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Introduction

Since the first recognition of metamorphic core
complexes of cordilleran-type in the Cyclades (Lister
et al., 1984), the Aegean region is now considered as
a natural laboratory for studying processes of crustal
extension and exhumation of metamorphic terrains
(Jolivet, Patriat, 1999; Jolivet, Faccenna, 2000). Many
studies in the Aegean region and its surroundings (e.g.
South Rhodope, Cyclades, Menderes Massif) have
demonstrated the protracted Oligocene-Miocene
back-arc extension (Dinter, Royden, 1993; Sokoutis
etal., 1993, Gautier, Brun, 1994; Hetzel et al., 1995).
Ductile shear fabrics associated with stretching
lineations in this region were used to establish kinematic
directions of extension relative to active deformation
(Jolivet et al., 1994; Walcott, White, 1998). In this
contribution, we present regional kinematic study of
exhumed basement rocks in the northernmost part of
the Aegean region, yet with a still poorly constrained
extension-related kinematic framework. The
considered key areas are the Eastern Rhodopes and
Thrace of south Bulgaria and northern Greece and
the Biga Peninsula of northwest Turkey. The kinematic
analysis highlights continuous record of NNE-SSW
to NE-SW kinematic direction from Paleocene to
Miocene syn- to post-orogenic extension.

Geological setting

The regional-scale tectonic pattern of the Eastern
Rhodopes and Thrace areas is dominated by late
Alpine metamorphic domes, namely the Kesebir-
Kardamos and the Byala reka-Kechros domes (Fig.
1, Bonev, 2005; Bonev et al., 2005a, b). From the
base to the top, both large-scale structures expose a
pre-Alpine and Alpine basement consisting of (i) a
lower high-grade tectonic unit, (ii) an upper high-grade
tectonic unit, and (iii) an overlying low-grade Jurassic-
Early Cretaceous subduction-accretion unit. Base-
ment units are bounded by contractional, syn-
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metamorphic thrust contacts, and low-angle exten-
sional detachments respectively related to pre-latest
Late Cretaceous crustal thickening and Tertiary
extension (Krohe, Mposkos, 2002; Bonev et al.,
2005a, b). Other important features of both areas are
(iv) Late Cretaceous-Paleocene/Eocene-Oligocene
granitoids that intrude basement rocks, and (v) syn-
to post-tectonic sedimentary deposits (Maastrichtian
to Pliocene), including Late Eocene-Oligocene
volcanic and volcanic-sedimentary successions, that
represent cover sequences.

The Biga Peninsula of northwest Turkey (Fig. 1,
Okay et al., 1991 for review) exposes in ascending
order: (i) high-to medium-grade basement rocks in
several occurrences, including the Kazdag Massif and
Camlica micaschists (Okay, Satir, 2000a, b) and the
Kemer micaschists (Bonev, Beccaletto, 2005), (ii) the
various units of the Karakaya Complex, (iii) the
accretion-related mid-Cretaceous Cetmi mélange
(Okay et al., 1991; Beccaletto et al., 2005), (iv) the
Ezine Zone, where the Permo-Triassic sedimentary
Ezine Group is tectonically overlain by the Barremian
Denizgéren ophiolite, and (v) widespread occurrence
of plutonic, volcanic and associated volcano-
sedimentary rocks, related to the transition from a
collisional to an extensional tectonic regime during
the Cenozoic. Distinct units are intercalated by
shallow-dipping mylonitic shear zones, extensional
detachments and late faults (belonging to North
Anatolian Fault System - NAFS) (Okay, Satir, 2000a;
Beccaletto, Bonev, 2005; Beccaletto, Steiner, 2005).

Kinematics

Shear structures associated with the stretching lin-
eations in mylonitic metamorphic tectonites were
systematically measured, in order to establish the ki-
nematic direction and sense of tectonic transport in
the exhumed ductile crust (Fig.1). Kinematic analy-
sis demonstrates regionally consistent (1) NE-SW
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Fig. 1. Synthetic kinematic map of extension direction and shear senses in the studied areas of northern Aegean region.
Arrows show the mean of measurements on several sites of stretching lineations and shear senses. Dashed arrows: data for
comparison from Dinter and Royden, 1993, Burg et al., 1996, Wawrzenitz and Krohe, 1998, Krohe and Mposkos, 2002.

(~20-40°) extension direction in the core of the Kese-
bir-Kardamos dome with top-to-the NE ductile then
brittle shear sense in the north, and (2) NNE-SSW di-
rection (~20°) with top-to-the SSW shear sense in the
core of the Byala reka-Kechros dome under the same
deformation conditions. Similarly, in the corresponding
parts of these domes in northern Greece, the kinematic
direction is consistently oriented NNE-SSW to NE—
SW and associated with analogous ductile to semi-brit-
tle shear senses in both large-scale structures. Shear
sense variations (i.e. top-to-the SW shear in the Kese-
bir-Kardamos dome to the south) most likely account
for extension-induced ductile flow accommodation in
the footwall during its upward bending or possibly ac-
tivity on conjugate detachments.

In the northern Biga Peninsula, NE-directed (~40°)
ductile to semi-brittle extension characterizes the
metamorphic strip of the Kemer micaschists. Further

south, the Alake¢i mylonitic zone (AMZ, Okay, Satir,
2000b), bounding the northern flank of the Kazdag
Massif presents evidence of down dip top-to-the
NNE extension (~20°), assisting exhumation of this
part of the massif. To the south, the Selale detachment
(Beccaletto, Steiner, 2005) accommodates top-to-the
SSW extensional exhumation of its southern flank.
Overall, the basement rocks in the Biga Peninsula
present a NNE-SSW to NE-SW extension direction.

Based on syn-kinematic metamorphic conditions
within the shear structures, the metamorphic crystal-
lizations demonstrate that shearing took place in de-
creasing metamorphic conditions from amphibolite to
greenschist-facies. The ductile fabrics have been
progressively overprinted by semi-brittle structures
and finally brittle faults implying progressive exhu-
mation of basement rocks from ductile to brittle field,
consistent with the extension.
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Discussion: from syn- to post-orogenic
extension in northern Aegean region
The geometry of the kinematic framework in the
basement rocks considered in this study shows regionally
consistent orientation of the stretching lineations and
extension direction with an overall NE-SW trend. Local
variations in the kinematic direction are due to drag
against late faults and/or block-rotation linked to
neotectonic (active) deformation. Shear senses
variations attest for local conditions of the stress field
associated with the style and mode of extension.
Bivergent mode of extension is locally established
(Beccaletto, Bonev, 2005). This kinematic framework
combined with the age constraints indicates spatial and
temporal consistency of the regional trend of extension
direction from the latest Paleocene to Miocene.
Stratigraphic ages (syn- and post-tectonic sedimen-
tary basin fill) and regional geochronology (metamorphic/
cooling ages in the basement rocks, crystallization ages
of magmatic rocks) provide constraints for the timing
of extensional deformation in the region. Following and/
or coeval with the late phase of Cretaceous crustal
thickening, the NE-SW oriented extension in the nor-
thernmost Aegean commenced earlier to the north
(Paleocene-Eocene, e.g. the Kesebir-Kardamos dome,
the Kemer mica schists, possibly onset of activity of the
AMZ on the northern flank of the Kazdag Massif).
This syn-orogenic extension relates to subduction-colli-
sion history coeval with the closure of the Vardar Ocean.
Then, it was followed by a late Oligocene-Miocene
Aegean post-orogenic back-arc extension, which evol-
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Conclusions

1. Stretching lineations orientation and kinematic
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PEI'’MOHAJIHA KHHEMATUYHA PAMKA CBbP3AHA C TEPHUEPHA EKCTEH3USA
B CEBEPHOET'EVCKUA PETUOH: JAHHU OT U3TOYHU POAOIU-TPAKUS
(BBJITAPUSA-T'BPIIUSA) U ITOJTYOCTPOB BUT'A (C3 TYPLIUS)

Huxkonati bounes, Jlopan bBexanemo

W3cnenBaneTro mpeAcTaBs perHOHANEH MOTJIEH
BBbPXY KHHEMAaTHKaTa Ha METaMOP(QHH €ANHULU OT
Wztounmn Pomormm u Tpakus (bearapus-1spmus) u
nonyoctpoB bura B CeBepo3zanaana Typuus B xoga
Ha TeplLUepHa eKCTeH3Us, 00yClIOBHUJIa TAXHATa
eKcXyMalusl, IpUApyKeHa OT 30HH Ha IJIACTUYHO U
KPEXKO-TUTACTUYHO CPSI3BaHE U MOJIETaTH Pa3oMH
Ha otaensHe. CCU-IOI03 no CU-FO3 nanpasnenue,
MapKHpPaHO OT JMHEHHOCT Ha pa3TsAraHe ONMpeneis
KMHEMaTU4HAaTa paMKa Ha KOPOBa eKCTEH3HA B Ta3H
gact Ha CeBepHoereiickara 001acT. ACOIUUPAIIATE

KHUHEMAaTUYHU UHAMKaTopu aeMoHcTpupaT CU u 103
HACOYEH TEKTOHCKM TPaHCIOPT, oTyuTaml aedop-
MalusiTa 3a JaJieHa peruoHaiHa CTpyKTypa. Jlokan-
HO KMHEMaTH4YHATa KapTHHA MMa OMBEPIreHTEH
xapakrep. KunHeMatnyHusT aHanu3 HacoyBa KbM
3aIMc Ha CHH- U TIOCTOPOreHHa EKCTEH3US B HHTEp-
Bajla MajeoLEH-MUOLEH, MOJYNHEHA HAa I'eonuHa-
MHYHH YCJOBHUS, OOYCIIOBEHM OT 3aTBapsiHe Ha
Bapnapckus okeaH npu cyOnyKIMs-KOTH3US H
OTAPBIIBaHE Ha CyOIyKIMOHHATA TPaHHIIA [0 phOa
Ha EBpoasmarckara miova.
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