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Article history: The tectono-metamorphic evolution of the high-pressure low-temperature (HP-LT) Tavsanl zone (Western
Recegved 24 May 2013 Anatolia, izmir-Ankara suture zone) is herein reappraised to highlight processes occurring along a fossil subduc-
Received in revised form 18 July 2013 tion interface, from initial obduction stages to continental subduction. Structural and petrological data allow in
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particular to constrain the nature, internal structure and PT conditions of the oceanic accretionary complex
sandwiched between the subducted continental margin of the Anatolide-Tauride Block (Orhaneli unit) and
the non-metamorphic obducted ophiolite on top. Two distinct oceanic units (termed complexes 1 and 2) are
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Subduction recognised on top of one another, with metamorphic conditions ranging from incipient HP-LT imprint (complex
Obduction 1) to blueschist facies conditions (complex 2). Based on the first occurrence of Fe-Mg carpholite and on

pseudosection calculations, PT estimates of 250-350 °C and 11-13 kbar are inferred for complex 2. The internal
structure of the accretionary complex points to the underplating of kilometre-scale units at different depths
along the plate interface and to contrasting dynamics with respect to both the underlying continental unit and
the ophiolite. Inter-plate mechanical coupling within the Tavsanl zone is compared to the Oman case-study.
The variable HP-LT overprint of the metamorphic sole places further constraints on regional scale tectonics,
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the accretionary dynamics and on the rapid thermal reequilibration of the subduction interface.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

High-pressure low-temperature (HP-LT) rocks/terranes returned
from subduction zones convey essential information on deep processes
such as exhumation mechanisms (Ernst, 1973; Jolivet et al., 2003; Platt,
1993), long-term mechanical coupling (Agard et al, 2009; Angiboust
et al,, 2012a,b) or mass and fluid transfer (Marschall and Schumacher,
2012). They may either correspond to pieces of ocean-floor (Angiboust
and Agard, 2010; Kienast, 1983), accreted sedimentary material (Agard
et al,, 2002; Cloos and Shreve, 1988a; Plunder et al., 2012) or rocks
derived from continental crust (Chopin et al,, 1991).

The izmir-Ankara suture zone (IAZS; Fig. 1) is a major witness of
the Mesozoic convergence between Gondwana-derived terranes
(Anatolides, Taurides) and Eurasia. South of the IAZS, the predominantly
continental-derived HP-LT Tavsanli terrane underwent incipient
blueschist to blueschist-eclogite facies conditions during the late Creta-
ceous (Cetinkaplan et al., 2008; Davis and Whitney, 2006, 2008; Okay,
1978, 1980a, 1980b, 1982, 2002; Okay and Kelley, 1994; Whitney and
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Davis, 2006) and is overlain by a fragment of unmetamorphosed oceanic
lithosphere, the Anatolian ophiolite. The Tavsanl zone is thus generally
regarded as the (cover of the) northern continental passive margin of
the Anatolide-Tauride Block dragged into subduction as a result of
obduction (Gautier, 1984; Okay et al., 1998). Similar settings with
obducted ophiolites atop HP-LT continental rocks are found in Oman
(Bailey, 1981; Michard et al, 1981; Goffé et al, 1988), Zagros
(Angiboust et al.,, 2013) or New Caledonia (Agard and Vitale-Brovarone,
2013; Black et al., 1993).

The Tavsanli zone represents an ideal target to study obduction/
subduction processes as (1) it represents an extensive HP-LT province
(i.e., >Oman) beneath one of the world largest obducted ophiolites
(since all Anatolian ophiolites derive from the same ocean; Okay and
Whitney, 2010; Pourteau et al., 2010; Van Hinsbergen et al,, 2010),
(2) it is well-preserved, thanks to later mild collision, and (3) it corre-
sponds to the onset of an unusually long-lived subduction of continental
material to depth of 15-80 km (>30 My, from ~85-80 to 50-35 Ma).
Subducted continental material comprises the Tavsanli zone (which
reached 50-80 km depth), the Afyon zone (15-45 km depth) and part
of the Menderes Massif (15-45 km depth), hence ~450 km, from
north to south, of subducted Anatolide-Tauride block (Fig. 1; Okay
and Kelley, 1994; Okay et al., 1998; Sherlock et al., 1999; Seaton et al.,
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Fig. 1. Tectonic map of Turkey and surrounding areas showing the main suture zone. Black bodies refer to Anatolia ophiolite corresponding to the Izmir-Ankara-Erzican suture. Dark

grey refers to ophiolitic bodies of the study area. Light grey bodies refer to cretaceous

accretionary complex or so-called mélange. Geological units abbreviation are the following,

BFZ: Bornova Flysh Zone; CACC: Central Anatolian Crystalline Complex; LN: Lycian Nappes; MM: Menderes Massif; NAF: North Anatolia Fault; Location names, De: Devlez; Ku: Kiitahya;
Or: Orhaneli; Siv: Sivrihisar; Tav: Tavsanli. Modified after Jolivet et al., 2013; Moix et al., 2008; Okay and Tiiysiiz, 1999; Pourteau, 2011. Topography from Geomapapp 3.3.6 (http://www.

geomapapp.org/).

2009; van Hinsbergen et al., 2010; van Hinsbergen and Schmid, 2012;
Gessner et al., 2013; Pourteau et al., 2013).

Unfortunately, the deformation patterns, large-scale metamorphic
trends and tectonic setting of the Tavsanli zone remain poorly known.
The present field-based contribution therefore attempts to (a) provide
critical structural data, cross-sections, petrological observations and PT
estimates on these extensive exposures of subduction interface rocks,
(b) set back their evolution within the frame of regional geodynamics
(ie., convergence between Eurasia and Anatolides-Taurides), and
(c) characterize mechanisms of burial, accretion and exhumation and
compare them to the classical Oman case study.

2. Regional geodynamics

The Tavsanli zone is found south of the Alpine IAZS (Fig. 1). This su-
ture zone corresponds to the remnant of the major Neotethys ocean,
which separated Laurasia and Gondwana from the mid-late Triassic
(Tekin et al., 2002) to its closure during the late Cretaceous (in the
west) or early Tertiary (in the east; Meijers et al., 2010; Lefebvre et al.,
2013). It extends from north of izmir to the border of Georgia, where it
connects with the Sevan-Akera suture (Khain, 1975; Okay and Tiiysiiz,
1999). This suture is also connected farther to the west, across the Aege-
an domain, to the Vardar suture (Jolivet et al., 2013; Schmid et al., 2008).

The IAZS divides Western Anatolia in two major tectonic units, the
Pontides and the Anatolides-Taurides platform (Okay et al, 1998;
Sengor and Yilmaz, 1981). North of the suture zone, the Pontides com-
prise the Sakarya, istanbul, and Rhodope-Strandja zones, which are
part of Eurasia since the late Jurassic at least (Meijers et al., 2010;
Moix et al., 2008). South of the IASZ, the Anatolide-Tauride Block
shows stratigraphic similarity with the Arabian platform and a Pan-
African basement (dated at 541 + 14 and 566 + 9 Ma using U/Pb on
zircon; Gessner et al,, 2004), which advocate for a Gondwanian origin
(Okay and Tiiystiiz, 1999; Sengor and Yilmaz, 1981). Readers are referred
to Sengdr and Yilmaz (1981), Okay and Tiiysiiz (1999), Moix et al.

(2008) and reference cited herein for further information about the
palaeogeography of Turkey.

Along a 300 km portion (Fig. 1), the Sakarya zone is in contact with
the regional blueschist belt of the Tavsanli zone. The Tavsanl zone
represents the northernmost extension of the Anatolide-Tauride
Block passive margin (Okay et al., 1998) subducted below some oceanic
lithosphere during the late Cretaceous. Western Anatolia indeed shows
widespread high-pressure-low-temperature rocks and obducted
ophiolites (Candan et al.,, 2005; Collins and Robertson, 1997; Davis
and Whitney, 2006, 2008; Dilek et al., 1999; Droop et al., 2005;
Gautier, 1984; Monod et al,, 1991; Okay, 1978, 1980a,b; Okay and
Kelley, 1994; Okay and Tiysiiz, 1999; Parlak and Delaloye, 1999;
Rimmelé et al., 2004; Robertson, 2002; Whitney and Davis, 2006). The
regional setting is very similar to the one observed in Oman (Goffé
etal., 1988; Searle et al., 1994), with intra-oceanic subduction preceding
obduction, which starts at ca. 95 Ma and continental subduction at
~80 Ma, or in New Caledonia (Black et al., 1993). A detailed description
of the Tavsanli zone is given in the next section. After the disappearance
of all oceanic domains between Eurasia and the Anatolide-Tauride
Block, the Tavsanli zone underwent only mild collision (i.e., with
comparison to the Himalayas: well-preserved, extensive HP-LT meta-
morphism near the suture zone, absence of widespread MP-MT meta-
morphism, lack of anatectic crustal melts, minor crustal thickening...).
This may be related to the lack of subduction under Eurasia/Sakarya to
the north and/or to its migration southwards through time, as observed
in the Cyclades (Jolivet and Brun, 2008; Jolivet et al, 2013; Van
Hinsbergen et al., 2010).

Western Anatolia hosts a wealth of high-pressure metamorphic ter-
ranes and ophiolitic bodies. The Afyon zone, which is thought to repre-
sent the southward palaeogeographic extension of the Tavsanli zone
(Candan et al, 2005), records HP metamorphism at ca. 65 Ma
(Pourteau et al., 2010, 2013). HP metamorphism was also documented
at ca. 45 Ma in the Kurudere-Nebiler unit located on the northern edge
of the Menderes massif (Pourteau et al.,, 2013), which represents a likely
eastern extension of the Aegean Pindos basin. Most ophiolites show
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Fig. 2. (a) Simplified stratigraphic log of the Tavsanli zone and simplified geological map of the Western part of Tavsanli and Afyon zones (Modified from MTA, 2002). (b) Cross sections of the Orhaneli and Devlez region. (c) Simplified structural
sketches of the study area, with location of detailed cross sections and sites selected for tectonic measurement (Lineation plotted). Number refer to high-pressure paragenesis, (1) gln + jd + phg + cld + lws (2) cld + jd (3) jd + lws (4) jd
(5) gln + cld or jd + cld (6) gIn + Iws or cld + jd (7) gln + jd (8) gIn + Iws 4 Na-Px (9) grt + lws + gln + phg 4+ Na-Px. Abbreviation after Kretz, 1983 ecxept for phg: phengite; Na-Px: Sodic pyroxene. White squares represent the study
area of work mentioned in text, K72: Kaya, 1972; L72: Lisenbee, 1972; 078,80,82: Okay, 1978, 1980a,b, 1982; B86: Bas, 1986; OH93,00: Onen and Hall, 1993, 2000; H94: Harris et al., 1994; OK94: Okay and Kelley, 1994; S&99: Sherlock et al.,
1999; 003: Onen, 2003; 0S06: Okay and Satir, 2006; T&06: Topuz et al., 2006; O&08: Okay et al., 2008. Modified from MTA, 2002.
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strikingly similar emplacement ages throughout Anatolia, sub-ophiolitic
metamorphic rocks being dated from 95 to 90 Ma (Celik et al., 2006;
Dilek et al, 1999; Parlak and Delaloye, 1999). Some recent work by
Celik et al. (2011), however, documented ~170 Ma sub-ophiolitic meta-
morphic rocks along the IASZ north of Ankara, thus yielding the same
metamorphic age as the Hellenide-Dinaridic ophiolite (Pamic et al.,
2002). This could suggest that the izmir-Ankara ocean was already
subducting during the early-middle Jurassic (Topuz et al., 2012).

Several major geodynamic uncertainties nevertheless remain, as
(i) the number of subduction zones in the Neotethys north of the
Anatolide-Tauride Block during the Cretaceous. Jurassic metamorphic
soles may support the existence of a subduction in the izmir-Ankara
ocean (Celik etal.,2011), In the absence of clear evidence for subduction
beneath Sakarya (Okay et al., 2001) or for any subduction zone south of
the Tavsanli zone (Shin et al,, 2013) only one northward dipping intra-
oceanic subduction is assumed in this study; (ii) similarly, the start of
subduction across this region is poorly documented and the only certain
(intra-oceanic) subduction event took place from ca. 95 Ma onwards;
(iii) the triggering of this intra-oceanic subduction (i.e., as a result of
the plate acceleration documented during the late Cretaceous?; Agard
et al.,, 2007); (iv) the origin of the Western Anatolian ophiolitic nappes;
they will herein be considered as unique, rooted in the izmir-Ankara
Suture, whose southern exposure (i.e., the Lycian nappes ophiolites;
Fig. 1) are the result from post-convergence doming and extension
(van Hinsbergen et al., 2010).

3. Geological setting of the Tavsanli Zone

This section reviews available data on the Tavsanli zone. The Tavsanl
zone is an east-west trending, approximately 250-300 km long and
>50 km wide high-pressure, continental derived belt. Three main
units can be described (Okay et al., 1998), from bottom to top: (i) the
Orhaneli blueschist sequence (northern continental margin of the
Anatolide-Tauride block, formally the Tavsanl zone); (ii) a Cretaceous
accretionary or mélange complex (derived from the Tethyan ocean);
(iii) an ophibolitic thrust sheet obducted over the continental margin.

3.1. Continental-derived units: the Orhaneli sequence

This unit is itself made up of three formations making a coherent
stratigraphic series and mostly made up of metasedimentary rocks
(Okay, 1986). At the bottom one finds the Kocasu formation (Okay,
2002; Okay and Kelley, 1994; Okay and Whitney, 2010), which consists
of quartz-rich greyschists at the base and white phengite-rich schists at
the top (Lisenbee, 1972; Fig. 3a,b). The thickness of the Kocasu formation
is assumed to be >1 km (Okay, 2002; Okay and Kelley, 1994; Okay and
Whitney, 2010). The age of this formation is poorly constrained by
Ordovician and Permo-Carboniferous clastic zircons that give a post
Carboniferous depositional age (Okay et al., 2008; Ozbey et al., 2013a,
2013b). The basement of this formation was neither found in the Kocasu
area (Fig. 2) nor in the Orhaneli region. An Ordovician metagranite
was found in the region of Dursunbey and described as the basement
of Orhaneli sequence (Ozbey et al., 2013a). The greyschist formation
shows a well-defined penetrative and gently dipping foliation
(Lisenbee, 1972). Lineation is marked by mineral alignment of jadeite
or chloritoid and occasionally sodic amphibole. Jadeite-glaucophane
and chloritoid-glaucophane rocks were found in the western part of
the Kocasu formation (Okay and Kelley, 1994). More unusual HP-LT as-
semblages (jadeite-chloritoid—glaucophane-lawsonite-phengite) were
found in the Orhaneli region. Greyschists of the Kocasu formation give
peak pressure-temperature estimates of 430 4 30 °C-22 4 4 k bar
(Okay, 2002; Okay and Kelley, 1994), which yields an unusually cold
geotherm of 5 °C/km for continental crustal rocks (Okay, 2002; Okay
and Kelley, 1994). The age of metamorphism is poorly constrained,
with radiometric ages ranging from 70 to 123 Ma (Ar-Ar on phengite;
Okay and Kelley, 1994; Okay et al., 1998; Sherlock et al., 1999). The

large spread of ages was attributed to excess argon during HP-LT meta-
morphism (Sherlock and Kelley, 2002; Sherlock et al., 1999). The age of
peak metamorphic conditions in the Orhaneli unit is nevertheless com-
monly regarded as 80 + 5 Ma (Ar-Ar on phengite; Sherlock et al,
1999).

The Inénii Marble (Servais, 1981) overlies the greyschists and shows
a gradual facies evolution upwards (Lisenbee, 1972). This marble unit,
which lacks a known substratum in the Inénii region, indeed gradually
changes upward from massive marbles to intercalated quartzitic and
phengitic marble layers and to an alternation of metagreywackes and
metabasites (Servais, 1981, 1982). The latter section is equivalent to
the Devlez formation described further west (Okay, 1980a, 1980b),
where no progressive transition was observed. In the Devlez and
Orhaneli regions (Fig. 2), the Inénii Marble is made of massive, banded
white and grey marbles and consists of calcite replacing HP-LT arago-
nite (Okay and Whitney, 2010). The age of this 1 to 3 km thick forma-
tion is constrained by its resemblance to the Mesozoic Tauride
platform series (Gutnic et al., 1979), which is further supported by the
finding of upper Norian conodonts in the lower part of the marbles
north-west of Domanic (Kaya et al., 2001; Fig. 2). The Inénii formation
is thought to extend to the lower Cretaceous on the basis of the regional
ages of carbonate rocks (Gutnic et al., 1979). The few lineation measure-
ments made so far on this unit strike N090 (Lisenbee, 1972) for the
Orhaneli area.

On top of the marbles, a 5 to 10 m thick calcschist layer was ob-
served at the base of the Devlez formation (Okay, 1980a, 1980b). The
Devlez formation comprises metabasites, metacherts and metashales
metamorphosed under blueschist conditions (Van der Kaaden, 1966;
Liinel, 1967; Okay, 1980a, 1980b; Fig. 3d,e). Its thickness is <1 km
(Okay, 1980a). The metabasite comprise glaucophane + lawsonite
with the additional presence of sodic pyroxene, chlorite, titanite
(Cogulu, 1967; Okay, 1980a, 1980b). Prograde metabasites can also be
found in the lawsonite zone of Okay (1980a), with the assemblage
sodic pyroxene + lawsonite + chlorite 4+ quartz. Garnet is rare and
spessartine-rich in the metacherts and the common assemblage is
quartz + phengite + sodic amphiboles + garnet + lawsonite + he-
matite + sodic pyroxene (Okay, 1980b). Metamorphic foliation is
well-defined within the metachert and metashale, and stretching linea-
tion is defined in places by sodic amphiboles. Despite former petrologi-
cal studies the PT conditions of the Devlez formation are still poorly
known. The only available peak PT data range between 300-500 °C
and 8-12 kbar for epidote blueschists from the distant Konya region,
which are thought to be equivalent to the ones in Devlez (Droop et al.,
2005). Metamorphism was dated between 86 and 123 Ma using the
Ar-Ar method on phengite (Sherlock et al., 1999). Those ages were
probably overestimated due to excess argon, as phengite gave Rb-Sr
ages of 78.5 + 1.6 and 79.7 + 1.6 Ma (Sherlock et al., 1999). Metamor-
phic ages for the blueschists of Sivrihisar region are consistent with
those for the Orhaneli and Devlez areas and yield values between
80.1 + 1.6 and 82.8 + 1.7 (Rb-Sr on phengite) and 87.9 + 0.3 Ma
(Ar-Ar on phengite; Sherlock et al., 1999; Seaton et al., 2009).

3.2. The Cretaceous accretionary complex

The Cretaceous accretionary complex tectonically overlies the
blueschist sequence. It has been first described by Kaya (1972) south of
Tavsanli (Ovacik complex) and by Lisenbee (1972) in the Orhaneli region.
Although it was called ‘ophiolitic melange’ by these authors, it clearly
lacks a matrix (whether shaly or serpentine-rich) that usually defines
sub-ophiolitic mélange-type rocks (Festa et al., 2012). Lithological succes-
sions comprise mafic volcanic rocks, radiolarian cherts, green and red
shale, and pelagic limestone (Kaya, 1972; Okay, 1982). Foliation is present
along major fault zones were serpentinites occur (Okay, 1982). The thick-
ness of this unit is highly variable and ranges between a few metres to
~1 km. The Ovacik complex was always found with the same tectonic set-
ting (on top of the Orhaneli sequence or equivalent). This Cretaceous
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accretionary complex was described all along the izmir-Ankara suture
zone, below the main ophiolitic body (Figs. 1,2a,b). Basalts are the most
studied rocks of this accretionary complex and show various affinities in-
cluding island oceanic tholeitic basalts and mid-ocean ridge basalts
(Gonciioglu et al., 2006, 2010). Ages from radiolaria found in the cherts
related to this accretionary complex range between the late Triassic and
the late Cretaceous (Bragin and Tekin, 1996; Gonciioglu et al., 2006;
Okay et al, 2012; Servais, 1981; Tekin and Gonciioglu, 2007, 2009;
Tekin et al., 2002). Although metamorphism is not apparent in the field,
except for spilitised basalts, high-pressure minerals are present at the
thin-section scale (sodic pyroxene, lawsonite, aragonite; Okay, 1982).
Aragonite has also been found as a prograde relic replacing primary
micrite in pelagic limestones (Topuz et al., 2006). This demonstrates the
HP-LT metamorphic imprint in the accretionary complex. Even though
PT conditions are given to be different in the accretionary complex,
most PT estimates indicates temperature under 200 °C and pressure
values between 4 and 8 kbar (Okay, 1982; Topuz et al., 2006), based on
the pumpellyite-actinolite and blueschist facies of Evans (1990) for the

Kocasu fm.

Devlez fm.
Fig. 3. Field photographs of: (a) Heart shaped sheath fold in the greyschists of Orahneli region; (b) Common small-scale folds in the greyschsits of Orhaneli region. (c) hm-scale fold in the

Inénii formation of the Orhaneli region; (d) Small-scale fold axis in the quartzite of the Devlez formation, near Devlez locality; (e) Typical Iws-gIn bearing metabasite of the Devlez area;
(f) Devlez fold, orientation of fold axis is N130.

lower and upper PT conditions respectively. Occurrences of true,
amphibole-bearing blueschists are described, but remain rare (Okay and
Whitney, 2010). Metamorphism was not dated in this unit. It should
have occurred between the Cretaceous and the Ypresian, as neritic lime-
stones of the latter age are found overlying unconformably the accretion-
ary complex (Ozgen-Erdem et al., 2007; Servais, 1981).

3.3. The obducted ophiolite and associated metamorphic sole

An unmetamorphosed ophiolitic body rests tectonically atop the ac-
cretionary complex or the Orhaneli group. It is made of 90% partly
serpentinized harzburgite and dunite, and 10% pyroxenites, chromitites,
diabase dykes and rare gabbros (Lisenbee, 1972; Onen, 2003). This peri-
dotite thrust sheet crops out as numerous klippen. The size of this
ophiolitic klippe can be estimated to have been more than 250 km long
and 100 km large, which makes it one of the largest obducted ophiolite
worldwide. The Burhan ophiolite, north of Orhaneli was the subject of
a detailed study (Lisenbee, 1972). Its thickness is estimated to 13 km,
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and the typical mineral assemblage of the peridotite is olivine +
orthopyroxene + clinopyroxene + chromian spinel (Lisenbee, 1972;
Onen, 2003; Onen and Hall, 1993, 2000). The peridotite has a supra-
subduction zone signature and likely formed in a forearc context
(Manav et al., 2004; Onen, 2003; Sarifakioglu et al., 2009, 2010). At the
base of the ophiolite, amphibolite-facies metamorphic sole rocks are
found in places (Gautier, 1984; Monod et al., 1991; Okay et al., 1998;
Onen, 2003; Onen and Hall, 1993). These metamorphic soles likely
formed during the initiation of intra-oceanic subduction (Spray, 1984;
Wakabayashi and Dilek, 2003; Woodcock and Robertson, 1977) as
cold oceanic crust was brought in contact with the hot mantle. Assem-
blages consist of hornblende + plagioclase + epidote + quartz +
rutile 4 garnet and PT estimates give peak conditions of 8.5 +
3.5 kbar and 700 °C (Okay et al., 1998; Onen and Hall, 2000). A high-

pressure low-temperature overprint was observed, with the develop-
ment of sodic amphiboles and fine lawsonite aggregates that give PT
conditions of about 300 °C and at least 5 kbar (Okay et al., 1998; Onen
and Hall, 2000). Similar observation was made in metamorphic soles
of Sivrihisar area and southern Turkey (Dilek and Whitney, 1997;
Gautier, 1984). Amphibolite metamorphism was dated using Ar-Ar
cooling age on hornblende (Okay et al., 1998; Onen, 2003; Onen and
Hall, 2000). Ages range between 93 and 101 Ma for metamorphic sole
rocks of the Tavsanli zone.

4. Structural data and key sections across the Tavsanli zone

This paragraph reports tectonic (and petrological) observations
made on several sections (located on Figs. 2a,c) across the Tavsanli zone.

Fig. 4. Field photographs of: (a) Outcrop overview of a Fe-Mg Carpholite-bearing rock in the OC2, south of Kocasu cross-section; (b) zoom of (a), with green Fe-Mg carpholite fibbers;
(c) Local true mélange at the basis of ophiolite, with pelagic limestone block in a tuff and serpentinite weak matrix, south of Tavsanli; (d) Pillow basalt and associated variolites in OC1
south of Tavsanli; (e) Well preserved pillow basalt with incipient metamorphism is OC1, near Giimiisyenikdy; (f) Metamorphic amphibolitic sole in the region of Civili; (g) Preserved

magmatic clinopyroxene in massive lavas of the OC1, north of Kocasu cross section.
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4.1. Orhaneli region
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consist of carbonated or siliceous elongated bodies deformed within a
weaker schistose matrix. Fold axes were systematically measured in

In the area west of Orhaneli the greyschists show a horizontal to the Orhaneli region and the orientation is mostly NNW-SSE to NW-SE
gently dipping foliation (Fig. 2b). Numerous folds were found at differ- or E-W. There is no systematic relationship between the size, the nature
ent scales, from few centimetres to tens of metres (Fig. 3a,b). Many folds of material and the trends of fold axes. Deformation in the marbles
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Fig. 5. Key cross section of the study area. Details are given in text.
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consists of large tight to isoclinal folds, with hm- to km-scale wave-
lengths (e.g., near the village of Dedeler; Fig. 3c). Thickness variations
are also conspicuous, as shown on Fig. 2b. The dominant stretching lin-
eation, defined by minerals such as jadeite, chloritoid, lawsonite or
phengite, strikes N020 to N040 (Fig. 2¢). Unoriented glaucophane crys-
tals are frequently found on the schistosity plane, which suggests later
exhumation-related crystallisation post-dating the dominant phase of
stretching. A late, dominantly N140-N155 trending stretching lineation
was observed in places (and at N090 in one place). Previous work doc-
umented E-W trending lineations based on the elongation of calcite
grains in the marble (Lisenbee, 1972). The Devlez formation was not
found in this area, and the accretionary complex only crops out as a
minor tectonic slice showing massive lavas, radiolarian cherts and
metatuffs. The southern part of the cross section will be discussed in
detail in the Tekerler section.

4.2. Kocasu region

The Orhaneli unit presents here some lithological differences with
the one described farther to the east. At the top of the sequence, no tran-
sitional facies to the marbles is observed. Instead many intercalations of
more basic material were observed, as described by Okay and Kelley
(1994). The sequences down section mostly comprise quartzitic and
felsic massive rocks. The foliation trend reveals a dome structure,
with smaller folding at the scale of the outcrop (Fig. 5a). The Kocasu
section shows minimal deformation in comparison with the Orhaneli
area, and only one site was selected for tectonic measurements. The
(NW-SE) trend of fold axes is similar to the one observed in the Orhaneli
region. Stretching lineations, measured on a scale of approximately ten
kilometres, evidence two clusters at N40 and N85 (Fig. 2c). The Inénii
formation shows considerable variations in thickness, with only a thin
level of marbles at each extremity of the cross-section. The Cretaceous
accretionary complex thus directly overthrusts the greyschists in places
(Fig. 5a). As seen in the cross-section (Fig. 5a) two types of accretionary
complexes were distinguished. To the south, the existence of a high-
pressure low-temperature metamorphic accretionary complex is
attested by the presence of blueschist facies assemblages and impure
quartzite bearing Fe-Mg carpholite (Fig. 4a,b). By contrast, a non-
metamorphic or only slightly metamorphosed (Fig. 4g) succession of
basalts, pillow breccia, and radiolarian cherts is found to the north.
The latter complex was also found north of Civili and west of Orhaneli
granodiorite (Fig. 2c). Those accretionary complexes will be referred
to hereafter as oceanic complex 1 (OC1) and 2 (0OC2) according to
their low and higher metamorphic grade, respectively. Northwest of
this cross section, near the village of Civili, hm-scale outcrops of garnet
amphibolite (Figs. 2c,4f) are found at the base of the main Burhan
ophiolite.

4.3. Tekerler region

Greyschist and marbles are found south of the Orhaneli granodiorite
(Fig. 5b), where they are cut, in the vicinity of the main granitic body, by
numerous dykes. Foliation dips to the south in the greyschists and fold
axes strike dominantly W-E, with rarer NW-SE trending fold axes.
Stretching lineations range between NO15 and N020. To the south, the
accretionary complex is again twofold, with (1) an OC2-type consisting
of blue glaucophane and lawsonite bearing metatuffs and volcanic rocks
lacking pervasive ductile deformation and (2) about one kilometre
southward, a unit with similar lithologies but with a weaker metamor-
phic grade. This unit, referred to as OC1, is made of red radiolarian
cherts, and green basaltic rocks. It is overthrust by a two kilometre
wide peridotite klippe (Fig. 5b). South of the ophiolite klippe, OC1
shows a tectonic imbrication, with two distinct slices separated by a
m-thick serpentinite sliver. OC1 lithologies are slightly different in this
area, with one slice made of pillow basalts and massive lavas flows,
and the other consisting of metatuffs and alternating cherts, pelagic

limestones and basalts. To the south, the ophiolitic body is unconform-
ably overlain by Neogene sediments near the village of Aziziye (Fig. 5b).

44. Dutluca

In the Dutluca region (west of Harmancik) the peridotite overthrusts
both OC1 and OC2 with north-to-south senses of shear (Fig. 5¢). OC1
consists of pyroclastic flows, pillow breccias, tuffs and radiolarian cherts
and is locally very thin (~100 m). OC2 is thicker, showing numerous in-
ternal thrusts (e.g., between Dutluca and the Tavsanli Dursunbey road).
Those tectonic contacts are marked in the field by metric (to decamet-
ric) serpentinite slivers separating several hm-scale tectonic slices of
oceanic complex. Pervasive ductile deformation is generally absent in
0C2. It is made of metatuffs, basaltic lavas or pillows, Fe-Mg
carpholite-bearing impure quartzites and radiolarian cherts. Most
rocks show a clear blueschist-facies metamorphism, with the develop-
ment of glaucophane and lawsonite 4+ a sodic pyroxene. The Inonii
marble formation underneath is folded at the km-scale, shows large
thickness variations and may be very thin or absent, as indicated by
the presence of lawsonite-jadeite-bearing greyschists (Fig. 5c). To the
south, relicts of OC2 are present on top of the marbles to the south, as
attested by the presence of blueschist-facies rocks including Fe-Mg
carpholite rocks (Figs. 2¢,5¢).

4.5. Elmaagaci

In the Village of Koseler (north of the section, Fig. 5d) greyschists
show a NO15 stretching lineations and major fold axes around NW-
SE, as for most other greyschists occurrences (i.e. the Orhaneli, Kocasu
and Tekerler regions). No gradual transition or tectonic contact was ob-
served between the greyschists and the surrounding marbles. The thick-
ness of the marble formation overlying the greyschists is <100 m to the
south (Fig. 5d) but difficult to assess to the north. Marbles are overlain
by cherts or mafic blueschists corresponding to the Devlez formation,
without conspicuous deformation at the contact. A NO10 stretching
lineation is clearly visible in the cherts. One klippe of accretionary
complex, comprising tuffs, rare mafic boudins and cherts is found on
top of the marbles south of the main hill (Fig. 5d). The presence of
glaucophane and lawsonite suggests that this unit is related to high-
pressure OC2 found elsewhere. No Fe-Mg carpholite was found, how-
ever. At the serpentinized base of the main ophiolitic body, near the
village of Elmaagaci a slice of amphibolite-facies metamorphic sole, de-
scribed in greater detail in the next paragraph, is duplexed into the
major contact (Fig. 5d). Note that the greyschists were not found in
this part of the section. A parallel cross-section a few kilometres to the
west (Fig. 2c) shows the same features, but it lacks the amphibolitic
sole in the main ophiolitic contact and shows a more developed
blueschist-facies sequence on top of the marbles.

4.6. South of Tavsanh

Two parallel cross-sections were made south of Tavsanli (Fig. 5e). The
western section shows a chaotic, km-long unit with different rock types
embedded in a serpentinite and tuffaceous matrix (Fig. 4c): (1) rocks
typical of the accretionary complex (i.e., tuffs, radiolarian cherts, lime-
stones, basalts and gabbros) and (2) fragments of serpentinite, silicified
peridotite, peridotite and gneiss. A unit with basaltic flows, alternating
tuffs and radiolarian cherts, and the presence of numerous pillows show-
ing hydrothermal variolites (Fig. 4d) crops out below. The metamorphic
grade is low, as only few tuffs show the development of green-blue am-
phiboles. This unit can thus probably be assigned to OC1. Farther to the
south, the same type of chaotic unit as mentioned above is underlain,
via a ~50 m long serpentinite body, by a glaucophane-lawsonite-bearing
unit resembling OC2. The Afyon zone crops out just beneath, as attested
by the presence of platy limestone underlain by albite and chlorite-
bearing schists (Kaya et al., 1995; Pourteau, 2011).
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A second section to the east shows a ~500 m thick slice of
amphibolitic rocks at the base of the peridotite overlain by unconform-
able Palaeogene basin deposits (Fig. 5e). This metamorphic sole could
be traced to the south under the ophiolitic body for 2-3 km and tecton-
ically overlies the accretionary complex. The complex is locally made of
tuffs, mafic lavas, pillow basalts, radiolarian chert and pelagic limestone,
with only low-grade mineral assemblages equivalent to OC1. Coherent,
hm-scale tectonic slices were again recognised, as underlined by the
presence of metric serpentinite zones in between the slices. As in
other localities where OC1 and OC2 were investigated, no penetrative
deformation has been observed. The Afyon zone is found just below,
as attested by the presence of a major contact, and platy limestone
(Kaya et al., 1995).

4.7. Devlez area

Almost the full continental sequence (Inénii and Devlez units) crops
out in the Devlez area, with large exposures of mafic blueschists and
metacherts that are characteristic of the latter unit. A seemingly concor-
dant, stratigraphic contact between the Inénii marbles and the Devlez
unit can be observed in a few places, marked by a dm-scale calcschist
level in between. Deformation patterns were investigated in both the
metatuffs and metacherts. Stretching lineation shows two main direc-
tions, around N130-N160 or NO15. Fold axes show a unimodal distribu-
tion with a NW-SE direction corresponding to the main stretching
lineation, as observed by Okay (1980a). Large-scale folds in the
metabasites have the same NW-SE axis as the hm-scale fold in the mar-
bles south of Ketenlik (Figs. 2b,c,3f). The Devlez formation is tectonically
overlain by the accretionary complex. As for other areas, two distinct
accretionary units can be recognized. South of Ketenlik a klippe of
0C1, described by Okay and Whitney (2010), is clearly delimited by a
serpentinite zone. This klippe rests on top of OC2. At the basis of OC2
was found one zone with metasomatic rocks consisting of lawsonite-
bearing chloritite, with minor sodic pyroxene and titanite. To the
north, the Devlez formation probably crops out under OC2, but this is
poorly constrained due to poor outcrop. Near Cayiroluk OC2 shows an
alternation of green to blue metatuffs, cherts with more pelitic Fe-Mg
carpholite-bearing levels, and locally massive, dm-scale blocks of blue
pillow basalts and pillow breccias displaying relict magmatic pyroxenes.
Southwards, OC1 overlies OC2 and displays red radiolarian cherts, pil-
low basalts, aragonitised limestones (Topuz et al., 2006; Fig. 4e) and
green (meta)tuffs. No metamorphic sole was found below the main
ophiolitic body.

5. New mineralogical and petrological constraints on the
metamorphic evolution of the tavsanl zone

The Tavsanli zone hosts extensive outcrops of HP-LT mineral assem-
blages (Coguly, 1967; Lisenbee, 1972; Okay, 1980a, 1980b; Okay, 1982;
Van der Kaaden, 1966). New occurrences are reported below, with a
special focus on the accretionary complex and parts of the Orhaneli
unit that were not investigated so far, among which the Kocasu forma-
tion in the regions of Koseler, Tekerler, Dutluca, or the Devlez formation
of Domanig, and Koseler (Fig. 2¢). The metamorphic soles were also in-
vestigated, providing new evidence of HP overprint of sub-ophiolitic
metamorphism. The first PT estimates for the accretionary complex, as
well as the first T,,,.x based on the Raman spectroscopy of carbonaceous
material, are provided in the last paragraph.

5.1. Methods

5.1.1. Electron-microprobe analysis

All electron-microprobe analyses were carried at CAMPARIS (Uni-
versity Paris 6) using either SX100 or SX Five instruments. Classical an-
alytical conditions were adopted (15 kV acceleration voltage, 10 nA
beam current, 2-3 pum beam size, wavelength-dispersive spectroscopy

mode). Albite (Na), diopside (Mg, Si, Ca), orthoclase (Al, K), MnTiOs,
Fe,05 (Fe) and Cr,03 (Cr) were used as standards for the relevant. Addi-
tional observations were made using a Zeiss 2igma Scanning Electron
Microscope at Laboratoire de Géologie, Ecole Normale Supérieure, Paris.

5.1.2. Raman spectroscopy on carbonaceous matter

All Raman spectra on carbonaceous material were obtained using a
Renishaw inVia Spectrometer at Laboratoire de Géologie, ENS. A
514 nm argon laser in circular polarisation was used. The Laser was
focused on the polished thin section sample (cut in the XZ plane of
deformation) using a Leica microscope with a 100x objective. Laser
power was set a 10% of 20 mW. Carbonaceous matter was analysed
below a transparent mineral, generally quartz. Between 10 and 25
spectra per sample were acquired in the extended scanning mode
1000-2000 cm™~ ! with an acquisition time of 30 to 60 s and 1-3 accu-
mulation, using the calibration method of Beyssac et al. (2002, 2003).
Spectra were then processed following the procedure described by
Beyssac et al. (2003). This thermometer allows an accuracy of +50 °C
in the range of 350-650 °C (Beyssac et al., 2002).

5.1.3. Thermodynamic modelling

PT pseudosection modelling (i.e., predicting phase diagram for a
fixed bulk composition) was carried out in the simplified system
KFMASH (K,0-FeO-MgO-Al,05-Si0,-H,0) using Perple_ X 6.6.8
(Connolly, 2005, 2009; Connolly and Kerrick, 1987) and the thermody-
namic database of Holland and Powell (1998) with recent updates.
Solution models are after Holland et al. (1998) for chlorite, after
Coggon and Holland (2002) for phengite, and after Holland and
Powell (1998) for chloritoid and carpholite.

5.2. Distribution of HP minerals: Orhaneli unit

The distribution of the (rather uncommon worldwide) paragenesis
lawsonite + chloritoid + jadeite + glaucophane described by Okay
(2002) was extended further to the east in the Orhaneli unit (Fig. 2).
Sample OR1024 (Fig. 6a) is one of the best-preserved samples and pre-
serves an undeformed texture, as for most greyschist samples in fact.

Greyschists with the assemblage jadeite + lawsonite were found
near Dutluca, as mentioned earlier (sample 11TAV15). In the region of
Elmaagaci, schists bearing jadeite + lawsonite were found under the
marbles, near the village of Késeler and might represent equivalents
to the Kocasu formation.

The Tekerler region shows jadeite 4 glaucophane + lawsonite
greyschists alternating with lawsonite-glaucophane-bearing quartzite.

Northwest of Dursunbey jadeite or chloritoid + lawsonite bearing
schists were also found alternating with lawsonite + glaucophane
mafic blueschists. The alternation of greyschists with mafic material
was not studied in detail however. This part of the Orhaneli unit was
interpreted as the basement of the Tavsanli zone (Ozbey et al., 2010,
2013a,3b).

Throughout the study area, mineral compositions show only small
variations: the XMg (XMg = Mg/(Fe + Mn + Mg) of chloritoid ranges
between 0.1 and 0.2 (Fig. 7a; Table 1). Clinopyroxene is almost pure
jadeite (Fig. 7b; Table 1). Blue amphibole formula units, calculated fol-
lowing the procedure described in Leake et al. (1997), indicate a compo-
sition between glaucophane and ferro-glaucophane (Fig. 7c; Table 1).
Silica content in phengite varies between 3.4 and 3.6 p.f.u (per formula
unit), mostly along the tschermak (i.e., Si,(Fe,Mg) = 2Al) and
pyrophyllitic (i.e., Si = ALK) solid solutions (Fig. 7d; Table 1).

Another typical paragenesis is glaucophane + lawsonite. It was
mainly found in metabasites and metatuffs of the Devlez formation
(Figs. 3e, 6b; Okay, 1980a). Sample 11TAV33 is a well-foliated
metabasite, with glaucophane + lawsonite containing up to 90% of
the mineral mode (Fig. 6b). In addition to glaucophane + lawsonite,
the presence of phengite, sodic pyroxene, chlorite, titanite was also
noticed (Okay, 1980a, 1980b). Magmatic augite is found in some pillows
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Fig. 6. Microphotographs of selected samples. (a) Typical greyschsit of the Orhaneli area, Plane Polarised Light (PPL); (b) Typical high pressure metabasite of the Devlez formation, PPL;
(¢) Typical high pressure metabasite of the OC2, PPL; (d) Fe-Mg carpholite bearing quartzite of the OC2, Cross Polarised Light; (e) Typical massive lava of the OC, with pristine Augite, and
incipient metamorphic mineral as pumpellyite, chlorite, tiny phases and aggregates, PPL) (f) Metamorphic sole from Elmaagaci, with initial grt + hbl paragenesis, and the high-pressure

overprint showing gln rims and lws aggregates.

or pillow breccia as metastable relics, as highlighted by the associated
glaucophane + lawsonite recrystallized matrix. Glaucophane +
lawsonite are also common in garnet-phengite bearing metacherts.
Northwest of Domanic, an equivalent to the Devlez formation was
found on top of the marbles, showing an alternation of mafic rocks
and metachert with similar assemblages. The Devlez formation, show-
ing glaucophane + lawsonite with minor sodic pyroxenes was also
found on top of the marbles in the Elmaagaci-Koseler region (Fig. 5b).
In all the Devlez formation, sodic amphiboles shows compositional var-
iation, with the development of ferric end-members (Fig. 7c; Amphibole
with composition between ferro-glaucophane, glaucophane and corre-
sponding ferric equivalent (Leake et al., 1997; Fig. 7c; Table 1). Sodic py-
roxene generally has a composition of aegirine-augite or aegirine, with
rare occurrences of true omphacite or aluminous pyroxenes (Fig. 7b). As
in the Kocasu formation, phengite displays about 50 mol% of celadonite

component corresponding to 3.4 to 3.6 Si p.f.u with 10 mol% of pyro-
phyllite end-member (Fig. 7d; Table).

5.3. Distribution of HP minerals in the accretionary complex: OC2 vs. OC1

The accretionary complex was separated on the basis of high-
pressure mineral occurrences. OC2 shows typical sub-blueschist to
blueschist-facies metamorphism, whereas complex 1 shows non-
metamorphic assemblages to incipient blueschist facies assemblages.
Mineral assemblage and their relative metamorphic grade are shown
on Fig. 2. OC1 and OC2 also differ in terms of lithology. Although both
are made of oceanic crustal and mantle rocks, radiolarian cherts domi-
nate in OC1, whereas only rare occurrences were found in OC2. Pillow
lavas are generally best preserved in OC1 (Fig. 4d.e).
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Fig. 7. Representative microprobes analysis of (a) Chloritoid and Carpholite; (b) Clinopyroxenes; (c) Sodic amphiboles (d) Phengite.

In OC2, metabasite and metatuffs display the blueschist-facies
lawsonite + glaucophane + sodic pyroxene assemblage (110R16b;
Fig. 6¢). The association of sodic pyroxene + lawsonite + chlorite as-
semblage was also found, though less commonly. This assemblage was
interpreted as sub-blueschist or blueschist facies showing a different as-
semblage due to variations in bulk compositions (Vitale-Brovarone et al.,
2011; Wei and Clarke, 2011) or oxidation state (Diener and Powell,
2012). When present, sodic pyroxene is characterised by high ferric con-
tent (XFe*+ = Fe*T/(A* + Fe**) > 0.5; Fig. 7b). Relict magmatic py-
roxene (Okay, 1980a,b), as in the Devlez formation, is found as inclusions
in the glaucophane + lawsonite matrix (Fig. 7b). Fe-Mg carpholite bear-
ing quartzite was found in several places (Figs. 4a,b, 6d). It is interbedded
in the metatuff and metabasite and might represent cherts with a very
local higher pelitic component. At the thin section scale (Fig. 6d) Fe-Mg
carpholite is present as large prisms and fibres in a quartz-rich rocks (im-
pure quartzite or locally quartz veins). Its composition varies from one
sample to another, with XMg between 0.4 and 0.6 (Fig. 7a; Table 1). Chlo-
rite and phengite are present in minor amounts at textural equilibrium.

0C1 shows poorly metamorphosed rocks (Fig. 6e). Some mafic sam-
ples show a doleritic texture, with a paragenesis consisting of chlorite,
albite replacing magmatic plagioclase, aegirine-augite or aegirine

pseudomorphs after magmatic augite (Okay, 1982). Some pillow brec-
cias were found that contain magmatic augite with narrow reaction
rims of aegirine-augite. Magmatic augite coexists with rare, tiny, highly
ferric lawsonite crystals (Table 1). Chlorite, phengite, carbonate and
other low-grade minerals such as pumpellyite or albite were also ob-
served (Fig. 6e). Those mineral assemblages match with the predicted
sub-blueschist assemblage modelled by Massonne and Willner (2008)
for MORB composition. The only difference is that no amphibole (nei-
ther Ca- nor Na-bearing) and no stilpnomelane were observed in the
mafic schist of OC1. Contrary to OC2, no occurrence of sodic amphibole
or Fe-Mg carpholite was found (see also Okay, 1982).

5.4. Distribution of metamorphic soles

The non-metamorphic obducted peridotite is found regionally, except
on the Kocasu cross section (Fig. 5a). A garnet-bearing amphibolite-facies
metamorphic slice was found at the base of the peridotite. It crops out
near Civili as a ~100 m thick slice (Figs. 2c,4f; Okay et al.,, 1998). The pe-
trology of the amphibolite slice of the Civili area described by Okay et al.
(1998) will serve here as a reference. Amphibolite-facies assemblage is
hornblende + plagioclase (mainly replaced by albite) + epidote +



Table 1

Representative EPMA analysis for chloritoide, clinopyroxene, amphiboles, phengites, lawsonite and carpholite. FeO in lawsonite assumed as Fe,0s.

Kocasu formation Devlez formation 0C2 Sole 0C1
Mineral sample  cld jd gln gln phg lw lw gln gln-rbk mrb phg car car phg hbl core  glnrim rbk Aeg lws
OR1024 OR1024 OR1024 OR1024 OR1006B 11TAV20 11TAV20 11TAV20 11TAV20 11TAV20 DU1215 110R16 110R16 OR1028A OR1028A 11TAV13b 11TAVI3B dull01A
Analyse 45 35 47/1, 36/1, 18 b38 114/1. 1331 1335 1343 77 16/1. 6/1. 82 3/62. 18/15, 128/1. 116 45/1
Si02 24468 59.615 57.126 58449 52232 37.920 38.690 57.535 55.765 55.280 52.520 38,570 37.699 48660  43.800 55.465 51.738 53.491 37.030
Ti02 0.000 0.019 0.116 0.000 0.005  0.290 0.335 0.119 0.084 0.033 0.112 0.000 0.238 0.064 0.610 0.000 0.329 0.137 0.150
AI203 41391  0.003 11534 12081 26253 31.870 31.380 9.549 7.534 2.405 22.562 30.705 30991 25708  13.385 10.039 2.900 5.017 29.420
Cr203 0.084 23.048  0.000 0.000 0.025 na na. 0.000 0.069 0.034 0.181 na na 0.099 0.026 0.053 0.029 0.000 0.000
FeOtot 24389 2941 15748 11946 2609 0280 1.191 13.153 14.461 22225 3.813 10836  9.946 3.866 14.171 15.985 33.242 23.787 2.310
MnO 0.541 0.065 0.015 0.044 0.006  0.020 0.000 0.214 0.251 0.307 0.051 1.082 1.381 0.276 0.026 0.142 0.174 0.081 0.020
MgO 2.159 0.144 6.258 8.205 3.661 0.020 0.000 9.158 10.061 8.279 4.358 6.384 6.625 4.096 10.195 6.302 0.520 0.176 0.020
Ca0 0.020 0.255 0.067 0.012 0.000 17.010 17.379 0.801 1.773 1.526 0.108 0.001 0.012 0.114 9.981 0.668 0.188 1.604 17.030
Na20 0.017 14270 7131 7.109 0236  0.020 0.019 7.065 6.520 6.158 0.166 0.000 0.019 0.130 2.861 6.681 6.507 12,524 0.020
K20 0.011 0.001 0.002 0.006 10.452  0.000 0.017 0.036 0.035 0.016 11.001 0.000 0.016 9.916 0.321 0.045 0.065 0.000 0.000
total 93.078 100361 97.996 97.852 95481 87.430 89.013 97.629 96.554 96.264 94.870 87.578 86926 92929 95376 95.380 95.691 96.816 86.000
Si 2.007 2.030 7.958 8.003 3473  2.007 2.023 7.982 7.874 8.043 3.559 2.046 2.011 3.364 6.535 7.992 7.993 2.024 2.022
Ti 0.000 0.000 0.012 0.000 0.000 0.012 0.013 0.012 0.009 0.004 0.006 0.000 0.010 0.003 0.068 0.000 0.038 0.004 0.006
Al 4.001 0.925 1.894 1.950 2.057 1.988 1.934 1.561 1.254 0412 1.802 1.920 1.949 2.094 2.353 1.700 0.528 0.224 1.893
Cr 0.005 0.000 0.000 0.000 0.001 na na 0.000 0.008 0.004 0.010 na na 0.005 0.003 0.006 0.004 0.000 0.001
Fe2/Fetot 1.673 0.084 1.616 1.215 0.145 1.220 1.063 1.429 0.216 0.481 0.444 0.223 1413 1.700 1.382 0.113
Fe3 0.219 0.153 0.012 0.052 0.306 0.645 1.276 0.080 0.051 0.355 0.224 2913 0.640 0.105
Mn 0.038 0.002 0.002 0.005 0.000  0.001 0.000 0.025 0.030 0.038 0.003 0.049 0.062 0.016 0.003 0.017 0.023 0.003 0.000
Mg 0.264 0.007 1.300 1.675 0363  0.002 0.000 1.894 2.118 1.796 0.440 0.505 0.527 0.422 2.268 1354 0.120 0.010 0.002
Ca 0.002 0.009 0.010 0.002 0.000  0.965 0.974 0.119 0.268 0.238 0.008 0.000 0.001 0.008 1.596 0.103 0.031 0.065 0.996
Na 0.003 0.000 1.926 1.887 0.030  0.002 0.002 1.900 1.785 1.737 0.022 0.000 0.002 0.017 0.828 1.867 1.949 0.919 0.002
K 0.001 0.942 0.000 0.001 0.886  0.000 0.001 0.006 0.006 0.003 0.951 0.000 0.001 0.874 0.061 0.008 0.013 0.000 0.000
Xprl 0.083 0.024 0.105
Xmu 0.457 0.369 0.479
Xcel 0.391 0.545 0.270
XFe 0.847
XMn 0.019
XMg 0.134 0.446 0.580 0.608 0.666 0.557 0.512 0.510 0.616 0.443 0.039
XFe3 0.106 0.073 0.166 0.364 0.756 0.286 0.117 0.726
Jd 0.949 0.235
Aeg 0.000 0.670
Quad 0.050 0.093
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Table 2
Peak temperature obtained by RSCM. SD, standard deviation; n, number of spectral acqui-

sitions; SE, standard error, which is SD divided by SQRT(n); RSCM, Raman spectroscopy of

carbonaceous matter.

Sample n Av. T(°C) SD SE
110R19 11 478 24 7
OR1024 17 538 25 6
OR1006b 19 515 31 7
OR1011a 20 498 29 7
OR1012 16 540 16 5
OR1013b 18 556 26 6
OR1014a 19 553 30 7
OR1119 22 493 20 4
OR1120 18 483 23 5
OR1121 12 499 18 5
OR1123b 19 553 28 6
OR1124 18 543 25 6
OR1140 20 529 29 7
TU1015 20 467 27 6

quartz + rutile & garnet 4 opaque. This slice is interpreted as the
metamorphic sole of the ophiolite. An incipient blueschist facies was no-
ticed for this amphibolitic slice, and was also described in some other
amphibolitic soles by Gautier (1984), Onen and Hall (1993) and by
Dilek and Whitney (1997) in the Sivrihisar region, north of Kiitahya
and the Mersin region, respectively. Outcrops of metamorphic sole
were also found near the village of Elmaagaci, and south of Tavsanly,
near the village of Karacakas (Figs. 5ce). Both of them show a
blueschist-facies overprint marked by glaucophane rims on hornblende
and lawsonite growth in plagioclase (Fig. 6f; Table 1; Plunder et al.,
2013). South of Tavsanli, the amphibolitic sole shows the development
of aegirine-like clinopyroxene and riebeckite (Table 1). In most samples,
plagioclase is destabilised in aggregate or needles of lawsonite in coarse
albite. Epidote, whenever present, is part of the original assemblage
as attested by inclusions in garnet. The presence of glaucophane +
lawsonite + sodic pyroxene attests that PT conditions of metamorphic
soles changed during their history, from amphibolite-facies to lawsonite
blueschist-facies conditions.

(@)

110R16: KFMASH
+ H20 + qtz
Perple_ X HP98

chl phg
car cld

3(;0 400
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5.5. Preliminary PT estimates

This section provides the first T.x estimates for the continental
units of the Tavsanli zone and, based on the finding of Fe—-Mg carpholite,
the first PT estimates for the OC2 accretionary complex.

5.5.1. Raman spectroscocopy on carbonaceous material (RSCM)

This thermometric method provides maximum temperature esti-
mates (Tnax) for carbonaceous-rich samples, based on the irreversible
transformation of organic matter (Beyssac et al.,, 2002). Samples of the
Kocasu formation are particularly suitable for RSCM as they contain
abundant carbonaceous matter. T,,,,x were determined for 12 greyschist
samples from the Kocasu formation in the region of Orhanli unit
(Fig. 2b). Two other samples were also selected for preliminary study
of Kocasu and Koseler region. Ty,.x estimates range between 470 and
550 °C (Fig. 2c; Table 2) and yield slightly higher temperature estimates
than those proposed before on the basis of the absence of garnet (Okay,
2002).

5.5.2. Pseudosection modelling

Sample 110R16 (OC2, Kocasu region, Fig. 2c) is an impure quartzite
containing Fe-Mg carpholite, chlorite and phengite. Water was consid-
ered in excess for pseudosection modelling, as suggested by the large
amount of hydrous phases (>50% of the mode is represented by Fe-
Mg carpholite, chlorite or phengite). Other elements such as TiO,, CaO,
Na,0, MnO, Cr,03, Fe,03 were neglected given the mineral chemistry
of this sample and their respective minor amount as part of the bulk
compostion. Observed Fe-Mg carpholite have XMg between 0.5 and
0.54 (Fig. 7a) and the Si content of phengite is 3.35-3.40 p.f.u (Fig. 7d;
Table 1). Considering that the estimated pyrophyllite component ac-
counts for 0.1 to 0.15 of the Si p.f.u. of phengite, modelled silica contents
must be in the range of 3.25 and 3.30. Together with the observed XMg
of Fe-Mg carpholite, the pseudosection leads to PT conditions for the
high-pressure unit (OC2) of the oceanic accretionary complex of 11 to
13 kbar and 250 to 350 °C (Fig. 8a).

T(°C)
600 700 800

(b)

500

A

P(kbar)

201

Fig. 8. (a) PT pseudosection computed in the system KFMASH using Perple_X 6.6.8, with solution models given in text. Si isopleth p.f.u in phengite and XMg in carpholite give the PT con-
dition for sample 110R16. (b) Compilation of available and determined PT conditions for the different units of the Tavsanl zone. Mineral abbreviation after Kretz (1983) except for car:

carpholite.
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6. Interpretations and discussion
6.1. Tectono-metamorphic evolution the Tavsanh zone

Fig. 2 demonstrates the occurrence of diagnostic, HP-LT minerals
throughout the western part of the Tavsanli zone. In particular, exten-
sive Thax estimates for the continental-derived Kocasu formation are
homogeneous across a vast area (Figs. 2b,c) and are systematically
slightly higher (>470 °C) than previous temperature estimates
(430 430 °C; Okay, 2002). Preliminary pseudosection calculations
also point to the consistency between PT estimates and Tyax. Small var-
iations in Tp,ax could relate to additional heat from nearby granodiorite
intrusions (Fig. 2), but do not change the general trend: the thermal re-
gime of continental subduction is higher than previously reported
(Okay, 2002).

Deformation patterns of the continental Kocasu formation shows
similar, parallel stretching lineations, trending NNE-SSW to NE-SW
across a large area (Figs. 2a,c), attributable to peak burial conditions.
All tectonic measurements (i.e., from sheath folds, drag folds, stretching
lineations, boudinaged structures) were performed on metre-scale
structures or smaler. No major tectonic thrusts or duplications were ob-
served in the continental units, and only decametre-scale folds were
found in the Orhaneli unit. Rare hectometre-scale open folds with EW
trending axes (Fig. 4b) characterize the Inénii marble. However, no re-
liable deformation criteria were found in this formation, despite earlier
claims of E-W trending stretching lineations (Lisenbee, 1972). The com-
bination of homogeneous PT and coherent lineations within the Kocasu
formation on a regional-scale (i.e., >100 km), together with the lack of
tectonized contact at the interface of the Kocasu/inonii/Devlez forma-
tions, suggests that the Orhaneli unit was buried at similar depths and
exhumed coherently, as a fairly rigid body.

In the Sivrihisar greyschist unit, which represents a lateral equiva-
lent to the Orhaneli unit (Okay and Whitney, 2010), relict high-
pressure mineral assemblages containing glaucophane, lawsonite,
chloritoid and/or jadeite were observed in the northern part of the
unit (Cetinkaplan et al, 2008; Gautier, 1984). Radiometric ages for
high-pressure metamorphism (Ar-Ar and Rb-Sr on phengite; 80 Ma;
Sherlock et al., 1999; Seaton et al., 2009) and stretching lineations
(N-S to NW-SE) are the same as in the Orhaneli area. Reequilibration
under greenschist-facies conditions during exhumation was neverthe-
less more thorough in the Sivrihisar region (Gautier, 1984; Monod
et al., 1991).

Deformation patterns in the Devlez formation, which corresponds to
the upper part of the Orhaneli unit, are slightly different with a domi-
nant N160 (and to a lesser extent N15-N20) trending stretching linea-
tion. The Devlez formation shows a sparse outcropping (20 x 15 km)
in the large Tavsanli zone (250 x 50 km) whereas the Kocasu and
Inonii formations, or their equivalents, crop out extensively (Fig. 2a,
¢). The local presence of the Devlez formation may thus correspond to
an inherited palaeogeographic feature, marked by volcanism in a radio-
larian basin on the very distal part of the thinned continental margin. In
fact, the Inénii marble formation too shows a strongly variable thickness
in the different investigated areas, from a few metres to few kilometres.
Local variations in palaeogeography and/or subsidence, rather than dif-
ferential erosion, thus probably account for the respective facies and
thickness variations in both the Devlez and Inénii formations.

Two different ocean-derived accretionary complexes sandwiched be-
tween the Orhaneli unit and the overriding ophiolite (OC1 and 0C2)
were recognized in the study area. OC1 corresponds to a poorly-
metamorphosed series of imbricates made of crust and cover showing lit-
tle internal deformation, which were essentially statically recrystallized
under low-grade blueschist-facies conditions. Observations demonstrate
that this unit, so far loosely referred to as mélange formed in a subduction
channel (Kaya, 1972; Lisenbee, 1972; MTA, 2002), is not a random mafic
and sedimentary mélange within a serpentinite matrix as suggested by
Okay (1982). Observed mineral assemblages (i.e., lawsonite with 5%

Fe,03, aegirine and aegirine-augite pyroxene; Fig. 7b) and the absence
of higher-grade metamorphic minerals such as glaucophane, jadeite-
omphacite or of the higher-pressure Fe-Mg carpholite allow to bracket
PT estimates within the range of 4-8 kbar and 250-300 °C (Fig. 8b), in
line with previous estimates (Okay, 1982; Topuz et al., 2006). OC2, by
contrast, is a strongly recrystallized blueschist-facies unit containing
both pelitic and mafic index minerals (i.e., Fe—-Mg carpholite and the as-
semblage glaucophane + lawsonite 4 sodic pyroxene, respectively).
PT estimates obtained through pseudosection modelling indicate condi-
tions of 10-15 kbar and 300-400 °C (Fig. 8a). Similar mineral composi-
tions in the various exposures indicate that these PT conditions
prevailed, at least as a first approximation, for the entire OC2.

A systematic, static glaucophane-lawsonite blueschist-facies over-
print was observed on the metamorphic sole (as earlier observed, locally,
by Gautier, 1984; Onen and Hall, 1993; Dilek and Whitney, 1997; Okay
etal, 1998). Metamorphic soles are generally regarded as having formed
during subduction inception, by the accretion of oceanic crustal material
beneath the still hot upper-plate mantle (Spray, 1984; Wakabayashi and
Dilek, 2003). The existence of such ubiquitous HP-LT overprint suggests
that the metamorphic sole was either (1) exhumed and later subducted
again in a cold regime (Dilek and Whitney, 1997; Wakabayashi, 1990)
along with the OC1-2 and Orhaneli units, or (2) directly refrigerated
after amphibolitisation, as a result of cooling of the subduction gradient
(~10 °C/km; Peacock, 1996; van Keken et al., 2011). The static overprint,
the lack of displacement of the sole with respect to either the ophiolite or
the oceanic complexes, the lack of metamorphic sole fragments and/or
boudins in the complexes, strongly support the second hypothesis.

HP-LT metamorphism in the Tavsanli zone thus ranges from incipi-
ent metamorphism to high-pressure blueschist-facies conditions with
pressure gaps (Fig. 8b) coinciding with major tectonic contacts (i.e.,
from bottom to top: Orhaneli/OC2, 0C2/0C1, OC1/metamorphic sole).
Incidentally, the PT conditions of the lawsonite-bearing eclogites of
Halibag1 (~26 kbar-500 °C; Davis and Whitney, 2006) can even be
extended to the Orhaneli unit (Kocasu formation, ~22 kbar-520 °C).
Nevertheless unknowns remain: the lawsonite eclogite of Halibagi
might be (i) an equivalent to the Devlez formation, but decoupled
from the underlying marble formation; (ii) an oceanic accretionary
unit detached at similar depth as the continental units.

Such constant features along the strike of the Tavsanli zone point to
similar dynamics of continental subduction below an oceanic litho-
sphere across a vast area (250-300 km). Cooling and blueschist
overprinting of the metamorphic sole takes place rapidly, about 5 My
after intra-oceanic subduction initiation (at ca. 95-90 Ma; Onen and
Hall, 1993, 2000; Okay et al., 1998; Dilek et al., 1999) as HP-LT meta-
morphism is documented at 85-80 Ma in the Orhaneli unit (Sherlock
et al,, 1999). The results suggest that the exhumation of Tavsanli HP-
LT rocks, at 85-80 Ma, takes place through a Chemenda-type, rigid,
buoyancy-driven exhumation (Chemenda et al., 1996; Okay et al.,
1998). Exhumation of the Tavsanli zone is constrained at ~85-70 Ma
(Cetinkaplan et al, 2008; Monod et al, 1991; Seaton et al, 2009;
Whitney and Davis, 2006). It occurs in any case prior to 60 Ma, as
shown by zircon fission-track ages (Thomson and Ring, 2006), cross-
cutting Eocene calc-alkaline magmatism, tentatively related to slab
breakoff (Altunkaynak, 2007; Dilek and Altunkaynak, 2009) or roll-
back/steepening (van Hinsbergen et al., 2010). The absence of disconti-
nuity on tomographic images and the presence of lower Lutetian neritic
and Ypresian limestones unconformably covering both the ophiolite
and accretionary complex (Bas, 1986; Ozgen-Erdem et al, 2007;
Servais, 1981, 1982) rather support the second hypothesis.

6.2. Implications for accretion/exhumation and mechanical coupling

Oceanic complexes OC1 and OC2 found in the Tavsanli zone reveal a
simple, non-random structural organisation (contrary to subduction
tectonic melanges marked by the existence of reworked material in a
matrix; Cloos, 1982; Cloos and Shreve, 1988b; Festa et al., 2012;
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Fig. 9. Block diagram of the plate interface during continental subduction at 80 Ma. Coupling and decoupling depths from Wada and Wang, (20090) and Syracuse et al (2010). Lineation

measured in various units is reported as double arrows.

Wakabayashi, 2011), made of a stack of tectonic slices imbricated at
different scales. Laterally continuous slices show alternating layers of
lightly metamorphosed basalts, cherts and minor tuffs. This can be ob-
served at the scale of the outcrop (Dutluca, Tekerler and Kocasu sec-
tions) as well as at the scale of several hundred metres and up to the
kilometre-scale (Fig. 5a,b,c,), the largest imbrication scale being the
one separating OC1 and OC2. Deformation patterns depend on the
depth at which the unit was buried: the very low-grade OC1 shows
very low internal deformation, whereas higher-grade OC2 shows
pervasive deformation patterns comparable to the continental-derived
Orhaneli unit.

Respective thicknesses are less than a kilometre for OC1 (about
~500 m on the cross sections) and ~100-200 m for OC2. Incidentally,
the low sediment fraction (other than radiolarian cherts) observed in
both accretionary units suggests that the intra-oceanic subduction was
sediment-starved and thus far from both the Anatolide-Tauride and
Sakarya continental margins.

Oceanic complexes OC1 and OC2 are thus interpreted as fragments
of subducting oceanic crust and related volcanoclastic or pelagic cover
scraped off and accreted/underplated at the bottom of the upper plate
at depths of ~15-20 km (OC1) and ~40 km (OC2) along the plate inter-
face (Fig. 9). The considerable thickness of OC1 in the Kocasu section
(~1 km; Fig. 5a) suggests that some of the exhumed material could cor-
respond to ocean-floor asperities or seamounts. The lack of gabbros in
these accretionary complexes suggests that they derive from the scrap-
ing of shallow material of the downgoing plate (i.e, the hydro-
thermalised section). The structure and PT conditions estimated for
the oceanic accretionary complexes of the Tavsanl zone compare well
with other such complexes in the Nankai trench, the Chugah complex
in Alaska, the Franciscan, the Makran or the Schistes Lustrés in the
Western Alps (Festa et al., 2012; Kimura, 1994; Kopp et al., 2000;
Kusky et al,, 1997; Platt, 1986; Plunder et al,, 2012).

Slices of the upper oceanic material making OC2 were decoupled at
greater depth (40-50 km) from the sinking slab and in lesser amounts
than OC1. The peak burial depth range of 30-40 km for OC2 corre-
sponds to the downdip end of most seismogenic zones, to the source
of episodic tremor and slip (Dragert et al.,, 2001; Rogers and Dragert,
2003) and to depths infered for present-day (Singh et al,, 2008) or
past tectonic slicing (Monié and Agard, 2009). Decoupling at such
depths may therefore tentatively be related to seismic events occurring
at depths (for deeper evidence, see Angiboust et al,, 2012a,b). Whether
such decoupling occurs continuously during oceanic subduction or at
time intervals is completely unknown. In absence of radiometric
constraints, it is difficult to argue whether those oceanic units were ex-
humed early (i.e. during oceanic subduction) or not (after the beginning
of continental subduction). Given the fact that OC2 represents only
small amounts of high-pressure oceanic material and is deformed in a
similar way to the underlying Orhaneli unit, we suggest that the (previ-
ously decoupled) OC2 material was returned due to the exhumation of
the continental unit (Fig. 9). Return of the continental material was like-
ly triggered by buoyancy forces and/or changes in mechanical coupling
along the plate interface at depths of ~75-80 km i.e. 22-25 kbar; Agard
etal., 2009; Wada and Wang, 2009; Syracuse et al., 2010). In any case, it
should be noted that almost all the oceanic crust (and lithosphere) was
subducted and was never returned.

6.3. Comparison with the Oman case study and geodynamic implications

Obduction in Western Anatolia is compared in the following to the
classic obduction of the Semail ophiolite (Boudier et al, 1988;
Coleman, 1981; Ricou, 1971). A schematic palaeogeographic reconstruc-
tion of the northern Anatolide-Tauride margin, based on available data
and on the fieldwork presented here, is shown at 90 Ma (Fig. 10). The
two settings are characterized, at the onset of continental subduction
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(following initiation of intra-oceanic subduction), by a stretched
Gondwana-derived continental margin of comparable dimensions.

Metamorphic amphibolitic soles in Oman and Turkey give both sim-
ilar PT conditions (8-12/750-850 °C and 8-10 kbar/700-800 °C; Okay
et al., 1998; Searle and Cox, 2002) and age constraints for intra-
oceanic subduction initiation (ca. 100-95 Ma; Hacker, 1994; Hacker
and Mosenfelder, 1996; Onen and Hall, 1993). Similar peak PT condi-
tions too were reached in the Orhaneli and in the Saih Hatat/As Sifah
eclogitic units (22 kbar-480 °C and 20 kbar-500 °C respectively;
Warren and Waters, 2006; this study), coevally, at ca. 80 Ma (Hacker
et al, 1996; Searle and Cox, 1999; Searle et al., 2004; Sherlock and
Kelley, 2002; Sherlock et al., 1999). Both units correspond to the distal
cover of the continental margin and show stretching lineations, ob-
served for both exhumation (Boudier et al., 1988; Jolivet et al., 1998;
Michard et al.,, 1985; Yamato et al., 2007) or peak burial conditions
(Gautier, 1984; this study), that are sub-parallel to the direction of
transport of the ophiolite. A pressure gap separates these units from
units on top, which equilibrated at of 10-15 kbar and 300-400 °C (re-
spectively the Ruwi, Mayh and Hulw continental units in Oman:
Agard et al,, 2010; Yamato et al., 2007); OC1 and OC2 in Western Anato-
lia: this study).

Despite striking similarities, several important differences can be
pointed out:

(1) The high-pressure blueschist-facies overprint of the metamor-
phic sole found in Turkey is absent in Oman. As discussed
above, this corresponds in Turkey to a rapid change in thermal re-
gime (~5 My; see Section 6.1), which is on the lower bound of
what was proposed for the amphibolite- to blueschist-facies
rocks of the Catalina Schist in the Franciscan belt (Grove et al.,
2008). Existence of this systematic HP-LT overprint in the
Tavsanli zone can be tentatively related either to (a) rapid cooling
due to the stacking at similar depths (~10 kbar) of cold oceanic
material (OC2) in the subduction zone and/or to (b) the an earlier
exhumation of metamorphic soles in Oman compared to Turkey.
Although the OC1 and OC2 oceanic units are systematically
welded to the metamorphic sole, we note that (i) OC1 equili-
brated to lower pressures than the metamorphic sole, (ii) OC2
shows comparable PT conditions yet no direct contact to the
sole and that (iii) no amphibolite slice was found in any of the
accretionary complexes. These observations indicate that the tec-
tonic contact of the metamorphic sole onto OC1 cannot represent
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the early, initial contact between the sole and accreted oceanic
material and that, in order to support hypothesis (a), juxta-
posed cold oceanic material (such as OC2) needed in sufficient
amounts to refrigerate the metamorphic sole must have
disappeared since.

Incidentally, we stress that emplacement mechanisms
allowing metamorphic soles to become tectonically and rheo-
logical welded to the base of the ophiolite mantle, and the
mismatch in P between peak burial (i.e., 30 km) and pre-
served ophiolite thickness (~10-15 km) both remain enig-
matic.

(2) Accreted oceanic HP-LT units (OC1 and OC2) sandwiched
between the continental margin and the unmetamorphosed
obducted ophiolite are present in the Tavsanli zone, whereas
the distal, continental to oceanic Hawasina nappes are
unmetamorphosed in Oman (Bechennec et al, 1990; de
Wever et al., 1988). This could be explained in Oman by the
existence of (i) a shallower decoupling level, at the base of
the Hawasina basin, located mainly above the crustal basaltic
layer and (ii) subduction of all oceanic material. In Western
Anatolia, the Lycian nappes represent the tectonic equivalent
of the Hawasina nappes and could tentatively root north of
Menderes. However, evidence of sedimentation up to the
Palaeocene in the Lycian nappes (coincident with HP-LT
metamorphism of the Afyon zone and followed by Eocene
granodioritic intrusions in Tavsanli HP-LT units), suggests
diachronic deposition in several domains (including the
Oren unit and the northern edge of Menderes massif; Fig. 10;
de Graciansky, 1972; Robertson, 1998; Collins and
Robertson, 1999; Pourteau, 2011) and that they can only part-
ly be equivalent to the Oman Hawasina nappes.

(3) HP-LT continental units are largely undeformed in Turkey and
behaved as a thick and rigid crustal fragment. By contrast, HP-
LT continental units in Oman consist of highly deformed, thin
slices of cover material (Agard et al., 2010; Searle and Alsop,
2007; Searle et al., 2004). This observation points to a more ef-
ficient decoupling along the plate interface during continental
subduction in Turkey than in Oman. We note that a somewhat
deeper decoupling crustal layer is also required in Turkey to
explain the presence of these thick and fairly undeformed
high-pressure units.

All the above differences provide constraints on the early dynamics
of subduction inception, oceanic subduction and burial/exhumation of
the leading edge of continental margin (all of which predate the mild
Eocene collision in Turkey, which has not yet affected Oman). They sug-
gest the existence of contrasts in mechanical coupling and/or
thermal regime between Turkey and Oman and allow one to propose
that:

1- the rigid exhumation of Tavsanli continental units and related
mechanical decoupling is permitted by the presence of oceanic
units, which acted like a lubricant between the continent and the
mantle wedge and were partially entrained, as attested by 0C2,
during continental exhumation;

2- mechanical coupling evolved through time in the Tavsanli subduc-
tion zone from strong, as oceanic units were underplated and the
metamorphic sole was cooled (by contrast to Oman) to weak,
thereby promoting continental burial and exhumation with only
minor deformation;

3- the accretion of oceanic material is controlled by the depth of the
initial décollement, which was deeper in Turkey than in Oman.

Several major unknowns remain on Mesozoic geodynamics of
Western Anatolia. One is the uncertain existence of a subduction
zone below Eurasia during Cretaceous times, as documented in Cen-
tral Anatolia or on the Oman transect (Fig. 10; Agard et al., 2007;

Okay et al., 2001; Okay et al. 2006, Lefebvre et al., 2013). The second
one is the enigmatic, long-lived continental subduction and successive
accretion in Western Anatolia of the Tavsanli, Afyon, and (partially)
Menderes domains over 30 My (from ~85-80 to 50-35 Ma). The ab-
sence of thorough collision across the Izmir-Ankara suture zone (con-
trary to Tibet or Iran; Agard et al,, 2011; Hatzfeld and Molnar, 2010)
may relate to the lack of subduction under Eurasia to the north and/or
to its migration southwards as in the Cyclades (Jolivet and Brun,
2008), possibly due to mantle delamination (Van Hinsbergen et al.,
2010). We suggest that this could also explain why convergence was
taken up by continental subduction for so long (as long as in Norway,
but without any UHP rocks returned; Labrousse et al., 2004).

7. Conclusions

The tectono-metamorphic evolution of extensive exposures of HP-LT
cover units in the Tavsanli zone (Western Anatolia), both oceanic and
continental, provides critical information on exhumation mechanisms
and regional-scale geodynamics.

The Tavsanli zone shows consistent deformation patterns on a re-
gional scale and minor deformation in exhumed continental rocks. PT
conditions are homogeneous in the various units, with pressure gaps
in between. From bottom to top, these comprise the continental
Orhaneli unit (22 kbar, 480 °C), oceanic complex 2 (0C2; 11-13 kbar,
250-350 °C), oceanic complex 1 (OC1; 4-8 kbar, 250-300 °C), and the
metamorphic sole (8-10 kbar, with temperatures evolving from
700-800 °C to ~300 °C). The absence of a retrograde overprint over
such a large area suggests the rapid and/or cold exhumation of coherent
units after the HP-LT stage.

Comparison with the Semail obduction setting allows highlight-
ing similarities (i.e., overall palaeogeography, PT estimates for conti-
nental high-pressure domains, time elapsed between obduction and
continental subduction, general orientation of stretching lineations
with respect to subduction orientation) and some major differences.
These include the presence, in Western Anatolia, of oceanic HP-LT
material accreted between the plates and of a systematic HP-LT
overprint on the amphibolitic metamorphic sole indicative of rapid
cooling of the subduction zone (after subduction initiation) in
<5 My.

The presence of the two metamorphic oceanic units in the Tavsanl
zone (OC1 and 2), the latter containing the first reported occurrences
of Fe-Mg carpholite, allows constraining accretionary processes along
the plate interface. These oceanic units were decoupled from the slab a
different depths (~15-20 km, ~40 km). No evidence of a mélange struc-
ture or continuous corner-flow exhumation exist for these oceanic units.
We suggest that the exhumation of these (previously accreted) units
results from the fairly rigid and buoyant exhumation of the Orhaneli
continental unit.

We finally suggest that mechanical coupling along the plate
interface evolved from strong to weak during oceanic subduction and
permitted the later subduction of the thinned continental margin at
relatively great depths (70-80 km) and the rigid exhumation of
the continental Orhaneli unit (and then, similarly, of the Afyon and
Menderes units).
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