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Abstract: Apatite fission-track data indicate that the (circum)-central Anatolian granitoids (CAG) were exhumed during successive
shortening phases following continent-continent collisions within the Neo-Tethyan domain in central and east-central Anatolia. The
Early to Middle Paleocene exhumation of the CAG is thought to be a consequence of the collision between the Tauride-Anatolide
platform (TAP) and the Eurasian plate (EP) following the consumption of the izmir-Ankara-Erzincan strand of the northern Neo-
Tethys. The Oligocene exhumation documented by the data for the Késedag pluton in east-central Anatolia is considered to be related
to the compression due to continuing convergence between the EP and TAP which seems also to be synchronous with the collision
between the amalgamated EP and TAP and the Afro-Arabian plate following the consumption of the southern Neo-Tethys along the
Bitlis suture zone in southeast Anatolia. The punctuated tectonic exhumation of (circum)-CAG is correlated in space and time with
the formation and infilling of the central Anatolian foreland basins. The formation and rapid infilling reflects fast erosion, balancing
the uplift of basement rocks including the central Anatolian granitoids.
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Orta Anadolu (Cevresinde) (Tiirkiye) Neo-Tetis Kapanimina Bagl Olarak Gelisen Duraksamali
Yiizeylenme ve Oniilke Havza Olusumu ve Doldurulmasi

(Ozet: ic ve Dogu-ic Anadolu'da Neo-Tetis yash bolgelerde yiizeylenen i¢ Anadolu Granitoyidleri (IAG) iizerinde yiiriitilen apatit fizyon-
izi termokronoloji calismalari, bu granitoyidlerin, ardisikli kita-kita carpismalarina bagli olarak meydana gelen sikisma-kisalma
evrelerinde duraksamali olarak yiizeylendiklerini ortaya koymustur. iAG'lerinin Alt-Orta Paleosen sirasindaki yiizeylenmeleri, kuzey
Neo-Tetis'in Izmir-Ankara kolunun dalma-batma sonucu tiiketilmesini takip eden Torid-Anatolid platformu (TAP) ve Avrasya levhasi
(AL) arasindaki carpismaya bagl olarak meydana gelmistir. Dogu-i¢ Anadolu'daki Késedagd pliitonunda belirlenen Oligosen yagli
yuzeylenmenin ise, TAP ve AL arasinda devam edegelen ve ayni zamanda giiney Neo-Tetis okyanusunun dalma-batmasi sonucu
kaynasmis TAP ve AL ile Afro-Arap levhasi arasinda Guneydogu Anadolu’daki Bitlis kenet kusagi boyunca meydana gelen carpismayla
da es zamanl olan sikisma rejimiyle ilgili oldugu sonucuna varilmistir. Dogu-ic Anadolu ve cevresindeki IAG'lerinin duraksamali
yiizeylenmeleri ve 6nillke havza gelisimi ve bunlarin doldurulmasi zaman-konum icinde birliktelik géstermektedir. Oniilke havza
gelisimi, i¢c Anadolu granitoyidlerini de iceren temel kayaclarinin sikisma rejimi altinda hizli yiikselimi sirasinda meydana gelirken; bu
hizli yikselimin ayni zamanda hizli bir erozyon ile dengelenmesi ise bu havzalarin doldurulmasini saglamistir.

Anahtar Sézciikler: duraksamal ylizeylenme, 6niilke havzasi, kabuksal kisalma, Neo-Tetis ¢carpismasi, i¢ Anadolu, Ttrkiye

Introduction

The geological record of the three Neo-Tethyan collisions
is preserved in (circum)-central Anatolia (Figure 1). The
emplacement of the (circum)-central Anatolian granitoids
(CAQ) itself is a post-collisional event related to slab
break-off or lithospheric delamination (Boztug 1998,
2000; Diizgoéren-Aydin et al. 2001; ilbeyli et al. 2004;
ilbeyli 2005; Boztug & Arehart 2007) following the first
collision between an oceanic island arc and Tauride-

Anatolide platform (TAP) resulting from the closure of
northern Neo-Tethys (Boztug et al. 20073, b, ¢; Boztug
& Harlavan 2008), namely the izmir-Ankara-Erzincan
(IAE) ocean (Bozkurt & Mittwede 2001; Bozkurt 2001).
The rapid (> 1 mm a') exhumation of the CAG during
Early to Middle Paleocene (57-62 Ma; Boztug &
Jonckheere 2007) and associated formation of the central
Anatolian foreland basins (CAFB) are interpreted as the
result of crustal shortening due to a second continental
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collision, which occurred between the TAP and Eurasian
plate (EP). The Oligocene (28-30 Ma) fast tectonic uplift
of the Eocene Kdsedad syenitic pluton in northeast-central
Anatolia (Boztug 2008), is reported to be connected with
continuing compression between the TAP and EP (Okay &
Sahintirk 1997), itself synchronous with the far-field
response of the third continental collision between the
Afro-Arabian plate (AAP) and the combined EP and TAP,
following the closure of the southern Neo-Tethys (Boztug
& Jonckheere 2007), namely the Bitlis ocean (Bozkurt &
Mittwede 2001; Bozkurt 2001).

This paper focuses on the spatial and temporal
relationships between the punctuated exhumation of the
CAG and the formation and infilling of the CAFB, driven by
successive shortening episodes triggered by continent-
continent collisions associated with the closure of the
Neo-Tethys Ocean.

Regional Tectonic Setting

The Neo-Tethys in Turkey is divided into two realms,
corresponding to the northern and southern branches of
the Neo-Tethyan ocean (Sengér & Yilmaz 1981; Figure 1).
The northern Neo-Tethys is further made up of two
strands: the IAE ocean between the EP in the north and
the TAP in the south, and the Inner Tauride (IT) ocean
located within the TAP (Sengdr & Yilmaz 1981; Okay &
Taysuz 1999; Bozkurt & Mittwede 2001). The closure of
the IAE ocean occurred in two stages. First the docking of
an oceanic island arc onto the TAP during the Cenomanian—
Turonian emplaced the supra subduction zone-type central
Anatolian ophiolite (SSZ-type CAO). Then during the Early
to Middle Paleocene the actual collision took place between
the TAP and EP along the IAE suture zone (Boztug et al.
2007a, b, ¢; Boztug & Jonckheere 2007). The closure of
the southern branch of Neo-Tethys along the Bitlis suture
zone between the amalgamated EP and TAP in the north
and the AAP in the south (Figure 1) progressed towards
the east. The collision started in Turkey (Eocene: Hempton
1985; Middle Eocene-Miocene: Yiimaz 1993; Oligo-
Miocene: Elmas & Yilmaz 2003; Oligocene—Early Miocene:
Robertson et al. 2006) and reached Iran in the Early
Miocene (Bellahsen et al. 2003). It initiated an
intracontinental shortening phase affecting a large area
between the Greater Caucasus in the north and northern
Arabia in the south (Sengdr et al. 2003). The North
Anatolian Fault Zone (NAFZ) and East Anatolian Fault Zone
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(EAFZ; Figure 1), that accommodate the westward escape
of the Anatolian microplate, are derived from continued
post-collisional convergence between the AAP and the
combined EP and TAP (Sengér & Kidd 1979; Sengér &
Yimaz 1981; Dewey et al. 1986). This replaced the
compressional-extensional regime responsible for tectonic
escape/extrusion that had been established in Eastern
Anatolia by the Early Pliocene (Bozkurt & Mittwede 2001;
Bozkurt 2001).

Geological Setting

The (circum)-central Anatolian granitoids (CAG) intrude
medium- to high-grade metasediments and ophiolites
(CAO) of the Central Anatolian Crystalline Complex (CACC;
Figure 1). They fall into three groups with different
emplacement ages (Boztug et al. 2007a): (1) Cenomanian—
Turonian (94.9+3.4 Ma); (2) Turonian—Santonian
(85.5+5.5 Ma); (3) Campanian (74.9+3.8 Ma).
Hornblende and biotite K-Ar (Boztug & Harlavan 2008)
and “°Ar-*’Ar ages (Kadioglu et al. 2003, 2006; Boztug et
al. 2008) cluster around 75 to 65 Ma indicating rapid
exhumation of a mid-crustal section. Geothermobarometric
studies (Boztug et al. 2007c, d) indicate solidification
between 5.0 kb (~15 km) and 695 °C to 2.0 kb (~7 km)
and 600 °C. The metasedimentary rocks of the CACC were
metamorphosed under medium- to high-grade P-T
conditions. The P-T-t paths indicate peak metamorphism
around 725 °C and ~6 kb (high-T/medium-P) followed by
moderate-T/low-P (550-650 °C, 3-4 kb) metamorphism
associated with the intrusion of the Uckapili granite in the
Nigde Massif (Whitney & Dilek 1997, 1998; Whitney et al.
2001, 2003; Gautier et al. 2008). K-Ar amphibole, biotite
and muscovite ages of the metasedimentary rocks of the
CACC yield Late Cretaceous (68 to 77 Ma) ages in various
parts of central Anatolia, for example in the Kirsehir region
(Erkan & Ataman 1981), in the Nigde Massif (Go&nciioglu
1986) and in the Yildizeli-Sivas region (Alpaslan et al.
1996) (Figure 1). Zircon and monazite U-Pb SHRIMP age
determinations yield ages of 91+2 and 84.7+0.7 Ma,
respectively, in the metamorphic rocks of the Nigde Massif
(Whitney et al. 2003). A monazite U-Pb SHRIMP age of
84.1+0.4 Ma was obtained in the metamorphic rocks of
the Kaman-Kirsehir region by Whitney & Hamilton (2004).
These ages are interpreted as dating peak metamorphism
in the Nigde Massif and Kaman region in central Anatolia.
It is interesting to note that the monazite U-Pb SHRIMP
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Figure 1. Simplified geological setting of (circum)-central Anatolia in Turkey (after Bingdl 1989). Lower-right inset highlights the basement
rocks of the CAFB comprising the ophiolites, granitoids and crustal metasedimentary rocks of the CACC.

ages of both of the Nigde and Kaman region metamorphic
rocks are essentially the same (Whitney et al. 2003;

Whitney & Hamilton 2004).

Punctuated Exhumation of CAG
Apatite fission-track data indicate that the final stages of

the cooling histories of the CAG and CACC are governed by
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fast exhumation and erosion. The age-versus-elevation plot
shows two distinct episodes of rapid unroofing during the
Paleocene (57-62 Ma) for the CAG, with an emplacement
age from Cenomanian—Turonian to Campanian (Boztug et
al. 2007a) and Oligocene (28-30 Ma) for the Eocene
Kbésedag pluton (Boztug 2008) (Figure 2). Rapid cooling is
also found at the beginning of the thermal histories
obtained from modelling the confined track-length data
(Boztug & Jonckheere 2007). These successive denudation
episodes in central Anatolia broadly agree with the fission-
track data of Fayon et al. (2001) insofar as three distinct
stages can be resolved in the exhumation history of the
CAG and CACC.

Formation and Infilling of CAFB

The CAG are overlain by Late Paleocene to Mio—Pliocene
sediments deposited in foreland basins (CAFB). These are
fault-controlled according to Dirik & Gonctoglu (1996),
Erdogan et al. (1996), Poisson et al. (1996); peripheral
foreland basins according to Gorur et al. (1998) and piggy-
back basins according to Gurer & Aldanmaz (2002). A
widespread Late Paleocene to Early/Middle Eocene red
molasse is known as the Barakli Formation (Kara 1991),
incik Formation (Erdogan et al. 1996) or Bahgecik
conglomerate (Poisson et al. 1996). Early Miocene to Mio-
Pliocene sediments belonging to the Kizilirmak formation
(Kara 1991; Poisson et al. 1996; Erdogan et al. 1996)
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Figure 2. Apatite fission-track age (Ma) versus elevation (asl, m) plot of the (circum)-central Anatolian
granitoids (CAG) revealing punctuated exhumation (after Boztug & Jonckheere 2007).
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derived from rapid erosional denudation balancing fast
basement exhumation (Boztug & Jonckheere 2007). Their
relationships indicate that a first episode of accelerated
unroofing started not long before the deposition of the
Late Paleocene to Early/Middle Eocene conglomerates. Fast
erosional denudation, balancing the rapid exhumation,
seems to explain their deposition on top of the basement
metasediments of the CACC, ophiolites (CAO) and
sometimes granitoids (CAG). Similar accelerated
exhumation balanced by fast erosional denudation occurred
during the Oligo—Miocene, as a result of which the Miocene
Kizilirmak Formation was deposited.

The CAFB developed on the IAE and IT suture zones
following the Paleocene collision between the TAP and EP.
Stratigraphic and palaeostress studies in the Cankiri Basin
(Kaymaker et al. 2000, 2003), Sivas Basin (Temiz et al.
1993; Temiz 1996; Ozden et al. 1998) and Tercan-Cayirli
Basin (Temiz et al. 2002) permit reconstruction of their
tectono-stratigraphic development.

Cankiri Basin

The Cankiri Basin is located on the central part of the IAE
suture. Its basement is made up of CACC metamorphics
with CAG on its southern and CAO on its northern margin.
Kaymakcl et al. (2000, 2003) distinguished five
sedimentation cycles in the basin sequence (Figure 3a): (1)
Upper Cretaceous volcaniclastics and shallow marine units
and Paleocene red clastics and carbonates; (2) Paleocene to
Oligocene regressive flysch to molasse; (3) Lower to Middle
Miocene fluvio-lacustrine clastics; (4) Upper Miocene fluvio-
lacustrine deposits; (5) Plio—Quaternary alluvial fan
deposits and recent alluvium. Kaymakci et al. (2000,
2003) recognized three tectonic phases based on
palaeostress inversion. The first tectonic phase is Late
Paleocene to pre-Burdigalian transpression, the second
phase is Burdigalian to Serravallian extension and the third
is current transcurrent tectonics controlled by the North
Anatolian Fault Zone.

Sivas Basin

The Sivas Basin is located between the CACC and the
Taurus belt on the IT suture. Its northern margin is
underlain by CACC metamorphic rocks and Late Cretaceous
ophiolitic mélange. The northern margin succession is made
up of a Late Paleocene—Early Eocene delta conglomerate
(Bahgecik) deposited on top of ophiolitic mélange thrust

sheets. The northern margin of the Sivas Basin suffered
shortening during the Oligocene. A north-dipping
imbricated fan developed due to thick-skinned tectonics
that affected the ophiolitic mélange as well as the Bahgecik
conglomerate (Temiz 1996). It is unconformably overlain
by Lower Miocene shallow marine carbonates. Oligocene
thick-skinned thrust tectonics caused fast exhumation and
erosion of the northern margin. During the Oligocene, thick
red beds (Selimiye and Karayln formations) and evaporites
(Hafik formation) were deposited in the centre (Temiz
1996) (Figure 3b). The Middle Miocene is characterized
by shortening and thickening of the entire basin by south-
verging thrusts (Temiz et al. 1993; Guezou et al. 1996;
Poisson et al. 1996). The last tectonic phase corresponds
to the Sivas back-thrust along the northern margin. The
Oligocene gypsum-bearing Hafik formation was thrust
onto upper Miocene continental deposits to the north
(Poisson et al. 1992).

The northeastern end of the Sivas Basin overlies
ophiolitic mélange thrust sheets (the Triassic-Campanian
Munzur limestone, Ozgil & Tursucu 1983) and is
truncated by the NAFZ. Lower-Middle Eocene
volcaniclastics were deposited on the basement. The
Eocene is covered by a thick Oligocene molasse of red
clastics and evaporites, reflecting a foreland basin
development in front of the south-vergent thrust systems
(Temiz et al. 1993; Temiz 1996). A Lower—Middle
Miocene shallow marine sequence was deposited on the
Oligocene sediments. These basin sequences were
shortened by south-vergent thrust systems in the Middle
Miocene (Figure 3c).

Tercan-Cayirli Basin

The Tercan-Cayirli Basin is located on the eastern IAE
suture (see Figure 1). It developed on top of Upper
Cretaceous ophiolitic mélange and pre-Jurassic low-grade
metamorphic thrust sheets as a foreland basin during the
Oligocene (Temiz et al. 2002). A thick red continental
coarse-grained molasse was deposited in front of the
southward advancing basement thrust sheets. An Early
Miocene transgression, which included a shallow marine
sequence, covered the basin. To the south, Lower—Middle
Miocene continental to shallow marine deposits are
imbricated with ophiolitic mélange and metamorphic
basement rocks. The Late Miocene—Early Pliocene is
represented by basaltic-andesitic volcanism and continental
sediments deposited in foreland basins.
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Coarse fluviatile clastics were deposited in strike-slip-
fault controlled basins during the Quaternary. Tectonic
deformation of the Northeast Anatolian Block and the
Tercan-Cayirli Basin is controlled by thrust tectonics in the
Oligocene, and Late Miocene to Early Pliocene and by
strike-slip tectonics in the Late Pliocene to Quaternary. The
tectonic deformation of the Tercan-Cayirli Basin reflects
the combined effect of Oligocene, Late Miocene—Early
Pliocene southward accretion and Late Pliocene—
Quaternary transcurrent tectonics (Temiz et al. 2002;
Figure 3d).

Discussion

A comparison of the geothermochronological and tectono-
stratigraphic data reveals a temporal correlation between
the exhumation of the circum-CAG and the formation and
infilling of the surrounding CAFB. This exhumation is
proposed to occur along buried thrust faults driven by
regional compression caused by the collision between the
TAP and EP (Figure 4a—c). This compression also created
the CAFB (Figure 4d, e). The basement exhumation
triggered accelerated erosion and the erosion products
were deposited in the CAFB (Figure 4f). This scenario is
supported by the Paleocene—Eocene stratigraphic age of
the basal conglomerate of the Barakli formation which
overlies the CACC and CAG. The second exhumation phase
of the CACC, circum-CAG and cover rocks occurred in the
Oligo—Miocene following the collision  between
amalgamated EP and TAP and AAP, which also produced
the widespread Oligo—Miocene to Mio-Pliocene
transpressional or ramp basins in central and east central
Anatolia. The Mio—Pliocene age of the Kizilirmak formation
is consistent with this view (Figure 5).

The tectono-stratigraphic data show four contractional
phases and associated uplift events: (1) obduction of the
ophiolitic mélange onto the continental margin of the TAP
(Kirsehir, Taurus; Ozgil & Tursucu 1980; Parlak et al.
1996) in the Maastrichtian to Early Paleocene; (2) Late
Eocene to Oligocene imbrication of basement rocks with
Upper Paleocene to Lower Eocene sediments and
formation of olisthostromes along the southern margins
of the Sivas Basin (Yassipinar olisthostrome; Gokten
1983); the olistholiths are derived from the ophiolitic
mélanges and Late Cretaceous to Early Paleocene reef
carbonates (Tecer limestone) at the southern margin of
the Sivas Basin; (3) major continental shortening during

the Middle Miocene involving both south- and north-
vergent thrusts affected the CAFB surrounding the Kirsehir
Massif; (4) Early Pliocene shortening due to back-thrusting
along the northern margin of the Sivas Basin (Poisson et al.
1996).

It thus seems that three exhumation phases of the
circum-CAG and CACC are reflected in the apatite fission-
track ages and that a fourth might be inferred from the
results of T-t-modelling of the fission-track-lengths
(Boztug & Jonckheere 2007). The 57-62 Ma age cluster
dates the tail end of a rapid exhumation of the CAG
associated with crustal shortening induced by the collision
of the TAP and the EP along the IAE suture zone after the
closure of the IAE branch of the northern Neo-Tethys. The
28-30 Ma age cluster for the Eocene Késedag pluton
(Boztug 2008) dates the final stage of thrusting and
exhumation induced by the compression caused by
continuing convergence between the EP and the TAP (Okay
& Sahintirk 1997), which seems also to be coeval with the
far-field response of the collision of the fused EP-TAP and
the AAP along the Bitlis suture zone after the closure of the
southern branch of Neo-Tethys. The exhumation of the
Nigde core complex at 9-12 Ma (Fayon et al. 2001)
reflects a third tectonic phase that affected the CAFB
surrounding the Kirsehir Massif. Fayon & Whitney (2007)
conclude, moreover, that the fission-track data indicate
exhumation-related cooling ages rather than an age of
resetting by the widespread Cappadocian volcanic eruptions
in central Anatolia, as proposed by Gautier et al. (2002).
The T-t modelling results of Boztug & Jonckheere (2007)
are consistent with rapid cooling at about 3 to 5 Ma that
can be assumed to reflect a fourth Early Pliocene thrusting
event. It should be stressed that the modelling results
allow, but do not prove this event.

It is a problem that the thrust faults controlling the
CAFB cannot be observed in the field anywhere in central
or east-central Anatolia. It is possible that they are
concealed by the sediment cover or thrust pile. A similar
problem is also reported for the Himalayan Eocene-
Oligocene foreland basins. These are known to have
formed in response to the India-Asia collision during the
Late Paleocene to Early Eocene (Acharyya 2007).
According to Acharyya (2007), the Palaeogene sediments,
although discontinuously exposed, are remarkably similar
in their character and organization, and are virtually
concealed tectonically in the eastern Himalayas.
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Figure 4. Emplacement and exhumation history of the CAG in relation to the evolution of the izmir-Ankara-Erzincan ocean belonging to
northern Neo-Tethys (a—c) (after Boztug & Jonckheere 2007); development of CAFB under compressional regime due to
continent-continent collision between the TAP and EP (d—f) (simplified after Egan & Williams 2007) and their infilling materials
in various localities in central Anatolia (see text for further explanation).
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Oligocene tectonic exhumation of the Késedag pluton and accompanying
formation of south-verging foreland (ramp) basin due to on-going
convergence between the EP and the TAP in north-east central Anatolia
(east-central Pontides) which seems to be synchronous with the far-field
response of collision between the TAP and AAP along the BZ suture zone.

N East Anatolian S
1 ted EP Accretionary o
a;?l% %ﬁ?aaelong Complex Bitlis-Zagros (BZ)
the IAES zone A A suture zone
S s AV IR %) :
/ .
AN x{lqur}_-Arabmn
7 plafe (AAP)

Figure 5. Oligocene exhumation of the K&sedag pluton and accompanying formation of
forlend (ramp) basin around the Susehri-Sivas region, north-east central Anatolia,
Turkey (modified after Sengor et al. 2003 and Boztug & Jonckheere 2007).

Many NW-SE- and NE-SW-trending faults have been
mapped in central Anatolia, but they are associated with
neotectonic deformation after the Mio—Pliocene (Figure 1;
Bozkurt 2001; Bozkurt & Mittwede 2001). Some of the
faults cut both cover and basement and could be
reactivated older faults. In particular, those along the
contacts between the basement rocks and cover units
(Figure 1) could follow persistent zones of weakness.
Bozkurt (2001) pointed out that isolated pieces of
continental lithosphere deformed internally along new
structures or reactivated older structures during the
neotectonic episode in central Anatolia.

Umhoefer et al. (2007) and Whitney et al. (2007,
2008) used the concept of yo-yo tectonics to explain the
alternation of burial and exhumation documented by U-Pb,
Ar-Ar and apatite fission-track data in the Nigde Massif.
The yo-yo tectonics in central Anatolia are considered to
start with a Late Cretaceous to Middle Eocene basement
exhumation and erosion to produce the conglomerate
deposited at the edge of a marine basin along the central
Anatolian Fault Zone (CAFZ), followed by re-burial of the
basement and cover sediments, and final exhumation in the
Middle Miocene (9-12 Ma) in the Nigde Massif in south-
central Anatolia (Umhoefer et al. 2007). The punctuated
exhumation of the CAG and basement rocks seems to be
consistent with the concept of yo-yo tectonics. On the other
hand, it seems to be interesting to study whether the yo-
yo tectonics concept can be applied more broadly than the
Nigde Massif. Some additional studies comprising high-,

medium- to low-T geochronology in the basement rocks,
metamorphic P-T paths and tectono-stratigraphy of the
sedimentary rocks deposited in the CAFB would be
appreciated to test this concept in (circum)-central Anatolia,
Turkey.

Conclusion

The CAG were exhumed in successive phases. The first
Early to Middle Paleocene phase was driven by the collision
between the TAP and EP, following the closure of the IAE
ocean to the north. Upper Paleocene—-Eocene and Oligo-
Miocene to Mio—Pliocene infillings of fault-controlled
foreland basins are the erosion products of the exhumed
CAG and basement. Later, during the Oligocene, driven by
the collision of the fused EP-TAP with the AAP following
the closure of Bitlis ocean in the southeast, shortening is
considered also to be responsible for the formation of
Oligo—Miocene transpressional basins in central and east-
central Anatolia.

Acknowledgement

This paper is part of a project supported by TUBITAK-
Ankara (102'Y 149) and CUBAP of Cumhuriyet University
(M-255), Sivas, Turkey. Prof. D. Boztug is indebted to
TUBITAK for a TUBITAK-BAYG grant, to DFG for a
TUBITAK-DFG grant, and to DAAD for a grant to do
research in the laboratories of the Geological Institute of
the TU Bergakademie Freiberg, Germany. R. Jonckheere

681



PUNCTUATED EXHUMATION AND FORELAND BASIN FORMATION

and L. Ratschbacher received support from the Deutsche
Forschungsgemeinschaft. Prof. Donna L. Whitney
(University of Minnesota, USA) and Prof. Aral Okay (iTU,
istanbul, Turkey) are kindly thanked for their reviews and

References

AcHARYYA, S.K. 2007. Evolution of the Himalayan Paleogene foreland
basin, influence of its litho-packet on the formation of thrust related
domes and windows in the eastern Himalayas: a review. Journal
of Asian Earth Sciences 31, 1-17.

AvpasLan, M., Guezou, J.C., BonHoMME, M.G. & BoztuG, D. 1996. Yildizeli
metasedimanter grubu icindeki Findicak metamorfitinin
metamorfizmasi ve yast [The metamorphism and the age of the
Findicak metamorphite in the Yildizeli metasedimentary group].
Tirkiye Jeolgji Biilteni 39, 19-29 [in Turkish with English
abstract].

BELLAHSEN, N., FACCENNO, C., FUNICIELLO, F., DANIEL, J.M. & JoLIveT, L. 2003.
Why did Arabia separate from Africa? Insights from 3-D laboratory
experiments. Earth and Planetary Science Letters 216, 365-381.

BinGoL, E. 1989. 1:2.000.000 Olgekli Ttirkiye Jeoloji Haritasi [Geological
Map of Turkey, Scale 1:2.000.000]. General Directorate of Mineral
Research and Exploration (MTA) Publications, Ankara, Turkey.

Bozkurr, E. 2001. Neotectonics of Turkey—a synthesis, Geodinamica Acta
14, 3-30.

Bozkurt, E. & Mittwepg, S.K. 2001. Introduction to the geology of
Turkey — a synthesis, International Geology Review 43, 578-594.

Bozrug, D. 1998. Post-collisional central Anatolian alkaline plutonism,
Turkey. Turkish Journal of Earth Sciences 7, 145-165.

BoztuG, D. 2000. S-I-A-type intrusive associations: geodynamic
significance of synchronism between metamorphism and
magmatism in Central Anatolia, Turkey. In: Bozkurt, E.,
WINCHESTER, J. & PIPER, J.A. (eds), Tectonics and Magmatism in
Turkey and the Surrounding Area. Geological Society, London,
Special Publications 173, 407-424.

Boztug, D. 2008. Petrogenesis of the Kdsedag pluton, Susehri-NE Sivas,
east-central Pontides, Turkey. Turkish Journal of Earth Sciences
17, 241-262.

BoztuG, D. & AReHART, G.B. 2007. Oxygen and sulfur isotope
geochemistry revealing a significant crustal signature in the genesis
of the post-collisional granitoids in central Anatolia, Turkey. Journal
of Asian Earth Sciences 30, 403-416.

Boztug, D., AREHART, G.B., PLATEVOET, B., HARLAVAN, Y. & Bonin, B. 2007c.
High-K calc-alkaline I-type granitoids from the composite Yozgat
batholith generated in a post-collisional setting following continent-
oceanic island arc collision in central Anatolia, Turkey. Mineralogy
and Petrology 91, 191-223.

BozTug, D., GuNEY, O., HEIZLER, M., JONCKHEERE, R.C., TicHOMIRowA, M. &
Otw, N. 2008. *Pb-**Pb, “Ar-*Ar and fission-track
geothermochronology quantifying cooling and exhumation history
of the Kaman-Kirsehir region intrusives, Central Anatolia, Turkey.
Turkish Journal of Earth Sciences (in press).

682

helpful comments which improved the manuscript. Prof.
Erdin Bozkurt (METU, Ankara, Turkey) is kindly thanked
for his editorial handling.

BozTuG, D., HARLAVAN, Y., AREHART, G. B., SATIR, M. & Avci, N. 2007b. K-
Ar age, whole-rock and isotope geochemistry of A-type granitoids
in the Divrigi-Sivas region, eastern-central Anatolia, Turkey. Lithos
97, 193-218.

Boztug, D. & JonckHEERE, R.C. 2007. Apatite fission-track data from
central-Anatolian granitoids (Turkey): constraints on Neo-Tethyan
closure. Tectonics 26, TC3011.

BozTug, D., TicHoMIRowa, M. & BomsacH, K. 2007a. “’Pb-"*Pb single-

zircon evaporation ages of some granitoid rocks reveal
continent-oceanic island arc collision during the Cretaceous
geodynamic evolution of the central Anatolian crust, Turkey.
Journal of Asian Earth Sciences 31, 71-86.

BoztuG, D. & HaRrLavan, Y. 2008. K-Ar ages of granitoids unravel the
stages of Neo-Tethyan convergence in the eastern Pontides and
central Anatolia, Turkey. International Journal of Earth Sciences
97, 585-599.

BoztugG, D., JONCKHEERE, R., HEIZLER, M., RATSCHBACHER, L., HARLAVAN, Y. &
TicHomIrRowA, M. 2008. Timing of post-obduction granitoids from
intrusion through cooling to exhumation in central Anatolia, Turkey.
Tectonophysics (doi:10.1016/j.tecto.2008.05.035).

Dewey, J.F., HempTon, M.R., Kiop, W.S.F., SaroGLu, F. & SENGOR, A.M.C.
1986. Shortening of continental lithosphere: the neotectonics of
Eastern Anatolia — a young collision zone. In: Cowarp, M.P. & RIES,
A.C. (eds), Collision Tectonics. Geological Society, London, Special
Publications 19, 3-36.

Dirik, K. & GoncuocLy, M.C. 1996. Neotectonic characteristics of Central
Anatolia. International Geology Review 38, 807-817.

DuzGOReEN-AYDIN, N., MaLpas, W., GoncuoGLy, M.C. & ERLER, A. 2001. A
review of the nature of magmatism in central Anatolia during the
Mesozoic post-collisonal period. International Geology Review 43,
695-710.

Ecan, S. & WiLLiams, G. 2007. Foreland basins. www.esci.keele.ac.uk/
people/sse/ teaching/foreland/forelandBasins.htm

Ewmas, A. & Yilmaz, Y. 2003. Development of an oblique subduction zone
— Tectonic evolution of the Tethys suture zone in southeast Turkey.
International Geology Review 45, 827-840.

ERDOGAN, B., Akav, E. & UGUR, M.S. 1996. Geology of the Yozgat region
and evolution of the collisional Cankiri Basin. International Geology
Review 38, 788-806.

ERKAN, Y. & Ataman, G. 1981. Orta Anadolu Masifi (Kirsehir yoresi)
metamorfizma yasi Uzerine K-Ar yontemi ile bir inceleme [A study
on the age of metamorphism of central Anatolian Massif, (Kirsehir
region) by K-Ar method]. Hacettepe Yerbilimleri 8, 27-30 [in
Turkish with English abstract].



D. BOZTUG ET AL.

Favon, A.K. & WHiTNEY, D.L. 2007. Interpretation of tectonic versus
magmatic processes for resetting apatite fission track ages in the
Nigde Massif, Turkey. Tectonophysics 434, 1-13.

Favon, A.K., WHITNEY, D.L., TEYSSIER, C., GARVER, J.I. & DiLek, Y. 2001.
Effects of plate convergence obliquity on timing and mechanisms of
exhumation of a mid-crustal terrain, the Central Anatolian
Crystalline Complex. Earth and Planetary Science Letters 192, 191—
205.

GAUTIER, P., Bozkurt, E., Haot, E. & Dirik, K. 2002. Dating the
exhumation of a metamorphic dome: geological evidence for pre-
Eocene unroofing of the Nigde Massif (Central Anatolia, Turkey).
Geological Magazine 139, 559-576.

GAUTIER, P., Bozkurrt, E., Bossk, V., HaLot, E. & Dirik, K. 2008. Coeval
extensional shearing and lateral underflow during Late Cretaceous
core complex development in the Nigde Massif, Central Anatolia,
Turkey. Tectonics 27, TC1003.

GOKTEN, E. 1983. Sarkigla (Sivas) guney-gineydogusunun stratigrafisi ve
Jjeolojik evrimi [Stratigraphy and geological evolution of the south-
southeast of Sarkisla]. Tirkiye Jeolgji Kurumu Bllteni 26,
167-176 [in Turkish with English abstract].

GoncuodLu, M.C. 1986. Geochronological data from the southern part
(Nigde area) of the Central Anatolian Massif. Mineral Research and
Exploration Institute (MTA) of Turkey Bulletin 105/106, 83-96.

GORUR, N. Toysuz, O. & SENGOR, A.M.C. 1998. Tectonic evolution of the
central Anatolian basins. International Geology Review 40, 831—
850.

Guezou, J.C., Temiz, H., Poisson, A. & GUrsoy, H. 1996. Tectonics of the
Sivas Basin: the Neogene record of the Anatolian accretion along the
Inner Tauric suture. International Geological Review 38, 901-925.

Gurer, O.F. & Awpanmaz, E. 2002. Origin of the Upper Cretaceous—
Tertiary sedimentary basins within the Tauride-Anatolide platform
in Turkey. Geological Magazine 139, 191-197.

HempToN, M.R. 1985. Structure and deformation history of the Bitlis
suture near Lake Hazar, Southeastern Turkey. Geological Society of
America Bulletin 96, 233-243.

iLBevLi, N. 2005. Mineralogical-geochemical constraints on intrusives in
central Anatolia, Turkey: tectono-magmatic evolution and
characteristics of mantle source. Geological Magazine 142, 187—-
207.

iLBevii, N., Pearce, J.A., THiRwaLL, M.F. & Mitchew, J.G. 2004.
Petrogenesis of collision-related plutonics in central Anatolia,
Turkey. Lithos 72, 163-182.

inan, N. & INan, S. 1999. Tokus Formasyonunun yasi ve ¢okelme ortamina
iliskin yeni bulgular (Sivas, Turkiye) [New findings on the age and
depositional conditions from the Tokus Formation (Sivas, Turkiye)].
Geological Bulletin of Turkey 42, 119-130.

KabioGu, Y.K., Ditek, Y., GoUle¢, N. & Fowanp, K.A. 2003.
Tectonomagmatic evolution of bimodal plutons in the Central
Anatolian Crystalline Complex, Turkey. Journal of Geology 111,
671-690.

KapioGu, Y.K., DiLek, Y. & Foranp, K.A. 2006. Slab break-off and
syncollisional origin of the Late Cretaceous magmatism in the
Central Anatolian crystalline complex, Turkey. [n: DiLek, Y. &
PavLiDEs, S. (eds), Postcollisional Tectonics and Magmatism in the
Mediterranean Region and Asia. Geological Society of America,
Special Paper 409, 381-415

Kara, H. 1991, 1:100.000 Olcekli Kirsehir G-18 Paftasi Jeolgji Haritasi
[Geological Map of the Kirsehir G-18 Quadrangle, Scale
1:100.000]. General Directorate of Mineral Research and
Exploration (MTA) Publications, Ankara, Turkey.

Kaymakcl, N. WHITE, S.H. & Van Duk, P.M. 2000. Paleostress inversion in
a multi-phase deformed area: kinematic and structural evolution of
the Cankiri Basin (central Turkey): Part 1. In: Bozkurr, E.,
WINCHESTER, J.A. & PIPER, J. (eds), Tectonics and Magmatism in
Turkey and the Surrounding Area. Geological Society, London,
Special Publications 173, 445-473.

Kavymakct, N., WHiTE, S.H. & Van Duk, P.M. 2003. Kinematic and
structural development of the Cankiri Basin (central Anatolia,
Turkey): a paleostress inversion study. Tectonophysics 364, 85—
113.

Okay, Al & Sanintork, 0. 1997. Geology of the Eastern Pontides. In:
RoBiNson, A.G. (ed), Regional and Petroleum Geology of the Black
Sea and Surrounding Region. Association of American Petroleum
Geologists Memoir 68, 291-311.

Okay, Al & Tuysuz, 0. 1999. Tethyan sutures of northern Turkey. In:
DuranD, B., JouVET, L., HORVATH, F. & SERANNE, M. (eds), The
Mediterranean Basin: Tertiary Extension within the Alpine Orogeny.
Geological Society, London, Special Publications 156, 475-515.

OzpeN, S., Poisson, A., OzTURK, A., BELLIER, J.P., BLONDEAU, A. & WERNLI, R.
1998. Tectonostratigraphic relationships between the North
Anatolian thrust zone (NATZ) and the Kirsehir Massif to the North
of Sivas (Turkey). Comptes Rendus de L'académie des Sciences
Serie Il Fascicule A-Sciences de la Terre et des Planetes 327, 705-
711.

OzauL, N. & Tursucu, A. 1983. Stratigraphy of the Mesozoic carbonate
sequence of the Munzur Mountains (Eastern Taurus). Proceeding
of the International Symposium on the Geology of the Taurus Belt,
Ankara, 173-181.

ParLak, O., YiLmaz, H. & BozTuG, D. 2006. Origin and tectonic significance
of the metamorphic sole and isolated dykes of the Divrigi Ophiolite
(Sivas, Turkey): Evidence for slab break-off prior to ophiolite
emplacement. Turkish Journal of Earth Sciences 15, 25-45.

Poisson, A.M., Temiz, H. & Gursoy, H. 1992. Pliocene thrust tectonics in
the Sivas Basin near Hafik (Turkey): southward fore thrust and
associated northward back thrusts. Cumhuriyet Universitesi
Muhendislik Fakultesi Dergisi Seri A Yerbilimleri 9, 19-26.

Poisson, A., Guezou, J.C., OzTurk, A., iNaN, S., Temiz, H., Gursoy, H.,
Kavak, K.T. & Ozpen, S. 1996. Tectonic setting and evolution of
the Sivas Basin, Central Anatolia, Turkey. International Geology
Review 38, 838-853.

RoBERTSON, A.H.F., USTAOMER, T., PaRLAK, O., UNLiGenc, U.C., Tast, K. &
inan, N. 2006. The Berit transect of the Tauride thrust belt, S
Turkey: Late Cretaceous—Early Cenozoic accretionary/collisional
processes related to closure of the Southern Neotethys. Journal of
Asian Earth Sciences 27, 108-145.

683



PUNCTUATED EXHUMATION AND FORELAND BASIN FORMATION

SENGOR, A.M.C. & Kipp, W.S.F. 1979. The post-collisional tectonics of the
Turkish-Iranian Plateau and a comparision with Tibet.
Tectonophysics 55, 361-376.

SENGOR, A.M.C., OzeReN, S., GENG, T. & ZoRr, E. 2003. East Anatolian high
plateau as a mantle-supported, north—-south shortened domal
structure. Geophysical Research Letters 30(24), 8045, doi: 10.
1029 / 2003 GLO17858.

SENGOR, A.M.C. & Yiumaz, Y. 1981. Tethyan evolution of Turkey: a plate
tectonic approach. Tectonophysics 75, 181-241.

Temiz, H. 1996. Tectonostratigraphy and thrust tectonics of the central
and eastern parts of the Sivas Tertiary basin, Turkey. International
Geology Review 38, 957-971.

Temiz, H., Guezou, J.C., Poisson, A.M. & Tutkun, S.Z. 1993.
Tectonostratigraphy and kinematics of the eastern end of the Sivas
Basin (Central Eastern Turkey): Implications for the so-called
‘Anatolian Block'. Geological Journal 28, 239-250.

Temiz, H., Guezou, J.C., TATAR, O., UNLUGENG, U. & Poisson, A. 2002.
Tectonostratigraphy of the Tercan-Cayirli Basin: implications for
the Neogene—Quaternary tectonic deformation of the northeast
Anatolian Block (NE Turkey). International Geology Review 44,
243-253.

UMHOEFER, P.J., WHITNEY, D.L., TEYSSIER, C., Favon, A.K., CasaLg, G. &
HEizLER, M. 2007. Yo-yo tectonics in a wrench zone, central
Anatolia. /n: RoESkE, S., TiLL, A.B. & FosTer, D. (eds), Strike-Slip
Faults and Exhumation. Geological Society of America, Special Paper
434, 35-57.

WHiTNEY, D.L. & Ditek, Y. 1997. Core complex development in central
Anatolia. Geology 25, 1023-1026.

WHITNEY, D.L. & DiLEkK, Y. 1998. Metamorphism during crustal thickening
and extension in central Anatolia: the Nigde metamorphic core
complex. Journal of Petrology 39, 1385-1403.

WHitNey, D.L. & Hawmicton, M.A. 2004. Timing of high-grade
metamorphism in central Turkey and the assembly of Anatolia.
Journal of the Geological Society, London 161, 1-6.

WHITNEY, D.L., TEYSSIER, C., DiLEK, Y. & Favon, A.K. 2001. Metamorphism
of the Central Anatolian Crystalline Complex, Turkey: influence of
orogen-normal collision vs wrench dominated tectonics on P-T—t
paths. Journal of Metamorphic Geology 19, 411-432.

WHITNEY, D.L., TEYSSIER, C., Favon, A.K., HamiLTon, M.A. & HEIZLER, M.
2003. Tectonic controls on metamorphism, partial melting, and
intrusion: timing and duration of regional metamorphism and
magmatism in the Nigde Massif, Turkey. Tectonophysics 376, 37—
60.

WHITNEY, D.L., Tevssier, C. & Heizter, M.T. 2007. Gneiss domes,
metamorphic core complexes, and wrench zones: thermal and
structural evolution of the Nigde Massif, central Anatolia. Tectonics
26, doi: 10.1029/2006TC002040.

WHITNEY, D.L., UMHOEFER, P.J., TEVSSIER, C. & Favon, A.K. 2008. Yo-yo
tectonics of the Nigde Massif during wrenching in central Anatolia.
Turkish Journal of Earth Sciences 17, 209-217.

Yiumaz, Y. 1993. New evidence on the evolution of the southeast Anatolian
orogen. Geological Society of America Bulletin 105, 251-271.

Received 13 November 2007; revised typescript received 14 February 2008; accepted 31 March 2008

684



