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Abstract The last stages of the continental collision
during the closure of the Neotethyan ocean in central
Anatolia are characterized by post-collisional H- and
A-type granitoids intruding both the metamorphic
country rocks and allochthonous ophiolitic rocks of the
central Anatolian crystalline complex. Available Rb–Sr
and K–Ar whole-rock and mineral age data on the H-
and A-type granitoids in central Anatolia are inconsis-
tent. To better constrain the geological relevance and the
timing of the change in the chemical character of mag-
matism in the wake of the Alpine orogeny in Anatolia,
we re-evaluated the geochemical characteristics and da-
ted titanite from representative H- (Baranadag quartz-
monzonite: BR) and A-type (Çamsari quartz-syenite:
CS) granitoids by the U–Pb method. BR is a high-K
calc-alkaline intrusion with mafic microgranular en-
claves and shows enrichment of LILE relative to HFSE.
The alkaline CS displays higher SiO2, Na2O+K2O, Fe/
Mg, Rb, Th and HFSE with corresponding depletion in
CaO, MgO, Fe2O3

tot, P2O5, Ba, Sr, and Ti. Chondrite-
normalized REE patterns of the BR and CS samples
have LREE-enriched and flat HREE patterns, whereas
CS differs from BR by higher LREE enrichment and
lower MREE and HREE contents. Mineralogical and
geochemical characteristics suggest that BR and CS were
not products of the same magma source. BR was derived
from a subduction-modified depleted hybrid-source and
CS had an enriched mantle source with significant
crustal contribution. The U–Pb titanite ages of the H-
type central Anatolian granitoids (BR) and the A-type

granitoids (CS) are 74.0±2.8 and 74.1±0.7 Ma,
respectively. The coeval evolution of post-collisional/
calc-alkaline H- to A-type magmatism was possibly
associated with source heterogeneity and variable
involvement of continental materials during the evolu-
tion of these granitoids. These new age data constrain
the timing of the onset of a post-collision extensional
period following the Alpine thickening within the pas-
sive margin of the Tauride–Anatolide platform, which
occurred before the opening of the latest Cretaceous
central Anatolian basins.
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Introduction

The understanding of the evolution of post-collisional
orogenic systems critically bases on the timing and
petrogenesis of the granitoid magmatism postdating the
peak of thrusting, regional metamorphism, and defor-
mation (e.g., Pearce et al. 1984; Harris et al. 1986;
Förster et al. 1997). Post-collisional granitoids are gen-
erally described as calc-alkaline I-type or hybrid late-
orogenic (HLO after Barbarin 1990), although A-type
granitoids are also known from post-collisional or post-
orogenic settings (e.g., Sylvester 1989; Jung et al. 1998;
Bonin et al. 1998; Wu et al. 2002). The source of A-type
magmas in orogenic belts, however, has remained enig-
matic. Collins et al. (1982) suggested that A-type
granitoids are products of partial melting of a felsic-
granulitic source, which was the residue after generation
of I-type granitoids. Similarly, Whalen et al. (1987)
suggested that A-type magmas may form by the
remelting of F- and/or Cl-enriched dry, granulitic resi-
due remaining in the lower crust after extraction of an
orogenic granite. In contrast, Creaser et al. (1991) con-
sidered that partial melting of undepleted tonalitic to
granodioritic rocks results in A-type granitoids. Other
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authors suggested mantle-derived melts as possible
source for A-type granitoids. For instance, Eby (1990,
1992) and Turner et al. (1992) invoked alkali basaltic
magma that experienced extreme fractional crystalliza-
tion as a source for A-type granitoids in post-orogenic
settings. Whalen et al. (1996) indicated that A-type melts
also may be obtained from the remelting of hybridized
lithospheric mantle after collision-related delamination
or slab break-off. The combination of partial melting of
mantle-derived tonalitic sources, interaction of these
melts with crustal rocks during the ascent of magma,
and crystal fractionation may be efficient in the genesis
of the A-type granitoids (Jung et al. 1998). These studies
indicate that A-type granitoids may occur in many
different settings and extracted from a wide range of
different sources (Wu et al. 2002).

In central Anatolia, voluminous H-type (hybrid)
with small A-type granitoids occur. The H-type
granitoids are commonly thought to have evolved in a
post-collisional tectonic setting (Göncüoglu et al. 1991,
1992, 1993; Göncüoglu and Türeli 1993, 1994; Erler
and Göncüoglu 1996; Ilbeyli and Pearce 1997; Boztug
1998, 2000; Aydin et al. 1998; Düzgören-Aydin et al.
2001; Kuscu et al. 2002). The A-type intrusive and
extrusive rocks are less voluminous and typically in-
trude H-type granitoids representative for late stage
Alpine magmatism in central Anatolia (Göncüoglu
et al. 1997; Köksal et al. 2001). Even though several
petrological studies on granitoids were carried out, the
origin and genetic relation among the granitoids is still
under debate. Apart from uncertainties concerning the
petrology of the granitoids, there is no reliable geo-
chronological database since published data include
mainly Rb–Sr and K–Ar whole-rock and mineral ages
that scatter widely. In part, the data are conflicting
and thereby form the base for the controversy on the
geological evolution of the region.

This study aims to constrain the evolution of H- and
A-type granitoids in central Anatolia in terms of time
and petrology. Towards this purpose, we present U–Pb
age data for the Baranadag quartz-monzonite (BR)
representing the H-type late stage post-collision and the
Çamsari quartz-syenite (CS) characterizing an early
A-type intrusion. Moreover, we assess the validity of
published age data used to constrain contrasting geo-
dynamic models for the evolution of Alpine domain in
central Anatolia.

Geological framework

Anatolia is located within the east-west trending seg-
ment of the Alpine-Himalayan orogenic belt that marks
the boundary between Gondwana to the south and
Laurasia to the north. All along its Phanerozoic geo-
logical history, Anatolia was the site of a complex mo-
saic of different continental and oceanic assemblages
related to the opening and closure of different branches

of the Tethys. The present geology of Turkey is char-
acterized by features related to the closure of the
Mesozoic Neotethys ocean during the Alpine orogeny
(Fig. 1a). It is commonly accepted that one of the
northern branches of the Neotethys, the Izmir-Ankara-
Erzincan Ocean (IAEO), separated the Gondwanan
Tauride–Anatolide platform from the Sakarya micro-
continent during Mesozoic times. The IAEO was closed
by two northward-directed subduction zones (Göncüo-
glu and Türeli 1993). The northern branch generated the
Late Mesozoic-Tertiary Pontide magmatic arc (Sengör
and Yilmaz 1981). The southern, intra-oceanic branch
gave way to the formation of an island arc and supra-
subduction zone ophiolites within the IAEO during
Middle Cretaceous (Göncüoglu and Türeli 1993; Yaliniz
et al. 1996). Their collision with the passive margin of
the Tauride–Anatolide platform, i.e., the present central
Anatolian crystalline complex (CACC), during the Late
Cretaceous resulted in the emplacement of ophiolitic
nappes onto the CACC and crustal thickening
(Göncüoglu et al. 1991). Ilbeyli et al. (2004) suggested
that delamination of the metasomatized lithospheric
mantle or removal of a subducted slab represent possible
mechanisms to generate post-collision granitoids.
Göncüoglu et al. (1991, 1992, 1993, 1997) interpreted the
transition from collision to post-collisional extension,
which gave way to the evolution of granitoids, to have
occurred in the Late Cretaceous. In contrast, Sengör and
Yilmaz (1981), Görür et al. (1984, 1998), Whitney and
Dilek (1997), and Kadioglu et al. (2003) suggested that
the CACC was separated from the main body of the
Tauride–Anatolide platform since Jurassic by an inter-
vening ‘‘Inner Tauride Ocean’’. This ocean was closed
by northward subduction beneath the CACC during
Early Paleocene-Eocene, generating Andean-type calc-
alkaline arc magmatism. Both models are essentially
based on tectonic considerations, but lack adequate
geochronological constraints.

The CACC contains slices of metamorphic, ophiolitic,
granitic, and syenitic rocks (Fig. 1b). The metamorphic
rocks include a Precambrian basement of ortho- and
paragneisses with rare amphibolite and metacarbonate.
The lower part of the cover of the Precambrian basement
consists of metaclastic rocks and marbles similar to the
Paleozoic successions of the Tauride Platform. The upper
part of the cover includes a thick package of marbles,
which are equivalents of the Mesozoic carbonates in the
Taurides (Göncüoglu 1986). This package is overlain by
an ophiolite-bearing sedimentary mélange. These HT/LP
metamorphic rocks are tectonically overlain by a nappe
that includes MORB, island arc related rocks, and low-
grade metamorphic remnants of a supra-subduction-type
Neotethyan oceanic lithosphere. Granites and syenites
intruded both the metamorphic rocks and the sedimen-
tary mélange. The youngest magmatic rocks include
syenites. Their extrusive equivalents are found as blocks
and boulders within the oldest non-metamorphic cover
units of Upper Maastrichtian to Lower Paleocene age
(Köksal et al. 2001). East–west trending fault-controlled
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basins (e.g., Central Kızılırmak Basin, Dirik et al. 1999)
within and around the CACC include, apart from Upper
Maastrichtian to Lower Paleocene continental to shal-
low-marine sediments, also an Early to Middle Eocene
succession that starts with transgressive carbonates and
terminates with a regressive series. The Eocene succes-
sion also includes within-plate type volcanic and vol-
canoclastic rocks and is unconformably overlain by
Lower Miocene evaporites and continental clastic rocks.
A distinct compressional event, prior to the deposition of
Upper Miocene-Pliocene continental clastic, volcano-
clastic, and volcanic rocks, is marked by the overthru-
sting of basement lithologies onto Lower Miocene
sediments (Göncüoglu et al. 1991).

Existing age constraints

Earlier efforts to constrain the timing of magmatism
in central Anatolia are listed in Table 1. The first
geochronological study on the granitoids gave an age of
c. 54 Ma using the total-Pb method (chemical age) on a
single zircon grain from the BR (Ayan 1963). Recently,
K–Ar mineral ages from Baranadag granitoids was
determined by Ilbeyli et al. (2004) as 76.4±1.3 Ma.
Ilbeyli et al. (2004) also determined the age of Cefalik-
dag granitoids, from the Kaman region, as
66.6±1.1 Ma by K–Ar method. Ataman (1972) pre-
sented an Rb–Sr 3-point whole-rock (WR) isochron age
of 73.5±1.0 Ma [age recalculated using the decay con-
stants recommended by IUGS (Steiger and Jäger 1977)]
for the Cefalikdag granitoid. This age is in agreement
with K–Ar mineral ages ranging from 69 to 74 Ma
(Erkan and Ataman 1981), obtained from metamorphic
rocks to constrain the intrusion and cooling age of the
Cefalikdag granitic rocks. Furthermore, some of the
alkaline intrusions from the Kaman region gave Rb–Sr
WR isochron ages between 70.5 and 85.1 Ma (Table 1).

Age data to the south and southeast of the Kaman
region span a wider range. For instance, the Agaçören
granitoid yields an Rb–Sr 3-point WR isochron age of
110±14 Ma that has been interpreted as intrusion age

Fig. 1 a Locations of main tectonic units and the structure belts in
Turkey (modified after Toksoy-Köksal et al. 2001). M Menderes
Massif, IAES Izmir-Ankara-Erzincan Suture Zone, NAFZ North
Anatolian Fault Zone, SAFZ South Anatolian Fault Zone; b
simplified geological map of the CACC (Modified after Düzgören-
Aydin et al. 2001; Toksoy-Köksal et al. 2001). Central Anatolian
granitoids: H-type- BR Baranadag, CD Cefalikdag, AG Agaçören,
TR Terlemez, EK Ekecikdag, CE Çelebi, BE Behrekdag, YZ
Yozgat, S-type- UK Üçkapili, SH Sarihacili, A-type- CS Çamsari,
EG Egrialan, ID Idisdag, YB Bayindir, AT Atdere; c simplified
geological map and sample locations of the Baranadag and
Çamsari granitoids (Modified after Göncüoglu et al. 1992; Otlu
and Boztug 1998)
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(Güleç 1994). Ar–Ar biotite data from the same intru-
sion, however, yield an age of 77.6±0.3 Ma (Kadioglu
et al. 2003). K–Ar age determinations from Terle-
mez quartz-monzonite ranging from 81.5±1.9 to
67.1±1.3 Ma have been interpreted to reflect intrusion
and cooling (Yaliniz et al. 1999).

Rb–Sr and K–Ar age determinations from the syn-
collisional Üçkapili Granitoid in the southern part of the
CACC (Göncüoglu 1986) span a similar wide range
(Rb–Sr WR isochron 95±11 Ma and Rb–Sr mineral
isochron 77.8±1.2 Ma). The distinctly older Rb–Sr WR
age for the Üçkapili Granitoid, however, bases on four
samples from three different exposures, several kilome-
ters apart. This age may have been derived from a
rotated mixing line rather than from an isochron (cf.
Wendt 1993; Romer 1994). Unpublished U–Pb monazite
data were interpreted to yield ages between 20 and
13.7 Ma (Whitney and Dilek 1997). U–Pb SHRIMP
studies have shown that zircon cores in Üçkapili Gran-
itoid record Proterozoic through Mesozoic ages,
whereas rims consistently yield Late Cretaceous (92–
85 Ma) ages, which is in accordance with Ar–Ar mineral
age data yielding 79.5±1.2 Ma (Whitney et al. 2003).
Age data to the northwest of the Kaman region are only
available for Behrekdag composite pluton, which yields
K–Ar mineral ages of 69.1±1.4 to 71.5±1.5 Ma for
S-type granitoids, and 68.8±1.4 to 81.2±3.4 Ma
for H-type granitoids (Tatar et al. 2003). Besides,
Ilbeyli et al. (2004) presented K–Ar mineral age of
79.5±1.7 Ma for the Behrekdag granitoid.

The major problem with the existing age database
(Table 1) is that there occur (a) cases where the isotopic
ages indicate a sequence of emplacement that is not
compatible with field observations and (b) dating gave an

unreasonable broad age range of some 20–30 Ma for
some intrusions. The problem originates only partially
from regionally sampled WR isochrons. The age of the
magmatism is independently bracketed by the biostrati-
graphic age of sediments intruded by the granitoids and
the first appearance of granitoid pebbles in sediments.
The Terlemez quartz-monzonite that has a clear intrusive
contact with the Middle Turonian–Lower Santonian pe-
lagic rocks (Yaliniz et al. 1997, 1999), i.e., c. 92–86 Ma
according to the numerical time scale of Menning and
Deutsche StratigraphischeKommission (2002). The basal
conglomerates of the latest Maastrichtian sediments dis-
conformably covering the CACC are dominated by well-
rounded pebbles of granites, syenites and monzonites of
the underlying central Anatolian granitoids. Thus, the
age of the intrusions is bracketed between Early Santo-
nian age values and latest Maastrichtian age values (e.g.,
Köksal et al. 2001), i.e., 86–65.0 Ma according to the
numerical time scale of Menning and Deutsche Strati-
graphische Kommission (2002).

Petrological characteristics of the granitoids

Field and petrographical features

The BR and the CS are exposed to the north of Kirsehir
in the western part of the CACC (Fig. 1b). Samples were
collected from the same localities (Fig. 1c) as reported
by other authors (e.g., Seymen 1981; Lünel 1985;
Bayhan 1987; Erler et al. 1991; Otlu and Boztug 1998;
Aydin and Önen 1999). Samples for geochronological
and geochemical work were chosen from outcrops free
of enclaves and altered surfaces.

Table 1 Previous geochronological data from the central Anatolian granitoids

Name of Intrusion Method Age (Ma) Granitoid
type

Authors

Bayindir feldspathoidal syenite (Kaman) Rb–Sr (WR) 70.7±1.1 A-type Gündogdu et al. (1988)
Bayindir quartz syenite (Kaman) Rb–Sr (WR) 85.1±3.6 A-type Kuruç (1990)
Bayindir sodalite syenite (Kaman) Rb–Sr (WR) 84.4±0.9 A-type Kuruç (1990)
Bayindir miaskite (Kaman) Rb–Sr (WR) 71.8±0.1 A-type Kuruç (1990)
Bayindir foyaites and volcanic rocks
(Kaman)

Rb–Sr (WR) 70.5±3.4 A-type Kuruç (1990)

Baranadag quartz monzonite (Kaman) Total Pb method (zircon) 54 H-type Ayan (1963)
Baranadag monzonite (Kaman) K–Ar (mineral) 76.4±1.3 H-type Ilbeyli et al. (2004)
Cefalikdag granitoid (Kaman) Rb–Sr (WR) 73.5±1.0a H-type Ataman (1972)
Cefalikdag quartz-monzonite (Kaman) K–Ar (mineral) 66.6±1.1 H-type Ilbeyli et al. (2004)
Agaçören granitoid Rb–Sr (WR) 110±14 H-type Güleç (1994)
Agaçören granitoid Ar–Ar (mineral) 77.6±0.3 H-type Kadioglu et al. (2003)
Terlemez quartz-monzonite K–Ar (mineral) 81�67 H-type Yaliniz et al. (1997)
Behrekdag composite pluton K–Ar (mineral) 81.2�68.8 H-type Tatar et al. (2003)
Behrekdag granite K–Ar (mineral) 79.5±1.7 H-type Ilbeyli et al. (2004)
Behrekdag composite pluton K–Ar (mineral) 71.5�69.1 S-type Tatar et al. (2003)
Üçkapili granitoid Rb–Sr (WR) 95±11 S-type Göncüoglu (1986)
Üçkapili granitoid Rb–Sr (mineral) 77.8±1.2 S-type Göncüoglu (1986)
Üçkapili granitoid K–Ar (mineral) 78�75 S-type Göncüoglu (1986)
Üçkapili granitoid U–Pb (monazite) 20�13.7 S-type Whitney and Dilek (1997)
Üçkapili granitoid U–Pb SHRIMP (zircon) 92�85 S-type Whitney et al. (2003)
Üçkapili granitoid 40 Ar–39 Ar plateau age (mineral) 79.5±1.2 S-type Whitney et al. (2003)

aRecalculated using the decay constant recommended by Steiger and Jäger (1977)
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Baranadag quartz-monzonite was chosen as a rep-
resentative H-type granitoid in the CACC regarding its
geological and petrological similarities with the other
central Anatolian hybrid granitoids (Aydin and Önen
1999). BR cuts the metamorphic rocks and overlying
ophiolitic units of the CACC (Otlu and Boztug 1998).

Baranadag quartz-monzonite is abundantly composed
of K-feldspar (orthoclase, microcline, 32–58 vol%), pla-
gioclase (An28–36, 26–45 vol%), and quartz (4–14 vol%)
(Aydin and Önen 1999). There are variable amounts
of mafic minerals with modal compositions of 2–
17 vol% calcic amphibole (hornblende, tschermakitic
hornblende), 1–7 vol% clinopyroxene (diopside with
Wo50En34Fs16), and 0.5–6 vol% biotite, which is partly
altered to chlorite (Aydin and Önen 1999). Titanite, zir-
con, apatite, and opaque minerals are common accessory
minerals. The medium to coarse-grained BR is charac-
terized by a porphyritic texture with pinkish K-feldspar
megacrysts. BR includes abundant mafic microgranular
enclaves that are elliptical to spherical with sharp
contact to their host. The enclaves are finer grained than
their host rock and suggest a magma mingling process

(Didier and Barbarin 1991). K-feldsparmegacrysts, mafic
microgranular enclaves, and abundance ofmaficminerals
(with hornblende > biotite) are common features in H-
type central Anatolian granitoids, are commonly inter-
preted to result from magma mingling/mixing processes
(Güleç and Kadioglu 1998; Kadioglu and Güleç 1999),
and resemble the H-type granitoid series of Barbarin
(1990).

Çamsari quartz-syenite is representative for the silica-
saturated A-type plutonic rocks within the CACC (Otlu
and Boztug 1998; Boztug 1998, 2000) (Fig. 1c). It is
composed of feldspar (78–82 vol%), quartz (12–
13 vol%), cpx (5–6 vol%), and small amounts of tita-
nite, fluorite, zircon, titanite, and opaque minerals. CS
feldspar is subsolvus with two discrete phases: alkali
feldspar is dominant with a wide range in composition
from low to high-K content and plagioclase with com-
positions ranging An21 to An0. Representative micro-
probe analyses are shown in Table 2. Hedenbergite
(Wo47En23Fs31), which is pseudomorph after amphibole,
is the only mafic mineral. Medium to fine-grained CS
rocks show no microgranular mafic or wall rock

Table 2 Electron microprobe analyses, cation proportions, and end member compositions of feldspar and pyroxene from the CS

Feldspar

Analyses# F-1 F-2 F-3 F-4 F-5 F-6 F-7 F-8 F-10 F-11 F-12 F-13 F-14 F-15 F-16

SiO2 68.72 68.45 68.96 66.11 66.87 65.96 66.41 64.15 65.41 65.95 65.99 66.65 67.58 65.90 65.97
TiO2 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
Al2O3 20.24 20.36 19.96 18.31 18.85 18.44 18.57 22.88 22.04 18.49 21.82 21.58 19.25 18.49 18.39
MgO 0.00 0.01 0.02 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.01 0.00
CaO 0.77 0.91 0.57 0.02 0.07 0.05 0.03 4.30 3.37 0.03 2.93 2.56 0.42 0.06 0.02
MnO 0.00 0.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.02 0.00 0.00 0.01 0.00
FeO 0.08 0.11 0.22 0.19 0.16 0.21 0.09 0.36 0.33 0.21 0.30 0.28 0.13 0.09 0.10
Na2O 11.21 11.29 10.53 1.92 5.41 2.03 2.73 9.00 9.51 1.77 9.95 10.10 8.24 2.12 1.50
K2O 0.31 0.20 1.16 13.97 9.77 13.97 12.80 0.55 0.64 14.13 0.32 0.51 5.25 13.66 14.41
Total 101.33 101.37 101.43 100.52 101.14 100.65 100.66 101.25 101.31 100.60 101.33 101.67 100.88 100.33 100.39
Si 11.88 11.83 11.93 12.05 11.97 12.02 12.03 11.23 11.42 12.02 11.49 11.56 11.94 12.02 12.05
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 4.12 4.15 4.07 3.93 3.98 3.96 3.97 4.72 4.53 3.97 4.48 4.41 4.01 3.97 3.96
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.14 0.17 0.11 0.00 0.01 0.01 0.01 0.81 0.63 0.01 0.55 0.48 0.08 0.01 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe 0.01 0.02 0.03 0.03 0.02 0.03 0.01 0.05 0.05 0.03 0.04 0.04 0.02 0.01 0.01
Na 3.75 3.79 3.53 0.68 1.88 0.72 0.96 3.05 3.22 0.62 3.36 3.40 2.82 0.75 0.53
K 0.07 0.04 0.26 3.25 2.23 3.25 2.96 0.12 0.14 3.29 0.07 0.11 1.18 3.18 3.36
Cation 19.97 20.01 19.93 19.95 20.10 19.98 19.94 19.99 19.99 19.95 19.99 19.99 20.06 19.96 19.92
Or 1.70 1.12 6.57 82.61 54.14 81.72 75.38 3.09 3.56 83.92 1.79 2.80 28.96 80.63 86.26
Ab 94.70 94.66 90.71 17.27 45.53 18.04 24.45 76.66 80.64 15.93 84.46 85.26 69.08 19.06 13.62
An 3.60 4.22 2.73 0.12 0.34 0.24 0.17 20.25 15.80 0.14 13.76 11.94 1.96 0.31 0.12

Analyses were performed by a CAMECA SX-100 type microprobe at Geoforschungs Zentrum Potsdam, Germany
Structural formulae of feldspar calculation is based on 32 oxygens. Pyroxene classification is according to Morimoto (1988) and estima
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enclaves. Although contact relations between the BR
and CS rocks are not exposed in the studied area, there
occur small-scale quartz-syenite bodies and dikes,
showing mineralogical and petrographical similarities to
CS that cut Baranadag. In other parts of the CACC, CS-
like quartz-syenites are known to cut BR-like quartz-
monzonites (Akiman et al. 1993).

Geochemistry

BR and CS are typical CACC granitoids. We charac-
terize the geochemical composition of these granites
using data for the 11 samples shown in Table 3 and
major and some trace element contents for additional 38
samples from the literature (Otlu and Boztug 1998) and
Boztug (1998, 2000). BR and CS are characterized by
high contents of total alkali elements (Table 3). CS
shows distinctly higher SiO2 contents than BR. BR
exhibits a metaluminous calc-alkaline character with
A/CNK<1 and A/NK>1, and agpaitic index
(AI)<0.87 (Fig. 2). In contrast, CS is characterized by

weakly metaluminous to peraluminous (A/CNK=
0.92–1.20, A/NK>1) and calc-alkaline to alkaline

composition (AI=0.80–0.94).
The BR and CS samples exhibit distinct geochemical

trends in Harker diagrams (Fig. 3). In general, BR
displays higher concentrations of TiO2, Fe2O3

tot, MgO,
CaO, P2O5, Ba, Sr, and lower abundances of SiO2, Na2O,
K2O, Rb, Nb, Th, and Zr than the CS samples. The
compositional variation trends against SiO2 for BR and
CS do not form continuous pattern. Instead, the varia-
tion trends are offset from each other (e.g., as for
Fe2O3

tot, CaO, Fig. 3) or have contrasting slopes (e.g., as
for P2O5, Ba, and Sr, Fig. 3). Thus, the contrasting
nature of the BR and CS rocks does not reflect differently
evolved rocks from the same suite, as might be suggested
by the contrasting ranges of SiO2 content, but reflect
distinct paths of magma evolution and derivation from
separate sources. This contrast between the BR and CS
rocks becomes even more obvious in a multi-element plot
normalized to continental crust (Fig. 4). The BR rocks
display an enrichment in LILE (Rb, Ba, Th, U, K, Sr)
and LREE relative to HSFE (Nb, Ta, Zr, Hf, Sm, Y) and

Pyroxene

F-17 F-18 F-19 F-20 F-21 F-22 F-23 Analyses# P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9

65.28 64.33 64.37 64.14 66.53 66.51 67.81 SiO2 49.41 49.96 50.39 50.25 50.20 50.10 48.89 50.49 50.03
0.00 0.02 0.03 0.00 0.00 0.01 0.00 TiO2 0.24 0.20 0.21 0.22 0.21 0.27 0.19 0.20 0.25
18.18 22.66 22.77 22.97 18.92 18.88 19.09 Al2O3 2.06 1.82 1.84 1.86 1.82 2.02 2.88 1.93 1.87
0.00 0.01 0.00 0.02 0.00 0.01 0.02 FeOtot 18.40 16.9 16.8 16.6 16.4 17.1 16.7 16.2 16.8
0.01 4.21 4.17 4.33 0.27 0.36 0.32 MnO 1.52 1.45 1.34 1.37 1.49 1.32 1.22 1.44 1.44
0.00 0.03 0.02 0.00 0.06 0.04 0.02 MgO 6.48 7.21 7.64 7.78 7.78 7.49 8.25 7.72 7.45
0.14 0.38 0.33 0.27 0.18 0.19 0.21 CaO 21.90 22.20 22.40 22.40 22.40 22.40 18.00 22.30 22.20
1.12 9.23 9.26 8.97 3.93 4.10 6.89 Na2O 1.10 1.10 1.04 1.06 1.03 1.09 0.86 1.07 1.05
14.95 0.57 0.47 0.65 11.07 10.61 6.67 K2O 0.00 0.00 0.00 0.01 0.00 0.00 0.10 0.00 0.01
99.68 101.43 101.42 101.36 100.96 100.69 101.02 Total 101.11 100.84 101.66 101.55 101.33 101.75 97.09 101.35 101.10
12.04 11.25 11.25 11.22 11.97 11.97 12.00 TSi 1.90 1.92 1.91 1.91 1.91 1.91 1.90 1.94 1.92
0.00 0.00 0.00 0.00 0.00 0.00 0.00 TAl 0.09 0.08 0.08 0.08 0.08 0.08 0.09 0.06 0.08
3.95 4.67 4.69 4.74 4.01 4.01 3.98 TFe3+ 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.00
0.00 0.00 0.00 0.01 0.00 0.00 0.00 M1Al 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.01
0.00 0.79 0.78 0.81 0.05 0.07 0.06 M1Fe

3+ 0.17 0.16 0.15 0.16 0.16 0.15 0.16 0.04 0.14
0.00 0.00 0.00 0.00 0.01 0.01 0.00 M1Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
0.02 0.06 0.05 0.04 0.03 0.03 0.03 M1Mg 0.37 0.41 0.43 0.44 0.44 0.44 0.42 0.43 0.44
0.40 3.13 3.14 3.04 1.37 1.43 2.36 M1Fe

2+ 0.40 0.39 0.38 0.36 0.36 0.36 0.37 0.43 0.37
3.52 0.13 0.10 0.15 2.54 2.44 1.51 M1Mn 0.05 0.04 0.03 0.03 0.03 0.04 0.03 0.02 0.04
19.94 20.04 20.02 20.00 19.98 19.96 19.95 M2Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00
89.71 3.15 2.60 3.63 64.09 61.90 38.33 M2Fe

2+ 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00
10.23 77.36 78.00 76.08 34.60 36.35 60.13 M2Mn 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
0.06 19.48 19.39 20.29 1.30 1.74 1.55 M2Ca 0.90 0.91 0.91 0.91 0.91 0.91 0.91 0.77 0.91

M2Na 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08
M2K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cation 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Wo% 47.17 47.69 47.40 47.41 47.41 47.44 47.42 41.38 47.66
En% 19.40 21.51 22.52 22.93 22.93 22.91 22.10 26.39 22.91
Fs% 33.43 30.81 30.08 29.66 29.66 29.65 30.48 32.24 29.43
Fe2+/(Fe2+

+Mg)
0.53 0.48 0.47 0.45 0.45 0.45 0.47 0.51 0.46

tion of ferric iron is from Droop (1987)
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HREE. BR is characterized by small negative anomalies
in Ba, Nb, Ta, Ti, Zr and Hf. CS is strongly enriched in
LILE and LREE relative to HFSE and shows a strong
depletion in Ba, Sr, and Ti and enrichment in Rb, Th, U,
Zr, and Hf. Even though CS is depleted in Nb, Ta, it has
higher concentration of these elements than BR.

The contrast between the BR and CS rocks is also
obvious in chondrite-normalized REE pattern (Fig. 5).

The BR and CS samples have steep LREE-enriched and
flat HREE patterns (Fig. 5). CS shows a higher LREE
enrichment and lower MREE and HREE contents than
BR. CS exhibits variable and more pronounced negative
Eu anomalies ((Eu/Eu*)N=0.53–0.88) and higher
(La/Yb)N ratios (27–54). In contrast, BR has small
negative Eu anomalies ((Eu/Eu*)N=0.74–0.81) and high
(La/Yb)N ratios (18–21). REE patterns of both BR and

Table 3 Geochemical analyses of the BR and CS granitoids

Baranadag quartz monzonite Çamsari quartz syenite

BR-a BR-b BR-c BR-d BR-e BR-fa CS-aa CS-b CS-c CS-d CS-e

SiO2 59.5 59.6 59.9 59.3 58.4 59.67 63.7 63.2 62.7 69.6 65.1
Al2O3 17.0 17.2 17.4 17.3 17.2 17.3 18.1 18.9 18.1 15.6 18.2
Fe2O3

tot 5.07 5.18 4.80 5.01 5.45 4.98 2.63 2.86 2.51 1.73 1.44
MgO 1.63 1.72 1.57 1.58 1.82 1.54 0.28 0.26 0.23 0.14 0.07
CaO 4.76 5.03 4.87 4.87 5.59 4.87 1.74 2.00 1.42 1.35 0.42
Na2O 3.50 3.63 3.62 3.47 3.46 3.49 4.77 5.62 4.00 3.99 4.09
K2O 6.02 5.70 6.00 6.59 5.84 6.35 7.95 6.30 9.62 6.67 9.48
TiO2 0.53 0.55 0.51 0.52 0.56 0.53 0.35 0.28 0.38 0.21 0.15
P2O5 0.23 0.26 0.25 0.29 0.28 0.24 <0.01 0.01 0.03 <0.01 <0.01
MnO 0.10 0.10 0.10 0.11 0.11 0.10 0.06 0.07 0.09 0.02 0.03
LOI 1.2 0.6 0.6 0.6 0.8 0.8 0.6 0.2 0.7 0.5 0.7
Total 99.7 99.7 99.7 99.8 99.7 99.9 100.2 99.7 99.8 99.8 99.7
Ba 1,080 1,050 1,090 1,130 1,290 1,110 261 183 136 199 218
Sc 6 6 6 8 7 6 1 1 1 1 1
Cr 205 212 226 219 192 274 328 178 151 246 164
Co 11 11 9 10 10 11 3 2 2 1 1
Cs 8.9 8.6 13 9.4 9.4 9.3 15 4.9 19 19 16
Ga 21 21 21 19 21 21 22 21 21 18 19
Hf 5.7 6.3 5.8 5.6 6.4 7.6 10 11 9.8 7.5 18
Nb 21 23 22 19 23 24 47 38 69 22 27
Rb 245 232 233 210 205 233 335 219 450 376 467
Sn 4 3 4 3 3 5 3 3 4 3 2
Sr 970 964 952 964 1,070 1,010 309 215 160 250 117
Ta 1.2 1.4 1.4 1.1 1.4 1.3 2.0 1.4 3.6 1.0 1.1
Th 32 35 22 30 29 27 59 96 114 121 33
U 7.4 6.2 8.1 5.2 5.4 6.8 13 13 30 16 12
V 96 95 87 87 103 97 40 33 22 18 15
Zr 251 254 219 216 256 275 518 655 479 248 971
Y 27 28 28 23 29 29 24 23 28 14 13
Mo 6.9 6.4 6.8 6.7 5.9 6.8 11 6.6 5.2 10 7.5
Cu 15 17 16 18 17 19 14 8.5 6.1 10 9.3
Pb 4.1 4.6 7.7 6.3 5.2 6.8 29 24 23 15 17
Zn 36 35 35 40 36 47 31 27 67 22 17
Ni 14 15 15 17 13 28 22 13 8.7 16 15
As 1.4 1.8 6.5 3.0 2.6 2.7 3.9 3.0 11 3.9 4.0
Bi 0.1 0.1 0.3 0.2 0.2 0.2 0.2 0.2 0.7 0.5 0.8
La 62 62 65 60 80 75 148 117 106 90 143
Ce 129 134 134 118 157 151 248 206 213 132 182
Pr 14 15 15 13 16 14 18 18 19 10 12
Nd 54 55 55 49 61 57 59 52 65 29 32
Sm 9.2 9.0 9.3 8.2 10.6 9.5 7.5 6.6 9.3 3.7 3.2
Eu 2.0 2.0 2.0 1.7 2.2 2.0 1.4 1.1 1.3 0.73 0.65
Gd 6.29 6.50 6.73 5.97 7.11 7.26 6.32 3.94 5.73 2.4 1.6
Tb 0.85 0.90 0.89 0.80 0.98 0.94 0.71 0.63 0.84 0.36 0.33
Dy 4.7 4.6 4.7 4.1 5.2 5.0 3.9 3.4 4.4 2.1 1.9
Ho 0.87 0.91 0.86 0.78 0.94 0.79 0.66 0.65 0.82 0.39 0.41
Er 2.2 2.2 2.4 2.0 2.6 2.4 2.2 1.9 2.3 1.3 1.3
Tm 0.31 0.36 0.31 0.29 0.36 0.32 0.29 0.30 0.37 0.19 0.21
Yb 2.2 2.3 2.4 2.1 2.5 2.5 2.4 2.6 2.6 1.6 1.8
Lu 0.34 0.36 0.30 0.28 0.33 0.36 0.37 0.36 0.38 0.27 0.30

Geochemical analyses were performed in ACME Analytical Labo-
ratories Ltd. (Canada). Major elements, Ba, and Sc were measured
by ICP-AES
tot total Fe as Fe2O3

Major elements in wt%, trace elements in ppm, trace elements
excluding Ba and Sc were measured by ICP-MS, and LOI is loss of
ignition
aSamples used for U–Pb dating
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CS with high (La/Yb)N ratios reflect strong fraction-
ation. REE abundances of CS (especially MREE and
HREE) decrease as SiO2 content increases and reflect
strong fractional crystallization within CS itself. BR and
CS define different trends in numerous trace-element
diagrams (cf. Fig. 6). The contrasting slopes defined by
samples from the two granite types in a Ba vs. Rb,
(La/Yb)N vs. (Eu/Eu*)N, and (Tb/Yb)N vs. (Eu/Eu*)N
diagrams (Fig. 6) demonstrate, along with the chemical
data shown in Figs. 3, 4 and 5 and the mineralogical
data, that the BR and CS granitoids were not produced
by fractional crystallization from a single magma source.

Although both rock suites display arc affinity based
on their negative Nb, Ta, and Ti anomalies and Th
enrichment relative to La, discrimination diagrams for
the tectonic setting do not indicate arc setting. For
instance, in the Rb vs. (Nb+Y) diagram (Fig. 7) of

Pearce et al. (1984), CS rocks mostly plot in the within-
plate granite (WPG) field, whereas the BR samples
typically are scattered in the WPG and volcanic arc
granite (VAG) fields, near to the junction of the VAG,
WPG, and syn-collision (syn-COLG) fields. Such a
contrast between the setting observed in the field and the
setting inferred from trace-element discrimination dia-
grams is known from many collision settings, where late-
and post-collisional magmatism shows the geochemical
signature of the underlying collided crust rather than the
tectonic setting of the last magmatism (e.g., Förster et al.
1997; Romer et al. 2001).

The BR samples are characterized by high Sr con-
centrations, negligible Eu anomalies, and depletion of
HREE and Y relative to LREE. These features are
indicative for a residue with garnet and amphibole, but
without plagioclase. The concentration of incompatible
elements (e.g., Ba=773–1425 ppm, Th=10–63 ppm,
Nb=15–37 ppm; data from Table 3 and Otlu and
Boztug 1998; Boztug 1998, 2000) is much higher than
for average continental crust (ACC; Ba=390 ppm,
Th=5.6 ppm, Nb=12 ppm, values from Rudnick and
Fountain 1995). The BR rocks are typically charac-
terized by higher Ba/Nb (34–87), Ba/Zr (2.4–6.3),
La/Nb (2.7–3.4), Ce/Pb (17–31), Rb/Nb (5.4–12), K/Nb
(1,600–3,000), Th/La (0.34–0.56), Th/Nb (0.43–3.3),
Th/Yb (9.3–15), and Ta/Yb (0.59–0.61), and lower
Ba/La (15–19) ratios than ACC. The observed enrich-
ment in LILE and LREE relative to HFSE, and
enrichment in HFSE relative to ACC may indicate
either (1) contamination by continental crustal material
during the ascent of the magma (e.g., DePaolo 1981) or
(2) subcontinental lithospheric mantle (SCLM) source
that is enriched by contribution of slab-derived com-
ponents from an earlier subduction (e.g., Whalen et al.
1996). Both scenarios may yield identical chemical
signatures and cannot be distinguished without isotope
data. A derivation of these magmas from an enriched
SCLM possibly provides the most straightforward
explanation for the observed geochemical signatures,
which are similar to subduction zone related magmas
(e.g., Ba/Nb>30, Gill 1981; high La/Nb, Hawkesworth
et al. 1995; high Ba/Zr Ajaji et al. 1998; average Th:
18(±7) ppm, average Nb: 11(±4) ppm, Whalen et al.
1987). Ilbeyli et al. (2004) presented isotope data from
the Baranadag granitoid that is characterized by a high
initial 87 Sr/86 Sr (0.70804) and a low initial
143Nd/144Nd (0.51227) value. Ilbeyli et al. (2004) sug-
gested a derivation of the Baranadag magmas from an
enriched SCLM source and subsequent modification by
crustal contamination in combination with fractional
crystallization.

These geochemical features are reported not only
from arc environments but also from enriched sources
related to post-collisional environments (Whalen et al.
1996; Wenzel et al. 1997; Ajaji et al. 1998). Ajaji et al.
(1998) suggests that such an enrichment in post-colli-
sional setting was related to an earlier subduction event
creating a subduction-modified SCLM source. Since
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Fig. 2 a Plot of Shand index for BR and CS, discrimination fields
are from Maniar and Piccoli (1989); b agpaitic index (AI) vs. SiO2

diagram. The dashed line [AI=0.87 (Liégeois and Black 1987)]
separates alkaline and calc-alkaline granite series. Data are from
previous studies (38 samples: Otlu and Boztug 1998; Boztug 1998,
2000) and present study (11 samples: listed in Table 3)

981



field and geochemical data suggest a post-collisional
setting, the observed high LILE/HFSE and LREE/
HREE ratios of the BR rocks are likely to reflect a
source signature rather than the tectonic setting.

Even though the CS samples have variable Nb
anomalies or even none and have also strong negative

Ta and Ti anomalies, they display lower incompatible
element ratios Ba/Nb (1.97–11.0), Ba/La (1.28–2.21),
Ba/Zr (0.22–1.42), and Ce/Pb (8.50–10.6), but higher
La/Nb (1.54–5.22) than the BR samples. These lower
values reflect the strong depletion of Ba in the CS rocks,
even lower than ACC, and the strong enrichment of Nb
relative to ACC. The high LILE concentrations and the
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enrichment of HFSE of the CS samples relative ACC
may reflect an enrichment in the mantle source through
ancient subducted material. Moreover, the enrichment
in LILE such as Rb, K, and Ce, and high ratios of
K/Nb, Rb/Nb, and Th/Nb suggest crustal contamina-
tion for CS.

Geochemical data indicate that the BR and CS
granitoids have mantle sources, which have been modi-
fied by subduction-related components and experienced
minor or no wall rock assimilation. Both of the granitoid
suites do not represent the product of fractional crys-
tallization from a single source and they are not geneti-
cally related to each other. Instead, they seem to have
been generated in a post-collisional setting with
WPG affinity. They are products from different sources,
i.e., BR may be derived from a hybridized source
and shows evidence of magma mingling/mixing and
crustal contamination processes and CS reflects features
common of A-type granitoids with significant crustal
contamination.

Geochronology

Titanite forms abundant idiomorph crystals in both the
BR and CS samples. Inclusion-free and fracture-free
titanite was separated for U–Pb dating. For the correc-
tion of common Pb, K-feldspar was separated from the
same specimens and leached before analysis (Romer
et al. 1996).

Titanite from Baranadag has U contents ranging
from 150 to 170 ppm and Pbtot from 6.0 to 7.4 ppm
(Table 4). Due to the rather high contents of common
Pb (2.2–3.1 ppm), the measured 206Pb/204Pb is not very
radiogenic (Table 4). In a 206Pb/204Pb –238 U/204Pb
diagram, the data fall on a straight line that defines a
considerably more radiogenic intercept than inferred
from feldspar Pb. Using feldspar Pb to constrain the
isochron results in excess scatter (MSWD=2.7) and an
age of 74.0±2.8 Ma (2r; Fig. 8a). The excess scatter
originates dominantly from the feldspar Pb. There is a
slight correlation between measured 206Pb/204Pb and
206Pb/238U age (Table 4) indicating that the use of a
different common Pb correction could reduce the range
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observed in 206Pb/238U ages. For a slightly more
radiogenic common Pb, the scatter of the data would be
reduced and the 206Pb/238U ages of the individual
sample would be lowered. The anomalous pattern of the
U–Pb data of Baranadag titanite may be explained by
(a) a distinctly more radiogenic initial Pb, (b) hetero-
geneous initial Pb, and (c) partial disturbance of the U–
Pb system of titanite during a later overprint. The BR
experienced extensive magma mingling and assimila-
tion. Therefore, the initial Pb isotopic composition of
leached feldspar, which formed from a wide range of
differently evolved melts, does not necessarily have to be
homogeneous or to be representative for the dated
titanite. (a) A more radiogenic initial Pb would reduce
the age of the titanite samples considerably and require
that titanite crystallized from a melt with a distinctly

different Pb isotopic composition than recorded by
feldspar, which is the major Pb carrier. A difference in
initial Pb as indicated by the dashed regression through
the titanite samples (Fig. 8a) is extremely unlikely. (b)
Due to the non-radiogenic nature of the Pb in titanite,
already a minor heterogeneity in the initial Pb of titanite
becomes apparent as a range in 206Pb/238U. For in-
stance, a heterogeneity in the isotopic composition of
initial Pb of only 0.5 U in 206Pb/204Pb results in an
206Pb/238U age range of 0.7 Ma. (c) A later recrystalli-
zation of titanite may have resulted in a loss of Pb,
which would reduce the U–Pb age, or the incorporation
of Pb, whose effect on the age depends on the isotopic
composition of the Pb. Although the present data do
not allow excluding any of these possible explanations,
the freshness of the dated samples and their derivation
from mixed sources may favor explanation (b). Such an
explanation also may account for the way the data
straddle along the concordia in the concordia diagram
(Fig. 9). The use of a slightly higher 207Pb/204Pb for the
correction of the initial Pb would have shifted the data
to the left onto the concordia (Fig. 9).

Titanite from Çamsari has a similar range of U
content (155–185 ppm; Table 4) as titanite from Bar-
anadag. Due to its higher contents of initial common Pb
(3.7–5.8 ppm), the Çamsari titanite has even

lower 206Pb/204Pb (41.0 to 56.8, Table 3). In a 206Pb/
204Pb–238U/204Pb diagram, the data fall on a straight line
that intercepts the 206Pb/204Pb axis within uncertainties
at the composition of feldspar Pb (Table 4). Using the
feldspar Pb to additionally constrain the isochron yields
an age of 74.1±0.7 Ma (2r; MSWD=1.4; Fig. 8b).
Similar to the titanite data from BR, titanite from CS
shows some excess scatter in the concordia diagram and
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Fig. 8 206Pb/204Pb vs. 238U/204Pb diagrams of a the BR; b the CS.
The common Pb of feldspar is used to constrain the isochrons. The
excess scatter for the data of the BR largely originates from the use
of this common Pb that also influences to slope of the isochron (see
text)
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Common Pb is corrected using the feldspar Pb from the dated
samples. Although the data sets for both intrusions largely overlap,
the range along the concordia is slightly larger for the BR samples,
eventually resulting in a large age uncertainty
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plots slightly below the concordia. The scatter, however,
is less pronounced (Fig. 9).

The titanite data shown in the concordia diagram
have been calculated using the isotopic composition of
leached feldspar for the common Pb correction. The
data from both intrusions overlap entirely (Table 4).
Using a more radiogenic Pb for the common Pb cor-
rection of the Baranadag intrusion would affect those
samples most that show the oldest apparent 206Pb/238U
ages, as these samples have the lowest 206Pb/204Pb
(Table 4). Such a more radiogenic initial Pb would
reduce the 206Pb/238U age of the Çamsari intrusion more
than that of the Baranadag intrusion. The age overlap,
however, persists as long no extreme values for the initial
Pb are taken. The presented U–Pb titanite data, there-
fore, demonstrate that (1) there is no systematic differ-
ence in age between the two intrusions and (2) the ages
are robust estimates for the time of emplacement of
these granitoids.

Discussion and conclusions

Baranadag quartz-monzonite is identical to other H-
type calc-alkaline granitoids in central Anatolia such as
Yozgat, Agaçören, Ekecikdag, Behrekdag and Cefalik-
dag plutons, but it displays a transition to alkaline
chemistry, which suggests a mature stage of post-colli-
sional history (Aydin and Önen 1999). The U–Pb tita-
nite age of 74.0±2.8 Ma for BR agrees well with the
paleontological constraints for the H-type granitoid at
Terlemez, which is younger than Middle Turonian–
Early Santonian (Yaliniz et al. 1997, 1999), i.e., 92–
86 Ma according to the numeric time scale of Menning
and Deutsche Stratigraphische Kommission (2002). The
CS rocks are geochemically similar to other silica satu-
rated A-type granitoids (e.g., Idisdagi and Hamit
intrusions) throughout the CACC. The U–Pb titanite
age of CS suggests that post-orogenic magmatism
leading to the formation of silica-saturated A-type
plutonic rocks in the CACC had started no later
than 74.1±0.7 Ma. The U–Pb titanite age of CS
(74.1±0.7 Ma) is identical to that of BR (74.0±2.8 Ma)
suggesting that the post-collisional H-type and A-type
magmatism in the Kaman region are closely related in
space and time and may have coevally tapped different
sources in a very small area.

Subcontinental lithosphere may provide a potential
source for syn- or post-collisional granitoid magmatism
(Ben Othman et al. 1989). This subcontinental litho-
sphere may have high LILE/HFSE ratios due to earlier
enrichment from dehydration and melting of sediments
and/or basaltic crust of the subducted slab (e.g., Gill
1981). Such a modified SCLM could represent a likely
source for the BR and CS granitoids. Melting of SCLM
may have been caused by convective thinning of the
lithosphere and/or delamination after collision and
thickening (Turner et al. 1992; Platt and England 1994;

Förster et al. 1997). According to these authors, hot
upwelling asthenosphere rapidly replaces the lithosphere
and eventually causes extension in the crust and melting
of fluid-rich metasomatized parts of the lithospheric
mantle (Platt and England 1994), producing highly
incompatible element enriched melts (Turner et al. 1996;
Hawkesworth et al. 1995). This kind of magmatism
takes place pre-extensional or at the very onset of
extension (Platt and England 1994; Hawkesworth
et al. 1995). Turner et al. (1992) suggested that these
magmatic episodes may play a role in transferring
lithospheric mantle material and its compositional sig-
nature into the crust.

The post-collisional magmatism either dies out with
minor amounts of evolved high-K calc-alkaline plu-
tons or is replaced by alkaline magmatism (Liégeois
et al. 1998). The BR and CS granitoids within the
CACC are examples of such high-K calc-alkaline and
alkaline magmatism, respectively, during the end of
the post-collisional system. Thus, the U–Pb age data
of BR and CS presented in this study suggest the post-
collisional period of the Alpine orogeny may have
ended around 74 Ma (Campanian, Menning and
Deutsche Stratigraphische Kommission 2002) in cen-
tral Anatolia.

Ilbeyli et al. (2004) stated that there is no localized
extension in the CACC to generate the primary magmas
for the granitoids. However, post-collisional extension
giving way to the evolution of granitoids like BR and CS
persisted in central Anatolia and resulted in the forma-
tion of extensional basins (e.g., Kizilirmak, Ulukisla,
and Sivas basins) during the Late Maastrichtian to
Paleocene (e.g., Dirik et al. 1999); 67–55 Ma according
to the numerical time scale of Menning and Deutsche
Stratigraphische Kommission (2002). Maastrichtian
sediments at the basin margin are characterized by mass
flows. The basin fill reaches up to 5,000 m thickness.
Olistoliths of volcanic rocks in these basins are chemi-
cally related to shallow intrusions that represent equiv-
alents of the deeper level A-type granitoids (Göncüoglu
et al. 1997; Köksal et al. 2001). They have an alkaline
character with geochemical affinities of within-plate type
magmatism. Lower Tertiary volcanic rocks in these ba-
sins typically are represented by alkali basalts, trachytes,
and trachyandesites (Gökten and Floyd 1987; Çevikbas
and Öztunali 1992).

Even though reliable geochronological data are still
lacking for many late- to post-collisional granitic
intrusions of central Anatolia, our U–Pb data suggest
that granitic magmatism related to the Alpine orogeny
stopped in the Late Cretaceous. The new U–Pb data
in conjunction with the regional occurrence of geo-
chemically similar rocks are not compatible with
geodynamic scenarios based on ‘‘granite intrusions of
Paleocene-Early Eocene (e.g., Boztug 1998)’’ or
‘‘Paleocene-Early Eocene arc-type granitic plutonism’’
(e.g., Görür et al. 1984, 1998; Tüysüz et al. 1994;
Erdogan et al. 1996).
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Göncüoglu MC, Erler A, Toprak V, Olgun E, Yaliniz K, Kusçu I,
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Kuruç A (1990) Rb–Sr geochemistry of syenitoids from Kaman-
Kirsehir region (in Turkish). Hacettepe University, Unpub-
lished MSc Thesis, Ankara, pp 1–97
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