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Abstract: The Kaman-Kirsehir region intrusions were generated in a post-collisional extensional setting following Cenomanian—
Turonian docking of an oceanic island arc, comprising the supra-subduction zone (SSZ) Central Anatolian ophiolite (CAO), onto the
Tauride-Anatolide Platform (TAP). These granitoids have been named, from N to S, the Camsari quartz syenite, Hamit quartz syenite,
Bayindir nepheline-cancrinite syenite, Durmuslu nepheline-nosean-melanite syenite porphyry and Baranadag quartz monzonite. They
intrude the crustal metasediments of the Central Anatolian Crystalline Complex (CACC) and CAO and are unconformably overlain by
Upper Paleocene to Lower-Middle Eocene sediments.

The single-zircon **’Pb-***Pb evaporation age of the Camsari unit is 95.7+5.1 Ma; those of the Hamit and Baranadag units are
indistinguishable with a weighted mean of 74.3+4.5 Ma. The amphibole “°Ar-*’Ar ages of the Hamit and Baranadag units are almost
identical with a weighted mean of 72.7+0.1 Ma. The apatite fission-track age vs elevation plot for the Camsari, Hamit, Durmuslu
and Baranadag samples reveals rapid exhumation (>1 km/Ma) between ~57 and ~61 Ma, consistent with the results of track-length
modelling. This Early-Middle Paleocene rapid exhumation is thought to result from uplift triggered by continent (TAP) — continent
(Eurasian plate; EP) collision following the closure of izmir-Ankara-Erzincan (IAE) ocean that also initiated the formation of
peripheral foreland basins in central Anatolia.

Key Words: single zircon *’Pb-"*Pb, amphibole “’Ar-*Ar, apatite fission-track, cooling, exhumation, Kaman-Kirsehir region, central
Anatolia, Turkey

Kaman-Kirsehir Yéresi Intriizyonlarinin “’Pb-***Pb, “’Ar-*Ar ve
Fizyon Izi Jeotermokronolojisi Yontemleriyle Soguma ve
Yiizeylenme Tarihcelerinin Belirlenmesi, Orta Anadolu, Tiirkiye

Ozet: Kaman-Kirsehir yoresi granitik intriizyonlari, Torid-Anatolid platformu (TAP) ve yitim zonu iizerinde gelisen Orta Anadolu
Ofiyolitini (OAOQ) iceren okyanusal ada yay! arasinda Senomaniyen—TUroniyen'de gerceklesen Kita-okyanusal ada yayi carpismasi
sonrasi gerilme rejiminde olusmusglardir. Bu granitoyidler, kuzeyden glneye dogru, Camsari kuvars siyeniti, Hamit kuvars siyeniti,
Bayindir nefelin-kankrinit siyeniti, Durmuslu nefelin-nozeyan-melanit siyenit porfiri ve Baranadag kuvars monzoniti birimlerinden
olusur. Bu intrizif kayaclar, Orta Anadolu Kristalin Karmasigina (OAKK) ait metamorfik kayaclarla OAO'ne ait birimleri sicak
dokanakla keser ve Ge¢ Paleosen—Erken/Orta Eosen yasli sedimanter birimler tarafindan uyumsuz olarak ¢rtilurler.

Camsari kuvars siyenitinin tek zirkon “’Pb-"®Pb buharlasma yasi 95.7+5.1 My olarak bulunmustur; Hamit ve Baranadagd
birimlerinin yagslari ise birbirlerinden ayirt edilemeyecek derecede yakin olup, agirlikli ortalama yaslari 74.3+4.5 My olarak
belirlenmistir. Benzer sekilde, Hamit ve Baranadag birimlerinin amfibol “’Ar->°Ar yaslari da birbirlerinden ayirt edilemeyecek derecede
yakindir ve agirlikli ortalama yas 72.7+0.1 My olarak belirlenmistir. Camsari, Hamit, Baranadag ve Durmuslu birimlerinin apatit
fizyon izi yas verilerinin (deniz dizeyinden) ylkseklige gore degisimleri incelendiginde, ~57 ve ~61 My araliginda oldukca hizli bir
yukselme hiziyla (> 1 km/My) yuzeylendikleri belirlenmistir. BOyle bir ylzeylenme tarihcesi, ayni zamanda, fizyon izi uzunluk
Olcimlerine dayali zaman-sicaklik modelleme calismalariyla da desteklenmistir. Apatit fizyon izi jeotermokronolajisi verileriyle
belirlenen Erken—Orta Paleosen yasli bu hizli yiizeylenmenin, izmir-Ankara-Erzincan (IAE) okyanusunun kapanmasini takiben TAP ve
Avrasya Levhasi (AL) arasinda gelisen kita-kita carpismasina bagl sikisma rejimiyle meydana geldigi ve hatta bu sirada Orta Anadolu
oniilke basenlerinin de (OAOB) acildigi ileri siiriimektedir.

Anahtar Sozctkler: tek zirkon *’Pb-**Pb, amfibol “°Ar-*Ar, apatit fizyon izi, tektonik yiizeylenme, soguma tarihcesi, Kaman-
Kirsehir intrizifleri, Orta Anadolu, Turkiye



COOLING AND EXHUMATION OF THE KAMAN-KIRSEHIR REGION INTRUSIONS

Introduction

Most geochemical and petrogenetic studies of the Central
Anatolian Granitoids (CAG; Figure 1) place them in a post-
collisional setting, related to the evolution of the izmir-
Ankara-Erzincan ocean, a strand of the northern Neo-
Tethys (Akiman et al. 1993; Erler & Goéncioglu 1996;
Boztug 1998, 2000; Duzgoéren-Aydin et al. 2001; Koksal
et al. 2001, 2004; ilbeyli et al. 2004; ilbeyli 2005;
Boztug & Arehart 2007; Koksal & Goncioglu 2008).
Kadioglu et al. (2003), in contrast, proposed an Andean
type arc-related setting for the Agagdren intrusive suite
from the western part of the Central Anatolian
Granitoids. Boztug et al. (2007a, b) and Boztug &
Jonckheere (2007) reported that collision occurred
during Cenomanian—-Turonian time between the Tauride-
Anatolide Platform (TAP) and an intra-oceanic island arc,
comprising the supra-subduction zone (SSZ) type central
Anatolian ophiolites (CAQ).

Geochronological studies of the CAG can be subdivided
into three groups on the basis of the closure
temperatures (T.; Dodson 1973, 1979) of the
radiometric system: (1) high-T. methods, giving intrusion
ages (Ataman 1972; Goncloglu 1986; Gindogdu et al.
1988; Zeck & Unlu 1988; Kuru¢ 1990; Giileg 1994;
Whitney et al. 2003; Koksal et al. 2004; Boztug et al.
2007b); (2) medium-T. methods, giving cooling ages
(Gonctoglu 1986; Yaliniz et al. 1999; Whitney et al.
2003; Kadioglu et al. 2003; ilbeyli et al. 2004; Tatar &
Boztug 2005; Onal et al. 2005; Boztug & Harlavan 2008;
Boztug et al. 2007a) and (3) low-T. methods, giving
exhumation ages (Fayon et al. 2001; Boztug &
Jonckheere 2007; Fayon & Whitney 2007). These studies
indicate an intrusion period ranging from early Late
Cretaceous (Cenomanian—-Turonian) to Campanian, a
cooling period from the Campanian to the Maastrichtian
and an exhumation period from the Paleocene through
the Oligocene to the Miocene.

The present investigation aims to put age constraints
on the emplacement, cooling and exhumation of the
Kaman-Kirsehir-region intrusions (Figures 1 & 2) based
on new single-zircon ““’Pb-*®Pb evaporation ages,
hornblende “°Ar-*’Ar ages and apatite fission-track ages
supplemented with track-length data.

Geological Background

The mineralogical-petrographical and whole-rock
geochemical characteristics of the intrusive rocks were
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previously reported by Otlu & Boztug (1998). The crustal
metasediments of the Central Anatolian Crystalline
Complex (CACC) surrounding the Baranadag and
Kortundag intrusions in the Kirsehir-Kaman region
underwent medium-P (6-7 kbar), high-T (700-750 °C)
regional metamorphism (Whitney et al. 2001) about
84.1+0.8 Ma ago (monazite U-Pb SHRIMP age; Whitney
& Hamilton 2004). The basement, comprising the CAG,
CACC and the Central Anatolian Ophiolite (CAO; Yaliniz et
al. 1996, 2000; Floyd et al. 2000), is unconformably
overlain by the Middle Eocene Barakli and Mio—Pliocene
Kizilirmak formations (Figure 2). There are some
geothermochronologic studies which were carried out in
the Kaman-Kirsehir-region intrusions by various authors.
For example, Glndogdu et al. (1988) reported a Rb-Sr
whole-rock isochron age of 70.7+1.1 Ma for the Bayindir
granitoid, while Kurug (1990) reported Rb-Sr whole-rock
isochron ages ranging from 85.1+3.6 to 70.5+3.4 Ma
for the same granitoid unit. Koksal et al. (2004)
determined titanite U-Pb ages of 74.1+0.7 Ma and
74.0+2.8 Ma for the Camsari quartz syenite and
Baranadag quartz monzonite, respectively. Apart from
these crystallization ages Dbased on  high-T
geothermochronometry methods mentioned above, there
are also some K-Ar and Ar-Ar cooling age data for the
Kaman-Kirsehir region intrusive rocks. ilbeyli et al.
(2004) reported a hornblende K-Ar cooling age of
76.4+1.3 Ma for the Baranadad and a biotite K-Ar
cooling age of 66.6+1.1 Ma for the Cefalikdag granitoid
in the Kaman-Kirsehir region. Kadioglu et al. (2006) have
also performed Ar-Ar dating on the amphibole and biotite
separates from the Cefalikdag granitoid which yielded
cooling ages of 70.9+0.2 and 70.8+0.4 to 71.0+0.4 Ma,
respectively. Similar amphibole and biotite Ar-Ar cooling
ages were obtained from the Bayindir nepheline syenite
by Kadioglu et al. (2006), amphiboles giving an age of
69.2+0.7 to 70.1+0.4 Ma, while biotites yielding an age
of 70.3+0.2 Ma.

The intrusive rocks in the Kaman-Kirsehir region are
simply divided into two groups: (1) the Baranadag quartz
monzonite unit in the south and (2) the Kortundag
intrusions in the north, comprising the Hamit quartz
syenite, Camsari quartz syenite, Bayindir nepheline-
cancrinite syenite and Durmuslu nepheline-nosean-
melanite syenite porphyry units. Their emplacement age is
Late Cretaceous to Early Eocene in the light of regional
correlations combined with biostratigraphic age data
from the Barakli formation. The principal mineralogical-
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Figure 1. Regional geological setting of the Kaman-Kirsehir region intrusions in central Anatolia (modified after

Boztug & Jonckheere 2007). Upper inset modified after Okay & Tuyslz (1999). Abbreviations in upper
inset are as follow: MP— Moesian Platform, B— Balkanides, RSZ— Rhodope-Strandja Zone, WBSF- West
Black Sea Fault, WCF— West Crimean Fault, iZ~ istanbul Zone, IPS- Intra-Pontide Suture, IAS— izmir-
Ankara Suture, CACC- Central Anatolian Crystalline Complex, PS— Pamphyllian Suture, ITS— Inner
Tauride Suture, AES— Ankara-Erzincan Suture, DSFZ- Dead Sea Fault Zone, KB— Kura Basin, LC— Lesser
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Figure 2. Geological map of the Kaman-Kirsehir region intrusions
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petrographical characteristics of the Baranadag, Hamit,
Camsar! and Durmuslu units are as follows:

Baranadag Quartz Monzonite and Hamit Quartz
Syenite

The Baranadag quartz monzonite and Hamit quartz
syenite are porphyritic with K-feldspar megacrysts set in
a medium- to coarse-grained groundmass consisting of
plagioclase, K-feldspar (orthoclase, perthite, microcline),
hastingsitic amphibole, augitic pyroxene, biotite and
quartz. The accessory minerals are titanite, apatite,
zircon, allanite and opaque oxides. The difference
between the Baranadag and Hamit units is that the
former contains more plagioclase than K-feldspar.

Camsari Quartz Syenite

This unit presents a medium-grained equigranular
texture. The major rock-forming minerals are K-feldspar
(orthoclase+perthite), plagioclase, hastingsitic amphibole,
biotite, quartz and fluorite, whereas the accessory
constituents consist of titanite, xenotime, apatite, zircon
and opaque minerals.

Durmuslu
Porphyry

This unit is exposed as several decimetres to metres thick
dykes cutting the Hamit quartz syenite and Ziraattepe
uralite gabbro, which is part of the CAO (Figure 3). These
porphyritic dykes consist of sanidine and nosean mega-
and pheno-crysts in a fine-grained matrix of plagioclase,
nepheline and sanidine. Riebeckite, aegirine-augite and
melanite garnet occasionally occur as phenocrysts as well
as in the groundmass.

Nepheline-Nosean-Melanite  Syenite

As for the structural elements of the study area, the
NE-SW-, NW-SE-, N-S- and E-W-trending faults
correspond in the field to crushed rocks and distinct
morphological features such as offset valleys or small
along-strike elongated hills. The relative displacements of
the faulted blocks cannot be established. All faults cut the
Mio—Pliocene Kizilirmak formation (Figure 2). Bozkurt &
Mittwede (2001) and Bozkurt (2001) described
neotectonic (<5 Ma) NW-SE- and NE-SW-trending faults
in central Anatolia.

Analytical Techniques

Sample preparations (crushing, grinding, sieving) and
heavy liquid separations to extract mafic phases
(amphibole and biotite) and accessory minerals with
densities >2.90 g/cm® (zircon, titanite and apatite) were
carried out at the Department of Geological Engineering,
Cumhuriyet University (Sivas, Turkey).

Electron-Probe  Micro-Analyses (EPMA) were
performed using a Cameca Camebax instrument at the
Department of Earth Sciences, University of Paris-Sud
(Orsay, France); operating conditions: accelerating
voltage 15 KV, current 10nA; signal integration time 10
S.

Zircon was separated using a magnetic separator and
heavy liquid (>3.3 g/cm’), and then single-zircon **’Pb-
2®pb evaporation ages were determined at the
Mineralogical Institute of the TU Bergakademie Freiberg
(Germany). The analyses were carried out with a
FINNIGAN MAT 262 instrument following the method
described by Kober (1986, 1987).

Amphibole “°Ar-*’Ar dating was performed at the New
Mexico Geochronology Research Laboratory (NMGRL,
USA). Before irradiation, the amphiboles were purified at
the NMGRL. Following irradiation, the mineral separates
were step-heated using a Mo double-vacuum resistance
furnace; the age spectra are based on a 12-step heating
scheme; high temperature steps yielding blank argon
levels were truncated. More details of the overall
operation of the NMGRL can be found at internet site:
http://gecinfo.nmt.edu/publications/openfile/argon/home.
html.

Fission-track dating was performed at the Geological
Institute of the TU Bergakademie Freiberg using the C-
method (Boztug & Jonckheere 2007). The apatite
mounts, covered with 50 pm uranium-free muscovite
external detectors, were irradiated in the hydraulic
channel of the FRM-II research reactor of the Technische
Universitat Minchen (Germany). The fossil tracks were
etched for 15 s in 23% HNO; before the irradiation; the
induced tracks were etched in 40% HF for 40 min after
the irradiation. The track counts were carried out in
transmitted light at a magnification of 625 with an
Olympus BX51 microscope using the repositioning
technique (Jonckheere et al. 2003). The track-length
measurements were carried out at a magnification of
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Figure 3. Geological cross section of the Durmuslu nepheline nosean melanite syenite porphyry in a road-cut near Hamit Village.

1500 with a Zeiss Axioplan microscope equipped with an
Autoscan stage and a digitiser connected to a computer
with Trakscan software extended with the Easylength
module. The mounts had been irradiated with 365 MeV
U-ions at 15° from the normal to the surface at the GSI
in Darmstadt to expose a sufficient number of confined
tracks, (Jonckheere et al. 2007; Min et al. 2007). The
thermal histories were modelled with HeFTy 4.0
(Ketcham 2005). The annealing equations of Laslett et al.
(1987) were selected because no compositional
information was available. Most apatite compositions are
close to that of Durango (ICI-11 = 0.88) and variations
within the range 0.75 < ICI-11 < 1.0 have a modest effect
on the annealing Kinetics. A minimum of 50.000
candidate temperature-time T-t paths were generated at
random (Monte Carlo) for each modelling run.

Analytical Results
Mineral Chemistry

The EPMA data for selected amphiboles, pyroxenes and
plagioclases from the Baranadag and Hamit units are
summarized in Table 1. The mineral chemistry data were
used in nomenclature of the minerals and
geothermobarometrical calculations (Table 2) indicating
the intrusion depths.

The amphibole structural formulae were calculated
based on 23 oxygen equivalents. The resulting
compositions (Table 1; Figure 4a) correspond to
magmatic amphiboles (Searle & Malpas 1982) of the
calcic group (Ca, > 1.50; Leake et al. 1997). A" is high
in comparison with Al" in all amphiboles (Figure 4b),
indicating relatively low crystallization pressures (Fleet &
Barnet 1978). All Hamit and most Baranadag amphiboles
have [Na+K], > 0.50 and Ti < 0.50 and edenite
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compositions according to their Mg/[Mg-+Fe] ratio and Si
values (Figure 4c). Three Baranadag amphiboles have
[Na+K], < 0.50 (Figure 4d), two of magnesio-hornblende
and one of ferro-actinolite composition. Figure 5a shows
an Or-Ab-An diagram of the plagioclase compositions. The
Hamit plagioclase ranges from andesine over oligoclase to
albite (An,,_5; Table 1) whereas those from Baranadag
range from andesine to oligoclase (Angg, ,; Table 1). The
pyroxene formulae were calculated on the basis of 4
cations; the Fe>* content was estimated from the charge
deficit (Droop 1987). All the pyroxenes are calcic and
magnesian with intermediate to limited Fe®* enrichment
and are classified as Si-rich and Al- and Ti-poor diopsides
and hedenbergites according to Morimoto et al. (1988)
(Table 1, Figure 5b).

Geothermobarometric Data

Geothermometric (Ti in amphibole: Anderson 1996) and
geobarometric (Al in amphibole: Hammarstrom & Zen
1986 and Hollister et al. 1987) calculations indicate
crystallization at ca. 600-685 °C and 2.5-3.2 kbar for
Hamit and ca. 590-695 °C and 3.2-4.3 kbar for
Baranadag (the deviating geobarometric value (2.0 Kbar)
for point 27 of sample NO-171 has been excluded) (Table
2). This corresponds to intrusion depths of 8-10 km for
Hamit and 10-13 km for Baranadag, assuming a constant
geobaric gradient of 0.33 kbar/km. On the other hand,
these granitoid rocks cropping out in the Kaman-Kirsehir
region were also studied by ilbeyli (2005) with respect to
geothermobarometry who has reported crystallization
conditions with different temperatures, emplacement
pressures and depths ranging from ca. 715 to 860 °C,
from 2.6 to 5.3 kbar and from 8.7 to 18.9 km,
respectively, than those of this study.
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Table 1. (Continued)

PYROXENE
Baranadag Hamit
NO-171 NO-119
N° Analyse P 26 P28 P 30 P33 P 36 P37 P 38 P 53 P 54
Sio, 51.342 51.078 49.017  48.981 50.742  51.659 50.733 51.341 52.074
TiO, 0.008 0.110 0.314 0.127 0.080 0.142 0.183  0.132 0.043
ALO, 0.180 1.290 2.519 0.531 0.856 1.204 1.232 1.219 0.816
FeO 12.407 11.639 15.220 14.559 12.407 11.273 11127 12.624 12.030
MgO 9.983 11.129 9.549 9.244 10.595 11.545 11.474 10499 10.215
MnO 1.070 0.884 0.691 1.043 0.825 0.710 0.826  0.861 0.879
Ca0 23.686 22.128 20.052  22.020 22493 22.336 22574 23.040 22.896
K,0 0.014 0.027 0.246 0.011 0.000 0.041 0.023  0.081 0.014
Na,O 0.155 0.398 0.690 0.294 0.439 0.561 0.434  0.580 0.558
Cr,0, - - - - - - - - -
F 0.000 0.008 0.149 0.000 0.008 0.000 0.122  0.069 0.000
Cl 0.000 0.005 0.060 0.018 0.017 0.031 0.010  0.003 0.015
Total 98.845 98.696 98.507  96.828 98.462  99.502 98.738 100.448 99.540
2 0x 5.984 5.976 5.940 5.950 5.964 5.968 5.959  5.950 5.987
Si 1.986 1.960 1.905 1.945 1.959 1.959 1.942 1.942 1.989
Ti 0.000 0.003 0.009 0.004 0.002 0.004 0.005  0.004 0.001
Al - - - - - - - - -
Fe 0.401 0.373 0.495 0.484 0.401 0.357 0.356  0.399 0.384
Mn 0.035 0.029 0.023 0.035 0.027 0.023 0.027  0.028 0.028
Mg 0.569 0.577 0.453 0.478 0.572 0.603 0.614  0.572 0.560
Ca 0.982 0.910 0.835 0.937 0.930 0.907 0.926  0.934 0.937
Na 0.012 0.030 0.052 0.023 0.033 0.041 0.032  0.043 0.041
Cr - - - - - - - - -
ALV 0.008 0.040 0.095 0.025 0.039 0.041 0.056  0.054 0.011
AlVI 0.000 0.018 0.021 0.000 0.000 0.013 0.000  0.000 0.026
Fe** 0.006 0.000 0.000 0.000 0.002 0.000 0.002  0.003 0.000
Fe®* 0.395 0.373 0.495 0.484 0.399 0.357 0.354  0.396 0.384
PLAGIOCLASE
Baranadag
NO-71 NO-171
N° Analyse P 61 P62 P 65 P22 P23 P24
Sio, 64.01 63.26 58.95 64.16 60.12 62.66
TiO, 0.01 0.04 0.04 0.03 0.00 0.04
ALO, 22.84 22.87 25.99 23.22 25.39 23.62
FeO 0.117 0.160 0.151 0.306 0.139 0.161
MnO 0.031 0.000 0.000 0.040 0.008 0.063
MgO 0.017 0.000 0.005 0.000 0.000 0.003
Ca0 3.961 4.016 7.551 4.035 6.778 4.760
Na,0 8.530 8.351 6.392 8.705 7.108 8.177
K,0 0.188 0.134 0.096 0.296 0.080 0.208
BaO - - - - - -
F 0.000 0.007 0.000 0.023 0.008 0.000
Cl 0.007 0.005 0.008 0.001 0.000 0.010
Total 99.71 98.85 99.18 100.82 99.70 99.70
An 20.19 20.82 39.26 20.04 34.34 24.04
Or 1.14 0.83 0.59 1.75 0.48 1.25
Ab 78.67 78.35 60.15 78.21 65.18 74.71




Table 1. (Continued)
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Hamit

NO-31 NO-119
N°Analyse P4 P5 P 10 P12 P14 P15 P 16 P 42 P 43 P 45 P 47 P 48 P 49 P 51
Sio, 65.79 65.88 68.62 6784 5774 5893 6750 6127 6333 6055 6091 61.72 59.40 60.91
TiO, 0.00 0.00 0.003 0.00 0.03 0.05 0.04 0.04 0.03 0.00 0.01 0.01 0.00 0.01
Al,04 21.72 21.44 20.38 20.4 26.60 254 19.60 24.70 22.61 25.15 241 2386 25.60 25.06
FeO 0.17 0.18 0.09 0.12 0.23 0.23 0.15 0.29 0.18 0.23 0.32 0.29 0.25 0.08
MnO 0.01 0.060 0.03 0.00 0.00 0.02 0.00 0.01 0.00 0.00 0.04 0.00 0.01 0.00
MgO 0.01 0.003 0.02 0.01 0.00 0.007 0.00 0.02 0.00 0.005 0.09 007 0.01 0.002
Ca0 2.92 2.73 1.02 1.01 8.25 719  1.07 6.22 4.12 6.92 587 663 790 6.99
Na,O 9.33 9.52 10.61 10.70 6.30 7.06 10.10 7.14 8.47 7.04 739 740 668 7.21
K0 0.62 0.54 0.17 0.04 0.16 0.18 0.21 0.33 0.20 0.14 029 0.17 019 0.18
BaO - - - - - - - - - - - - - -
F 0.00 0.07 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.008 0.02 0.02  0.008
Cl 0.004 0.01 0.02 0.01 0.00 0.004 0.02 0.001 0.01 0.03 0.009 0.00 000 o0.01
Total 100.58 100.42 100.95 100.07 99.30 99.10 98.67 100.02 9895 100.06 99.01 100.13 100.05 100.39
An 14.22 13.23 4.98 4.98 4160 3562 5.46 31.84 2093 3490 29.97 32.86 39.07 34.66
Or 3.58 3.09 0.97 0.23 0.93 1.04 1.25 2.02 1.23 0.85 1.76  1.00 1.13  0.69
Ab 82.2 83.68 94.05 9479 5447 6334 9329 66.14 7784 6425 6827 66.14 59.8 64.65
Table 2. Geothermobarometric data for the Hamit quartz syenite and Baranadagd quartz monzonite. The deviating geobarometric value (2.0 kbar)

for point 27 of sample NO-171 has been excluded.

Hamit: Ti in amphibole geothermometry; Al in amphibole geobarometry

Sample NO-31 NO-119
Analysed point 3 9 13 19 39 41 46
Ti 0.087 0.084 0.092 0.115 0.049 0.045 0.053
Fe 2,009 2,199 1,996 2,190 2,316 2,396 2,356
Mg 2,760 2,524 2,772 2,586 2,510 2,212 2,422
Fe/(Fe+Mg) 0,421 0,466 0,419 0,459 0,480 0,520 0,493
Al 1,404 1,358 1,426 1,414 1,417 1,295 1,410
T (°C) (T < 970; T °C=(1204*Ti) +
545 (Anderson 1996) 650 646 656 684 603 599 608
P (kb) (Hammarstrom & Zen 1986) 3.1 2,9 3.2 3.2 3,2 2,6 3.2
P (kb) (Hollister et al. 1987) 3,1 2,9 3.2 3.2 3.2 2,5 3.2
Baranadag: Ti in amphibole geothermometry; Al in amphibole geobarometry
Sample NO-71 NO-171
Analysed point 57 58 64 67 21 27 34
Ti 0.039 0.054 0.058 0.055 0.115 0.067 0.124
Fe 3,178 2,589 2,456 2,451 2,184 2,470 2,510
Mg 1,590 2,188 2,312 2,304 2,555 2,308 2,129
Fe/(Fe+Mg) 0,667 0,542 0,515 0,515 0,461 0,517 0,541
Al 1,604 1,504 1,588 1,522 1,416 1,017 1,452
T (°C) (T < 970; T °C=(1204*Ti) +
545 (Anderson 1996) 592 610 614 611 683 625 694
P (kb) (Hammarstrom & Zen 1986) 4.1 3,6 4.1 3,7 3,2 1,2 3,4
P (kb) (Hollister et al. 1987) 4,3 3,7 4,2 3,8 3.2 1,0 3,4
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Figure 4. Chemical classification of amphiboles from the Hamit quartz syenite and Baranadag quartz
monzonite samples. (a) Plot of [Na+K] vs Al" (tetrahedral) (Searle & Malpas 1982); (b) Al"
(octahedral) vs Al" (tetrahedral) (Fleet & Barnett 1978); (c) plot of Mg/(Mg+Fe2*) vs atomic Si
for samples with Cag > 1.5 and (Na+K), > 0.5 (Leake et al. 1997); (d) plot of Mg/(Mg+FeZ*)
vs atomic Si for samples with Cag > 1.5 and (Na+K), < 0.5 (Leake et al. 1997). Open and filled
circles stand for rock samples from the Hamit and Baranadag units, respectively.
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Figure 5. (a) Plagioclase compositions; (b) chemical classification
(Morimoto 1988) of the pyroxenes from rock samples of the
Hamit quartz syenite and Baranadad quartz monzonite.
Symbols as in Figure 4.

27pp-2pp Zircon Ages

Table 3 reports the single-zircon “’Pb-**Pb evaporation

ages for the Camsari, Hamit and Baranadag units. The
Camsart sample has a weighted mean age of 95.7+5.1
Ma (Figure 6a), whereas the Hamit and Baranadag
samples have weighted mean ages of 75.0+11.0 Ma and
74.1+4.9 Ma (Figure 6b, c). These results imply Turonian
emplacement of the Camsari unit and Campanian
emplacement of the Hamit and Baranadag units. This is
consistent with the titanite U-Pb age of 74.0+2.8 Ma of
Koksal et al. (2004) for the Baranadagd quartz monzonite

Camsart qtz syenite
WMA= 95.7+5.1 Ma (n=6)
95 % conf. MSWD=0.80

135 F
115+
= L
% 95 F h#—%—l
S
< 751
55+
i © BAL-52
35 i L L L L L
10 8 9 6 4 7
(a) zircon grain

Hamit qtz syenite
WMA=75.0+11.0 Ma (n=6)
95 % conf. MSWD=3.20

95
ol | %
g 75 ¢ T —
g 651
Z I
551
sr BAL-47
S I TR R
(b) zircon grain
Baranadag Qtz. Monzonite
WMA=74.1+4.9 Ma (n=5)
95 % conf. MSWD=0.98
100
~ 80f
<
;, L
& 60f
<
4or BAL-57
129 6 2 511 1
(¢) . .
zircon grain

Figure 6. *°’Pb-**Pb single zircon evaporation ages of (a) the Camsarl
quartz syenite; (b) Hamit quartz syenite and (c) Baranadag
quartz monzonite. WMA- weighted mean age; MSWD-
mean square weighted deviate.

but not with their age of 74.1+0.7 Ma for the Camsari
quartz syenite (see Discussion section).

“Ar-*Ar Amphibole Ages

Table 4 presents the amphibole “°Ar-*’Ar ages and Figure
8 the age spectra. Samples BAL-47 and BAL-48 from

95



COOLING AND EXHUMATION OF THE KAMAN-KIRSEHIR REGION INTRUSIONS

"abe ueaw pa1ybiem 8yl Ul PapN|oUl 10U 8J8M eyl PUe SIBI[INO Se PalapIsuod aJe 1eyl sejduwies 81edipul SYSLIeIse ay .

SEIFE 0L L1000°0F¥11870°0 €E€10000°0F615000°0 L£1000°0¥8959550°0 68 LZ-251vd
0'6+8'96 1990000°0F2S6L70°0 817S00000°0F8£5000°0 £590000°0F629550°0 68 vZ-291vd
L'EVFE'16 6.,000°0¥2S8LY0°0 1850000°0+8617000°0 169000°0F7E67S0°0 8l 9Z-291vd
6'11¥8'16 9€1000°0F158LY0°0 2800000 0F52000°0 8E£1000°0FS8€150°0 06 6Z-291vd
€01¥8'16 701000°0F6¥8L1r0°0 €E10000°0FE1100°0 €11000°0F6€1790°0 06 8Z-291vd
}'SFL'S6 €EYFE18 79L000°0F6E9L0°0 7630000°0FSLEO0O0 789000°0F 1762500 81 1Z-291vd Liesuled
9'91F2'6L 622000°0FL6SLY00 61710000°0FL02000°0 612000°0¥57050°0 9€ 1Z-LS1vd
0'8FL'SL 7950000°0F92SL10°0 €€200000°0F721000°0 L090000°0F1S1670°0 68 S1Z-L97vd
2'8F9'GL 90000°0F72SLY0°0 27£00000°0F81000°0 S190000°0F1866170°0 06 SZ-L91vd
S'12¥8'%9 G2€000°0F60ELY00 7210000°0FS1000°0 1 LEO0O 0FrEZ6V0°0 4% 2Z-LS1vd
8'91+8°09 €2000°0F622L¥0°0 9E£10000°0F87£000°0 922000°0¥8€1250°0 1% 9Z-LS1vd
L'E1F809 L91000°0FLEOLYO0 8110000°0F961000°0 291000°0FL2L6V00 06 «6Z-L9TVd
6'vFIvL 9 LIFLYY SG21000°0%2169170°0 £6800000°0F L07000°0 L21000°0¥619250°0 68 «ZVZLSTVd Depeue.eq
2'6¥8'18 9080000°0F80LLY0'0 £9200000°0+%7280000°0 8080000°0F218870°0 06 1Z-Ly1ve
8'8¥9'I8 22L0000°0FS79L70°0 7£200000°0F801000°0 7E€L0000°0F 15061700 06 2Z-Ly1vd
EHFIL 121000°0F7¥LF0°0 S8600000°0F2E000°0 671000°0F6€6150°0 06 6Z-Ly1vd
6'EIFE19 2L1000°0F6€2L70°0 L2,00000°0¥881000°0 7£1000°0¥18670°0 06 01Z-L¥1vd
VrIFL19 €81000°0FLY2Ly00 7010000 0FEL2000°0 961000°0¥810150°0 68 VZ-Ly1vd
0 IIF0'SL 7'2e¥1'19 [7€000°0FSE2LY0°0 1620000°0F£25000°0 LSEO00 0FESLYSO0 68 €Z-Ly1vd JweHy
(Joato oz+e) (JodIo oZ+eIN)
abe ueaw (eN) oby Sueds Jo ON U0dJIZ
pajubIam Adgy, / 9d, “20dy, / Ad, g Qdgy, / 9, Adgy, / 9d, g, JaquinN -oldweg plojueID
‘sobe uoneiodens 0d,, / Ad uodJiz-albuls g 9IqeL

L02



D. BOZTUG ET AL.

Table 4. “°Ar-*Ar analytical data.

ID Temp “Ar/°Ar S Ar/*Ar S Ar/*Ar *Ar, K/Ca “OpAr+ *Ar Age *1o
(°C) x10%)  (x 10™ mol) (%) (%) (Ma) (Ma)
BAL-47, Hornblende, 5.18 mg, J= 0.0036023+0.20%, D= 0.998+0.001, NM-194G, Lab#56163-01
A 750 218.8 1.501 691.6 0.291 0.34 6.7 0.5 92 13
B 875 50.37 1.397 125.0 0.200 0.37 26.9 0.8 86.0 7.6
o 990 17.04 4.368 17.95 0.557 0.12 71.0 1.7 77.2 2.4
D 1030 12.94 4.345 6.278 6.43 0.12 88.5 12.4 73.12 0.38
E 1050 12.43 4.387 4.914 6.55 0.12 91.3 23.2 72.42 0.34
F 1070 12.43 4.111 4.237 1.27 0.12 92.7 25.4 73.5 1.0
G 1090 12.12 3.856 3.554 5.89 0.13 94.0 35.1 72.70 0.35
H 1120 11.77 3.823 2.392 22.5 0.13 9.8 72.4 72.63 0.17
I 1160 12.11 3.992 3.352 9.99 0.13 94.6 89.0 73.08 0.38
J 1220 12.59 4.193 5.350 4.78 0.12 90.3 96.9 72.55 0.56
K 1300 13.57 5.148 9.150 0.891 0.099 83.3 98.3 72.2 1.7
L 1700 22.07 15.93 41.37 0.997 0.032 50.6 100.0 71.9 1.9
Integrated age + 10 n=12 60.4 0.12 K,0=1.24% 72.90 0.25
Plateau + 10 Steps A-L n=12 MSWD=1.17  60.4 0.13 100.0 72.73 0.19
D Temp “Ar/*°Ar ¥ Ar/*°Ar Ar/*°Ar *Ar, K/Ca “OAr+ *Ar Age *1o
(°C) x10%  (x 10™ mol) (%) (%) (Ma) (Ma)
BAL-48, Hornblende, 4.85 mg, J= 0.0036058+0.24%, D= 0.998+0.001, NM-194G, Lab#56166-01
XA 750 63.06 0.7441 175.8 0.714 0.69 17.7 1.0 71.2 3.6
xB 875 22.67 0.4841 42.49 0.823 1.1 448 2.1 64.8 2.1
xC 990 13.49 2.663 8.322 5.14 0.19 83.5 8.9 71.88 0.40
D 1030 12.10 3.319 2.894 17.8 0.15 95.3 32.6 73.65 0.21
E 1050 11.92 3.349 2.226 22.6 0.15 96.9 62.8 73.74 0.18
xF 1070 12.02 3.402 3.675 4.60 0.15 93.4 68.9 71.75 0.41
xG 1090 12.45 3.069 6.425 3.14 0.17 86.9 73.1 69.13 0.55
H 1120 12.34 3.853 3.889 2.95 0.13 93.4 77.1 73.58 0.59
I 1160 11.99 3.662 2.684 13.1 0.14 96.0 94.5 73.53 0.20
xJ 1220 11.90 3.186 3.886 3.56 0.16 92.7 99.3 70.42 0.48
xK 1300 13.21 3.395 9.584 0.540 0.15 80.8 100.0 68.2 2.7
Integrated age + 10 n=11 74.9 0.15 K,0=1.65% 72.88 0.23
Plateau + 10 Steps D-I n=4 MSWD=0.19  56.4 0.15 75.3 73.64 0.21
ID Temp “Ar/°Ar S Ar/Ar S Ar/°Ar *Ar, K/Ca “Opr+ *Ar Age *1o
(°C) (x10%  (x 10™ mol) (%) (%) (Ma) (Ma)
BAL-57, Hornblende, 3.87 mg, J= 0.0035909:0.16%, D= 0.998+0.001, NM-194G, Lab#56156-01
XA 750 36.90 0.8122 118.0 0.072 0.63 5.7 0.2 13 19
xB 850 30.82 0.6560 66.53 0.266 0.78 36.4 0.7 71.2 5.7
xC 950 19.79 3.259 35.65 0.421 0.16 48.1 1.7 60.7 3.4
xD 1000 15.63 5.659 18.04 0.688 0.090 68.9 3.2 68.7 2.0
xE 1030 12.77 5.194 8.008 1.85 0.098 84.9 7.3 69.10 0.78
F 1060 12.41 4.677 5.260 6.73 0.11 90.6 22.1 71.58 0.27
G 1090 11.80 4.535 2.754 19.8 0.11 96.3 65.8 72.32 0.18
H 1120 13.59 4.949 10.68 1.44 0.10 79.8 68.9 69.10 0.95
I 1150 12.14 5.635 5.601 2.37 0.091 90.3 74.2 69.85 0.60
J 1250 12.80 5.013 6.266 1.7 0.10 88.8 100.0 72.37 0.25
Integrated age + 10 n=10 45.4 0.11 K,0=1.25% 71.58 0.21
Plateau + 10 Steps F-J n=5 MSWD=7.39 42.072 0.11 92.7 72.0 0.4
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Table 4. (Continued)

D Temp “Ar/*Ar S Ar/*°Ar S Ar/*°Ar *Ar, K/Ca “Opr *Ar Age *1o

(°C) x10%)  (x 10" mol) (%) (%) (Ma) (Ma)

BAL-61, Hornblende, 3.98 mg, J= 0.0035931+0.16%, D= 0.998+0.001, NM-194G, Lab#56155-01

XA 700 64.30 1.872 199.2 0.506 0.27 8.7 1.1 35.9 5.2
xB 800 21.75 0.3347 38.82 0.562 1.5 47.4 2.2 65.5 2.7
xC 900 18.29 1.105 37.59 0.580 0.46 39.8 34 46.5 2.6
xD 1000 13.66 2.898 13.11 2.43 0.18 73.4 8.5 63.90 0.75
E 1075 11.99 4.331 4.884 25.5 0.12 91.0 61.6 69.52 0.19
F 1130 11.89 4.390 4.606 10.7 0.12 91.7 83.9 69.43 0.22
G 1150 11.86 4.812 6.782 1.40 0.11 86.5 86.8 65.44 0.90
H 1170 11.98 4.936 5.847 2.33 0.10 89.0 91.7 68.03 0.60
| 1190 12.02 4.716 4.895 2.81 0.11 91.3 97.5 69.91 0.50
J 1220 12.16 4613 7.430 1.21 0.11 85.1 100.0 66.0 1.0
Integrated age + 10 n=10 48.1 0.12 K,0=1.29% 68.27 0.22
Plateau + 10 Steps E-J n=6 MSWD=7.33  44.0 0.12 91.5 69.29 0.38

Isotopic ratios corrected for blank, radioactive decay, and mass discrimination, not corrected for interfering reactions. Errors quoted for individual
analyses include analytical error only, without interfering reaction or J uncertainties. Integrated age calculated by summing isotopic measurements of
all steps. Integrated age error calculated by quadratic summation of the errors of all steps. The plateau age and associated error are the weighted means
for the selected steps (Taylor 1982). Decay constants and isotopic abundances after Steiger & Jéger (1977). x symbol preceding sample ID denotes
analyses excluded from plateau age calculations. Weight percent K0 calculated from *Ar signal, sample weight, and instrument sensitivity. Ages calculated
relative to FC-2 Fish Canyon Tuff sanidine inter-laboratory standard at 28.02 Ma (Renne et al. 1998). Decay constant: A, (total)= 5.543 10" a"
(Steiger & Jager 1977). Correction factors: (*°Ar/>’Ar).,= 0.00067+0.00005; (*°Ar/>’Ar).,= 0.00028+0.00001; (**Ar/ *Ar),= 0.01077; (“°Ar/®Ar),=

0.01+0.002.

Hamit give plateau ages of 72.7+0.2 Ma (MSWD = 1.17;
Figure 7a) and 73.6+0.2 Ma (MSWD= 0.19; Figure 7b).
Their total gas ages are indistinguishable at 72.9+0.3 Ma
and 72.9+£0.2 Ma. Samples BAL-57 and BAL-61 from
Baranadag give plateau ages of 72.0+0.4Ma (MSWD=
7.39; Figure 7¢) and 69.3+0.4 Ma (MSWD= 7.33; Figure
7d), respectively. Their total gas ages are 71.6+0.2 Ma
and 68.3+0.2 Ma. These results show that the Hamit
quartz syenite and Baranadad quartz monzonite both
cooled through the amphibole “Ar-*Ar closure
temperature (~500 °C; McDougall & Harrison 1999) in
the Campanian to Maastrichtian.

Apatite Fission-Track Data

Table 5 reports the apatite fission-track age data of the
Kaman-Kirsehir region intrusions. The age-versus-
elevation plot (Figure 8) indicates rapid exhumation (>1
km/Ma) of all the intrusive rock units (Camsari, Hamit,
Baranadag, Durmuslu) during the Early to Middle
Paleocene (57-61 Ma). This exhumation is confirmed by
modelling of the track-length data (Figure 9). All units
show fast cooling to temperatures within the ‘total
stability zone’ at the beginning of their T-t histories. All
samples (except one) plot in the ‘undisturbed-basement’
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field in the standard-deviation versus mean-track-length
plot (Gleadow et al. 1986), close to the ‘volcano-type’
field (Figure 10); the Durmuslu unit falls squarely within
the ‘volcano-type’ field. Its longer mean track length is
consistent with its occurrence as a typical dyke of a few
metres thickness. On the other hand, Fayon et al. (2001)
reported that the Baranadag granitoid in the
northwestern part of the CACC was exhumed during
Eocene which seems to be in contradiction with our
results (see Discussion section).

Discussion
Geothermochronology

Regarding the geothermochronological data, apatite
fission-track ages of the Baranadag intrusion, and the
297pp2%py single-zircon evaporation age of the Camsari
unit obtained in the present study are not in agreement
with those of previous studies by Fayon et al. (2001) and
Koksal et al. (2004).

The Eocene apatite fission-track age of Fayon et al.
(2001) for Baranadag is based on two samples (47.0+6.2
and 39.2+12 Ma), both of limited precision and one of
which failed the %*-test. On the other hand, the present
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Figure 7. Amphibole “°Ar-*°Ar age spectra of (a, b) the Hamit quartz syenite and (c, d) Baranadag
quartz monzonite. MSWD- mean square weighted deviate; TGA- total gas age.

Paleocene apatite fission-track age for the Baranadag unit
(57.2+1.8 t0 60.2+2.2 Ma) is consistent with those of all
the other central Anatolian granitoids (Boztug &
Jonckheere 2007).

The present “’Pb-**Pb single-zircon evaporation ages
are 75.0+11 Ma for Hamit, 74.1+4.9 Ma for Baranadag
and 95.7+5.1 Ma for Camsari. The former are consistent
with the results of Koksal et al. (2004), but Camsari
appears much older than the published titanite U-Pb age
(74.1+0.7 Ma; Koksal et al. 2004). Koksal et al. (2006)

reported advanced metamictization of the Camsari
zircons. Straightforward loss of radiogenic lead due to
metamictization would lead to underestimate the
emplacement age of the Camsari unit. Intense
metamictization of <100 Ma zircons could, on the other
hand, indicate the presence of inherited grains or much
older cores, although it is unclear how these metamict
zones could have survived remobilization at high
temperatures. It is however a fact that Senomanian—
Turonian and older crystallization ages were obtained
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Figure 8. Apatite fission-track age vs elevation plot for the samples from the Kaman-Kirsehir region

intrusions.

with different methods on other granitoid units: Uckapili
granite (9111 Ma, Rb-Sr whole-rock isochron:
Goncioglu 1986; 92-85 Ma, zircon U-Pb SHRIMP:
Whitney et al. 2003), Agacoren granitoid (110+14 Ma,
Rb-Sr whole-rock isochron: Gile¢ 1994), Murmana
granitoid (110+5 Ma, Rb-Sr whole-rock isochron: Zeck &
Unli 1988). It nevertheless appears that new reliable
geochronological data are needed to fix the emplacement
age of the Camsari unit with confidence.

Geodynamic Interpretation

The closure of Neo-Tethys in the Turkish Anatolides was
mainly driven by the evolution of the [zmir-Ankara-
Erzincan (IAE) and Inner Tauride (IT) oceans constituting
the northern branches (Sengér & Yilmaz 1981; Bozkurt
& Mittwede 2001; Boztug & Jonckheere 2007). Most of
these Neo-Tethyan oceans were proposed to begin to
close in the Cenomanian-Turonian (95-90 Ma) (i.e.
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Garfunkel 2004). The supra-subduction zone (SSZ)
central Anatolian ophiolites (CAQO) are the result of the
docking of the oceanic island arc onto the TAP (Parlak &
Delaloye 1999; Dilek et al. 1999; Floyd et al. 2000;
Garfunkel 2004; Robertson & Ustadmer 2004; Parlak et
al. 2006; Boztug & Jonckheere 2007). Following this
collision between oceanic island arc and TAP, the slab
break-off and/or lithospheric delamination/detachment in
the Turonian—Campanian gave way an extensional post-
collisional regime accompanied by medium- to high-grade
metamorphism in the CACC and the emplacement of
various post-collisional S-I-A- type granitoids (Boztug
2000; Duzgoren-Aydin et al. 2001; Koksal et al. 2001,
2004; ilbeyli et al. 2004; ilbeyli 2005; Boztug et al.
20073, b, ).

The continent-continent collision between TAP and
Eurasian plate (EP) that followed the consumption of the
IAE ocean is suggested to have occurred around the latest
Cretaceous to Early Tertiary based mainly on structural
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(Gleadow et al. 1986).

data and led to crustal thickening in central Turkey
(Sengér & Yilmaz 1981). A latest Cretaceous to
Palaeogene compressional regime is also reported to have
existed in northwest Greece and Bulgaria following the
closure of the Vardar ocean, which constituted the
western continuation of the IAE ocean (Burg et al. 1990).
A most recent study by Boztug and Jonckheere (2007)
has quantified this collision which occurred around early
to middle Paleocene on the basis of apatite fission-track
geothermochronology.

The close intrusion (***Pb-"’Pb) and cooling (*°Ar-
*Ar) ages of the Hamit quartz syenite and Baranadag
quartz monzonite indicate either shallow-level
emplacement in the crust or fairly rapid exhumation of a
mid-crustal section. Otlu et al. (2001) reported
geothermobarometric EPMA data for amphibole,
plagioclase, clinopyroxene and K-feldspar minerals
showing that the Baranadag unit crystallized at P, T
conditions ranging from 5.0 kbar and 680 °C (~15 km
depth) to 2.0 kbar and 600 °C (~7 km depth) and the
Hamit pluton solidified under conditions ranging from 4.0

kbar and 680 °C (~13 km) to 3.4 kbar and 600 °C (~11
km). The age data are thus interpreted as reflecting rapid
exhumation of a mid-crustal section (Figure 11).

The Early to Middle Paleocene (57-61 Ma) fast
exhumation of the Baranadag and Hamit granitoid units is
thought to result from regional compression following
the collision of the EP and TAP along the IAE suture zone
(Boztug & Jonckheere 2007). The exhumation of the
granitoid and surrounding basement rocks was
accompanied by the development of peripheral foreland
basins or piggy-back basins (Gorur et al. 1998; Gurer &
Aldanmaz 2002) containing Upper Paleocene to
Lover/Middle Eocene conglomerates and flysch-type
sediments. Fast erosional balancing of the accelerated
uplift sustained the rapid infilling of these basins. The
faults accommodating the Early to Middle Paleocene
compressional tectonics in central Anatolia have not been
identified in the field; it is however possible that they are
hidden by the sedimentary and volcanic cover.
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Figure 11. Cooling curve of the Hamit quartz syenite and Baranadag quartz monzonite based on
the age (Ma) and closure temperatures of different geochronological dating methods.

The closure temperatures of

206 207,
Pb-

Pb single zircon evaporation, amphibole “°Ar-

*Ar and apatite fission-track methods are assigned as 750-800 °C (Lee et al. 1997;
Cherniak & Watson 2000), 500 °C (McDougall & Harrison 1999) and 120 °C
(Wagner & Van den Haute 1992; Wagner 1998), respectively.

Conclusions

Integrated geothermochronology data consisting of *>’Pb-
#%pp single zircon evaporation ages, amphibole “°Ar-*Ar
ages and apatite fission-track dating provide a wide age
spectra ranging from emplacement through cooling to
exhumation for the Kaman-Kirsehir region intrusions
which were crystallized at the mid-crustal depths in
central Anatolia, Turkey. “”’Pb-°*Pb single zircon
evaporation ages yield an emplacement age of 95.7+5.1
Ma for the Camsari quartz syenite, 75.0+11.0 Ma for the
Hamit quartz syenite and 74.1+4.9 Ma for the Baranadag
quartz monzonite. Amphibole “°Ar-**Ar ages reveal a
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cooling age of ca. 73 Ma for both of the Hamit and
Baranadag units. Apatite fission-track
geothermochronology, comprising dating and track-
length data, determine an exhumation history for the
Kaman-Kirsehir region intrusions which reveals a rapid
tectonic unroofing with an uplift rate > 1 mm/a that
occurred 57-61 Ma ago. The Early—Middle Paleocene fast
exhumation of Kaman-Kirsehir region intrusions is
considered to be resulted from a compressional regime,
instituted after the continent-continent collision between
the TAP and EP along the IAE suture zone, following the
consumption of the IAE ocean. The resulting rapid
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tectonic exhumation along thrust faults also triggered the
formation of the central Anatolian peripheral foreland
basins.
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