

10.1029/2008JB006000 

Gps-Constrained Estimate of Present-Day Slip Rate Along Major Faults of Turkey (8346)

Haluk Ozener, Bahadir Aktug, Asli Dogru, Levent Tasci and Mustafa Acar (Turkey)

FIG Working Week 2016

Recovery from Disaster

Christchurch, New Zealand, May 2–6, 2016



 

 

 

 

 

 

 

 

Aktuğ A., Parmaksız E., Kurt M., Lenk O., Kılıçoğlu A., Gürdal M.Ali, Özdemir S., (2013), 

Deformation of Central Anatolia: GPS implication, doi: 10.1016/j.jog.2012.05.008 

Aktuğ B., Meherrov E., Kurt M., Özdemir S., Esedov N., Lenk O., (2013), GPS constraints on the 

deformation of Azerbaijan and surrounding regions, doi: 10.1016/j.jog.2012.05.007 

Ayhan M.E., Demir C., Lenk O., Kilicoglu A., Altiner Y., Barka A.A., Ergintav S., Ozener H., 

(2002), Interseismic Strain Accumulation in the Marmara Sea Region, doi: 10.1785/0120000818 

Dogru A., Gorgun E., Ozener H., Aktug B., (2014), Geodetic and seismological investigation of 

crustal deformation near Izmir (Western Anatolia), doi: 10.1016/j.jseaes.2013.12.008 

Erdoğan S., Şahin M., Yavaşoglu H., Tiryakioğlu İ., Erden T., Karaman H., Tari E., Bilgi S., 

Tüysüz O., Baybura T., Taktak F., Telli A.K., Güllü M., Yilmaz İ., Gökalp E., Boz Y.,  (2008),  

Monitoring of Deformations Along Burdur Fethiye Fault Zone with GPS, doi: 

10.1080/13632460802013784 

Ergintav S., Reilinger R.E., Çakmak R., Floyd M., Cakir Z., Doğan U., King R.W., McClusky S., 

Özener H., (2014), Istanbul’s earthquake hot spots: Geodetic constraints on strain accumulation 

along faults in the Marmara seismic gap , doi:10.1002/2014GL060985 

Harita Dergisi, Harita Genel Komutanlığı, Özel Sayı : 16 (in Turkish) 

Herring, T.A., King, R.W., McClusky, S.C., 2010. Introduction to GAMIT/GLOBK, Release 10.4. 

Massachusetts Institute of Technology, Cambridge. 

Kreemer C., Blewitt G., Klein E.C., (2014), A geodetic plate motion and Global Strain Rate Model , 

doi:10.1002/2014GC005407 

Mahmoud Y., Masson F., Meghraoui M., Cakir Z., Alchalbi A., Yavasoglu H., Yönlü O., Daoud 

M., Ergintav S., Inan S., (2013), Kinematic study at the junction of the East Anatolian fault and the 

Dead Sea fault from GPS measurements, doi:10.1016/j.jog.2012.05.006 

Ozener H., Arpat E., Ergintav S., Dogru A., Cakmak R., Turgut B., Dogan U., (2010), Kinematics 

of the eastern part of the North Anatolian Fault Zone, doi: 10.1016/j.jog.2010.01.003 

Ozener H., Yilmaz O., Dogru A., Turgut B., Gurkan O., (2013), GPS-derived velocity field of the 

Iznik-Mekece segment of the North Anatolian Fault Zone , doi: 10.1016/j.jog.2012.07.001 

 Ozener H., Dogru A., Turgut B., (2013), Quantifying aseismic creep on the Ismetpasa segment of 

the North Anatolian Fault Zone (Turkey) by 6 years of GPS observations, doi: 

10.1016/j.jog.2012.08.002 

 Reilinger R.,  et al. (2006), GPS constraints on continental deformation in the 

Africa_Arabia_Eurasia continental collision zone and implications for the dynamics of plate 

interactions,doi:10.1029/2005JB004051 

Reilinger R., McClusky S.,  (2011),  Nubia–Arabia–Eurasia plate motions and the dynamics of 

Mediterranean and Middle East tectonics, doi: 10.1111/j.1365-246X.2011.05133.  

Soler, T. (1976). “On differential transformations between Cartesian and curvilinear (geodetic) 

coordinates.” Report No. 236, Dept. of Geodetic Science, Ohio State Univ., Columbus, Ohio. 

Gps-Constrained Estimate of Present-Day Slip Rate Along Major Faults of Turkey (8346)

Haluk Ozener, Bahadir Aktug, Asli Dogru, Levent Tasci and Mustafa Acar (Turkey)

FIG Working Week 2016

Recovery from Disaster

Christchurch, New Zealand, May 2–6, 2016



 

 

 

 

 

 

 

 

Soler, T. (1998). “A compendium of transformation formulas useful in GPS work.” J. Geod., 72(7-

8), 482-490. 

Tatar O., Poyraz F., Gürsoy H., Cakir Z., Ergintav S., Akpınar Z., Koçbulut F., Sezen F., Türk T., 

Hastaoğlu Kemal Ö., Polat A., Mesci B.Levent, Gürsoy Ö., Ayazlı İ.Ercüment, Çakmak R., Belgen 

A., Yavaşoğlu H., (2012), Crustal deformation and kinematics of the Eastern Part of the North 

Anatolian Fault Zone (Turkey) from GPS measurements, doi: 10.1016/j.tecto.2011.11.010  

Tiryakioğlu İ., Floyd M., Erdoğan S., Gülal E., Ergintav S., McClusky S., Reilinger R., (2013), GPS 

constraints on active deformation in the Isparta Angle region of SW Turkey, doi: 10.1093/gji/ggt32  

Yavaşoğlu H., Tarı E., Tüysüz O., Çakır Z., Ergintav S., (2011), Determining and modeling tectonic 

movements along the central part of the North Anatolian Fault (Turkey) using geodetic 

measurements, doi: 10.1016/j.jog.2010.07.00 

 

BIOGRAPHICAL NOTES 

 

Prof.Dr. Haluk OZENER was born in 1967. He graduated from Istanbul Technical University in 

1988 as Geodesy and Photogrammetry Engineer. He obtained M.Sc. and Ph.D. degrees at Bogazici 

University. He is currently is the Director of Kandilli Observatory and Earthquake Research 

Institute of Bogazici University and is also chairing the Geodesy Department. His primary field of 

research is Tectonic Geodesy. He is member and director of over 20 research projects and the 

author/co-author of over 100 publications related to Active Tectonics of North Anatolian Fault 

System/East Anatolian Fault System and Aegean Extensional Regime, geodetic monitoring of 

deformation, establishment of geodetic networks, GPS applications to Earth Science, earthquake 

hazards, bathymetric surveying, Geoinformation Systems/GIS applications. He also serves as the 

chair of sub-commission 3.2 (Tectonics and Earthquake Geodesy) of IAG (International 

Association of Geodesy). 

 

 

CONTACT 

 

Prof.Dr. Haluk OZENER 

Bogazici University 

Kandilli Observatory and Earthquake Research Institute 

Geodesy Department 

Cengelkoy 34684 Uskudar 

Istanbul 

TURKEY 

Tel. +90 216 516 3264 

Fax + 90 216 332 0241 

Email: ozener@boun.edu.tr 

Web site: http://jeodezi.boun.edu.tr/?q=tr/halukozener 

Gps-Constrained Estimate of Present-Day Slip Rate Along Major Faults of Turkey (8346)

Haluk Ozener, Bahadir Aktug, Asli Dogru, Levent Tasci and Mustafa Acar (Turkey)

FIG Working Week 2016

Recovery from Disaster

Christchurch, New Zealand, May 2–6, 2016


