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Figure 1 – (left)Radon soil gas monitoring network around the Sea of Marmara operated by MAM. (right) 

ARNET fluid monitoring network on the Armutlu peninsula. Orange symbols indicate thermal springs (BUH, 
SOG, KER, YAL), red symbols geothermal wells (BK2, IPA2); blue symbols depict the location of shallow 

groundwater wells (GBT, SOE). 

 
 

  
Figure 2:  Fluid samples taken from 61 thermal and mineral water springs/wells during two MARsite fluid 

monitoring campaigns (2013 and 2014) around the Sea of Marmara (left) and distribution of sample sites 

around the Sea of Marmara with the main geochemical features of the gas phase (right). 
 

 

 

 
 

Figure 3. (left) Example time series for ALAT (in the graph, north-south, east-west and elevation components 

are shown respectively). The horizontal axis represents the GPS day, the vertical axis is representing the 
changes in the respective component coordinates are in mm scale. (right) Velocity field for Marmara Region 

(respect to Eurasia and with %95 confidence ellipses) (2002-2013) 
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MARSite (GA 308417) D2.2 Report on the status and improvement of the continuous fluid monitoring 

system 

 

Groundwater is monitored at 8 sites on the Armutlu peninsula: two shallow groundwaters (GBT, 

SOE), four natural thermal springs (BUH, SOG, KER, YAL), and two deep geothermal wells (BK2, IPA2). 

Data are stored locally. No online communication has been implemented. Thus, the data are 

collected usually twice a year during maintenance trips. Technical details about the parameter 

configuration, the dataloggers, and the sensor specifications are given in Table 4, Table 5, and Table 

6, respectively.  

 
Figure 3 - ARNET fluid monitoring network on the Armutlu peninsula. Orange symbols indicate thermal springs (BUH,  
SOG, KER, YAL), red symbols geothermal wells (BK2, IPA2); blue symbols depict the location of shallow groundwater wells 
(GBT, SOE). 

Table 4 - Fluid monitoring parameters, datalogger, and sensor configuration of ARNET. Parameter explanation: aP – 
barometric pressure, aT – air temperature, aH – air humidity (rel.%), iT – instrument temperature, iV – instrument 
voltage, vel – ground velocity, wL – water level, wP – water pressure measured at wellhead, wT – water temperature. 

mon 
ID 

datalogger 
logger 

s/n 
parameters sensors 

sample 
interval 

BK2 CR10X XE4972 iT, iV, wP PAA33X-10 5 min 

BK2 DM24S6   wP, vel PR33X-3, 4.5-Hz 100 Hz 

BUH CR800 10518 iT, iV, wT, aP Pt100, PTB101C 10 min 

GBT ceraDIVER G7275 wL, wT   10 min 

IPA2 CR10X XE4973 iT, iV, wP, aP, aT, aH PR33X, PTB101C, HMP45A 10 min 

IPA2 DM24S6   wP, vel PR33X, BB120 100 Hz 

KER DIVER 67286 wL, wT   20 min 

SOE DIVER 67288 wL, wT   20 min 

SOE baroDIVER 58443 aP, aT   20 min 

SOG ceraDIVER C7411 wL, wT   10 min 

SOG baroDIVER C4621 aP, aT   20 min 

YAL CR23X   wT, aP Pt100, PTB101C 5 min 

 

Table 5 - Datalogger specifications ARNET. 



 
Figure 4. Results (cm / year ) of the stacking procedure applied on 45 unwrapped interferograms. 

 

 
 

  
Figure 5: Mean velocity map for the CSK Western Track (preliminary results) retrieved by applying the 

StaMPS method and mean velocity map for the CSK Eastern Track (right). 
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Deformation map obtained by applying the SBAS and/or PSI technique to a sample C-band SAR data set 
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Figure 6. Results (cm / year )  of the stacking procedure applied on 45 unwrapped interferograms.  

 

From figure 6, we ca observe that there are few coherent pixels in the final results. The 

distribution of the coherent pixels and their density are not sufficient to attempt a 

consistent tectonic interpretation. The velocity values highlighted in figure 6 might be due to 

shallow, local, phenomena (landsliding? sediment compaction? local subsidence?).   

At the present stage, given the low signal coherence, we cannot use these results to make a 

quantitative interpretation about tectonic motions in the study area. Further processing, 

maybe using the ESA Sentinel-1, which improved revisit time might improve signal 

coherence, has to be tested in the area in order highlight the hidden tectonic signal. As far as 

MARSite (GA 308417) D3.3: Deformation map obtained by applying the SBAS and/or PSI technique to a 

sample X-band SAR data set 
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Figure 9: Velocity profiles along the NW-SE direction at two different locations (see map above). 

Figure 10: Mean velocity map for the CSK Western Track (preliminary results) retrieved by 

applying the StaMPS method. Colored triangles are the sites referred to in Fig. 11. Purple 

star is the reference point for the mean velocities. 

 

MARSite (GA 308417) D3.3: Deformation map obtained by applying the SBAS and/or PSI technique to a 

sample X-band SAR data set 
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Figure 6: Mean velocity map for the CSK Eastern Track. Colored triangles are the 

sites referred to in Fig. 7. Black triangle is the reference point for the mean 

velocities. 

 

 

Figure. 7  Displacement time series for six points in the East Track. The graphs 

show the mean time series of all the pixels in the corresponding circle (100 m 

radius). The dashed lines indicate the linear fit from which the ground velocity is 

obtained. 



 
Figure 6: Stack of 45 interferograms with annotation about possible interpretation. The Ganos section of the 

NAFZ is plotted as a dashed red line. The colour scale is in radians / year ; it goes from -0.8 cm/year to 2.7 

cm/year. 
 

 

 

  
Figure 7: Envisat descending (left) and ascending (right) velocity maps. The red stars are the epicentres of 

1999 earthquakes 

 

 

 

 
Figure 8: Slip rate distribution along the eastern MMF inferred from InSAR velocity. Red colours suggest an 
area of fault segment complexity that is located just offshore the Princess Islands. Gray dots are relocated 

microseismicities observed during 2006-2010 (Bohnhoff et al., 2013which were projected onto the fault and 

scaled with magnitude of associated earthquakes. 

 
 

 

 

MARSite (GA 308417) D3.4 Deformation map obtained by applying InSAR technique to a sample L-Band 

SAR dataset 
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Further processing is thus foreseen; it mainly consists of better determination of the orbital 

parameters; defining a strategy for ramp removal; assessing the influence of the ionospheric 

layer (or other Radio Frequencies Interferences) on the interferograms.  

 

 

 
 
Figure 16. Stack of 45 interferograms with annotation about possible interpretation. The Ganos section of the 

NAFZ is plotted as a dashed red line. The colour scale is in radians / year ; it goes from -0.8 cm/year to 2.7 
cm/year. 
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Figure 9: Envisat descending velocity map. The red stars are the epicentres of 1999 earthquakes 

 

Figure 10 show the time series for the Envisat descending dataset extracted by some PS in 3 

different zones. 
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Figure 7: ERS velocity map. The red stars are the epicentres of 1999 earthquakes 

 

Figure 8: Envisat ascending velocity map. The red stars are the epicentres of 1999 earthquakes. 

MARSite (GA 308417) Identification and localization of primary and secondary fault branches 
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Figure 1. Tectonic background of the north Anatolia fault in Turkey. The purple solid lines 

indicate surface ruptures of large earthquakes in last century. The dashed red line represents 

the   ‘seismic   gap’   below   the   Sea   of   Marmara   that   has   not   rupture   in   the   earthquake  

sequence over last century. The two red stars represent the epicenter of the 1999 Izmit and 

Duzce earthquake. The rectangular represents the research area of this study. 

 

 

 

Figure 2.  Slip rate distribution along the eastern MMF inferred from InSAR velocity. Red 

colours suggest an area of fault segment complexity that is located just offshore the Princess 

Islands.  Gray dots are relocated microseismicities observed during 2006-2010 (Bohnhoff et 

al., 2013which were projected onto the fault and scaled with magnitude of associated 

earthquakes. 

 

 

 

 



   
 

Figure 9: The tiltmeter (left), its installation (center), and dilatometer design (right). 
 

 

 

 

 
 
Figure 10: Map (top) and cross section (below) of the seismicity along the Main Marmara Fault during the 

period 2007-2012. Four domains are introduced: The Tekirdag basin (TB) in yellow, the Central basin 

(CeB) in green, the Kumburgaz basin (KB) in orange, and the Cinarcik basin (CB) in red. All the regional 

seismicity away from the MMF is plotted in white. Fault network:GaF for Ganos fault, IF for Izmit fault, 
GeF for Gemlik fault. Dotted lines in the depth section show the geodetically estimated locking depth of each 

domain. 

 
 

 

 

MARSite (GA 308417) D4.4  Report on the high-resolution monitoring and analysis of the seismicity and velocity 

perturbations 
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Figure 7: Map (top) and cross section (below) of the seismicity along the Main Marmara Fault during 
the period 2007-2012. Four domains are introduced: The Tekirdag basin (TB) in yellow, the Central 
basin (CeB) in green, the Kumburgaz basin (KB) in orange, and the Cinarcik basin (CB) in red. All the 
regional seismicity away from the MMF is plotted in white. Fault network:GaF for Ganos fault, IF for 
Izmit fault, GeF for Gemlik fault. Dotted lines in the depth section show the geodetically estimated 
locking depth of each domain. 

Figure 7: Map (top) and cross section (below) of the seismicity along the Main Marmara Fault during 

the period 2007-2012. Four domains are introduced: The Tekirdag basin (TB) in yellow, the Central 

basin (CeB) in green, the Kumburgaz basin (KB) in orange, and the Cinarcik basin (CB) in red. All the 

regional seismicity away from the MMF is plotted in white. Fault network:GaF for Ganos fault, IF for 

Izmit fault, GeF for Gemlik fault. Dotted lines in the depth section show the geodetically estimated 

locking depth of each domain. 

Based on the geographical and depth distribution of micro-seismicity between 2007 and 2012, four 

segments are defined along the MMF (see Fig 7) corresponding to the four major basins of the 

Marmara Sea. To the west, in the Tekirdag basin (TB) and Central Basin (CeB), seismicity is abundant 

and distributed over a wide depth range (from surface to 17 km). At the transition between TB and CeB 

(see Fig. 7 at  longitude  27.74°  corresponding  to  the  Western  High)  we  observe  numerous  earthquakes  

along a very extended cluster in depth.  They are possibly related to fault offsets. 

To the east, in the Cinarcik basin (CB), seismicity is geographically uniformly distributed along the 

Princes Islands (PI) segment. It spreads within a narrow depth range between 8 and 14km except at 

both ends of this basin where the seismicity extends vertically up to the surface as recently observed 



 
 

Figure 11: Representations of the 3D structural model of Bayrakci et al (2013). The horizontal planes in the 

each panel indicates every 2.5km along depth. The first panel represents the volume with Vp in the range 0 – 
1.5 km/s. Similarly the following panels corresponds the volumes for a Vp equal or slower than 2, 3, 4, 5, 

5.5, 5.9 and 6.1 km/s, respectively. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MARSite (GA 308417) D5.2 Existing data set configuration for the further analyses and simulations and 

configuration scrutiny 
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Figure 8: Representations of the 3D structural model of Bayrakci et al (2013)(2). The horizontal 

planes in the each panel indicates every 2.5km along depth. The first panel represents the volume 

with Vp in the range 0 – 1.5 km/s. Similarly the following panels corresponds the volumes for a Vp 

equal or slower than 2, 3, 4, 5, 5.5, 5.9 and 6.1 km/s, respectively. 

Because of the low sampling of the model along the depth direction, the sea volume is not 

precisely modeled in this initial 3D model. Then, we are going to refine the model from the 

bathymetric data (1), as shown in Figure 4. When these data are juxtaposed with the 3D 

model (Figure 5), it appears that the areas of low velocities are roughly corresponding with 

the sea. Information from the bathymetry are finally taken into account by set Vp at 1.5km/s, 

Vs at 0 km/s and ρ at 1500kg/m3 over the sea level. 

 



 
Figure 12. Comparison between the input (top left) and real-time reconstructed slip models. The moment 

magnitudes outside the brackets are inferred from the seismic moment distributed on the whole fault system, 

while that in the brackets corresponds to seismic moment located on the main rupture fault. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MARSite (GA 308417) D5.4 Near-real time estimation of most relevant earthquake source parameters 

7 
 

 

Figure 5. Comparison between the input (top left) and real-time reconstructed slip models. The moment 

magnitudes outside the brackets are inferred from the seismic moment distributed on the whole fault system, 

while that in the brackets corresponds to seismic moment located on the main rupture fault. 

 

Figure 6. Moment magnitude curves obtained by the retrospective (red) and real-time reconstruction (blue) in 

comparison with the input one (black). 

 



 
 

Figure 13: PGV (peak ground velocity) map for three components from each ground motion simulation. All 
the nine cases shown here are based on the fault geometry model LP. From left to right, the supposed stress 

level in generating the earthquake rupture scenario is respectively extremely high, high and sufficient. From 

top to bottom, the hypocenter position, denoted by a white cross, is located respectively in the central, 

eastern and western part of the fault. The ruptured fault trace is shown by a grey line. The time series of 
ground motions are processed by a 0.5 Hz low-pass filter. 

 

 
 

 

 
 

Figure 14: Map representation of the scenarios considered in this study. 

 

 

 
 

 

MARSite (GA 308417) D5.5 Ground motion simulation tools calibrated for the Marmara area and 

synthetic PGV maps  
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the radiation pattern of the S-wave. For the other six cases of large earthquakes (Mw > 7), it 

is observed that the very large PGV areas (i.e. red) extend not only around the causal 

earthquake fault but also much further away. In particular, for the cases where the stress 

accumulated was extremely high, we observe that the red zone extends linearly along the 

fault trace. This is a characteristic feature of super-shear rupture propagations (Dunham and 

Bhat, 2008).    

 

 
Figure 2: PGV (peak ground velocity) map for three components from each ground motion simulation. 

All the nine cases shown here are based on the fault geometry model LP. From left to right, the 

supposed stress level in generating the earthquake rupture scenario is respectively extremely high, 

high and sufficient. From top to bottom, the hypocenter position, denoted by a white cross, is located 

respectively in the central, eastern and western part of the fault. The ruptured fault trace is shown by 

a grey line. The time series of ground motions are processed by a 0.5 Hz low-pass filter.  

3.2 Statistical analyses on ground motion estimation 

Let us choose a receiver in the center of Istanbul (41.0425°N,  28.9968°E). At this location, Vs 

= 1780 m/s on the ground surface of our structural model. Each earthquake scenario has 

been attributed a probability ranging from 0.5 to 7.5 %. We can then estimate the expected 

ground motion level using these probabilities. Figure 3 shows an analysis of the PGV values 

of the 27 simulations. The PGV is smaller than 0.1 m/s for all the simulated earthquakes of 

magnitude smaller than 6, while values up to 1.4 m/s are observed for the events of 

MARSite (GA 308417) D5.6 Characteristics of Tsunami Source regions in Marmara 
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fault, strike, dip, rake, length and width of the segment, focal depth (where the top of the 

fault has been set to 0.5 km depth), corresponding displacements according to empirical 

relations provided by Leonard (2010) and Wells and Coppersmith (1994), are provided in 

Table 1. 30 different scenarios have been identified and described in Table 2.  

 

 

Figure 1: Simplified fault segments in Marmara identified for tsunami modelling. Segments 

correspond to a rectangular area with an associated uniform slip.  

 

 

Figure 2: Map representation of the scenarios considered in this study. 

 



 
 

Figure 15: The distribution of calculated maximum wave amplitudes at each gauge points for all earthquake 

scenarios. 
 

 

 

Figure 16: Schematic representation of the proposed tsunami early warning system 
in the Marmara Sea 
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3. Summary of Results: 

Evaluating the results of tsunami numerical analyses for all 30 scenarios, the maximum water surface 

elevations calculated at each gauge points are stored and plotted in Figure 121. This figure shows the 

integrated distribution of maximum wave amplitudes as an overall result of tsunami database in 

Marmara Sea. Figure 122 shows the arrival times of calculated maximum wave amplitudes given in 

Figure 123 at each gauge point. The results show that first waves arrive to Prince Islands, Yalova 

coasts, some parts of Kadikoy and Silivri coasts within 5 minutes. 

Due to the evaluation of the modeling results for all earthquake scenarios, maximum wave 

amplitudes would be estimated between 1m and 2m and even more than 2m at some locations 

along Marmara coasts.  The results show that the maximum wave amplitudes for Kadikoy and Silivri 

coasts, Bayramdere and Kursunlu districts along the coasts of Bursa province and Halic coasts would 

be more than 2m. The estimated maximum water levels at Bostanci, Pendik, Cinarcik, Bandirma and 

Buyukada coasts and at the entrance of Izmit Bay would reach up to 2m. Tekirdag coasts especially 

M. Eregli, B. Cekmece and Bakirkoy coasts in Istanbul and Yalova coasts would experience maximum 

tsunami wave amplitudes around 1.5m. The waves reach up to 1m at Izmit and Gemlik Bays, Erdek 

Peninsula and Marmara Island. A summary of the modeling results for 30 earthquake scenarios are 

given in Table 2 including the calculated maximum wave amplitudes for corresponding earthquake 

scenario and the names of most affected coastal regions. 

 

Figure 121: The distribution of calculated maximum wave amplitudes at each gauge points for all earthquake 

scenarios  

 



  
 

Figure 17 : (left) Dynamic landslide susceptibility and (right) Newmark’s displacement (Jibson, 2007). 

 

 
 

 

 

 
Figure 18: Thinning rate corresponding to our model crust thickness over 30 km reference thickness. The 

unshaded area correspond to the zone that was considered in a crust volume calculation to estimate a 
2100±250 km2 extension surface in the Marmara Sea. The rest of the area was set aside as we considered 

that the Moho topography below was controlled by pre-Neogene events. 

 
 

 

  
Figure 19. Classification of faults according to their activity level (left) and depth span (right). 

 

 

 
 



  

 

Figure 20: (left) Proposed rupture scenario for Mw >6:8 earthquakes in the Marmara Sea between C.E. 740 

and 1999 (Drab et al., 2015). Four sequences are observed, but only three are complete. The twentieth 

century westward propagation had not yet ruptured the eastern Marmara Sea. The scenario is compatible 
with a recent Coulomb stress analysis (Pondard et al., 2007) and description of damage (Ambraseys, 2002). 

Different shapes represent onland and submarine paleoseismological investigations of NAF ruptures in an  

aroun  the  armara  ea   ri ht   he mu ti- eam  ath metr  ma  sho in  historica  earth uakes recor e  
    ifferent se iment cores a on  the  arious se ments of northern  ranch that  ere  ocumente      arious 

stu ies in the  o    a ata  et a ., 2012; Drab et al., 2012, 2015; McHugh et al., 2014; Beck et al., 2015). 

 

 
 

Figure 21: Historical intensity map scenarios of the Adalar Fault  

(Segment B Armijo et al. 2002; 2005) 

 
 

 

 



  

 

Figure 22: R/V Urania (left) and deployment of gravity core (right). 
 

 

POTENTIAL IMPACT 

 

 

 

    
 

 

Figure 23:  Educational material brochure, poster, newsletter, leaflet 
 

 

 
 

 

 
 

 

 

 



            
 
 

                   
 
 

Figure 24  MARSite Project Result Meeting 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 



  

 
 

 

 
Figure 25:Examples of newspaper articles about the MARSite Project 

 

 

 
 

 
 

Figure 26 News Broadcasts of MARSite Project Result Meeting 



MARsite videos on project information, project results and borehole installation   

http://marsite.eu/?p=1724 

http://marsite.eu/?p=2265 

http://marsite.eu/?p=2269 

MARsite video of press coverage 

1 

CNN 
Türk  

Ana 
Haber  

http://ankara.interpress.com/tvarsiv2/2016/06/20/CNN_TURK/184800
60.mp4 

2 Star Tv  
Ana 
Haber  

http://ankara.interpress.com/tvarsiv2/2016/06/20/STAR_TV/18480100
.mp4 

3 

Beyaz 
Tv  

Ana 
Haber  http://m.beyaztv.com.tr/program/beyaz-ana-haber/?parts=true 

4 

Habertu
rk  

Akşam 
Raporu  

http://ankara.interpress.com/tvarsiv2/2016/06/20/BEYAZ_TV/1848078
0.mp4 

5 NTV  
Ana 
Haber  

http://ankara.interpress.com/tvarsiv2/2016/06/20/NTV/18480402.mp
4 

6 Kanal B  
Ana 
Haber  

http://ankara.interpress.com/tvarsiv2/2016/06/20/KANAL_B/1848100
3.mp4 

7 A Haber  
Akşam 
Ajansı  

http://ankara.interpress.com/tvarsiv2/2016/06/20/A_HABER/1848056
3.mp4 

8 Kanal 7  
Ana 
Haber  

http://ankara.interpress.com/tvarsiv2/2016/06/20/KANAL_7/1848072
1.mp4 

9 

TRT 
Haber  Haberler  

http://ankara.interpress.com/tvarsiv2/2016/06/20/TRT_HABER/18480
316.mp4 

10 

Bloomb
erg Ht  İlk Söz  

http://ankara.interpress.com/tvarsiv2/2016/06/21/BLOOMBERG_HT/1
8480895.mp4 

11 

KANAL 
24 

MODERA
TÖR 

http://ankara.interpress.com/tvarsiv2/2016/06/20/KANAL_24/184790
08.mp4 

12 

HABERT
URK 

GÜN 
ORTASI 

http://ankara.interpress.com/tvarsiv2/2016/06/20/HABERTURK/18479
110.mp4 

13 NTV 
HABERLE
R 

http://ankara.interpress.com/tvarsiv2/2016/06/20/NTV/18479394.mp
4 

14 

HABERT
URK 

HABERTÜ
RK 
MANŞET 

http://ankara.interpress.com/tvarsiv2/2016/06/20/HABERTURK/18479
434.mp4 

15 

A 
HABER 

AJANS 
GÜN 
ORTASI 

http://ankara.interpress.com/tvarsiv2/2016/06/20/A_HABER/1847943
1.mp4 

16 

CNN 
TÜRK GÜNLÜK 

http://ankara.interpress.com/tvarsiv2/2016/06/20/CNN_TURK/184794
98.mp4 

17 NTV 
HABERLE
R 

http://ankara.interpress.com/tvarsiv2/2016/06/20/NTV/18479537.mp
4 

18 

HABERT
URK 

AKŞAM 
RAPORU 

http://ankara.interpress.com/tvarsiv2/2016/06/20/HABERTURK/18480
034.mp4 

19 

KANAL 
24 

HABERLE
R 

http://ankara.interpress.com/tvarsiv2/2016/06/20/KANAL_24/184799
73.mp4 

http://marsite.eu/?p=1724
http://marsite.eu/?p=2265
http://marsite.eu/?p=2269


 

 

 

 

 
 

 

 
 

 

 


