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The Thrace Basin is a large, mostly Eocene–Oligocene post-collisional sedimentary basin which developed
following the closure of the Vardar–İzmir–Ankara oceanic domain (latest Cretaceous–Paleocene). Sandstone
petrologic data (framework and heavy-mineral analyses) and the synthesis of preexisting and new sedimen-
tological observations along representative stratigraphic sections show that the basin fill of the southern
Thrace Basin wasmostly derived from the İzmir–Ankara and Biga (?Intra-Pontide) subduction/accretion com-
plexes to the south. Proximal facies consistently show northward paleocurrents whereas most paleocurrent
indicators measured downcurrent point to an eastward paleoflow, likely the result of the deflection of primary
gravity flows originated along the southern margin of the basin. Detrital contributions from the Rhodopian
basement complex to the west are virtually absent within the southern Thrace Basin fill. Conversely,
Rhodopes-derived, Eocene proximal facies in northeastern Greece are characterized by a series of coarse-
grained fan-deltas prograding eastward and likely feeding the basin–plain turbidites of the depocentral por-
tion of the Thrace basin, now concealed in the subsurface to the north of our study area.
Arenites of the southern Thrace Basin are mostly lithic arkoses and arkosic litharenites. Provenance from the
İzmir–Ankara and Biga suture zones to the south is characterized by ophiolitic, granitoid/gneissic, low-grade
metamorphic, and extrabasinal carbonate rock fragments, as well as by picotite and glaucophane.
The application of detailed petrographic observations for discriminating paleo- vs. neovolcanic and penecon-
temporaneous vs. noncoeval terrigenous sands lead to a substantial revision of the geodynamic interpreta-
tion of the Thrace Basin, formerly considered a forearc basin. A significant penecontemporaneous volcanic
component is common in the Upper Eocene–Lower Oligocene section and can be related to extensive post-
collisional volcanism following the closure of the Vardar–İzmir–Ankara ocean. The coexistence of pure neo-
volcanic layers (crystal tuffs and cinerites) and hybrid arenites rich in penecontemporaneous carbonate
grains with sands derived from a continental basement and ophiolitic suites indicates the presence of episu-
tural basins where shallow-water carbonates were deposited on top of the exhuming subduction–accretion
prism. These carbonates were mixed with penecontemporaneous neovolcanic and terrigeneous components
and redeposited in deeper marine environments.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Several authors have linked specific plate-tectonic settings to the
mineralogical composition of sands and sandstones (e.g., Dickinson,
1970, 1985; Crook, 1974; Dickinson and Suczek, 1979; Ingersoll and
Suczek, 1979; Valloni and Maynard, 1981; Dickinson et al., 1983;
Mack, 1984; Valloni and Zuffa, 1984; Valloni, 1985; Garzanti et al.,
2007). In spite of (i) some limiting factors, like modifications occur-
ring during weathering, sediment transport, deposition, and

diagenesis (see, for example, the papers in Basu, 1993 and Zuffa,
1985 and Johnsson), and (ii) other important critical remarks to be
taken into consideration (e.g. Zuffa, 1991; Weltje, 2006), these
broad correlation schemes have been evaluated extensively, and
sandstone detrital modes are now commonly employed to determine,
in conjunction with other basin-analysis techniques, the plate-
tectonic setting of ancient terrigenous successions (for a review, see
Garzanti et al., 2007).

Calibrated procedures for recognizing and classifying sand/sand-
stone grain types (particularly carbonate and volcanic grains) are criti-
cal in reconstructing source/basin paleogeography and assessing
evolutionary trends through time. In particular, the analytical proce-
dure for point counting of arenite framework requires fundamental at-
tributes of grains to be taken into account, like composition (carbonate
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versus non-carbonate grains), spatial relationships (intrabasinal versus
extrabasinal grains), and time relationships (grains coeval or non-
coeval with respect to the basin fill) (e.g. Zuffa, 1980, 1987;
Ingersoll et al., 1987; Critelli and Ingersoll, 1995).

Clastic successions characterized by either (i) compositionally hy-
brid beds or (ii) alternating strata of siliciclastic and penecontempora-
neous carbonate-clastic composition may indicate, respectively, (i) the
presence of marine shallow-water ‘sediment parking areas’ where
extrabasinal and intrabasinal grains canmix before being resedimented
(e.g. Fontana et al., 1989), and (ii) distinct terrigenous and intrabasinal
sources playing an independent role in supplying the depocenter (e.g.
Gandolfi et al., 1983, 2007). Moreover, the detection of neovolcanic
and paleovolcanic grains within the same arenite succession is crucial
for a correct interpretation of the geotectonic setting in which sedi-
ments were deposited (e.g. De Rosa et al., 1986; Critelli and Ingersoll,
1995; Hathway and Kelley, 2000; Pal et al., 2005). Thus, a thorough
knowledge of the composition, origin, and age of arenite grains is criti-
cal in unraveling source/basin paleogeography and tracing its evolution
through time. As a final point, wemust bear inmind that source area re-
constructions should not be conducted with gross compositional data
alone, but need to be supported by other lines of evidence (heavy min-
erals, paleocurrents, facies relations, etc.).

This paper illustrates how detailed definition of sandstone detrital
modes (including heavy-mineral analysis, paleocurrent analysis, and
the study of sedimentological facies relationships) can discriminate
not only the overall plate-tectonic setting of terrigenous successions,
but also pinpoint significant within-basin provenance variations, thus
providing important elements to constrain (i) the sediment dispersal
pattern, (ii) the three-dimensional geometry of petrographic litho-
somes, and (iii) the overall basin evolution. To this end, we studied
the sandstone petrography of the Eocene–Oligocene sedimentary
succession of the southern Thrace Basin (northwestern Turkey and
northeastern Greece). This portion of the basin was chosen as the
study area because recent studies have constrained the paleoenviron-
mental/paleostructural setting and the chronostratigraphy of the
basin fill (Okay et al., 2010; Özcan et al., 2010), thus integrating a
large wealth of preexisting data, both from surface and subsurface
studies (e.g. Doust and Arikan, 1974; Şengör, 1979; Önal, 1986;
Sümengen and Terlemez, 1991; Görür and Okay, 1996; Turgut and
Eseller, 2000; Yaltirak and Alpar, 2002; Okay et al., 2004).

2. Geological setting

The Thrace Basin is a complex system of depocenters located be-
tween the Rhodope–Strandja Massif to the north and west and the
Biga Peninsula to the south (Fig. 1). The southern margin of the basin
is now covered by the Marmara Sea and deformed by the North Anato-
lian Fault. The Thrace Basin is the largest and thickest Tertiary sedimen-
tary basin of the eastern Balkan region and constitutes an important
hydrocarbon province (Turgut et al., 1991; Turgut and Eseller, 2000;
Siyako and Huvaz, 2007). The older part of the basin fill crops out
along the basin margins but it is covered by Plio-Quaternary deposits
in the basin center (Siyako, 2006). In this area, subsurface data is abun-
dant as Türkiye Petrolleri Anonim Ortakliği (TPAO) has drilled more
than 350 wells and acquired in the 80s and 90s a fairly dense network
of seismic lines.

Most Thrace Basin strata range from the Lower Eocene (Ypresian)
to the Upper Oligocene. Maximum total thickness, including the Neo-
gene–Quaternary succession, commonly reach 5000 m and goes up to
9000 m in a narrow depocenter bounded by strike–slip faults (Yıldız
et al., 1997; Turgut and Eseller, 2000; Siyako and Huvaz, 2007). In
terms of volume, most of the Eocene–Oligocene sedimentary succes-
sion is made of basin–plain turbidites (Aksoy, 1987; Turgut et al.,
1991). Sedimentation along the basin margins was characterized by
carbonate deposits during the Eocene and by deltaic bodies prograd-
ing towards the basin center in the Oligocene (Sümengen et al., 1987;

Sümengen and Terlemez, 1991. The western margin of the basin, in
Greek and Bulgarian territory, was characterized already in the Eo-
cene by a series of coarse-grained fan-deltas prograding eastward
and feeding the depocentral basin–plain turbidites (Caracciolo et al.,
2007a, b).

The Thrace Basin lies across a geodynamically complex area char-
acterized by three juxtaposed lithospheric blocks (terranes) distin-
guishable as to lithology, structural configuration, and geological
evolution: the Rhodope–Strandja crystalline massif, the İstanbul
Zone, and the Sakarya Zone (Fig. 1). (1) The Rhodope–Strandja massif
has Laurasian affinity and it is composed of Variscan continental crust,
Mesozoic metasedimentary rocks, and fragments of oceanic crust
(Burg et al., 1996). This assemblage suffered repeated phases of crust-
al thickening and exhumation during the Cretaceous and early Tertia-
ry (e.g. Krohe and Mposkos, 2002). The main phase of deformation
occurred in the Maastrichtian–early Paleogene following the closure
of the Vardar Ocean (Stampfli and Borel, 2004). A widespread exten-
sional regime active from mid-Eocene time induced the exhumation
of the Rhodopian core complexes (e.g. Bonev and Beccaletto, 2007).
(2) Located at the southwestern margin of the Black Sea, the İstanbul
Zone is a continental fragment about 400 km long and 70 km wide. It
comprises a Precambrian crystalline basement and a fairly complete
Ordovician–Carboniferous sedimentary cover which was deformed
during the Variscan orogeny (Görür et al., 1997; Okay et al., 2011).
Its stratigraphic, paleobiogeographic, and paleomagnetic characters
show a marked Laurasian affinity. It was proposed that this continen-
tal fragment rifted off the Odessa shelf and drifted southward during
the opening of the western Black Sea backarc basin in the Cretaceous
(Görür and Okay, 1996). (3) The Sakarya Zone, approximately
1500 km long and 120 km wide, is a continental block separated
from the Rhodope–Strandja crystalline massif and the İstanbul Zone
by the so-called Intra-Pontide suture (Şengör and Yilmaz, 1981).
The basement of this terrane is made of amphibolite-facies metamor-
phic rocks visible in a few tectonic windows of limited areal extent
(e.g. Okay et al., 2008; Cavazza et al., 2009). In the Paleogene, the
Sakarya Zone collided with the Anatolide–Tauride terrane of African
affinity to the south following the closure of the İzmir–Ankara
ocean (Okay and Tüysüz, 1999; Stampfli and Borel, 2004).

Juxtaposition of the İstanbul and Sakarya Zones along the Intra-
Pontide suture occurred in pre-Cenozoic time, although the exact
timing has not been yet clearly defined. The westward continuation
of the Intra-Pontide suture into the Marmara Sea is controversial.
Scattered outcrops of the ophiolitic Çetmi mélange in the Biga penin-
sula have been interpreted as marking the Intra-Pontide suture be-
tween the Sakarya Zone to the southeast and terrains of Rhodopian
affinity to the northwest (Siyako et al., 1989; Okay and Tüysüz,
1999; Beccaletto et al., 2005). Stampfli and Hochard (2009) date the
formation of the suture in the Biga peninsula at 200–180 Ma (Late Tri-
assic–Early Jurassic) despite the fact that the blocks and the matrix
composing the mélange reach up to the Early Cretaceous (Beccaletto,
2004).

Juxtaposition of the Sakarya and Anatolide–Tauride terranes oc-
curred between the Late Cretaceous and the Paleogene following
northward subduction and closure of the Vardar Ocean and its contin-
uation to the east, the İzmir–Ankara ocean (Okay and Tüysüz, 1999;
Stampfli and Hochard, 2009). The transition between the collisional
tectonic regime following the closure of these oceanic realms and the
extensional regime characterizing the Neogene evolution of the Aegean
and periAegean regions is complex and relatively poorly known (e.g.
Burchfiel et al., 2000; Bonev, 2006; Bonev and Beccaletto, 2007;). The
Thrace Basin developed during this transitional tectonic regime.

Contrasting hypotheses have been put forward to explain the origin
and the evolution of the Thrace Basin. (1) Keskin (1984) and Perinçek
(1991) considered this basin as intramontane in nature. (2) Turgut
et al. (1991) and Tüysüz et al. (1998) proposed a transtensional post-
collisional origin following the closure of the Intra-Pontide Ocean. (3)
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Görür and Okay (1996) suggested a forearc location between a subduc-
tion–accretion complex to the south and a volcanic arc to the north. (4)
Şen (2002) championed a flexural origin due to the loading induced by
backthrusts related to the İzmir–Ankara suture.

3. Stratigraphy of the southern Thrace Basin

The stratigraphy of the southern Thrace Basin is somewhat differ-
ent north and south of the Ganos segment of the North Anatolian

Fig. 1. Tectonic map of the Thrace region (modified from Okay et al., 2010) showing the Eocene–Oligocene sedimentary outcrops, the Upper Cretaceous ophiolitic mélange and the
pre-Eocene basement. Numbers indicate the studied stratigraphic sections. The smaller box (left) show position of Thrace basin respect to main tectonic domains.
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Fault, which also separates two different basement types (e.g., Doust
and Arikan, 1974; Sümengen and Terlemez, 1991; Turgut et al., 1991;
Siyako and Huvaz, 2007; Okay et al., 2010). The basement north of the
Ganos Fault is composed of low-grade metamorphic rocks belonging
to the circum-Rhodope belt and it is covered by a shallowing upward
succession of Middle–Upper Eocene distal to proximal turbidites,
overlain by shelfal, deltaic, and continental facies of Oligocene age
(Okay et al., 2010). Conversely, the basement south of the Ganos
Fault consists of an ophiolitic mélange (Çetmi mélange, Okay et al.,
1991; Beccaletto et al., 2005; Okay et al., 2010) with serpentinite,
metadiabase and blueschists. The Eocene succession overlying
the Çetmi mélange contains thick olistostromes and large olistoliths
derived from the mélange (Okay et al., 2010). Six stratigraphic sec-
tions were studied and sampled (Fig. 2): three to the south
and three to the north of the Ganos Fault. They represent the better
exposed and most continuous sections available in the southern
part of the Thrace Basin. Their main characteristics are described
below.

3.1. Gökçeada

The composite section shown in Fig. 2 is about 1500 m thick and
does not include the topmost, thick Oligocene pyroclastics and lava

flows. From base to top, the section comprises [see Temel and Çiftçi,
(2002), for a detailed description]:

– a succession of continental-to-deltaic shale and sandstone with
subordinate conglomerate beds; this succession correlates with
the Karaağac and Fıçıtepe formations cropping out extensively
nearby in the Gelibolu Peninsula (Siyako and Huvaz, 2007), is
about 500 m thick, and is of ?Early–Middle Eocene age;

– shallow-marine carbonate and fine-grained sandstone (total
thickness: ca. 150 m) with nummulitids, alveolinids, corals, and
algae (Middle Eocene, Soğucak Formation, Özcan et al., 2010;
Siyako and Huvaz, 2007);

– complex alternation of shale and coarse-grained sandstone beds
with erosive basal contacts, clay chips, and bed amalgamation;
this unit becomes progressively sandier upsection and was
deposited in a slope-to-delta front environment, as shown by
abundant slump structures (ca. 700 m; Upper Eocene–Lower
Oligocene);

– medium to coarse grained sandstone of deltaic environment
(>100 m; Osmancik Formation; Lower–Middle Oligocene; Atalik,
1992);

– fluvial sandstone, shale, and conglomerate (b100 m; Armutburnu
Formation; Upper Oligocene; Siyako et al., 1989) (not shown in
Fig. 2).

Fig. 2. Stratigraphic sections and correlations in the studied areas, from west to east, north and south of Ganos Fault respectively. For section location see numbers in Fig. 1. Sample
position and paleoflow measurements are shown in each section. Geological time scale from Gradstein et al. (2004).
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3.2. Tayfur

This section is >3000 m thick (Fig. 2) and crops out extensively
between Karaağac Bay (Saros Gulf) and Tayfur dam. The stratigraphic
units comprising this section are:

– a relatively small outcrop of Cretaceous–Paleocene pelagic lime-
stone (Lört Formation; Önal, 1986), traditionally considered as the
base of the section and recently reinterpreted by Okay et al. (2010)
as a large olistolith within the turbidites of the Karaağac Formation;

– a ca. 800 m thick section of deep-marine turbiditic sandstone and
shale grading upward into hemipelagics, prodelta shale, and delta-
front sandstone (Karaağac Formation) (Lower Eocene; Sümengen
and Terlemez, 1991; Temel and Çiftçi, 2002; Siyako andHuvaz, 2007);

– alternating fluviatile mudrock, sandstone, and conglomerate (red
beds) (ca. 800 m; Fıçıtepe Formation;Middle Eocene; Kellog, 1973);

– nummulitic limestone overlying unconformably the red bed succes-
sion (20–30 m; Soğucak Formation; Bartonian, Özcan et al., 2010);

– fine-grained and thin bedded slope turbidites (Tayfur Formation;
Önal, 1986) with abundant slump features cropping out exten-
sively south of Tayfur village. A significant penecontemporaneous
volcaniclastic component is present. A large vitric tuff olistolith
occurs in the upper part of this unit. This formation is here inter-
preted as having been deposited in a slope environment. Two
samples from the tuff (TU-52 and TU-84) were analyzed by the
40Ar–39Ar method in order to constrain the time of deposition.
Age data are summarized in Table 1. Analytical techniques were
those described in detail in Di Vincenzo et al. (2003, 2010). Biotite
separates from both samples were first analyzed by the laser step-
heating technique on milligram-sized sample, and yielded total
gas ages of ~32.5 and ~30.9 Ma for TU-52 and TU-84, respectively
(Table 1), and discordant age spectra with an overall asymmetric
hump shape. These shapes may arise from either contamination
by extraneous Ar (excess or inherited Ar) or from analytical arti-
fact, namely redistribution of Ar isotopes during sample irradia-
tion between biotite and interlayered chlorite (e.g., Di Vincenzo
et al., 2003). In order to ascertain intergrain Ar isotope variability
and to verify the presence of a correlation between age and atmo-
spheric Ar content and – in turn –with potential alteration, biotite
concentrates were also analyzed through the laser total fusion
technique on single grains. Ages of biotite TU-52 span a large in-
terval of ~30.4 to ~39 Ma and lack a clear correlation with the at-
mospheric Ar content, thus making the analytical artifact as a
cause for hump-shaped profiles a less likely possibility. The six
youngest ages overlap within analytical errors and yield an
error-weighted mean of 30.64±0.24 Ma (Table 1). Total fusion
ages of biotite TU-84 define a narrower time interval, ~30.1 to

31.2 Ma. Nine out of fourteen analyses yield ages overlapping
within errors and a mean of 30.42±0.21 Ma, indistinguishable
at the 2σ confidence level from that of biotite TU-52. A compara-
ble age was also obtained from a step-heating experiment on a
feldspar concentrate of sample TU-84, which gave a concordant
segment representing 68% of the 39ArK released with an error-
weighted mean of 30.22±0.20 Ma (Table 1). We therefore assign
intergrain age variability of biotite to heterogeneously distributed
extraneous Ar and interpret the age from the concordant segment
of feldspar TU-84 as a reliable eruption age of the tuff. The abun-
dance of penecontemporaneous volcaniclastic detritus throughout
the upper Tayfur Fm. (see Section 6) points to a virtual coinci-
dence between tuff age and depositional age of the upper Tayfur
Fm. This new radio isotopic dating indicates that the Tayfur Fm.
spans a longer time interval than previously thought (Önal,
1986; Temel and Çiftçi, 2002).

3.3. Şarköy

The Şarköy section is the result of recent mapping (Okay et al.,
2010) and micropaleontological dating (Özcan et al., 2010) that
resulted in a substantial revision of the stratigraphy of the area.
Three stratigraphic units comprise this section:

– a thin and local Lower Eocene carbonate–siliciclastic sequence,
called the Dişbudak series (Ypresian), consisting of a transgressive
succession of pebbly sandstone grading upward into sandy and
then nodular limestone, in turn overlain by marl and shale (Okay
et al., 2010). The Dişbudak series is an upward deepening and up-
ward fining transgressive succession (Okay et al., 2010), which is
unconformably overlain by the Upper Bartonian Soğucak Forma-
tion (see below). Similar Lower Eocene sequences are described
from Bozcaada (Varol et al., 2007) and northwest Turkey (Özgörüş
et al., 2009). The entire Lutetian and most of the Bartonian section
are missing, indicating deep erosion before the Late Bartonian ma-
rine transgression marked by deposition of the Soğucak Forma-
tion. The Dişbudak series represents a marine transgression
before the initiation of major subsidence in the Thrace Basin. Its
deposition was followed by a major phase of uplift and erosion.

– Upper Bartonian to Lower Priabonian (SBZ 19) (Özcan et al., 2010)
Soğucak Formation unconformably overlying the Dişbudak series.
It consists of a 200 m thick succession of thickly bedded to mas-
sive, white, shallow-marine limestone with algae, corals, bryozoa,
and foraminifera. The top of the Soğucak Formation has an Early
Priabonian age (SBZ 19) (Özcan et al., 2010).

– a turbidite succession with large olistoliths and thick olistostromes
(ca. 1000 m; Çengelli Formation; Upper Eocene–Lower Oligocene,

Table 1
Summary of 40Ar–39Ar results.

Sample Extraction
technique

Phase
analyzed

Fraction
(mm)

sample Total
number of
analyses

Total gas
age (Ma)

±2σ Remarks Age
(Ma)
#

±2σ MSWD # of
analyses

TU-52 Step-
heating

Biotite 0.25–0.50 ~2 mg 12 32.47 0.20 Concordant segment representing 41.7% of 39Ar
released (steps 8 to 13), considered unreliable

33.59 0.22 1.12 4

TU-52 Total
fusion

Biotite 0.25–0.50 Single
grain

11 32.43 0.25 Range: 30.39±0.36 to 38.7±1.1 Ma 30.64 0.24 0.86 6

TU-84 Step-
heating

Biotite 0.18–0.30 ~2 mg 13 30.94 0.23 Concordant segment representing 46.5% of 39Ar
released (steps 8 to 13), considered unreliable

30.88 0.19 0.92 6

TU-84 Total
fusion

Biotite 0.18–0.30 Single
grain

14 30.69 0.20 Range: 30.11±0.44 to 31.23±0.41 Ma 30.42 0.21 0.84 9

TU-84 Step-
heating

Feldspar 0.30–0.50 50 grains 7 29.83 0.19 Concordant segment representing 67.9% of 39Ar
released

30.22 0.20 0.56 6

#: error-weighted means. MSWD: mean square of weighted deviates. Uncertainties are 2σ internal errors, including in-run statistics, uncertainties in the discrimination factor, in-
terference corrections, procedural blanks and flux monitor. Lat/long for both samples: N40°23′11.9″ E26°29′20.4″.
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Okay et al., 2010).Most of this unit ismade of thin-bedded turbidites
(TBT) with abundant slump features indicative of a slope environ-
ment. Two types of blocks occur in the Upper Eocene mass flows:
(a) ophiolitic mélange, (b) Eocene shallow-marine limestone. The
occurrence of composite blocks indicates that the subduction/accre-
tion complex fromwhich the ophiolitic detritus was derived was lo-
cally overlain by Upper Eocene neritic limestone. Paleontological
data from the Çengelli Formation (Özcan et al., 2010) show nomea-
surable difference between the age of the siliciclastic turbidites and
the Eocene limestone blocks (Priabonian; 37–34 Ma), thus indicat-
ing that the limestone was intrabasinal and penecontemporaneous
to turbidite deposition. The source was quite close as blocks are up
to 1 km across and include fragile rock types such as serpentinite
or greywacke-shale, which cannot be transported unbroken over
great distances. As there are no olistostromal Eocene facies north
of the Ganos Fault the source area must have been located to the
south. Şengör and Yılmaz (1981) regarded the ophiolitic mélange
outcrops north of Şarköy as marking the location of the Intra-
Pontide suture. This interpretation is challenged by Okay et al.
(2010) who mapped the ophiolitic olistoliths and olistostromes as
sedimentary units within the Çengelli Formation.

3.4. Alexandroupolis

The geology of the region north of Alexandroupolis in NE Greece is
characterized by a thick Tertiary sedimentary succession nonconform-
ably overlying the metasedimentary rocks (mostly phyllite, but includ-
ing alsometaconglomerate, metasandstone, andmarble) of the circum-
Rhodopian belt. Chronostratigraphic control on this thick succession is
still relatively poor. The following description is from Caracciolo
(2009) and Maratos et al. (1977), integrated by our own field observa-
tions. Four stratigraphic units comprise the Tertiary succession:

– the base of this section is characterized by coarse grained, poorly orga-
nized conglomerate and by subordinate very coarse grained sand-
stone of Lutetian age. Conglomerate clasts are granite, gneiss,
amphibolite, and marble. These basal deposits are capped by coarse
grained sandstone with large-scale trough and epsilon crossbeds.
This portion of the section is interpreted as an alluvial fan/fan–delta
succession evolving upward into braided river and deltaic deposits.

– a mostly pelitic succession, about 500 m thick, with thin sand-
stone and carbonate beds. This unit is interpreted as shelf
mudrock interbedded with siliciclastic and carbonate shelf turbi-
dites. Local, lenticular coal seams are found in the top portion of
this stratigraphic unit and are similarly interpreted as the result
of redeposition of continental/coastal carbonaceous matter on
the continental shelf.

– an 80–100 m thick tabular body of marly limestone (Em.mk of
Maratos et al., 1977) with nummulitids, calcareous algae, forami-
nifera, corals, echinoids, and bivalves (Upper Lutetian–?Priabo-
nian, Maratos et al., 1977). This unit covers with a slight angular
unconformity all of the underlying units including the basement and
crops out to the east over a distance in excess of 30 km(Papadopoulos,
1980).

– a 500 m thick succession of deep-marine thin bedded siliciclastic
turbidites of Late Eocene age with rare carbonate allodapic beds.
Volcaniclastic layers and lava flows were not measured in this sec-
tion but are common in age-equivalent deposits nearby (e.g.
Papadopoulos, 1980).

3.5. Korudağ

This is a composite section as the lower portion was measured
south of Keşan along the road to Saros Bay whereas the upper portion
was measured in the northeastern outskirts of Keşan and along the
Malkara–İpsala freeway immediately to the north. Its composite

nature and scattered outcrops make a coherent paleoenvironmental
interpretation of this stratigraphic section difficult. Four stratigraphic
units comprise this section:

– a thick succession of thick-bedded siliciclastic turbidites
(>1000 m; Korudağ Formation; Upper Eocene) alternating with
horizons of thin-bedded turbidites with abundant slump features.
Paleocurrent directions and slump features all point to easterly
paleocurrents and paleoslope. This formation is interpreted as
the result of deposition along a continental slope. The thick sand-
stone horizons represent the fills of broad channels cut into slope
deposits (thin-bedded turbidites with slumps).

– another thick succession of siliciclastic turbidites (>1000 m;
Keşan Formation; Upper Eocene, Siyako and Huvaz, 2007;
Sümengen and Terlemez, 1991) overlies conformably the Korudağ
Formation. Sandstone/shale ratio is lower than that of the Korudağ
Formation. A few layers rich in volcaniclastic detritus are present.
Paleoflow directions are generally from west to east, parallel to
the Ganos Fault. The Keşan Formation is interpreted as the result
of deposition from gravity flows in a proximal basin plain and
base-of-slope environment. Characteristic depositional–lobe and
lobe–fringe sequences are common.

– the Korudağ and Keşan formations are followed by Upper Eocene–
Lower Oligocene shale of Mezardere Formation, made up of ca.
750 m of mudrock with intercalations of fine grained, rippled
sandstone interbeds. Mudrocks contain remnants of diatoms and
shallow-marine gastropods, ostracods, and bivalves (Doust and
Arikan, 1974). This formationwasmost likely deposited in a shelf en-
vironment, with a vertical trend from outer shelf to prodelta deposits.

– thickly bedded, coarse grained sandstone, locally with large-scale
cross beds (>500 m; Osmancık Formation; Oligocene). The top of
this unit shows intercalation of conglomerate beds and coal
seams with plant fragments. This formation represents deposition
in a sand-rich deltaic environment (Atalik, 1992; Doust and Arikan,
1974).

3.6. Ganos Mountain

This stratigraphic section can be studied along the northern shores
of the Marmara Sea from the eastern end of the Ganos Fault just north
of Gaziköy to the town of Barbaros. Overall, the stratigraphy is very
similar to that of the Korudağ section (Fig. 2), with a general middle
Eocene-to-Oligocene regressive trend from deep-marine turbidites
to continental deposits. Individual stratigraphic units of the Ganos
Mt. section, as well as their thicknesses and sedimentological features,
can be correlated with those of the Korudağ section, with two
exceptions:

− an 850 m thick succession of thin-bedded basin–plain turbidites
(Gaziköy Formation; middle Eocene, Siyako and Huvaz, 2007)
with a few volcanic tuff layers of andesitic composition (Yilmaz
and Polat, 1998) and submarine lava flows. This is the oldest for-
mation cropping out north of the Ganos Fault.

− a Korudağ Formation is not recognized as an independent unit and
the time-equivalent section is included in a much thicker Keşan
Formation.

4. Sampling and methods

A total of 132 medium- to coarse-grained arenite samples were
collected from the study area along the described stratigraphic sec-
tions (for exact sample locations, see d'Atri, 2010). Thin sections
were made and stained with sodium cobaltinitrite and alizarine red
S, to facilitate identification of potassium feldspar and carbonate
grains (Chayes, 1952; Lindholm and Finkelman, 1972). Quantitative
petrographic analyses were performed on 77 thin sections for gross
composition by using an integrated Gazzi–Dickinson–Zuffa point
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counting method (Gazzi, 1966; Dickinson, 1970; Gazzi et al., 1973;
Zuffa, 1980, 1985, 1987; Ingersoll et al., 1984, 1987; Critelli and Inger-
soll, 1995). This procedure allows: (i) to minimize errors due to depen-
dence of rock composition on grain size, (ii) to record both which
mineral is underneath the cross hair and the type of rock fragment in
which the mineral is located, (iii) to obtain the best possible separation
between extrabasinal and intrabasinal carbonate grains, and (iv) to dis-
tinguish between paleovolcanic (derived by erosion of old volcanic rock
suites) and neovolcanic grains (derived from active volcanism located
either inside or outside of the basin). A minimum of 300 grains were
counted and divided into four main groups: NCE (non-carbonate extra-
basinal), CE (carbonate extrabasinal), NCI (non-carbonate intrabasinal),
CI (carbonate intrabasinal). The compositional classes adopted are
those proposed by Cibin and Di Giulio (1996).

Considering the scarcity of intrabasinal detrital components, point-
counting results were plotted on a QF(L+CE) ternary diagram (Fig. 4).
Such diagram takes into consideration the entire spectrum of terrige-
nous framework grains, including carbonate lithoclasts that are ignored
in the standard QFL diagram of Dickinson and Suczek (1979).

Quantitative petrographic study also included the analyses of the
heavy-mineral concentrates obtained from 40 samples. Sandstone sam-
ples were disaggregated using standard laboratory techniques; heavy
minerals were then separated with tetrabromoethane (density 2.967 g/
cm3). Following separation, non-permanent grain mounts (Gazzi et al.,
1973) were made by sprinkling the grains onto a glue-covered micro-
scope slide. 1-iodonaphthalene (refraction index 1.701) was then
droppedonto the sample and the slidewas toppedwith a cover glass. Op-
tical counting of heavy minerals was performed by the ribbon method.
200 to 300 transparent grains were counted for each sample, not includ-
ing anhydrite, barite, and Mg/Fe-carbonate.

The integrated results of the analyses of sandstone gross composi-
tion, rocks fragments, and heavy minerals – together with the analy-
sis of paleocurrent indicators – allowed the discrimination of two
compositional petrofacies (see Section 6).

5. Description of framework and interstitial components

5.1. NCE (non-carbonate extrabasinal grains)

This group comprises quartz, feldspars, coarse- and fine-grained
rock fragments, micas, and heavy minerals. Quartz occurs as mono-
crystalline and polycrystalline grains, and as a constituent of pluton-
ic–gneissic, low-grade metamorphic, and volcanic rock fragments.
Feldspars are present either as plagioclase or K-feldspars. Plagioclases
occur as single crystals, both as neovolcanic grains (pristine euhedral
crystals) with albite-type twinning and/or zoning (Fig. 3B, C, E), and
as paleovolcanic grains generally sericitized or replaced by calcite.
Plagioclase grains are also found in plutonic–gneissic, phyllitic, and
volcanic rock fragments. K-feldspars, with the exception of the Alex-
androupolis stratigraphic section, are less abundant than plagioclase
and mostly occur as single crystals or within plutonic–gneissic rock
fragments. They are often altered into kaolinite and illite or replaced
by calcite. Biotite, muscovite, and chlorite are mostly found in meta-
morphic rock fragments (gneiss, phyllite, and chlorite schists) and
as single crystals. Aphanitic rock fragments comprise metamorphic,
volcanic, and sedimentary types. The dominant metamorphic lithic
grains are phyllites and slates. Serpentinite, chlorite-schist, and
serpentine-schists, related to ophiolitic suites, can be present in con-
siderable amounts. Volcanic rock fragments span the whole composi-
tional spectrum, including acidic, intermediate, and basic types.
Acidic lithics display phenocrysts of quartz and plagioclase in a micro-
granular felsitic groundmass. Intermediate and basic lithics have mi-
crolithic and lathwork, commonly chloritized, texture. Distinctive
diabase rock fragments are present (Fig. 3D). Sedimentary rocks frag-
ments are represented by siltstone and chert.

5.2. CE (carbonate extrabasinal grains)

Carbonate terrigenous grains encompass micritic and microspari-
tic limestone and minor dolostone, from fine to coarse-grained.
They are relatively abundant (ca. 5%) in the Karaağac Formation at
the base of the Tayfur section, whereas they are virtually absent
higher up in the same section and in the Alexandroupolis section. In
all other sections they average 2% of the framework grains. In a few
cases, carbonate extrabasinal grains could be tied to specific rock
units in the sediment source area as, for example, in the Tayfur sec-
tion where carbonate lithoclasts contain tintinnids tests (Fig. 3A).

5.3. CI (carbonate intrabasinal grains)

This group is chiefly represented by bioclasts and biosomes of
nummulitids, algae, bryozoans, and foraminifers. Peloids, ooids (e.g.
Fig. 3B) and minor intraclasts are also present. Carbonate intrabasinal
grains are abundant in the Gelibolu stratigraphic section where they
make up to 8% of the total framework grains.

5.4. NCI (non-carbonate intrabasinal grains)

The components of this group occur only in traces and are repre-
sented by grains of iron oxides, glaucony, and by rip-up clasts.

5.5. Interstitial components

The matrix consists mostly of silt-size grains of quartz, feldspars,
and mica/chlorite. The cement is mostly microsparitic to sparitic
low-Mg calcite with a few samples exhibiting a patchy calcite texture.
Early mechanical compaction produced intense deformation of more
ductile grains and reduced significantly primary porosity. As a result,
modal percentage of calcite cement ranges only between 5 and 8%.
Minor quantities of kaolinite, illite, and chlorite occur locally as
pore-filling or pore-lining cement. Quartz and feldspars overgrowths
are a subordinate component of cement. Calcite replacement of
dissolution-prone framework grains (mostly feldspars) is locally
common, but never strong enough to hamper the identification of
grains during point counting.

6. Results of sandstone petrographic analyses

The results of sandstone modal analyses indicate that sandstones of
the southern Thrace Basin range compositionally between lithic arkoses
and arkosic litharenites of medium to low compositional maturity. (For
the original analytical data, see d'Atri, 2010.) All samples are prevalently
made up of siliciclastic terrigeneous grains. Other characteristic features
include a high plagioclase/K-spar ratio and a predominance of low-
grade metamorphic (phyllite and slate) and volcanic lithic fragments
within the rock fragments population. Some samples have carbonate
intrabasinal and extrabasinal components represented by bioclasts
and fine-grained carbonate rock fragments, respectively.

Zircon, tourmaline, rutile, and garnet constitute >50% of the
heavy-mineral fraction and are present in all samples. Picotite is pre-
sent in all samples (20% on average) except those from the Alexan-
droupolis section, and clearly indicates a provenance from ophiolitic
rocks. Numerous other heavy minerals such as clinopyroxene, clin-
oamphiboles, monazite, epidotes, chloritoid, kyanite, staurolite, and
glaucophane are present in very low quantities or in traces. In partic-
ular,, augite characterizes the upper part of the Tayfur stratigraphic
section and epidotes and glaucophane characterize the Şarköy section
(see d'Atri, 2010, fur further details). Garnets from some samples of
the Korudağ and Ganos Mt. sections show well developed “faceting”
indicating diagenetic overgrowth (Morton and Hallsworth, 1999).
Pristine euhedral anatase is present in several samples as an authi-
genic mineral phase.
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Ternary compositional diagrams by themselves discriminate the are-
nite petrofacies of the southern Thrace Basin only partially. Integration of
themost significant gross compositional parameterswith heavy-mineral
and paleocurrent data isolate two petrofacies cropping out in specific
portions of the southern Thrace Basin: a southern and a northern petro-
facies (south and north of the Ganos Fault, respectively). The southern
petrofacies includes sandstone samples taken from theGökçeada, Tayfur,
and Şarköy stratigraphic sections; the northern petrofacies those taken
from the Alexandroupolis, Korudağ, and GanosMt. stratigraphic sections

(Fig. 2). The petrographic characteristics of the two petrofacies and their
distribution in the studied stratigraphic sections are illustrated in Figs. 2,
4, and 5. Their main petrographic, stratigraphic, and sedimentological
features are described below in more detail.

6.1. Southern petrofacies

The southern petrofacies shows a distinctive vertical compositional
and sedimentological evolution. The oldest stratigraphic interval south

100µm 200 µm200µm

200µm800µ m100µm

A B C

D E F

Fig. 3. Thin section photomicrographs showing different grain types and petrofacies of Thrace Basin arenites. (A) Extrabasinal carbonate grain:micritic limestonewith Tintinnid tests (red
arrows); southern petrofacies, crossed nicols. (B) Oolitized feldspar grain; southern petrofacies, crossed nicols. (C) Neovolcanic plagioclase; southern petrofacies, crossed nicols. (D) Di-
abase lithic grain (red arrow), northern petrofacies, polarized light. (E) Pure neovolcanicmatrix-rich arenite; southern petrofacies, crossed nicols. (E) Vitric tuff. Glass shards shown by red
arrows; southern petrofacies, polarized light.

Fig. 4. Ternary compositional diagrams for sandstone petrofacies characterization. (A) Q, total quartz grains; F, total feldspar grains; L+CE, total aphanitic lithic fragments.
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of the Ganos Fault (i.e. the Lower Eocene of the Tayfur stratigraphic sec-
tion; Fig. 2) is characterized by arkosic litharenites and subordinate lith-
ic arkoses with abundant epimetamorphic rock fragments associated
with a significant amount of ophiolitic and terrigenous carbonate detri-
tus (Fig. 4). Picotite is the only distinctive heavy mineral, in agreement
with the presence of ophiolitic rock fragments. Paleocurrent indicators
show NNE-ward flow, suggesting a source area located to the south of
the basin.

The Middle Eocene section is characterized by litharenites dominat-
ed by low-grade metamorphic rock fragments. Ophiolitic rocks and
picotite occur as in the Early Eocene section, but terrigenous carbonate
grains are virtually absent. Traces of epidote and titanite are sporadical-
ly present. Average paleocurrent flow direction is toward the ESE. This
petrofacies comprises the mid-Eocene fluvio-deltaic deposits and
slope turbidites of the Gökçeada and Tayfur stratigraphic sections
(Fig. 2). The mid-Eocene section differs from the Early Eocene one be-
cause of (i) its lower content of terrigenous carbonate and (ii) the east-
ward average paleoflow direction. The lattermight indicate provenance
from either the eastern Rhodopes–northern Aegean region or the
southern basin margin, as a result of eastward deflection in the basin
plain of a northward sediment dispersal pattern (Fig. 5).

The Upper Eocene–Early Oligocene south of the Ganos Fault is char-
acterized by very immature arkose (Q contentb6%) and arkosic lithare-
nite. This interval features abundant neovolcanic and intrabasinal
carbonate grains (some samples are hybrid arenites, sensu Zuffa,
1980). Other common framework components are (i) epimetamorphic
and ophiolitic rock fragments and (ii) glaucophane and picotite grains,

but their amounts are significantly lower compared to those of the
Early–Middle Eocene section because the abundant carbonate intrabas-
inal and neo-volcanic grains dilute all other detrital components. Tita-
nite and augite characterize further this petrostratigraphic interval. In
the upper part of the Tayfur section (Fig. 2) the volcanic component is
very abundant and slumped turbidite slope deposits, including a large
olistolith of penecontemporaneous vitric tuff, indicate a north-facing
paleoslope. Despite the fact that significant neovolcanic detritus is pre-
sent only in the upper parts of the Tayfur and Şarköy sections, it should
be noted that volcanic detritus – mostly penecontemporaneous – are
somewhat present in the uppermost Eocene–Oligocene section
throughout the study area. Overall detrital modes and the presence in
several samples of glaucophane and epidote suggest a provenance
from an exhumed subduction–accretion prism affected by volcanism.

6.2. Northern petrofacies

Sandstone samples north of the Ganos segment of the North Anato-
lian Fault have a well defined composition straddling the field between
arkosic litharenite and lithic arkose (Fig. 4) and generally show a higher
compositional maturity compared to those of the southern petrofacies.
The Upper Eocene–Lower Oligocene Korudağ and Ganos Mountain
stratigraphic sections are characterized by the presence of epidote and
titanite. Paleocurrents indicate ENE-directed flow directions that may
be compatible with eastward deflection of flows generated along the
southern basin margin. Turbidite flows from the eastern Rhodopian
area cannot be ruled out.

Fig. 5. Provenance and sand dispersal pattern (arrows) in the southern Thrace Basin. Inset at lower right summarizes main petrological and sedimentological features of northern
and southern petrofacies. Plio-Quaternary dextral offset of about 60 km along the North Anatolian Fault was restored.
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The Middle–Upper Eocene Alexandroupolis stratigraphic section
is composed of litharenitic arkose. The amount of K-feldspar is char-
acteristically higher than that of plagioclase. This section is character-
ized by (i) the abundance of coarse-grained granitoid/gneissic and
fine-grained metamorphic lithic fragments, and (ii) the absence (or
small amount) of ophiolitic and extrabasinal carbonate grains. The
heavy mineral association is very simple, being represented by zircon,
tourmaline, rutile, and garnet. Provenance was directly from the Rho-
dopian basement nearby. Paleocurrent measurements indicate ESE-
directed paleoflows.

7. Discussion

The study area covers a significant portion of the Thrace Basin and
the results of this study provide new compelling constraints on its
sediment dispersal pattern and stratigraphic architecture. Fig. 5 is a
tentative reconstruction of the Eocene sediment dispersal pattern of
the southern Thrace Basin. In the figure, considering that our study
area straddles the most active strand of the North Anatolian Fault sys-
tem (Fig. 1), a conservative Plio-Quaternary dextral strike–slip offset
of ca. 70 km (Armijo et al., 1999) was restored.

Zattin et al. (2005, 2010) showed that the Ganos segment of the
North Anatolian Fault had a Late Oligocene precursor with a signifi-
cant dip–slip component. Abrupt paleoenvironmental variations be-
tween time-equivalent stratigraphic horizons across the Ganos Fault
seem to substantiate the notion that during the Eocene a structural
discontinuity was already active along the trace of the present-day
Ganos Fault, in line with the documented existence of a number of
elongated structural highs and lows influencing the sediment dis-
persal pattern and the areal distribution of paleoenvironments across
the Thrace Basin (e.g. Doust and Arikan, 1974; Perinçek, 1991; Turgut
et al., 1991). Petrological, stratigraphic, and sedimentological data
gathered during this study also point to a substantial compartmentali-
zation of the sediment dispersal pattern of the southern Thrace Basin
during the Eocene and the Early Oligocene. For this reason, we will dis-
cuss separately the characteristics of the stratigraphic sections located
north and south of the Ganos segment of the North Anatolian Fault.

7.1. Successions located south of the Ganos Fault

Our petrographic analyses indicate that the provenance of the
Lower Eocene Karaağac turbidites (the oldest section in the study
area) is predominantly from ophiolitic source rocks and their pelagic
sedimentary cover. The Biga subduction/accretion wedge (Çetmi mél-
ange) – whether or not associated with the westward continuation of
the Intra-Pontide suture – and the more southern İzmir–Ankara sub-
duction/accretion wedge associated with the closure of a branch of
the Neotethys (Okay and Tüysüz, 1999; Okay et al., 2001, 2008) are
the obvious source-area candidates for the detritus forming this turbi-
dite unit. A southern provenance is also shown by paleocurrent trends
and paleoslope orientation as shown by slump features and olistoliths.

The samples from the red beds of the Fıçıtepe Fm (Tayfur section)
and the entire Gökçeada section come from a variety of sedimentary
environments, from continental to deep marine. Despite a lower con-
tent in terrigenous carbonates, these samples have a composition
very similar to those from the Karaağac turbidites. Conversely, paleo-
current data indicate general sediment transport towards the east, in
disagreement with the northward paleocurrents typical of the Karaa-
ğac Fm. Time-equivalent deposits cropping out in northeastern main-
land Greece and on Limnos Island were derived from the erosion of
the Circum–Rhodopian Belt (Critelli et al., 2004; Marchev et al.,
2004; Caracciolo, 2009). Therefore supply could be thought as the
same for both the Greek and Turkish sectors of the Thrace Basin.
However, if we compare the gross composition of the studied samples
with those of the successions in the southeastern Rhodopes studied
by Caracciolo (2009) they are substantially different. For this reason,

the hypothesis of a Rhodopian provenance of the mid-Eocene section
south of the Ganos Fault can be excluded. Such sediments were in-
stead most likely derived from the south and southwest, i.e. from
the exhumed accretionary wedges mentioned above. Sediment
paleodispersal of this deep-marine facies was then deflected toward
the east along the axes of a number of elongated depocenters
(Doust and Arikan, 1974; Perinçek, 1991; Turgut et al., 1991).

Pure neovolcanic fallout beds and turbidite strata of hybrid are-
nites compositionally characterize the Late Eocene–Early Oligocene
of the Tayfur and Şarköy stratigraphic sections. The composition of
the arenite framework, made of carbonate intrabasinal grains (bio-
clasts and peloids) and by pristine neovolcanic grains locally coated
by carbonate rims (Fig. 3B), points to the existence of a shallow-
water intrabasinal source area where carbonate grains were generat-
ed and mixed with pyroclastic detritus from penecontemporaneous
volcanism. Such shallow-water sediment accumulations were then
periodically mobilized as gravity flows and redeposited into slope/ba-
sinal environments, resulting in hybrid arenitic turbidites. As for the
lower part of the southern petrofacies, granitic/gneissic, epimeta-
morphic and ophiolitic lithic grains, and picotite are present, but
their amount is significantly lower because of the abundant carbonate
intrabasinal grain and neo-volcanic grains that dilute all other com-
ponents. Measurement of slump-fold axes around a large tuff olisto-
lith in the Oligocene portion of the Tayfur Formation at the Tayfur
dam (Section 2; Fig. 2) indicates deposition along a north-facing
paleoslope.

The turbiditic succession of theÇengelli Formation (Okay et al., 2010)
along the Şarköy stratigraphic section (Fig. 2) features thick proximal
olistostromes and giant olistoliths. Clast composition is scale-invariant,
from sand grains to olistoliths up to 1 km across: serpentinite, gabbro,
basalt, greenschist, greywacke, Cretaceous–Paleocene pelagic limestone,
and the underlying Upper Bartonian–Lower Priabonian Soğucak Lime-
stone. Composite olistoliths consisting of pelagic limestone or basalt
overlain by the Soğucak Limestone are common, providing further evi-
dence of intense synsedimentary tectonics. The Upper Eocene mass
flows of the Çengelli Fmwere probably formed in an extensional setting
and were derived from the south from the flanks of large normal or
transtensional faults related to the opening of the southern Thrace
Basin (Okay et al., 2010). The entire Şarköy section indicates a prove-
nance from the ophiolitic suite of an exhumed subduction–accretion
prism located to the south. The occurrence of glaucophane – even if in
very small amounts – among the heavy-mineral association is in agree-
ment with this interpretation. The Şarköy section also contains a signifi-
cant amount of neovolcanic detritus and intrabasinal carbonate grains
indicating a paleogeographic setting of the source/basin system some-
what analogous to the one described for the upper portion of the Tayfur
section.

7.2. Successions located north of the Ganos Fault

The Alexandroupolis stratigraphic section has a provenance from
upper crustal epimetamorphic rocks and a granitic–gneissic base-
ment complex. Such provenance is coherent with the composition
of the Rhodopian massif (Circum-Rhodopian Belt and Gneissic–Mig-
matitic Complex, Marchev et al., 2004). Our rather limited sandstone
gross compositional data from Alexandroupolis are similar with those
of the extensive dataset by Caracciolo (2009) and Caracciolo et al.
(2007a, 2007b, 2011). Derivation of the detritus from the Rhodopian
massif is also shown by (i) the mid-Eocene proximal, coarse-grained
sedimentary facies (fan-deltas and alluvial fans) draining directly the
basement terrains of themassif and (ii) consistent paleocurrents toward
the ESE. It should be remarked that the middle Eocene part of this suc-
cession consists of afluvial to shallow-marine sandstone and conglomer-
ate; as a consequence, the provenance signal could have a strong local
connotation. Despite this potential limitation, mid-Eocene sandstones
across the Rhodopes have similar composition (Caracciolo, 2009).
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The Korudağ and Ganos Mountain stratigraphic sections cover to-
gether the Middle Eocene–Late Oligocene time span and are both
made of deep-sea turbidites gradually evolving upsection into slope,
shelfal, and deltaic deposits (Fig. 2). Paleocurrent measurements
from the study area north of the Ganos Fault indicate paleoflows con-
sistently directed toward the ESE (see also Sümengen and Terlemez,
1991; Görür and Okay, 1996; Turgut and Eseller, 2000; Siyako and
Huvaz, 2007). Such paleocurrents may be compatible with turbidite
flows from either (i) the Rhodopianmassif or (ii) the eastward deflec-
tion of turbidite flows originally derived from the southern basin
margin. The fact that this petrofacies does not match a Rhodopian
provenance (cf. Caracciolo, 2009) points to a southern provenance.
In spite of being almost devoid of neovolcanic detritus, most sandstone
samples from the Korudağ and Ganos Mt. sections are coeval with the
neovolcanic-rich Upper Eocene–Oligocene turbidites of the Tayfur sec-
tion (Fig. 2) for whichwe propose a source area characterized by an ex-
humed subduction/accretionary wedge with active volcanic centers.
Volcaniclastic beds were observed locally in the northern limb of the
Korudağ anticline but significant amounts of neovolcanic grains mixed
with other siliciclastic detritus were not found in the analyzed samples.
Therefore the sediment source areas for the southern part of the Thrace
Basin north of the Ganos Fault during Eo-Oligocene times was most
likely located to the south but the Tayfur succession does not seem to
correspond to the main entry point for the turbidite currents that filled
this portion of the Thrace basin.

In summary, the integration of (i) gross composition modal ana-
lyses, (ii) heavy-mineral analyses, (iii) paleocurrent analysis, and
(iv) qualitative sedimentological observations indicates that the
southern part of the Thrace Basin was fed by ophiolitic detritus latu
sensu coming from the south, i.e. from the İzmir–Ankara and Biga
(Intra-Pontide?) subduction/accretion complexes. The Thrace Basin
developed during the complex transition between the collisional tec-
tonic regime following the closure of the Vardar–İzmir–Ankara oce-
anic realm and the extensional regime characterizing the Neogene
evolution of the Aegean and periAegean regions. It was long inter-
preted as a forearc basin which developed in a context of northward
subduction (Görür and Okay, 1996). This interpretation is challenged
by this study and by Caracciolo (2009), both showing that penecon-
temporaneous volcanism kicked off late in the basin evolution
(Innocenti et al., 1984; Yanev, 1998; Yanev et al., 1998), in contrast
with typical forearc basins (for a review, see Dickinson, 1995). Be-
sides, a belt of chaotic deposits in the Şarköy region, formerly inter-
preted as a tectonic mélange formed in an accretionary prism
delimiting the basin to the south (Beccaletto, 2004; Beccaletto et al.,
2005), was recently mapped by Okay et al. (2010) as an Eocene olis-
tostromal succession. Although there are several examples of sedi-
mentary reworking of tectonic mélange from accretionary prisms
into adjacent forearc basins (see Cavazza and Barone, 2010, for a re-
view), the long time span (>30 Ma) between the youngest age of
the Çetmi mélange (Turonian) and the base of the Thrace basin fill in-
dicates that the accretionary prism was inactive when the Thrace
Basin was formed. The Thrace Basin may instead be the result of ei-
ther (i) post-orogenic collapse after the continental collision related
to the closure of the Vardar Ocean, or (ii) upper-plate extension relat-
ed to slab retreat in front of the Pindos remnant ocean.

The Rhodope Massif may represent a significant sediment source
rock area for the central and northern portions of the basin fill but
our study, being focused on the southern portion of the basin, does
not provide conclusive constraints on this issue.

8. Conclusions

This study underscores how the detailed temporal and spatial inter-
pretation of the provenance of volcanic and carbonate clastic particles,
coupledwithmore traditional stratigraphic/sedimentologic techniques,
is crucial (i) for correct paleogeographic/paleoenvironmental

reconstructions and (ii) for the determination of the geodynamic set-
ting of ancient sedimentary basins. Sandstone petrologic data and the
synthesis of preexisting and new sedimentologic observations along
representative stratigraphic sections in the southern portion of the
Thrace Basin show that an important sediment source area was located
to the south, along the İzmir–Ankara suture and the Biga suture. Sedi-
ment derived from the erosion of the orogenic prism is characterized
by ophiolitic detritus, including a deep-sea sedimentary cover. Epimeta-
morphic and granitoid detritus is also present. Starting from Late Eo-
cene time, a significant penecontemporaneous volcanic component is
also present. The coexistence of pure neovolcanic layers (crystal tuffs)
and hybrid carbonate-rich arenites with detritus derived from a conti-
nental basement indicates the presence of episutural basins where
shallow-water carbonates were deposited on top of the exhuming sub-
duction–accretion prism. These carbonates were mixed with penecon-
temporaneous neovolcanic components and redeposited in deeper
marine environments. The entire southern Thrace Basin was fed from
the south and southwest, as shown by this distinctively abundant
ophiolitic detrital input which is very minor or altogether absent
along the other basin margins.

Other elements pointing to a southern provenance are (i) large
olistoliths and olistostromes recently mapped interbedded in the Eo-
cene turbidites in the Şarköy region along the southern margin of the
basin (Okay et al., 2010), and (ii) large Oligocene deltaic bodies ge-
nerically prograding northeastward in the same region (Osmancik
Formation, Atalik, 1992). Both elements point to a protracted history
of northward sediment dispersal, in agreement with our sandstone
petrographic data and sedimentological observations. Only the most
proximal facies show northward paleocurrents whereas most mea-
sured paleocurrent indicators show an eastward paleoflow, most like-
ly the result of gravity flow deflection. During most of the Eocene the
entire basin was characterized by a complex physiography, as shown
by both commercial seismic lines (e.g. Turgut et al., 1991) and dra-
matic lateral facies changes at the surface (e.g. Siyako and Huvaz,
2007). Such configuration was controlled by generically east–west
trending transtensional fault systems that influenced sediment dis-
persal and the areal distribution of paleoenvironments.

A second sediment source area was the plutono-metamorphic
Rhodope Massif west of the basin. The detritus generated in this
area was then dispersed eastward and likely filled the northern and
central sectors of the Thrace Basin. The coarse-grained fan–deltas
characterizing the Eocene section along the western margin of the
basin in Greece and Bulgaria were the entry points associated with
this second sediment source area (Caracciolo et al., 2007a, b, 2011;
Caracciolo, 2009).
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