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1.	Geodynamic	
and	geological	context





Subduction zones, major thrusts and strike-slip faults



Mesozoic oceanic crust



Cenozoic oceanic crust



Neogene shortening



Neogene extension
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Subduction is the first-order geodynamic 
driver of Mediterranean tectonics

Subduction of the African 
lithosphere in the mantle

Frontal 
compression and 

shortening

Back-arc extension or 
compression
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Back-arc extension started, or 
rather accelerated, ~35 Myrs ago



Migration of thrusts in the Hellenides

Jolivet et Brun 2010

A N-S lithospheric cross-section

UHP-LT (Cretaceous) HP-LT (Eocene) HP-LT (Oligo-Miocene)

LP-HT (Eocene) LP-HT (Oligo-Miocene)

Volcanic arc migration

NCDS CD



43                    42                    41                  40                   39                  38                 37                  36                  35                 34                33

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

Age (Ma)

latitude (°N)

volcanism and plutonism

HP-LT

HT-LP and post-orogenic core complexes

Med. Ridge
accr. wedge

Crete

Cyclades

Cyclades

Rhodope Present-day
thrust front

Miocene
thrust front

Eocene
thrust front

Late Cretaceous
thrust front

43                    42                    41                  40                   39                  38                 37                  36                  35                 34                33

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

Age (Ma)

latitude (°N)

volcanism and plutonism

HP-LT

HT-LP and post-orogenic core complexes

Med. Ridge
accr. wedge

Crete

Cyclades

Cyclades

Rhodope Present-day
thrust front

Miocene
thrust front

Eocene
thrust front

Late Cretaceous
thrust front

35 Ma

Jolivet and Brun, 2010



■
  
  

■
  
 ■

   
■

  
  
■

  
 ■

▲      ▲
       ▲       ▲      

 ▲       ▲       ▲     
  ▲    

   
▲     

  ▲
 

  ▲ 

▲
  

  
  
▲

 
▲

  
  
  

  
▲

   
   

    
   

▲       
 ▲ 

▲     

  ▲
 

▲
        ▲ 

▲            ▲     
   

  ▲            ▲
 

▲

          ▲
        ▲

          ▲         ▲
          ▲

          ▲
          ▲

         ▲
 

▲

        ▲         ▲
   

   
  ▲

 

▲
         ▲         ▲     

  ▲
 

■
       ■

       ■
        ■

 

  
■

  
  
 ■

   
   

■
   

   
  ■

 
  
 ■

  
  
  
  
 ■

  
  

■
     ■

     ■
       ■

 

■
       ■

 

■      ■ 

■
   

   
  ■

   

   
    

■ 

  ■        ■         ■
 

  ■        ■        ■        ■ ■      ■ 

 ■
    

   ■
    

  ■
 

■      ■
 

   ■  

   
■
 

■    
   ■

    
   

 ■
   

   
  ■

 

■
       ■

        ■
       ■

       ■
       ■

 

■
       ■

       ■
        ■       ■

       ■
 

  
■

  
  
  
 ■

 

■
      ■

 

■
      ■

      ■
 

■
        ■

       ■
        ■

        ■
        ■

        ■
 

■
  
  
  
 ■

  
  
  
 ■

  
  
  
 ■

  
   

 ■
   

   
 ■

  
  
  
 ■

  
  
  
 ■

 
■

       ■       ■
       ■       ■

 

 ■

      ■ 
■

       ■
       ■

       ■
       ■

 

■      ■    ■      ■
    

   
■

   
   

 ■
   

   
  ■

   
   

 ■
   

   
 ■

   
   

 ■
   

   ■
    

   ■
   

   
 ■

   
   

▲
     ▲

       ▲
 

 ■
   

 ■
   

  ■
   

   
■
 

■

     ■
     ■ 

▲   ▲    ▲ 

▲    ▲   

■    
  ■

    
   ■

    
    

■ 

■
   ■

   ■
 

■
    ■

    ■
    ■

    ■

 

■
  
  
  
  
  
  
  
■

  
  
■

  
  
 ■

  
  
■

  
  

 ■
 

■
     ■

     ■
     ■

    ■
    ■

■
   ■

   ■
 ■

■

■
   ■

■
    ■

■
  
  
■

  
  
■

   

 ■

▲
    ▲

   ▲

▲    ▲
    ▲

   ▲

■    ■    ■    ■    ■    ■    ■

■    ■    ■    ■    ■

■
   ■

    ■
    ■

▲     ▲
     ▲    ▲

     
▲     

▲     ▲     ▲     ▲     ▲
    

 ▲
    ▲    

 ▲
    

 ▲
     

▲

   
  ▲     ▲     ▲     ▲     ▲

  
  
 ▲

▲
     ▲

     ▲     ▲
    

 ▲

   
  ▲

   

  ▲
  
   

▲
   

  ▲
   

  ▲

   
  ▲

    
 ▲

   
  ▲

   
  

▲

   
  ▲

  
  
 ▲

  
  
 ▲

   
  ▲

    

▲

    ▲       

▲  ▲

▲     ▲     ▲     ▲     ▲   

  ▲
  
  

 ▲
   

  ▲
     ▲     ▲     ▲    

 ▲
  
  
 ▲

  
  
 ▲

  
  
 ▲

   
  ▲

   
  ▲

   
  ▲

   
  ▲

     ▲     ▲     ▲     ▲     ▲

     ▲
     ▲     ▲     ▲     ▲     ▲     ▲     ▲

     ▲     ▲     ▲     ▲
     ▲

     ▲

▲     ▲
     ▲

     ▲    

▲
    ▲

  ▲

▲    ▲     ▲

     ▲

■   ■
    

■  

■     ■    ■     ■     ■

■
    ■

    ■    ■    ■    ■    ■    ■    ■

■    ■    ■    ■    ■    ■    ■   ■ ■    
■    

■    ■
    ■    ■    ■   

■    ■
    ■    ■    

■   ■

■    ■    ■    ■    ■

■    ■    ■    ■    ■

▲
   

 ▲
  
  

▲

    ▲    ▲
    ▲

▲
    ▲

    ▲
    ▲

    ▲    ▲    ▲    ▲    ▲

    ▲    ▲    ▲   
 ▲

    ▲

  
  ▲

   
▲    ▲

▲       ▲      ▲      ▲      ▲
      ▲      ▲      ▲

   
  ▲   

   
▲     ▲     ▲

    
  ▲

   
  ▲

   
  
▲

  
   

▲
  
   

▲

▲     ▲   

  ▲

      ▲      ▲     ▲

     ▲     ▲     ▲     ▲     ▲     ▲       ▲

     ▲
     ▲     ▲     ▲     ▲     ▲

▲     ▲

▲       ▲     ▲     ▲     ▲     ▲
    ▲

    ▲    ▲     ▲    ▲    ▲

  ▲     ▲    ▲    ▲     ▲     ▲    ▲    ▲
    ▲

▲    ▲
▲     ▲

   
 ▲ ▲

   ▲

      ▲

▲

    
  ▲

▲
   

 ▲

▲
    

▲
 ▲

       ▲

▲

▲

 ▲

■
     ■

    ■
    ■

■
     ■

     ■
    ■

■
   

  ■
   

  ■

   

  ■

■
   

 ■

■

■
    ■

    ■

▲     ▲
    

 ▲

▲      ▲     ▲

▲    ▲     ▲

     ▲     ▲      ▲

▲    ▲

     ▲     ▲     ▲    ▲
    ▲     ▲

▲   ▲    ▲    ▲
   

▲

Golfe de

Gascogne

Liguro-Provençal

basin

Alboran Sea

B
etic

s

R
if

Haut Atlas

Atla
s S

aharie
n

Tell

Tunisian

Atlas

V
ale

ncia
 T

r.

Gulf of Lion

Rhine

Graben

A
 l
 p

 i
 n

 e
   

 a r c
 

A
p
e
n
n
in

s

Tuscan

Arch.

Tyrrhenian Sea

Panonian

Basin

   

B L A C K   S E A  

A n a t o l i aNorth Anatolian Fault

M
e

d
iterranean Ridge

     Aegean Sea

Mésozoïque

oceanic crust

Neogene

oceanic crust

Thinned

continental crust

Neogene

shortening

        ▲
      ▲       

  

     
▲    ▲

▲

      ▲

AFRICA

EURASIA
Within a convergent geodynamic context,

extensional basins have opened after 35 Ma



■
  
  

■
  
 ■

   
■

  
  
■

  
 ■

▲      ▲
       ▲       ▲      

 ▲       ▲       ▲     
  ▲    

   
▲     

  ▲
 

  ▲ 

▲
  

  
  
▲

 
▲

  
  
  

  
▲

   
   

    
   

▲       
 ▲ 

▲     

  ▲
 

▲
        ▲ 

▲            ▲     
   

  ▲            ▲
 

▲

          ▲
        ▲

          ▲         ▲
          ▲

          ▲
          ▲

         ▲
 

▲

        ▲         ▲
   

   
  ▲

 

▲
         ▲         ▲     

  ▲
 

■
       ■

       ■
        ■

 

  
■

  
  
 ■

   
   

■
   

   
  ■

 
  
 ■

  
  
  
  
 ■

  
  

■
     ■

     ■
       ■

 

■
       ■

 

■      ■ 

■
   

   
  ■

   

   
    

■ 

  ■        ■         ■
 

  ■        ■        ■        ■ ■      ■ 

 ■
    

   ■
    

  ■
 

■      ■
 

   ■  

   
■
 

■    
   ■

    
   

 ■
   

   
  ■

 

■
       ■

        ■
       ■

       ■
       ■

 

■
       ■

       ■
        ■       ■

       ■
 

  
■

  
  
  
 ■

 

■
      ■

 

■
      ■

      ■
 

■
        ■

       ■
        ■

        ■
        ■

        ■
 

■
  
  
  
 ■

  
  
  
 ■

  
  
  
 ■

  
   

 ■
   

   
 ■

  
  
  
 ■

  
  
  
 ■

 
■

       ■       ■
       ■       ■

 

 ■

      ■ 
■

       ■
       ■

       ■
       ■

 

■      ■    ■      ■
    

   
■

   
   

 ■
   

   
  ■

   
   

 ■
   

   
 ■

   
   

 ■
   

   ■
    

   ■
   

   
 ■

   
   

▲
     ▲

       ▲
 

 ■
   

 ■
   

  ■
   

   
■
 

■

     ■
     ■ 

▲   ▲    ▲ 

▲    ▲   

■    
  ■

    
   ■

    
    

■ 

■
   ■

   ■
 

■
    ■

    ■
    ■

    ■

 

■
  
  
  
  
  
  
  
■

  
  
■

  
  
 ■

  
  
■

  
  

 ■
 

■
     ■

     ■
     ■

    ■
    ■

■
   ■

   ■
 ■

■

■
   ■

■
    ■

■
  
  
■

  
  
■

   

 ■

▲
    ▲

   ▲

▲    ▲
    ▲

   ▲

■    ■    ■    ■    ■    ■    ■

■    ■    ■    ■    ■

■
   ■

    ■
    ■

▲     ▲
     ▲    ▲

     
▲     

▲     ▲     ▲     ▲     ▲
    

 ▲
    ▲    

 ▲
    

 ▲
     

▲

   
  ▲     ▲     ▲     ▲     ▲

  
  
 ▲

▲
     ▲

     ▲     ▲
    

 ▲

   
  ▲

   

  ▲
  
   

▲
   

  ▲
   

  ▲

   
  ▲

    
 ▲

   
  ▲

   
  

▲

   
  ▲

  
  
 ▲

  
  
 ▲

   
  ▲

    

▲

    ▲       

▲  ▲

▲     ▲     ▲     ▲     ▲   

  ▲
  
  

 ▲
   

  ▲
     ▲     ▲     ▲    

 ▲
  
  
 ▲

  
  
 ▲

  
  
 ▲

   
  ▲

   
  ▲

   
  ▲

   
  ▲

     ▲     ▲     ▲     ▲     ▲

     ▲
     ▲     ▲     ▲     ▲     ▲     ▲     ▲

     ▲     ▲     ▲     ▲
     ▲

     ▲

▲     ▲
     ▲

     ▲    

▲
    ▲

  ▲

▲    ▲     ▲

     ▲

■   ■
    

■  

■     ■    ■     ■     ■

■
    ■

    ■    ■    ■    ■    ■    ■    ■

■    ■    ■    ■    ■    ■    ■   ■ ■    
■    

■    ■
    ■    ■    ■   

■    ■
    ■    ■    

■   ■

■    ■    ■    ■    ■

■    ■    ■    ■    ■

▲
   

 ▲
  
  

▲

    ▲    ▲
    ▲

▲
    ▲

    ▲
    ▲

    ▲    ▲    ▲    ▲    ▲

    ▲    ▲    ▲   
 ▲

    ▲

  
  ▲

   
▲    ▲

▲       ▲      ▲      ▲      ▲
      ▲      ▲      ▲

   
  ▲   

   
▲     ▲     ▲

    
  ▲

   
  ▲

   
  
▲

  
   

▲
  
   

▲

▲     ▲   

  ▲

      ▲      ▲     ▲

     ▲     ▲     ▲     ▲     ▲     ▲       ▲

     ▲
     ▲     ▲     ▲     ▲     ▲

▲     ▲

▲       ▲     ▲     ▲     ▲     ▲
    ▲

    ▲    ▲     ▲    ▲    ▲

  ▲     ▲    ▲    ▲     ▲     ▲    ▲    ▲
    ▲

▲    ▲
▲     ▲

   
 ▲ ▲

   ▲

      ▲

▲

    
  ▲

▲
   

 ▲

▲
    

▲
 ▲

       ▲

▲

▲

 ▲

■
     ■

    ■
    ■

■
     ■

     ■
    ■

■
   

  ■
   

  ■

   

  ■

■
   

 ■

■

■
    ■

    ■

▲     ▲
    

 ▲

▲      ▲     ▲

▲    ▲     ▲

     ▲     ▲      ▲

▲    ▲

     ▲     ▲     ▲    ▲
    ▲     ▲

▲   ▲    ▲    ▲
   

▲

Golfe de

Gascogne

Liguro-Provençal

basin

Alboran Sea

B
etic

s

R
if

Haut Atlas

Atla
s S

aharie
n

Tell

Tunisian

Atlas

V
ale

ncia
 T

r.

Gulf of Lion

Rhine

Graben

A
 l
 p

 i
 n

 e
   

 a r c
 

A
p
e
n
n
in

s

Tuscan

Arch.

Tyrrhenian Sea

Panonian

Basin

   

B L A C K   S E A  

A n a t o l i aNorth Anatolian Fault

M
e

d
iterranean Ridge

     Aegean Sea

Mésozoïque

oceanic crust

Neogene

oceanic crust

Thinned

continental crust

Neogene

shortening

        ▲
      ▲       

  

     
▲    ▲

▲

      ▲

31

Which forces control this evolution ?
Which dynamic relations between convergence, 

subduction and extension ?
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2.	Active	
Mediterranean	tectonics
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mantle dynamics may explain the motion of Adria, Anatolia, and Aegeanmicroplates (section 9), the patterns
of seismic anisotropy (section 10), and the role of the mantle on shaping the topography features of
the Mediterranean (section 11). We end by presenting the most likely scenario for the present-day pattern
of mantle circulation.

The study area extends to the Middle East and the Pannonia-Carpathian systems (Figure 1); the latter is
considered more for its tectonic affinity rather than geographical pertinence. We do not investigate the Alpine
evolution of the region; we will rather concentrate on the formation of the most recent tectonic features,
however, without disregarding the structural grain inherited from the collisional history of the Mediterranean.
We will also address briefly the volcanological-geochemical aspects of the region but refer the reader to more
detailed works on this topic [e.g., Carminati et al., 2012; Lustrino and Wilson, 2007, and references therein].
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Figure 2. Tectonic, seismic, and geodetic indicators of lithospheric deformation. (a) Large-scale topography and active fault zones within the study region.
Quaternary to active faults from Barrier et al. [2004] are represented as solid red lines where well located, and by dashed lines where approximately located or
inferred. Fault are distinguished between reverse (barbs on the upper side), strike slip (arrows along fault indicate direction of lateral movement), and normal (ticks on
downthrown side). (b) Seismicity color-coded by hypocentral depth (International Seismological Centre catalog, magnitude range> 4).
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Normal faults often shape
Mediterranean landscapes

Lastros normal fault
(Eastern Crete)
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fixed Eurasia

This image shows an important characteristics of the Mediterranean 
region: internal displacements are faster than relative plate motions at the 
boundary of the system … looking for an internal engine

GPS velocity field
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This image shows an important characteristics of the Mediterranean 
region: internal displacements are faster than relative plate motions at the 
boundary of the system … looking for an internal engine

fixed Africa
GPS velocity field

Faccenna et al., Rev. Geophys., 2014



(source GeoMapApp)

Active and recent volcanoes



area until the edge of the platform towards the Cretan Basin which
occurs at 13.5 km.

3.3.2. Nea Kameni and Palea Kameni
Santorini, the most spectacular island in the Aegean Sea owes its

exceptional landscape to the Minoan eruption in the 17th century
BC and the formation of the famous caldera in the middle of the is-
land. The caldera walls rise to over 300 m above sea level while the
maximum depth of the caldera seafloor is about 390 m. The Minoan
eruption is considered the second largest eruption in historical
times, after the Tambora Volcano eruption in Indonesia in 1815. The
oldest volcanic products of Santorini are 1.5–1.6 Myr old (Druitt et
al., 1989), considerably younger than those of Milos. Several eruptive
cycles are distinguishable on the island with the Minoan eruption
being the most recent. The Minoan ash forms a white colored cap
over the island up to 50 m thick. Beneath that cap there are succes-
sive multicolored lava layers, pyroclastic flows, ash deposits and
other volcanic formations exposed on the upright caldera walls,
providing witness to the diverse volcanic history of the island.
Since the devastating Minoan eruption in the 17th century BC,

many significantly weaker activity phases have occurred, and the
landscape has continued to change even during very recent years.
The Nea Kameni Island in the center of the caldera forms the summit
of the actively growing new volcanic center. The ancient geographer
Strabo was the first to record volcanic eruptions inside the Santorini
caldera. He described the birth of a newly formed small island in
197 BC in the middle of caldera which currently corresponds to
Palea Kameni. Several eruptive phases followed the birth of Kameni
islands (Palaea and Nea) in the years 46–47, 726, 1570–1573,
1707–1711, 1866–1870, 1925–1928, 1938–1941 and 1950 AD as the
most recent eruption (Pyle and Elliott, 2006).

The floor of the Santorini caldera was explored with the ROV Her-
cules. A large number of hydrothermal vents were discovered, but in
contrast to the high-temperature venting found in Kolumbo subma-
rine volcano, only relatively low-temperature venting was observed
within the Santorini caldera (Sigurdsson et al., 2006a; Nomikou et
al., 2012bs). The present configuration of the caldera consists of
three distinct basins that form separate depositional environments,
divided by the Kameni volcanic islands (Fig. 9). The Northern Basin
is the largest and deeper (389 m) developed between the Kamenes,

Fig. 7. Swath bathymetric map of Santorini volcanic field using 20 m isobaths (Nomikou et al., 2012a).

130 P. Nomikou et al. / Tectonophysics 597–598 (2013) 123–146

post-eruption surfaces, providing a second set of volumetric esti-
mates for each of the historic lava flows (Supplementary Fig. 3
and Supplementary Material).

Pre-eruption interval was plotted against volume of extruded
lava and eruption duration to determine the relationship between
these eruptive properties. Finally a series of profiles were extracted

Fig. 1. Combined bathymetric and topographic map of Santorini Caldera with 15-m grid resolution. The study area encompassing the Kameni islands is located in the centre
of the Santorini caldera.

10 P. Nomikou et al. / GeoResJ 1–2 (2014) 8–18

Nomikou et al.
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Santorini



Santorini



  Novembre 2013 
 

 

Fig. 1 : Complexité de la subduction de la lithosphère en Méditerranée. On note la possible déchirure 
verticale  du  panneau  plongeant  sous  l’Anatolie  occidentale.  D’après  Jolivet  et  al.  (2009). 

 

 

 

Fig. 2 : Extrapolation à 5 km de profondeur des températures mesurées en forage. Même si 
l’incertitude   reliée  à  cette   extrapolation   reste  mal   connue,   l’anomalie   thermique  en  Anatolie   reste   la  
plus importante en Europe, en taille et en amplitude. 

 

Geothermal resources in Europe



Geothermal plants in Western Turkey



Most of the hottest springs are located
far from active volcanoes

Tectonics and geodynamics control the position of many 
geothermal fields

Roche et al. 2017



Tectonic and geological map of the Menderes Massif modified from the MTA. 

Hot springs are linked with active normal faults

Roche et al. 2017



Active normal faults in the Büyük Menderes graben



Active normal faults in the Simav graben



Active normal faults in the Gediz graben



Low-angle normal faults (detachment) in the Gediz-Alasehir graben



Metamorphic basement

Mio-Pliocene sediments

Low-angle normal faults (detachment) in the Gediz-Alasehir graben



• At crustal-scale, detachments control fluid circulation at depth. 

• Some exchange with Mantle-He, CO2, B and H2S isotopes could 
occur in deep parts of the crust. 

• Thermal waters are heated at depth and may recharge deeper 
reservoirs (e.g. geometric and karstic).

Large-scale detachments and steep normal faults control the circulation of 
geothermal waters.

The abnormal geothermal gradient is responsible for the formation of geothermal 
reservoirs

The abnormal geothermal gradient is the results of subduction dynamics (slab 
retreat and slab tear)

Roche et al. 2017
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3.	Active	
Mediterranean	tectonics:	

the	Aegean	region



Seismicity



Earthquakes focal mechanisms

reverse fault

normal fault

strike-slip fault
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Two active or recent accretionary wedges

Chamot-Rooke et al., 2005, DOTMED

Mediterranean Ridge

Calabria wedge



57Chamot-Rooke et al., 2005, DOTMED

The Mediterranean Ridge accretionary wedge
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Anatolia behaves partly rigidly

Reilinger et al., 2009

GPS velocity field (fixed Eurasia)
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>1,5 cm/yr
~2 cm/yr

McClusky et al., 2000 An extensional component in the 
Aegean, 

older than the NAF, ~30-35 Ma

Aegean active extension

[4] In this study, we present a velocity field that includes
more than 120 sites covering central Anatolia to the Aegean
coast, with an average intersite distance of !50 km, deter-
mined at a millimeter-per-year accuracy. Our velocity field
is derived from a combination of survey-type GPS (SGPS),
spanning the period 1997–2005 and a network of 12
continuously recording GPS stations (CGPS) operating at
7 sites since 2003 and for a further 5 sites since 2005. CGPS
provides unique data sets for rigorously assessing crustal
deformation in regions of low strain rates by reducing the
amount of time necessary to detect a significant strain signal,
minimizing systematic errors, and providing a rigorous
assessment of uncertainties through the quantification of
the noise present in the coordinate time series. However,
the high cost of installation and maintenance of CGPS
stations and the need for good security conditions at the sites
limit the number of sites. In contrast, SGPS allows a larger
number of sites but can be easily affected by systematic
errors, such as those due to tribrach miscalibration or center-
ing problems. An optimum velocity field can be obtained by a
combination of the two types of data, and we present here a
methodology that enables us to do this rigorously. We then
use the resulting geodetic velocity field to quantify the level
of deformation of the Anatolian plateau and to determine the
location of the onset of the extension. We test it against

previously published models and discuss the ability of rigid
block models to account for the observed deformation in
western Turkey.

2. Data Set
2.1. Data Set Description

[5] The survey-type GPS measurements were made at
69 sites during at least two of the five surveys carried out
between 1997 and 2005 (Table 1). Each GPS site was
observed during at least two sessions of 7 h in each survey.
The COMET-GCM CGPS network includes 12 sites across
western Turkey from the central Anatolian plateau (longi-
tude 32!E) to the Aegean coast and south of the North
Anatolian fault. Each site consists of a 1-m-high concrete
circular pillar, thermally isolated by a concrete tube sur-
rounding the pillar. Each pillar is anchored to the bedrock
through steel rods penetrating the rock by over 50 cm. A
Trimble 5700 dual-frequency GPS receiver with a Trimble
Zephyr Geodetic antenna is operated at all sites except
KNYA (Konya), which is equipped with a Trimble SSI
receiver with a Trimble Choke-Ring antenna. A Trimble
hemispheric radome covers the antenna at sites where
snow is abundant during the winter. Seven sites were
installed in 2003 and benefit from at least 3 years of data

Figure 1. Seismicity and active faults in western Turkey. Dots show epicenters from the National
Earthquake Information Center (NEIC) for the period 1976–2006. Labeled focal mechanisms represent
earthquakes with Ms " 6 taken from Ambraseys and Jackson [1998], except the 1969 Demirci Ms = 6.0
earthquake from Eyidogan and Jackson [1985] and the 2002 Mw 6.5 Sultandagi earthquake from the
Global CMT catalogue. Other, unlabeled, focal mechanism are taken from the Global CMT catalogue
(http://www.globalcmt.org) for crustal earthquakes with Mw " 5. Faults are from Saroglu et al. [1992].

B10404 AKTUG ET AL.: DEFORMATION OF WESTERN TURKEY
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Aktug et al., 2009

GPS velocity field (fixed Anatolia)
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Since 35 Ma the Aegean domain has 
been extending in a distributed 

fashion
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Which forces drive the deformation of Anatolia and Aegea ? 

Slab retreat ?

Arabia-Eurasia 
collision 

(extrusion) ? 

What is the cause of the localisation of deformation ~5 Ma ago ?

Corinth Rift
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4.	Long-term	
Mediterranean	tectonics:	

the	Aegean	region



Jolivet et al. 2013

Exhumed metamorphic units



Jolivet et Brun 2010

A N-S lithospheric section

The present structure of the Aegean region 
results from the succession of two episodes: 

(1) a subduction episode with collision of continental blocs and crustal thickening, 

(2) an episode of extension and crustal thinning associated with slab retreat
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  7.2-6 Ma, Early Messinian
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Trench / Slab retreat

This image shows an 
important 
characteristics of the 
Mediterranean 
region: internal 
displacements are 
faster than relative 
plate motions at the 
boundary of the 
system … looking for 
an internal engineJolivet et al. 2008



Displacements since 70 Ma (Eurasia fixed)

Dewey et al., 1989, Jolivet et al. 2003, see also Rosenbaum et al.

This image shows an 
important 
characteristics of the 
Mediterranean 
region: internal 
displacements are 
faster than relative 
plate motions at the 
boundary of the 
system … looking for 
an internal engineJolivet et al. 2008
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4.3.	
Geodynamic	synthesis	of	the	

Aegean	region
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Jolivet and Brun, 2010
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Jolivet and Brun, 2010
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Figure 10. 3-D diagram of the resolved segmented geometry of the subducting African lithosphere beneath Anatolia inferred from our tomographic model.
The isosurfaces for this slab model are obtained by tracing the slab related and coherent fast anomalies with amplitudes larger than +1.5 per cent. Dashed,
black lines shows the projected locations of the slab features on the surface (3-D map at top). Important structural features are shown both on the 3-D model
and on the relief map.

mantle beneath the western Pontides (the regions labelled ‘Istanbul
Zone’ on Fig. 9B, C–C’, D–C’ and E–E’). The thick lithosphere
terminates abruptly at the southern block of the NAFZ at shallower
depths (<100 km), whereas it exhibits some dipping structural com-
plexity at depths between 100 and 200 km. In this respect, the
NAFZ forms a rather sharp, lithospheric scale structural boundary
between the older lithosphere of the north Anatolian province and
the younger Central Anatolian province or Anatolian Plate. This
implies that the NAFZ is a lithospheric scale transform fault, mean-
ing the associated deformation extends through the entire crust and
penetrates into the uppermost mantle, at least for its western seg-
ment. This observation agrees with the interpretation that the NAFZ
follows the weakness zone associated with the northern sector of
the Neotethyan suture(s) at the northern part of Anatolia (Bozkurt
2001; Şengör et al. 2005). Based on this result, our study is the first
to resolve and interpret the deeper structure of the North Anato-
lian Fault. Similar observations exist for portions of the much older
San Andreas Fault (SAF), which is thought to be analogous to the
NAFZ. Zhu (2000) and Yan & Clayton (2007) observed a 6–8 km
vertical offset of the Moho discontinuity across the SAF in southern
California using P-wave receiver functions, and argued that the SAF
extends through the entire crust for that segment. Using P-wave to-
mography, Benz et al. (1992) detected a velocity contrast following
the strike of the SAF beneath its central segment.

In various studies (i.e. Dilek & Altunkaynak 2009; Dilek &
Sandvol 2009) it is argued that the deeper section of the Cyprus slab
is detached along a trench-parallel tear and the shallower attached
portion is now dipping with a shallow angle at the eastern side of

the Isparta Angle, generating the Quaternary Central Anatolia Vol-
canics (CAV) (Fig. 9a). Our tomographic images contradict the idea
of a shallow dipping Cyprus slab with a deeper detached section.
In this respect, the eastern sector of the Cyprus slab is too deep
(∼250 km) beneath the CAV to explain the young volcanism there
(Fig. 9B, D–C′), although, flow related to the sinking of the slab
may play a role.

4.2 The tears and slab edges

Another robust feature of our tomographic model is the N–S
trending slow velocity anomalies, with amplitudes in the order of
−1.4 per cent, that extend from 60 km down to depths of 300 km
between the Aegean and Cyprus slabs (Fig. 9B, A–A′ and E–E′).
Various studies associated this region that is roughly defined by the
Isparta Angle (and hence the western termination of the Cyprus
slab) with a vertical tear within the northward subducting African
lithosphere (Büyükaşıkoğlu 1979; Wortel & Spakman 1992; Barka
& Reilinger 1997; Dilek & Altunkaynak 2009; Dilek & Sandvol
2009). Our tomographic model supports the idea of a vertical or
subvertical tear between the Aegean and the Cyprus slabs that is
now occupied by slow velocity perturbations (Figs 6a–f). This fea-
ture is also visible in tomographic models of Spakman et al. (1993)
and Piromallo & Morelli (2003); De Bordeer et al. (1998) inter-
preted the slow anomaly pattern as vertically rising asthenosphere
along a vertical tear in the subducting Aegean slab. Based on our to-
mography model, we support this interpretation. Our model shows
that the tear might be subvertical, however, and it is between the

C⃝ 2011 The Authors, GJI, 184, 1037–1057
Geophysical Journal International C⃝ 2011 RAS
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revealed by our data is the appearance of the slab Moho not as a continuous interface but in a fragmented
form. Several adjacent subhorizontal segments can be recognized as ESE-ward downstepping panels
separated by fault throws of several kilometers. This observation can be made on each of the strike lines
and the throws can be correlated from one line to the other as the slab gets deeper, revealing all faults to
trend along dip (Figure 2b). Our RF data coverage allows contouring of the slab Moho topography down
to 100km depth to produce a high-resolution 3-D image of the most recently subducted part of the Ionian Sea of
the African plate (Figure 2c). It appears segmented from the Gulf of Corinth to south of Kythira island, over 300 km
distance, into dipping panels 30–50 km wide by a series of nine along-dip faults (F1 to F9).

3.2. Origin of Slab Faults and Dehydration Processes

In the deep Ionian Abyssal Plain WSW of its lithosphere entering the subduction zone, marine seismic data
[Gallais et al., 2011] identify NE-SW oriented faults, interpreted as related to Mesozoic Ionian Sea spreading
[Gallais et al., 2011; Speranza et al., 2012]. The faults we image as segmenting downdip the slab top of the
same subducted plate show a similarity in orientation that may suggest an inheritance of former structure.

These along-dip faults are marked at depths of 60–80 km by spatial clustering of current small to moder-
ate earthquakes mainly within the slab crust. This seismic activity has been recorded by the TWR dense
deployment and the recently improved National Observatory of Athens (NOA) permanent monitoring
array (Figure 3a and Text S1). Among mechanisms causing seismic rupture at higher P-T conditions than
for “normal” frictional conditions in rock, dehydration has been commonly considered as the main
responsible for slab earthquakes [Abers et al., 2013]. Interestingly, our observations show that slab top

Figure 2. RF-imaging of the structure of the SW Hellenic subduction zone. (a) Along-strike RF sections SL1 to SL3 (locations shown in Figure 1) showing the dipping
Hellenic slab panels. Solid grey line: middle of slab crust above red-coded RF amplitude of Moho. Dashed grey line: Aegean Moho. Open circles are hypocenters
of slab earthquakes each at a definite throw (half arrow) of the imaged faults. (b) Slab Moho topography and Faults (double lines) mapping reveals an along-dip
trend. (c) Perspective view from south of the 3-D topography of slab Moho. Depth color-coded isobaths and shaded fault scarps.

Geophysical Research Letters 10.1002/2015GL066818
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The subducting slab is not a single piece
it is also instead strongly deformed

and torn into several pieces
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