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Extension and exhumation of metamorphic rocks in the Aegean have been 
driven by slab rollback since 45 Ma (Brun et al., 2007).It has been shown, 
that subduction of continental blocks triggers slab rollback, thus the 
subduction of the Pelagonian block is a possible driving factor of the initiation 
of extension and exhumation in Rhodope (Brun and Faccenna, 2008).
Exhumation means southwestward movement of the Pelagonian with 
respect to Rhodopia which is represented by characteristic top-NE-E shear 
sense indicators and small shear zones on the island of Skopelos.
Consistent observation and measurement of ductile upright folds with NE-
SW trending axes that also occur in top-NE shear zones suggest a 
component of NW-SE shortening during the exhumation of the 
formations.Simultaneous stretching and shortening has already been 
proposed in case of the Cyclades (Avigad et al., 2001).
Progressive exhumation by top-NE-E extensional unroofing brought the 
rocks in the zone of brittle-ductile transition as evidenced by semi-brittle 
structural features which are basically the low-temperature variants of the 
ductile features shown by the D - structural model drawing. Instead of ductile 2

shear bands semi-brittle normal faults formed; instead of close-tight upright 
folds, open-gentle upright folds and kink bands formed. 

By the Late Cretaceous-Early Paleogene closure of the Neotethys lead to the 
subduction of the Pelagonian continental block . The formations of the Vardar suture 
zone were emplaced on top of the Pelagonian and were subducted together below 
Rhodopia (e.g. Jolivet and Brun, 2010). The red bracket on the drawing shows the 
possible position of the formations constituting the present-day Skopelos island. The 
northeastward subduction should lead to top-SW ductile shear in the subducting 
material, which is now supported by our observations and measurements as well. 

The North Aegean Trough (NAT) is a major sedimentary basin in the Aegean with sediment 
thickness locally reaching 6 km near the Skopelos fault (Lalechos and Savoyat 1979). The age 
of the earliest sediments in the basin is unkown, but it is definitely older than the Pliocene 
propagation of the North Anatolian Fault (NAF) into the NAT (Mascle and Martin, 1990).This 
means, that the NAF did not control the early evolution of the NAT, it rather reactivated it as a 
dextral fault zone accomodationg the westward motion of Anatolia. The Skopelos fault is also 
likely to be a pre-Pliocene structure since it seems to control the deepest depression of the 
basin system filled with  Miocene to Quaternary strata. The Skopelos fault is no longer active, 
since the island is presently subsiding in the footwall (Evelpidou , 2013). The youngest 
structures on the island are contractional and transpressional - as shown by the D3b figures. In 
our interpretation map-scale gentle folding and the reactivation of pre-existing, originally top-
SW nappe contacts belong to the Pliocene-Quaternary propagation of the NAF into the NAT. 

Localistaion of extension at 
the North Aegean Trough: 
normal faulting from outcrop 
to regional scale

D3A

Reverse and dextral
faulting, formation of 
outcrop to map-scale
fault-related folds

Structural model for D2

Structural model for D1
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Cretaceous-Eocene convergence between Africa and Europe forced the consummation of oceanic crust by subduction in the Hellenic region, which led to the formation of the Hellenic nappe stack and oregenic belt. 
After tectonic burial (subduction) of continental blocks like Pelagonia, the movement direction of the subducting slab – and thus the position of the subduction trench – changed from advancing to retreating as described 
by Brun and Faccenna (2008). Slab rollback resulted in extension in the backarc of the upper plate and has driven exhumation of metamorphic rocks of various grade.  (e.g. Brun and Sokoutis, 2007; Brun et al. 2016). 
These and other studies dominantly focused on the northern Aegean/Rhodope or the Cycladic tectonic systems, yielding abundant kinematic, structural, petrologic and geochronological data to constrain their 
geodynamic evolution. This contrasts with the region of the Northern Sporades, which have not yet been thoroughly studied in the light of subduction-exhumation processes. In particular, a detailed kinematic analysis, 
the focus of this study, is missing that allows for establishing the relation between the deformation structures on the island, and the large-scale tectonic events in the Aegean domain.
Skopelos consists from bottom to top of three structural units, which are separated by thrust contacts (Jacobshagen and Wallbrecher, 1984; Matarangas, 1992; Jacobshagen and Matarangas, 2004): the Pelagonian, 
the Glossa unit, and the Palouki unit. The age of the formations constituting these units ranges from Paleozoic to Paleogene, and all formations have been metamorphosed under lower greenschist or possibly also 
blueschist facies conditions (Mposkos and Liati, 1991) and experienced polyphase deformation (Matarangas, 1992). The Glossa unit is considered to be part of the Eohellenic/Vardar nappe system (Matarangas, 
1992), while the Palouki unit has not been substantially compared and connected to any regional structural unit so far.
Hereby the preliminary results of an extensive field campaign are presented in order to provide constraints on the kinemataics of subduction-exhumation processes on the island of Skopelos, and to give insights about 
the post-exhumation structural evolution of the study area. 

Preliminary results constraining the kinematics of subduction and exhumation processes on Skopelos island, Northern Sporades (Aegean Domain)

- The model of subduction of the nappe stack exposed on Skopelos is supported by remnants of HP-LT mineral 
assemblages (Mposkos and Liati 1991 and present study).
- The kinematics of subduction and exhumation is constrained by stretching lineations and associated shear sense 
indicators. In our interpretation distributed top-SW sense of shear is related to the northeastward subduction of the 
formations. Top-SW shear sense indicators are rather vague and have suffered retrograde alteration. Top-NE-E sense of 
shear is dominant on the island and also represented by shear zones that formed along pre-existing zones of competence 
contrast. We interpret the top-NE-E shearing as the southwestward motion of the nappe stack of Skopelos during 
exhumation driven by slab rollback.
- Exhumation of Skopleos was characterized by at least partly simultaneous NE-SW stretching and NW-SE shortening.
- The stress field remained persistent during exhumation until the rocks reached the brittle upper crust as evidenced by 
the semi-brittle variants of previously ductile structural features.
- Skopelos experienced further exhumation in the footwall of the “Skopelos fault” which controlled the deposition of 
several km-s of sediments in the North Aegean Trough.
- Normal faults in Skopelos trend NE-SW and NW-SE as well defining two stages of extension connected to the basin 
evolution of the North Aegean Trough.
- Westward movement of Anatolia along the North Anatolian Fault and slab rollback have defined the Pliocene-
Quaternary stress field (WNW-ESE compression and perpendicular extension) in the region of the North Aegean Trough 
and the Northern Sporades. Propagation of the North Anatolian Fault into the North Aegean Trough in Pliocene times 
resulted in the reactivation of nappe contacts on Skopelos accompanied by fault-related folding along the reactivated nappe 
contacts and the formation of dextral and dextral transpressive fault segments on the island. 
-    The established deformation history is characteristic for all units on Skopelos, no significant differences in structural or
                                         metamoprhic features have been noticed between the Pelagonian, Glossa, and Palouki units  
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Tectonic map of Skopelos

Geological map and topography of Skopelos. The map was compiled based on the geological map of Matarangas (1995) 
and our structural observations and measurements.

Tectonic map of the Aegean region showing the three main continental blocks, Rhodopia, 
Pelagonia, and Adria, separated by the Vardar and Pindos suture zones (SZ). The island of 
Skopelos is highlighted with red. NAT=North Aegean Trough, NAF=North Anatolian Fault, 
MIF=Myrthes–Ikaria Fault. Modified after Brun et al. (2016)

Seismic tomography model of the Aegean along 
a N-S section. Characteristic positive wave 
velocity anomaly through the mantle indicates 
the presence of the Hellenic slab (Bijwaard et al., 
1998).
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Map of stretching lineations and associated shear sense directions

n=107 stretching lineations and associated shear sense indicators were measured on the field. The 
majority (roughly the half) of the shear sense indicators is top-NE-E including 4 shear zones with localized 
and intensive top-NE-E shear (for details see the deformation history figures). The black arrows indicate 
the directions which are neither top-NE or top-SW. In many cases the post-shearing folds refold the 
stretching lineations and therefore the measurements are loaded with these rotations. In some examples 
backrotation has shown that these lineations and shear sense indicators had been NE-SW trending before 
the late folding event. In our interpretation the majority of the balck arrows have been rotated by late folding 
resulting in the present-day distribution of stretching lineation azimuths.
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Most of the axes of ductile upright folds are
trending parallel with the dominant NE-SW
stretching lineations and often found next to
top-NE shear sense indicators. 
This suggests coeval NE-SW stretching and 
NW-SW shortening.
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Azimuth rose diagram
of mesoscale normal fault planes

n=39

n=40

Azimuth rose diagram
of mesoscale thrust fault planes

Two dominant dip directions (NW and NE)
 of normal faults imply changing direction 
of extension since the formations
w e r e  e x h u m e d  a b o v e  t h e  B D T.
B a s e d  o n  o u r  d a t a s e t  c l e a r 
distinction is not possible regarding
t h e  r e l a t i v e  a g e  o f  t h e  N W- S E 
and NE-SW extension.....................
Dominan t  o r ien ta t i on  o f  reve rse 
and dext ra l  fau l ts  on the is land
largely corresponds to the orientation 
of Pliocene-present-day stress field: 
NNE-SSW extension and perpendicular
compression forced the localization
of the NAF in the NAT and resulted in
the (re)activation of thrusts and the 
formation of dextral faults on Skopelos.
(e.g.Chatzipetros 2013,Sakellarious 2016)  
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Cross section was compiled based on our structural mapping and the geological map of Matarangas (1995). 
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Blueschist facies mineral associations (SEM pictures) and preliminary P-T estimates
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Estimation of paleostress axes based on 
three conjugate sets of kink bands (e.g. 
Naha and Halyburton, 1974). The rough 
estimate at least provides an idea about 
the orientation of the principal stress axes 
when the formations of Skopelos were 
exhumed not much above the depth of 
the BDT. The roughly NW-SE contraction 
had already been present below the BDT 
as evidenced by ductile upright folds, 
thus the results derived from the 
conjugate kink bands seems valid.  σ1

σ2

σ3

D  - the structural style of the second phase of deformation is characterized 2

by features representing intensive NE-SW stretching associated with top-
NE-E sense of shear (F2 sheath folds trending parallel with the stretching 
lineation, assymetric and symmetric boudinages, C-S and C-C` structures) 
and at least partly coeval NW-SE shortening evidenced by short 
wavelength, close-tight, upright folds. Zones with steeply tilted foliation 
planes witnessed recumbent-inclined folding leading to minor vertical 
shortening of previously tilted limbs of upright folds. The axes of recumbent-
inclined folds depend on the dip direction of the steeply tilted foliation planes 
(in most cases they are roughly parallel with the stretching direction).Top 
NE-E shear localized at narrow zones of highly contrasting competence, 
represented by pre-existing stratigraphic (or tectonic) contacts between 
strong and weak lithologies. Deformation is largely taken up by the weaker 
lithologies. Typical greenschist facies minerals (chloritoid, chlorite) 
crystallized mainly syn-kynematic to top-NE-E shearing. D  shearing partly 2 

occured along S1 foliation surfaces and partly created a new mylonitic 
foliation that usually closes a small angle with S1.

D  - isoclinal folding (F ) and formation of penetrative foliation (S ) associated 1 1 1

with distributed top-S-SW shear during progressive metamorphism. Isoclinal 
fold axes show scattered pattern on the stereoplot, which makes sense 
considering the numerous overprinting effects of younger deformation 
phases. Top-SW sense of shear is shown by shear bands and sigma clast, 
rarely by assymetric boudinage structures. Peak metamorphic conditions 
are difficult to be estimated since the prograde high pressure mineral 
association has severely been modified by retrograde mineral growth during 
younger deformation phases (see below). Remnants of HP mineral 
associations are shown in SEM pictures to the left. Based on the results of 
SEM analyses and mineral associations, peak pressure of roughly 
12kbar and peak temperature of roughly 350-450 °C is estimated as 
preliminary results. Peak temperature constraints are derived from the 
greenschist facies association of chloritoid, chlorite, quartz showing grain 
boundary migration, and recrystallized phyllosilicates. For example see the 
thin section picture of the exhumation chapter. More constraints on P-T path 
are expected in the coming weeks.
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