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Abstract

In the northwestern part of the Afyon Zone, along the northern margin of the Anatolide—Tauride Block, which is gener-
ally regarded as a fragment of northern Gondwana during the Late Paleozoic, Triassic metavolcanic rocks are exten-
sively exposed. These rocks comprise felsic and basic types distinguished by mineralogical and geochemical variations.
Zircon U-Pb dating of the felsic metavolcanics yields an age of 233.4+2.1 Ma, indicating a Triassic magmatic episode.
Metavolcanics have high potassium-shoshonitic and calc-alkaline characteristics. They are enriched in large-ion lithophile
elements (LILE), and depleted in high-field-strength elements (HFSE). They also show enrichment in light rare earth
elements (LREE) relative to heavy rare earth elements (HREE). The relative enrichment of low-field-strength elements
(LFSE) over HFSE, along with average (La/Lu)y ratios of 325, reflects typical calc-alkaline volcanism. The geochemical
trends suggest that assimilation and/or crustal contamination may have occurred during magma evolution. Furthermore,
they are considered to be related to the island arc and resemble Tholeiitic-type mid-ocean ridge basalts. Isotope data sup-
ports an enriched mantle source. The initial #’Sr/*Sr isotope ratios are 0.711429-0.716276 in metadacite and 0.709275—
0.714190 in metabasic. The '**Nd/!*/Nd isotope ratios vary from 0.512349 to 0.512369 in metadacite, and from 0.512463
to 0.512509 in metabasic. The geochemical and isotopic data suggest that the parental magmas were derived from an
enriched mantle source metasomatized by subduction-related components beneath the Afyon Zone. The northward subduc-
tion of the Paleozoic Tethyan oceanic lithosphere under the southern margin of Laurasia during the Triassic is interpreted
to have triggered a regionally rift-related regime along the northern margin of Gondwana. The Triassic metavolcanic rocks
are interpreted to represent the earliest magmatic products associated with the Paleotethys Ocean crust, formed along the
northern margin of Gondwana.

Keywords Afyon zone - Triassic metavolcanic rocks - North Gondwana - Northwestern Tiirkiye

Introduction

The paleogeographic and tectonic evolution of the eastern
Mediterranean region is primarily controlled by the opening
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gene periods (Sengér and Yilmaz 1981; Okay et al. 2001,
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@ Springer



Triassic volcanism in the Afyon Zone (NW Tiirkiye): evidence from U-Pb zircon ages, Sr-Nd isotopes, and...

The east-west-trending izmir-Ankara-Erzincan Suture Zone
(IAESZ), extending for approximately 2000 km, represents
one of the most important Neotethyan suture zones in Tiir-
kiye. It separates the Laurasian continental margin (Sakarya
Continent and Rhodope-Pontide units) to the north from
Gondwana-derived terranes of the Anatolide-Tauride Plat-
form to the south (Sengér and Yilmaz 1981; Okay et al.
1996; Okay and Tiiysiiz 1999; Moix et al. 2008, 2011). The
suture zone is mainly composed of discontinuous Mesozoic
ophiolites and accretionary ophiolitic mélange complexes
(Dilek and Thy 2006). These ophiolitic assemblages are
interpreted as fragments of Tethyan oceanic lithosphere,
representing oceanic basins that developed between Eur-
asia and Gondwana (Sengdr and Yilmaz 1981; Robertson
and Dixon 1984; Dilek and Moores 1990). Locally, the
suture also contains well-preserved island-arc sequences
(Gonciioglu et al. 2006; Celik et al. 2011) and extensive
Mn-oxide deposits hosted by radiolarian chert blocks within
the mélange complexes (Aydogan 2021).

The ATP represents the easternmost continuation of the
Apulian, forming a crucial segment of the southern passive
continental margin of the Neo-Tethys Ocean. It is gener-
ally interpreted as a continental fragment that rifted from
the northern margin of Gondwana during the Triassic, in
response to the opening of the southern branch of the Nete-
thys ocean (Sengor and Yilmaz 1981; Sengor et al. 1984;
Pourteau et al. 2013; Akal et al. 2024). The ATP is com-
posed of two principal tectonic belts: the Anatolides and the
Taurides. Among these, the Tauride Belt consists predomi-
nantly of non-metamorphosed to very low-grade metamor-
phic sedimentary sequences ranging in age from the Early
Paleozoic to the Early Cenozoic (Okay 1984). This belt
represents the southern, relatively stable portion of the ATP
and is regarded as a typical example of a Cimmerian conti-
nental block that rifted from the northern margin of Gond-
wana during the Triassic opening of the Neo-Tethys Ocean
(Sengor 1979). It marks the rifting and opening of the Paleo-
tethys Ocean to the north during the Devonian period and
the Neotethys Ocean to the south during the Permian period
(Moix et al. 2008). Its evolution is similar to that of the Cim-
merian-Iranian blocks located to the east in Middle to Late
Triassic time (Moix et al. 2008). It comprises a Precambrian
basement, overlain by a Paleozoic-Mesozoic cover, which is
mainly composed of carbonate platform-type sediments at
the Beydaglari area of southwestern Tiirkiye (Stampfli and
Borel 2002; Stampfli et al. 2003). The Tauride belt exhibits
no evidence of Variscan deformation (Sengodr et al. 1984;
Hetzel and Reischmann 1996; Dannat and Reischmann
1998). The Anatolide refers to the metamorphic Alpine
tectonic unit that crop out along the northern margin of the
ATP, and is considered to be the metamorphic equivalent
of the Taurides and consist of tectono-metamorphic zones

ranging the Late Cretaceous to the Eocene and running from
north to south including the Tavsanli Zone, the Afyon Zone
and the Menderes Massif (Okay et al. 1998, 2001; Candan
et al. 2005, 2016; Pourteau et al. 2013; Akal et al. 2024). Of
these zones, Tavsanlt is characterised by Late Cretaceous
blueschist metamorphism (Okay et al. 1998; Sherlock et al.
1999). It represents the northward subduction of the conti-
nental margin of the Anatolian platform. It has been thrust
over the Afyon zone, which is composed of metamorphosed
sedimentary rocks from the Devonian to Paleocene peri-
ods (Okay et al. 1996). These rocks are believed to have
originated from the deeply buried northern margin of the
Taurides during the closure of the northern branch of the
Neotethys (Okay et al. 1998; Candan et al. 2005; Pourteau
et al. 2013).

The Afyon Zone was first defined by Okay (1984), who
reinterpreted the “low-grade metamorphic uppermost part
of the Menderes Massif” described by Akdeniz and Konak
(1979a, b) as well as the “low-grade metasedimentary
rocks” identified by Kaya et al. (1995) as the deeply sub-
merged, high pressure — low temperature (HP—LT) meta-
morphic part of the northern margin of the ATP. Gilingor
et al. (2025) stated that palacontological evidence reveal
that the upper part of the Afyon Zone succession (Budagan
Limestone) dates to the Late Triassic to Kimmeridgian in
age in the Emet region (western Tiirkiye) and reported as
age of 237.4+1.1 Ma for the metarhyolite in the Haskdy
Formation (Akhisar region, western Tiirkiye).

Subsequently, based on lithostratigraphic and struc-
tural similarities, several researchers (e.g., Gonciioglu et
al. 1997; Ozcan et al. 1988) proposed the term Kiitahya-
Bolkardag Belt, redefining the region as a Paleozoic-Meso-
zoic metamorphosed sedimentary and carbonate sequence
that represent the northern passive continental margin of the
ATP. Within this belt, Gonciioglu et al. (2003) recognized
four main lithostratigraphic units: (i) a Silurian—Devonian
carbonate succession, (ii) Carboniferous-Permian metaclas-
tics and metavolcanics containing Carboniferous limestone
blocks, (iii) Mesozoic clastic and carbonate sequences, tec-
tonically overlain by Late Cretaceous ophiolitic nappes, and
(iv) a Cenozoic sedimentary cover. This stratigraphic frame-
work reflects the complex tectonometamorphic evolution of
the northern margin of the ATP, recording stages of Paleo-
zoic passive margin deposition, Mesozoic rifting, and Late
Cretaceous-Eocene subduction—accretion processes along
the northern branch of the Neotethys ocean.

Earlier pioneering studies have documented the pres-
ence of both acidic and basic magmatic rocks of Triassic
age within the ATP. These include studies on magmatic
rocks from the Menderes Massif (246 —235 Ma; Koralay et
al. 2001), the Karaburun Peninsula (247—-239 Ma; Akal et
al. 2011), and the Afyon Zone (245—229 Ma; Akal et al.
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2012; Ozdamar et al. 2013; Akal et al. 2024). Examining
these Triassic magmatic rocks reveals extensive magmatic
activity along the northern margin of Gondwana during the
initial stages of Neotethyan rifting. Evidence from detrital
zircon geochronology supports the existence of contempo-
raneous Triassic magmatism and sedimentation. Detrital
zircon age populations from Triassic sedimentary succes-
sions in the Taurus Mountains (e.g., Ustadmer et al. 2020)
and metasedimentary units of the Menderes Massif further
record contributions from Triassic magmatic sources. These
findings suggest that Triassic magmatism was regionally
extensive, and that magmatic activity played a key role in
the tectonomagmatic evolution of the ATP during the initial
opening of the Neo-Tethys Ocean. Understanding the origin
of these Triassic magmatic rocks is crucial for unravelling
the tectonic evolution of the northern margin of Gondwana
during the Late Paleozoic and Early Mesozoic periods.
Only a limited number of studies have adressed Trias-
sic bimodal volcanism in the region. The present investi-
gation offers a comprehensive reference framework for
reconstructing the dynamic evolutionary history of the ATP
through an integrated assessment of its Triassic magmatism,
geochemical characteristics, and geodynamic setting.

Geological setting

Regionally, from north to south, the Tavsanli Zone (Cam-
panian, 80+ 5 Ma), the Afyon Zone (approximately 70 Ma;
Pourteau et al. 2013), and the Menderes Massif (Middle
Eocene), represent metamorphosed fragments that were
likely derived from the ATP. Within the regional tectonic
framework, the HP-LT metamorphic assemblages of the
Afyon Zone occupy an intermediate position between the
Tavsanli Zone and the Menderes Massif. The zone can be
traced for roughly 750 km along a northwest-southeast trend,
extending from Kiitahya in the northwest through Afyon
and Konya to the Bolkardag (Nigde) region in the southeast.
Stratigraphically, the Afyon Zone consists of a Pan-African
metamorphic-plutonic basement, which is unconform-
ably overlain by a Mesozoic cover sequence comprising
metasedimentary and metavolcanic rocks. The basement
reflects Barrovian-type amphibolite-facies metamorphism
and comprises garnet-mica schists that are intruded by sodic
amphibole-bearing metagabbros and leucocratic metagran-
ites, indicating multiple magmatic-metamorphic episodes
during its tectonothermal evolution (Candan et al. 2005,
2016; Akal et al. 2005, 2012, 2024). The metamorphic base-
ment is unconformably overlain by a continuous metasedi-
mentary sequence ranging in age from the Triassic to the
early Palacocene. This sequence begins with basal quartz
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metaconglomerates, passing upwards into phyllites, reflect-
ing a gradual shift from proximal to more distal depositional
environments during basin evolution (Candan et al. 2005).
Regionally, Triassic (Scythian-Carnian) metaconglomerates
form a prominent basal unit, reaching thicknesses of over
1 km, and record intense syn-rift sedimentation associated
with the initial stages of Neotethyan basin formation. They
accumulated on a subaerial continental surface influenced
by normal faulting, forming alluvial fan complexes (Ozcan
et al. 1988; Gonciioglu et al. 2003; Candan et al. 2005; Akal
et al. 2005, 2012).

According to Pourteau et al. (2013), metamorphic rocks
of the Afyon Zone are characterized by high-pressure/low-
temperature metamorphism under blueschist facies con-
ditions, dated to approximately 70 Ma, Late Cretaceous.
The rock successions of zone are tectonically overlain by
the blueschists of the Tavsanli Zone. Candan et al. (2005)
highlihted that Fe-Mg-carpholite-bearing quartz segrega-
tions imply temperatures of about 350 °C and minimum
pressures of 6-9 kbar, corresponding to burial depths of
about 30 km for the Mesozoic cover series and the underly-
ing Pan-African basement. These rocks are unconformably
overlain by Upper Palacocene-Lower Eocene sedimentary
rocks, indicating a Paleocene age for the regional HP — LT
metamorphism (Candan et al. 2005). The ophiolitic units
that migrated southward due to the closure of the Neotethys
underwent burial metamorphism beneath the Tavsanli Zone
(Candan et al. 2005).

The Afyon Zone is made up mainly of a pre-Triassic
metamorphic basement unconformably overlain by a Trias-
sic to Upper Cretaceous (Campanian) metamorphic cover
sequence, as established through paleontological and strati-
graphic evidence (Ozcan et al. 1988; Gonciioglu et al. 2007).
According to Candan et al. (2005), the central part of the
Afyon Zone, extending across the Afyon and Konya regions
and along the eastern and southeastern margins of the Men-
deres Massif, can be subdivided into two distinct lithostrati-
graphic assemblages: (1) a lower assemblage of comprising
amphibolite-facies schists interlayered with mafic and felsic
metavolcanic rocks, representing the metamorphic basement
complex, and (2) an upper assemblage consisting of low-
grade metasedimentary rocks, including metaconglomerate,
schist, phyllite, and metacarbonate units, forming the meta-
morphic cover series (Akal et al. 2024; Glingor et al. 2025).

In the region (Fig. 1b), post-collisional granitic suites
(Alagam, Koyunoba, Egrigéz, Baklan), which are well
exposed in western to northwestern Tiirkiye, intruded the
pre-Triassic basement rocks (Akal et al. 2007; Aslan et al.
2017, 2020a). The ignimbrites associated with the explosive
and highly active volcanism in the region occur as remark-
ably thick sequences within and around the study area.
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Analytical methods

A total of 72 samples from the study area, consisting of 41
metadacite samples and 31 metabasite samples were sub-
jected to major- and trace-element analyses. The rock sam-
ples were crushed in a Retsch rock crusher and then ground
in an automated Fritsch mortar grinder using a tungsten car-
bide mill. A 4-g sample was compressed with 0.9 g of binder
material (wax) in a hydraulic press to form a press-pastille.
Subsequently, geochemical analyses were performed using
a Spectro X-Lab 2000 polarized energy dispersive X-ray
fluorescence (PED-XRF) device equipped with a 400 W
Rh end-window tube and Si(Li) detector, employing the
Tq-7220 and GEO-7220 methods (for details see Kadioglu
et al. 2006, 2009).

Additional major- and trace-element concentrations were
determined using inductively coupled plasma-optical emis-
sion spectrometry (ICP-OES). For this, 0.2 g of powdered
sample were fused with 1.5 g of LiBO,, followed by dissolu-
tion in 100 ml of 5% HNO;. Spectra were recorded by means
of a Spectro Genesis ICP-OES system. Analytical accuracy
and precision were monitored using STD OREAS30A
(https://www.oreas.com/crm/oreas-30 A; accessed 8 June
2026), STD OREAS262 (https://www.oreas.com/crm/orea
$-262; accessed 1 June 2026), STD SO-19 (see electronic
supplementary material ESM2), STD GS311-1 (https://geo-
stats.com.au/certs/GS311-1.pdf; accessed 4 June 2026) and
STD GS910-4 (https://geostats.com.au/certs/GS910-4.pdf;
accessed 4 June 2026).

The REE analyses were performed by means of induc-
tively coupled plasma-mass spectrometry (ICP-MS), after
complete digestion of a 0.25 g powdered aliquot in a mix-
ture of four acids. Loss on ignition (LOI) was determined
from the mass difference between pre- and post-combustion
weights after heating the powdered samples to 1000 °C. The
ICP-MS analyses were done by means of a Thermo Fischer
Element 2 system, using and SDT SO 19 (ESM2) as analyti-
cal reference material.

U-Pb zircon age analysis was performed on a single
metadacite sample. Zircon grains used in the U-Pb analy-
sis were separated from metadacite sample using traditional
magnetic separation and dense liquid techniques. Represen-
tative zircon grains were manually selected under a binocu-
lar microscope, mounted on epoxy resin disks, polished, and
coated with a 50 nm thick gold film. Cathodoluminescence
(CL) images were taken to reveal the internal textures of
zircon crystals and select suitable points for analysis. U-Pb
isotopic analyses of the zircon grains were performed using
the secondary ion mass spectrometry (SIMS) technique,
employing a SHRIMP II system manufactured by Australia
Scientific Insturuments, following the analytical procedure
described by Black et al. (2003a). The primary (O,)” ion

beam intensity ranged from 4 to 5 nA, and the spot size
was approximately 30 um. Each analytical site was rastered
for 120-180 s prior to measurement. Five scans across the
relevant mass stations were completed for each age deter-
mination. Zircon reference SL13 (Black et al. 2003b) was
employed for elemental abundance determination and,
TEMORA 1 (Black et al. 2003a) was used for 2°Pb/>**U
calibration. Common Pb corrections were applied using
measured 2**Pb values and assuming a Broken Hill Pb
isotopic composition for common lead. SQUID 1.0 and
ISOPLOT software (Ludwing 2003) were used for data
reduction and analysis.

Sr and Nd isotope analyses were performed on a total of
nine samples, including six metadacites and three metaba-
sites. Samples were dissolved in a mixture of HF +HCIO,
in sealed Savillex beakers and heated on a hot plate for
one week to ensure complete decomposition of the silicate
matrix. After complete digestion, separation of Rb, Sr, and
LREE was carried out using conventional cation-exchange
chromatography. Sm and Nd fractions were subsequently
further purified on a second cation-exchange column, which
was carefully conditioned and eluted using dilute HCI to
obtain high-purity REE fractions suitable for isotopic anal-
ysis. The analyses were performed using a VG Miromass
VG354 multi-collector mass spectrometer. The ¥7Sr/*Sr
and '“Nd/"**Nd ratios were confirmed by mass separation
as 87Sr/%6Sr=0.1194 and '*Nd/'"**Nd=0.7219, respectively.
The 3’Sr/*®Sr ratio was corrected according to the NBS-
987 Sr=0.710250 standard, and the '**Nd/'*Nd ratio was
corrected according to the La Jolla Nd=0.511860 standard
(Thirlwall 1991; Li et al. 2012). The uncertainties in results
of concentration analyses due to isotopic dilution are 2% for
Rb, 0.5% for Sr, 0.2% for Sm, and 0.5% for Nd. Detailed
explanation of sample preparation, errors and analytical pre-
cision is provided in Zhang et al. (2002).

Results
Lithology and petrography

In the study area, the Afyon Zone consists of pre-Triassic
metamorphic rocks and Triassic metavolcanic rocks, which
are overlain in an unconformity (Fig. 2a-c). The pre-Trias-
sic basement rocks generally comprise phyllite, schist and
intercalated marble levels, as well as metaplutons. Base-
ment of the Afyon Zone is composed predominantly of
quartz-rich phyllite and quartz-sericite-muscovite schist,
which locally contain marble lenses. The phyllites exhibit
well-developed foliation, and are composed chiefly of ser-
icite, chlorite, and quartz minerals. These metamorphic
rocks are intruded by Carboniferous granite porphyry and
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granite bodies (315 to 331 Ma), which are metamorphosed
and represent the late Paleozoic magmatic activity in the
region. (Fig. 2a-c). Overlying these basement rocks are
coarse-grained metaconglomerate and metavolcanic rocks,
referred to as the Triassic cover sequence (Akal et al. 2011).
The quartz-rich metaconglomerates occur at the base of the
basic metavolcanic rocks, directly above the phyllite, and
generally contain felsic rock fragments along with coarse
feldspar and quartz minerals (Fig. 3a, b). The metaconglom-
erate consists mainly of coarse quartz, K-feldspar, and mus-
covite, comprising coarse-grained, angular, and fragmented
quartz clasts (Fig. 3c). These metaconglomerates are inter-
preted to record rifting and rapid uplift processes along the
northern continental margin of Gondwana, associated with
the opening of the northern branch of the Neotethys Ocean,

following the southward subduction of the Paleotethys oce-
anic crust (Candan et al. 2005; Akal et al. 2011).

The Triassic cover unit consists of partially metamor-
phosed basic and felsic metavolcanics. Basic metavolcanics
are associated with felsic metavolcanic rocks and occur as
lenses in the field. The long axis of the lenses is more than
1 km, while the short axis is a few hundred meters. The
basalt-characterized unit has massive structure (Fig. 3d, e).
Petrographically, they are generally fine-grained and con-
sists of plagioclase and pyroxene as the main minerals (Fig.
31). Plagioclase mineral is transformed into sericite and epi-
dote as a result of weathering, while pyroxene also shows
uralitization. The groundmass is composed of plagioclase
microlites and crystallites. Volcanic glass crystallized into
epidote, muscovite, chlorite, sericite, and calcite minerals

Fig. 3 Field photograph, hand specimen images, and cross-polarised
transmitted-light photomicrographs illustrating the characteristic
structures and textures of representative lithological units. (a-c) meta-

conglomerate; (d-f) metabasalt and (g-l1) metadacite. Chl chlorite,
Ms muscovite, Or orthoclase, P/ plagioclase, Oz quartz, Ser sericite
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with a directional texture as a result of the metamorphism
process. In addition, small amounts of rutile, ilmenite, and
magnetite were observed. The massive sulfide mineraliza-
tion found in the study area is distributed within lens-shaped
metabasalt within Triassic-aged metavolcanic rocks. Impor-
tantly, this unit hosts massive sulfide deposits occurring
as large lens-shaped bodies in the Gediktepe region. The
Gediktepe massive sulfide mineralization is currently being
mined within the study area (Aslan et al. 2020b). Felsic vol-
canic rocks in the region are generally observed as metada-
cite with subordinate metarhyolite in the study area(Fig. 3g,
h). The main mineral content consists of quartz, plagioclase,
and alkali feldspar (Fig. 31), exhibiting a blastohypocrystal-
line texture, and has formed sericite and occasionally mus-
covite due to metamorphism.
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= 280
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0,043 + _ o 0 )
( Mean =233.4+2.1 Ma [0.91%)] 95% conf.
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3 0,039 +
b
O
.
g 0037 +
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0,033 +
200
0,031 + + ! ! +
0,21 0,23 0,25 0,27 0,29 0,31

207 P b/235 U
Fig.4 (a) CL image of zircon crystals from the metadacite (TGP-5086)

sample. (b) Th/U versus age plot, visualising that zircon crystals are
magmatic in origin. (¢) Concordia diagram visualising U-Pb isotopic

@ Springer

U-Pb zircon age

One sample (TGP-5086; from a metadacitic rock) was
subjected to SHRIMP U-Pb zircon dating. The results are
provided in supplementary Table S1 in the electronic sup-
plementary material (ESM1). A CL image, a Th/U versus
age plot, a concordia diagram and a 2°Pb/>*®U age plot
presented in Fig. 4. The zircon grains are colorless and
occur as short- to long-prismatic crystals, euhedral to sub-
hedral (Fig. 4). The sizes of the zircon grains range from
50 to 150 pm. Oscillatory zoning was observed in most of
the samples. Cathodoluminescence images reveal simple
growth textures characterized by fine oscillatory and sector
zoning, along with pyramidal terminations and oscillatory
zoning in zircons, collectively indicating a magmatic origin

@)\) Magmatic zircon
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(Pupin 1980). Magmatic zircon is typically characterized by
elevated Th/U ratios (>0.1), with values in this study rang-
ing from 0.32 to 0.79 (see Aslan et al. 2020b). In contrast,
metamorphic zircon generally exhibits lower concentrations
of Th and U, along with Th/U ratios below 0.1 (Belousova
et al. 2002; Kirkland et al. 2015). Moreover, all samples
plot within the felsic-origin magmatic zircon field on the
Th/U versus age diagram (see Fig. 4). The 2°Pb/?3®U anal-
ysis results obtained from 25 points in sample TGP-5086
reveal that the rock is 233.4+2.1 Ma old with a mean square
weighted deviation (MSWD) of =0.86 (see Fig. 4).

The obtained U-Pb zircon age is consistent with those
previously reported for the metagranite and metagranite por-
phyry units in the region (Candan et al. 2016), although no
prior U-Pb zircon data have been available for metadacitic
rocks before this study. Because of the combined effects of
metamorphism and ore-related alteration, direct age deter-
mination from the metabasic rocks was not feasible. The
age of massive pyrite occurring within lenses hosted by
the metabasic rocks was determined by the Re-Os isoto-
pic method, yielding an age of 258.2+5.2 Ma (Aslan et al.
2020b). This result implies that the formation of metabasic
rocks likely occurred within a comparable Triassic period,
consistent with the Late Triassic magmatic event recorded
in the metadacitic rocks.

Whole-rock geochemistry

Geochemical analyses have been conducted on samples
taken from Triassic-aged cover rocks that formed under low-
grade regional metamorphism in and around Hacidmerderesi
Village. Some of the samples with TGP numbers were
subjected to REE analysis. Samples with codes beginning
44,962 represent rock samples located immediately below
or above the ore. The main, trace and rare earth element
analyses of the studied rocks are presented in Table S2 in
ESM1 (analysis results taken from Aslan et al. 2020b).

In samples belonging to metadacite, SiO, varies in the
range 62—78 wt%, K,O in the range 0.45-6.89 wt%, Fe,0;
in the range 0.51-8.44 wt% and Na,O in the range 1.07—
5.01 wt%. In metabasic rocks, the values are SiO, between
44 and 58 wt%, K,O between 0.01 and 5.22 wt%, Fe,0,
between 9.15 and 23.80 wt% and Na,O between 0.01 and
4.72 wt% (Table S2). In metabasic samples located imme-
diately above the ore body, these values are SiO, 42 to 70
wt%, K,0 0.60 to 5.36 wt%, Fe,O; 1.85 to 14.92 wt% and
Na,0 0.03 to 7.05 wt%. Although the K,O value in metaba-
sic rocks ranges from 0.01 wt% to 5.22 wt%, the average
value is below 1 wt%. K,O values are low in metabasalt,
while Fe,O; values are higher compared to metadacite.
The analysis results show a wide range in both rock types.
These differences, particularly in K,O and Na,O values,

may be due to alteration. This situation may be caused by
the Triassic-aged rocks undergoing both surface alteration
and hydrothermal alteration due to magmatic activity in the
region.

Metadacitic rock samples are located in the rhyolite and
dacite fields in the total alkali-silica (TAS) diagram of Mid-
dlemost (1994; Fig. 5a). Metabasalt samples, on the other
hand, are generally concentrated in the basalt and basal-
tic andesite areas. Some samples are located in the picro-
basalts, trachybasalts, andesites, and even dacites regions.
These differently distributed samples are metabasic rock
samples immediately above and below the ore in the drill-
ing logs and have been significantly affected by mineraliza-
tion. This is particularly evident in mobile elements such
as potassium and sodium. In the same diagram, all samples
are located in the subalkaline region. In the Zr/TiO, versus
Nb/Y diagram (Winchester and Floyd 1977), where effects
such as contamination and alteration are not observed and
some relatively immobile trace elements are considered,
felsic metavolcanics generally occur in the rhyolite/dacite
zone, while mafic metavolcanic rocks occur in the basalt
and andesite/basalt zones (Fig. 5b). According to directional
evaluations made in the alkali—iron—-magnesium (AFM) tri-
angle diagram (Irvine and Baragar 1971), felsic metavolca-
nic rocks are located in the calc-alkaline field, while some
basic metavolcanic rocks plot in the tholeiitic field (Fig. 5c).
Upon examining Table S2, it is understood that the FeO
ratios in these rocks are quite high and that the samples
show a directional trend toward the F corner of the AFM
triangle. Additionally, the studied samples were evaluated in
the Co-Th diagram, with metadacitic samples concentrated
in the high potassium and shoshonitic field, while metabasic
samples are concentrated in the calc-alkaline field (Fig. 5d).

Examining the changes in the main oxide components
of metavolcanic rocks as the SiO, content increases reveals
that the distribution of these components is either regular
or irregular. The positive or negative trends observed in the
main and trace elements in relation to SiO, content indicate
magmatic crystal fractionation processes. Negative trends
are present in TiO,, Na,0, Al,O;, Fe,05, CaO, MnO, MgO,
P,0s, and Sr, while positive trends are observed in K,O, Rb,
Zr, Nb, and Th (Fig. 6). Elements such as Ba exhibit irregu-
lar distributions. Changes in the Na,O, Al,O;, CaO diagram
relative to SiO, have particularly influenced the crystal-
lization of plagioclases. The relationship between MgO
and SiO, indicates the differentiation of the mafic mineral
phase, particularly hornblende, while the variation dia-
gram of Fe,O; against SiO, suggests that Fe-Ti oxides and
hornblende may be effective in crystallization (Gill 1981;
Thirlwall et al. 1994). Similarly, the decrease in P,O5 and
TiO, with increasing SiO, is associated with the crystalliza-
tion of apatite and titanomagnetite minerals, respectively.
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The change observed in Sr, an incompatible element, may
be related to the crystallization of plagioclase. These find-
ings reveal that the differentiation of plagioclase and horn-
blende minerals plays an important role in the development
of metavolcanic rocks.

Although trace element distribution patterns in metada-
cite and metabasic samples show similar trends, more pro-
nounced variations are observed in the concentrations of
mobile elements in metabasic rocks. This is an indication of
the change caused by mineralization in the rock. In trace ele-
ment distribution diagrams normalized to the Normal mid-
ocean ridge basalt (N-MORB) (Sun and McDonough 1989;
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Co (ppm)

Irvine and Baragar 1971. FeO(t) — total Fe oxide, assuming all Fe to be
ferrous. (d) Th versus Co plot (after Le Maitre et al. 2002). Symbols as
in Fig. 5a are used in all plots

Fig. 7a, b), metadacite and metabasic samples are enriched
in LILE (e.g., Ba, Rb, U, Th) and, conversely, significantly
depleted in HFSE. A notable Nb anomaly is present in both
rock groups, which is thought to indicate the differentiation
of apatite and Fe-Ti oxide minerals. In the distributions, Sr
and Co values are logarithmically very low, while W and Cs
values are very high. Co values are lower in samples close to
the ore. The high W value is likely due to the samples being
pulverized in a tungsten-carbide mortar. According to chon-
drite (Sun and McDonough 1989), in normalized rare earth
element distributions (Fig. 7c, d), the trends of the samples
are generally parallel, with enrichment in LREE and less
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enrichment in HREE. Additionally, the rare earth element
values of metabasic samples are higher than those of meta-
dacitic samples. In metadacitic samples, (La/Lu)y values
range from 2.42 to 25.45, and (La/Sm)y values range from
2.79 to 5.43, while in metabasic samples, (La/Lu)y values
range from 1.84 to 10.84 and (La/Sm)y values range from
1.66 to 7.17, with average (La/Lu)y values of 20-25, hence
exhibiting a moderately enriched and concave-shaped distri-
bution. While a slight enrichment of rare earth elements is
observed compared to chondrites, the concave-shaped rare

earth element distributions in the samples indicate the differ-
entiation of hornblende and plagioclase minerals (Thompson
et al. 1984). Eu shows a very slight anomaly, with Euy val-
ues ranging from 0.31 to 1.00 in metadacites and from 0.32
to 1.32 in metabasic. This indicates the differentiation of
plagioclase and K-feldspar (White and Patchett 1984; Brad-
shaw and Smith 1994; Smith et al. 1999; Elburg et al. 2002).
The enrichment of LFSE elements over HFSE elements in
rare earth elements and the average (La/Lu)y values in the
range of 3—25 empbhasize typical calc-alkaline volcanism.
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Sr and Nd isotopes

Isotope geochemistry explains the source and properties of
magma in magmatic rocks, as well as their formation loca-
tion and geodynamic status. Additionally, isotope data can be
used to draw conclusions about events such as the mixing of
different magmatic sources or the contamination of sources
(Faure 2001). Since it is difficult to measure isotope values
analytically with high precision, stable isotopes that do not
undergo decay are used as references, and measurements
are made using isotope ratios. Thus, the isotope amount is
expressed as the ratio of the element’s radiogenic isotope to
its stable isotope. The values measured in laboratories are
current isotope values, and the isotope ratios at the time of
rock formation are used. For this purpose, age correction has
been applied to the values (Jacobsen and Wasserburg 1980).

Using the mineralogical, petrographic, and geochemi-
cal properties of the rocks under investigation, fresh
samples unaffected by surface and hydrothermal weath-
ering were selected for Sr-Nd isotope analysis. Rb-Sr and
Nd-Sm isotope analyses were performed on a total of 9
samples, including 5 metadacites and 4 metabasic, from
the studied volcanic rocks. The analysis results are pre-
sented in Table 1 (obtained from Aslan et al. 2020b).

The initial ¥’Sr/%°Sr and **Nd/'**Nd ratios, as well as
the ENd(i) values, were calculated for the samples based

@ Springer

on U-Pb SHRIMP zircon ages. The initial 3’Sr/%®Sr iso-
tope ratios range from 0.709275 to 0.714190 in the meta-
dacite, and from 0.711598 to 0.716276 in the metabasic.
The 'SNd/'*Nd isotope ratios range from 0.512391
to 0.512509 in the metadacite, and from 0.512349 to
0.512369 in the metabasic. Additionally, the ENd(i) val-
ues and Nd Model ages (TDM) range from —2.5 to —4.8
and 1.50 to 2.27 in the metadacite and from —5.2 to —5.7
and 1.32 to 1.71 in the metabasic (Table 1). The values
for volcanic rocks are not continental, but rather indicate
enriched mantle values. In the 3’Sr/%°Sr (i) versus eNd(i)
diagram (Fig. 8), the samples generally lie outside the
mantle line, showing a parallel orientation. When Early-
Middle Miocene calc-alkaline lava samples from north-
western Anatolia are compared to metavolcanic rocks that
have been examined, a similar '**Nd/!**Nd ratio is shown,
but a higher ¥’Sr/*Sr ratio is revealed (Fig. 8). When the
data obtained in the study area are compared with regional
data, a high ®’St/%¢Sr ratio and a low '**Nd/!'*Nd ratio
are observed. Evaluating the samples from the studied
rocks on the "**Nd/'*Nd diagram against 3’Sr/%Sr shows
that all samples deviate from the mantle interval and
tend towards EMII (enriched mantle) (Fig. 8). The high
87Sr/%Sr and low '“*Nd/!"*Nd ratios of the rock samples
are consistent with an enriched continental lithospheric
mantle (Altunkaynak et al. 2012).
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Table 1 Results of Rb-Sr and Nd-Sm isotopic analyses of metavolcanic rocks

eNd(T) TDM(Ga)

eNd(0)

144Nd 144Nd £ Sm/Nd

Nd

Sm

ISr

Sr (ppm) 87Rb/%Sr 87Sr/86Sr

Rb (ppm)

Sample

230 Ma)
-3.2
-6.3

(ppm)
243

(ppm)

(230 Ma)

1.36
1.71
1.32
1.37
1.41
2.27
2.08
1.73
1.50

-5.2
-5.6

—0.36
0.12

0.512369
0.512353
0.512361
0.512349
0.512361
0.512509
0.512501
0.512391
0.512463

0.1261
("Sm/"*Nd)sample/(**’Sm/"**Nd)CHUR — 1; with (“**Nd/"**Nd)CHUR

0.2206
0.1229
0.1244
0.1285
0.1708
0.1664
0.1469
0.1438

07

S.
5

0.70950

0.714232
0.714381
0.716276
0.711598
0.715479
0.71419

1.4479
3.4961
3.7944
0.7917

139.6
79.3

69.7
9

TGP-5006
TGP-5080

13.7

0.70294
0.70386

5.6

=32
=35

5.4
5.6
—5.4

—-0.38
-0.37
—-0.35
—-0.13
—0.15
—-0.25
—0.27

20.9

25

4.

53.5

70

TGP-5083

5.97
5.78

0.70901

297.8
5.4

81.3

TGP-5086

-34
-1.8
-1.8
-34
-1.9

27.2
6.9

0.48621

70.0833
0.0722
0.0806
2.7074
2.1349

130.5

1.6
1
4
2

TGP-5087

2.5
2.7
4.8

3.4
0.512638 and (*’Sm/"“*Nd)CHUR

1.95
The model ages (TDM) were calculated using a linear isotopic ratio growth equation: TDM=1/1 - In[1+(**Nd/"**Nd)sample —0.51315)/('"“’Sm/"**Nd)sample —0.2137]

2.34

0.71395
0.70901

64.3

TGP-5010

8.5
1

0.709275
0.711429
0.711933

36

TGP-5015

4.18 7.2

0.70257

6.4 49.7

2.6

TGP-5082

62.28

14.82

0.70495

30.7

TGP-5090

0.1967

[(**Nd/"“*Nd)sample/("*Nd/"“**Nd)CHUR — 1] - 10,000; f Sm/Nd

eNd =

Discussion
Fractional crystallization and assimilation

The major and trace element variations in the studied
metavolcanic rocks display both positive and negative cor-
relations with Si0O,, reflecting the effects of crystal fraction-
ation. Accordingly, in Harker diagrams (Fig. 8), changes in
Na:0, Al,0;, and CaO values against SiO, indicate plagio-
clase, while the relationship between MgO and SiO, indi-
cates amphibole and biotite, and changes in Fe,O; against
SiO, indicate Fe-Ti oxides and amphibole crystallization.
The variation in the incompatible element Y may be related
to amphibole crystallization, while the variation in Sr may
be related to plagioclase crystallization. Additionally, the
negative correlation between P,O5 and TiO, with SiO, is
associated with the crystallization of apatite and titanomag-
netite, respectively. The presence of a negative Eu anomaly
further supports the role of feldspar fractionation. Specifi-
cally, plagioclase fractionation produces negative Sr and Eu
anomaly values, while K-feldspar fractionation produces
negative Ba and Eu anomalies. Overall, these geochemical
relationships indicate that fractional crystallization of pla-
gioclase, amphibole, and biotite played a dominant role in
the evolution and differentiation of the studied metavolcanic
rocks (Gill 1981; Thirlwall et al. 1994).

In the Zr-La diagram, metavolcanic rocks show a posi-
tive trend, indicating that they crystallized through min-
eral differentiation of the magma (Fig. 9a), while in the Sr
diagram against MgO (Fig. 9b), an inverse relationship is
observed, indicating plagioclase differentiation. Increasing
Nb and Y changes against Zr (Fig. 9¢, d) indicate plagio-
clase and hornblende differentiation. These geochemical
relationships demonstrate that the metavolcanic rocks
were primarily formed through a fractional crystallization
process, with pyroxene, hornblende, and plagioclase play-
ing dominant roles in magma differentiation. Addition-
ally, binary diagrams were used to investigate assimilation
and/or magma mixing events in the metavolcanic rocks.
The Th-Th/Sm and Sr-Sr/Y diagrams (Fig. 9e, f) show
a positive trend, indicating that assimilation and/or con-
tamination were effective in the magma that formed the
metavolcanic rocks.

Magma sources of metavolcanic rocks

The studied metavolcanic rocks were evaluated to deter-
mine whether they originated from a heterogeneous man-
tle source, reflect different degrees of partial melting of a
common source, or evolved through mineral differentia-
tion, magma mixing, and assimilation processes. The rocks
display volcanic-arc geochemical signatures, with Ba/La
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ratios ranging from 7 to 32 in metadacites and 2 to 130 in
metabasalts. The wider range in the metabasalts is attrib-
uted to sample variability, particularly those collected from
the immediate lower and upper sections of the ore-bearing
zones. Elemental ratios such as Ba/Nb, La/Nb, Ba/La, Sm/
Nd, and Nb/Th suggest a calc-alkaline affinity, consistent
with subduction-related magmatism (Thompson et al. 1984;
White and Patchett 1984; Bradshaw and Smith 1994; Smith
et al. 1999; Elburg et al. 2002). The Zr/Y ratios range from
2.5 to 7.4 (average 4-5) in metadacites and 0.8 to 5.5 (aver-
age 2-3) in metabasalts, whereas Zr/Nb ratios vary from 9
to 38 (average 14—16) in metadacites and 4 to 32 (average
14-16) in metabasalts. These geochemical parameters indi-
cate that the metavolcanic rocks were derived from partial
melting of an enriched lithospheric mantle source, followed
by fractional crystallization and limited crustal contamina-
tion during magmatic evolution.

In the Nby/Zry versus Zr diagram (Fig. 10a), used to
determine the tectonomagmatic origin of the metavolcanic
rocks, most samples plot within the field of collision-related
calc-alkaline volcanic rocks. A few samples that fall outside
this field correspond to those collected from the immedi-
ate footwall and hanging wall of the mineralization zone,
reflecting localized geochemical modification. The Th/
Yb versus Ta/Yb diagram (Fig. 10b), which discriminates
between mantle sources and identifies possible crustal
contamination or subduction-related enrichment, indicates
that the analyzed samples were derived from magmas that
evolved through fractional crystallization (FC) and display
evidence of enrichment in loss-related components. Simi-
larly, on the Ba/Nb—La/Nb diagram (Fig. 10c), all metavol-
canic samples fall within the volcanic-arc field, consistent
with subduction-related magmatism. In the Nb/La versus
La/Yb diagram (Fig. 10d), most samples plot within the
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lithospheric mantle domain, while those collected near the
mineralization zones fall close to the lithospheric—astheno-
spheric mantle mixing field, suggesting partial contribution
from a deeper asthenospheric source. The La/Yb versus Th/
Yb diagram (Fig. 10e) further supports an island-arc affinity
for these metavolcanic rocks. The observed enrichment of
LILE such as K, Ba, and Rb, relative to HFSE such as Nb
and Ti, can be attributed to subduction-related fluid addition,
crustal contamination, and/or crystal fractionation. More-
over, the vertical trend of the samples in the Rb/Y versus
Nb/Y diagram (Fig. 10f) reinforces the interpretation that
the magmas were affected by subduction-derived enrich-
ment and/or crustal assimilation during their evolution.

Geodynamic applications

The Anatolide-Tauride Block is interpreted as part of
Gondwana’s northern passive margin during the Paleo-
zoic (Cocks and Torsvik 2002; Okay et al. 2006; Okay and
Nikishin 2015). Triassic magmatic events are attributed to
the northward subduction of the Paleo-Tethys along the
southern margin of the Laurasia (Reischmann et al. 2001;
Mposkos and Krohe 2004; Anders et al. 2006; Zlatkin et
al. 2017). Triassic magmatism is recorded across tectonic
domains in Tirkiye with Middle—Late Triassic activity. In
the Late Permian-Triassic, the progressive consumption of
the Paleo-Tethys Ocean, accompanied by the initiation of
Cimmerian rifting and northward drift of Cimmerian conti-
nental fragments, led to the progressive detachment of these
passive-margin segments from Gondwana and ultimately
to the opening of Neotethyan oceanic basins (Stampfli and
Borel 2002; Stampfli et al. 2003; Domeier and Torsvik
2014). This large-scale geodynamic reorganization resulted
in the subsequent dispersal of these blocks into different
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tectonic domains, where they were variably affected by sub-
duction-related metamorphism, arc magmatism, accretion-
ary processes, and post-collisional magmatic activity during
the Mesozoic—Cenozoic evolution of the Tethyan realm
(Okay et al. 2006; Robertson and Ustadmer 2012). Triassic
magmatic activity has been documented in several regions
of southern Anatolia, particularly within the ATB (Peringek
1980; Gonctioglu et al. 2007; Akal et al. 2007, 2012; Maury
et al. 2008; Varol et al. 2011; Ozdamar et al. 2013, 2018;

Sr (ppm)

and references therein). These volcanic sequences were
emplaced within a rift basin that evolved along the northern
margin of Gondwana (Gonctioglu et al. 2007; Akal et al.
2012; Ozdamar et al. 2013).

Earlier studies have documented the presence of Mid-
dle Carboniferous-Triassic metavolcanic rocks within the
Afyon Zone (Kaya et al. 1995; Kurt 1996; Kurt and Arslan
1999; Robertson and Ustadomer 2009; Akal et al. 2011,
Candan et al. 2016). These units were initially interpreted
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Th/Yb (ppm/ppm)

as mid-ocean ridge basalt or products of continental rift
volcanism (Kurt and Arslan 1999). However, subsequent
radiometric analyses established their Triassic ages: metar-
hyolites from Diigiinciiler (Simav) yielded 240-243 Ma,
those from Avdan (Konya) gave 229 —224 Ma, and metatra-
chyandesites from Sizma (Konya) produced 250.1+£3.8 Ma
(Akal et al. 2011). The metadacite age of 233.4+2.1 Ma
obtained in this study aligns closely with these previ-
ously reported values. Several studies have linked Trias-
sic magmatic activity in Tiirkiye to the Variscan Orogeny,
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a widespread Late Paleozoic orogenic event caused by the
collision between Laurasia and Gondwana, responsible for
extensive metamorphic and magmatic processes across
Central Europe. Although Variscan and Cimmerian defor-
mation and metamorphic overprints are not recognized in
the ATB, they are well documented in the Pontides (Okay
et al. 2001; Ustadmer et al. 2020). Ozdamar et al. (2013)
suggested that the geochemical and isotopic characteristics
of Triassic meta-rhyolitic rocks in the Afyon Zone support
their association with the closure of the Paleotethys Ocean



Triassic volcanism in the Afyon Zone (NW Tiirkiye): evidence from U-Pb zircon ages, Sr-Nd isotopes, and...

and the opening of the northern branch of the Neotethys
Ocean (Fig. 11).

The Middle Carboniferous granites of the Afyon Zone
offer metamorphic overprinting consistent with the Trias-
sic-Cenozoic cover sequences, suggesting that continental
collision and regional metamorphism were not yet active
during granite emplacement. The geochemical signatures of
these granites also exhibit depletion-related features com-
parable to those of the Triassic volcanic rocks, suggesting
a genetic continuity between Carboniferous plutonism and
Triassic volcanism. The southward subduction of the Paleo-
tethys Ocean beneath Gondwana during Carboniferous is
thought to have triggered an extensional tectonic regime
along the northern Gondwanan margin, ultimately leading
to the rifting and separation of the ATB from the Gondwana
supercontinent.

The short-lived southward subduction might have been
responsible for the initiation of rifting leading to the sepa-
ration of the ATB from the main trunk of Gondwana. The
pre-Triassic basement of the Afyon Zone was intruded by
granitic bodies during low-grade Alpine metamorphism.
The geochemical characteristics of granitoids, dated to the
Early-Middle Carboniferous (331 to 315 Ma, Candan et al.
2016; and 309-311 Ma Aslan et al. 2026), indicate emplace-
ment in an active magmatic arc setting that developed along
the northern margin of Gondwana (Candan et al. 2016; Akal
et al. 2024; Aslan et al. 2026). The magmatic rocks span-
ning the Early to Late Triassic display clear geochemical
signatures of subduction-modified magma sources, reflect-
ing the southward subduction of the Paleotethyan oceanic
lithosphere beneath the ATB. Candan et al. (2016) stated

that, an increase in the subduction angle of the oceanic
lithosphere, the initiation of block movements along the
Gondwanan margin, and the emplacement of S-type gran-
ites in the Middle Carboniferous (309 to 325 Ma), followed
by the intrusion of dyke/sill rocks (259.9 to 278.1), reflect a
phase of intensified tectono-magmatic activity during Car-
boniferous period (Akal et al. 2024; Aslan et al. 2026). The
Gediktepe massive sulfide deposits are interpreted as prod-
ucts of Triassic rifting-related seafloor hydrothermal vents,
likely formed during the Early to Middle Triassic (Aslan et
al. 2020b). Considering the field observations and drill core
samples obtained from exploration activities in the region,
massive sulfide mineralization-bearing metabasalts of Tri-
assic age (Re-Os isochron ages from ore; ~234.5 Ma; Aslan
et al. 2020b) are observed as lens-shaped bodies within
metadacitic rocks, and metaconglomerates are observed at
their base. Therefore, the metabasalts represent the earliest
volcanic products formed in the region (Fig. 11). In accor-
dance with the interpretations of Gonciioglu et al. (2007)
and Akal et al. (2012), our newly reported geochemical data
indicate that the Triassic facilitated widespread bimodal
dacitic and basaltic volcanism correspond to subduction-
related magmatic derivatives, whose primary mantle source
was substantially modified through metasomatic enrich-
ment and assimilation of crustal components. The integrated
geochemical evidence corroborates the inference that these
metamorphosed dacitic and basaltic assemblages were
emplaced within a rift regime (within-plate tectonic setting)
in north Gondwana (Fig. 11).

Finally, northward subduction of the Paleo-Tethyan oce-
anic lithosphere beneath the southern margin of Laurasia

South
Gondwana

Dacitic and basaltic volcanism

Basalt with massive

Dacite sulfide ore
(233.4 Ma) (234.5 Ma)

"‘ﬁ?ﬁ S "w
North <

Gondwana

Early-Middle Triassic

Fig. 11 Schematic model illustrating the tectono-magmatic evolution
of the rift-related bimodal metavolcanic rocks of the Afyon Zone in the
eastern Mediterranean region during Early-Middle Triassic (modified
after; Okay et al. 2002; Akal et al. 2011, 2012, 2024; Okay and Niki-

North
Laurasia

Karakaya melange
(accretionary complex)

Laurasian margin
PALEO-TETHYS

shin 2015; Candan et al. 2016). Generation of acidic magmas at ca.
233.4 Ma and basic magmas at ca. 234.5 Ma, forming massif sulfide
mineralization, interpreted as products of crustal thinning and astheno-
spheric upwelling bimodal magmatism
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during the Triassic is interpreted to have induced a regional
extensional tectonic regime along the northern margin of
Gondwana (Fig. 11). Hence, Triassic magmatism docu-
mented in the Afyon Zone, together with coeval magmatic
activity observed in several tectonic domains of the Ana-
tolides and locally within the Tauride belt, is most plausibly
attributed to lithospheric extension and associated mantle
melting processes linked to this extensional setting.

Conclusions

Stratigraphically, the northern margin of Gondwana experi-
enced extensional deformation and deep erosion during the
Early Triassic (Akal et al. 2024). Within the study area, the
metaconglomerates unconformably overlie the Afyon Zone
basement rocks and are, in turn, overlain by metabasic vol-
canic units that locally host massive sulfide mineralization.
Geochronological data indicate that the metadacitic rocks
crystallized at 233.4+2.1 Ma, based on U-Pb zircon dating,
suggesting contemporaneous Late Triassic volcanic activity.
Geochemically, the metavolcanic rocks exhibit high-K sho-
shonitic to calc-alkaline affinities, and trace element patterns
show enrichment in LILE (Rb, Ba, Th, U) and depletion in
HFSE (Nb, Ti). The enrichment in Th and other incompat-
ible elements reflects a crustal influence during magma evo-
lution. The enrichment of LFSE relative to HFSE, together
with (La/Lu)y values averaging between 10 and 25, is char-
acteristic of calc-alkaline magmatism. Petrogenetically, the
metavolcanic rocks evolved through fractional crystalliza-
tion and assimilation (AFC) processes, with plagioclase
and amphibole playing major roles in crystal fractionation.
The geochemical signatures suggest that assimilation and/
or crustal contamination affected the magmas and that they
were generated in an island-arc setting, displaying affinities
to T-type MORB. Triassic metavolcanic rocks may be prod-
ucts of magmatic activity belonging to the early stages of
the Paleotethys Ocean, which closed by subducting Gond-
wana to the south, and the Neotethys Ocean, which opened
along the northern margin of Gondwana.
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