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This study investigates the mantle source characteristics of the Quaternary Karapinar Basalts from the southwestern
part of the Cappadocia Volcanic Province (CVP) in Central Anatolia using a combination of whole-rock and olivine
major- and trace-element geochemistry as well as olivine oxygen isotope composition. Petrographic features and trace
clement distributions demonstrate that the Karapimar basalts can be classified into two sub-groups as basalt-1 (KB1/
alkaline—calc-alkaline) and basalt-2 (KB2/calc-alkaline). Although these two types of basalts are petrographically,
texturally and geochemically different, they exhibit similar “orogenic type” incompatible trace element patterns in
MORB-normalized diagrams. KB1 basalts are relatively primitive (e.g., up to 12 wt. % MgO) and calc-alkaline to
mildly alkaline (Ne-normative content up to 5 %) in character, whereas KB2 basalts are enclave-bearing, calc-alkaline
(hypersthene-normative plus quartz or olivine) ones with the more evolved composition. The most primitive olivine
from the KB1 exhibits normal zoning, from core compositions of Fo,, to rim compositions of Fo,, with a concomitant
decreasing in Ni and increasing MnO and CaO contents. On the contrary, the KB2 olivines show both inverse and normal
zoning in terms of CaO and MnO contents. Moreover, the studied olivine phenocrysts have enriched rims and/or growth
zones in Li, Zn, Cr, Ti, Sc, and V contents, which indicates a source containing recycled continental crust and/or magma
recharging processes. The olivine from the most primitive samples (KB1; MgO >10 wt. %) has high Zn/Fe, Fe/Mn,
Co, Zn, Ni, Ca, and low Mn/Zn, Co/Fe values indicating melt addition from a pyroxenitic source. Calculations based
on the olivine chemistry indicate that the most primitive nepheline normative KB1 rocks originated from the melting
of mixed pyroxenitic-peridotitic source that shows the average proportion of ~70 % and ~30 %, respectively. The mean
8"0 values of olivine phenocrysts (+6.4 %o; n = 8) from the Karapinar basaltic rocks are higher than typical mantle
olivine (+5.1-5.4 %o) but overlap known OIB-EMII sources (+5.4—6.1 %o). Collected data indicate that the Karapinar
basalts are the mixing products of partial melts from mantle peridotite and metasomatic pyroxenite generated by the
reaction of the subducted oceanic slab-derived melts with the surrounding peridotite, related to the convergence system
of the Eurasian and Afro—Arabian plates.
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1. Introduction

Peridotites have been generally known as the main
source lithology for basaltic magmas (e.g., Green and
Ringwood 1967; McKenzie and Bickle 1988). However,
recent experimental studies reveal that pyroxenite or its
mixture with peridotite was considered the presumable
source lithology of some alkaline basalts (Kogiso et al.
2003; Sobolev et al. 2007; Dai et al. 2018). Pyroxenite is
known as an ultramafic igneous rock consisting actually
of minerals of the pyroxene group and is not found as
common as peridotite in the upper mantle. Recent stud-
ies clearly exhibited that pyroxenite could be occurred
by reaction of recycled oceanic crust-derived melts with

the surrounding mantle peridotite via exhausting oli-
vine and producing pyroxene (e.g., Kogiso et al. 2003;
Sobolev et al. 2007; Herzberg 2011; Zhang et al. 2019).
They may be involved in various petrogenetic processes,
such as the genesis of mid-ocean ridge basalts (MORBsS;
Hirschmann and Stolper 1996; Zhang et al. 2012) and
within plate magmas (Sobolev et al. 2005; Pilet et al.
2008). Unraveling the petrogenesis of mantle-derived
melts is quite difficult and complex. The potential man-
tle temperature (Tp; McKenzie and O’Nions 1991), the
thickness of the lithosphere, and the volume of recycled
oceanic crust in the upwelling mantle, which are the key
parameters for the interpretation of the magma genesis,
must be accounted for the determination and the restric-
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Fig.1 (a) Location map of the investigated area taken from Gengoglu Korkmaz et al. (2022). The map displays the main tectonic units of Turkey
(Okay and Tiysiiz 1999). IASZ: Izmir-Ankara-Suture Zone, AESZ: Ankara-Erzincan Suture Zone, IPSZ: Intra-Pontide Suture Zone, ITSZ: Inner
Tauride Suture Zone, BSZ: Bitlis Suture Zone, CVP: Cappadocian Volcanic Province. Black lines with red triangles represent major suture zones

and black lines with filled triangles represent arc systems.

tion of the magma source lithology (Sobolev et al. 2007).
For instance, at constant Tp, pyroxenite starts to partially
melt at a higher pressure than peridotite (Yaxley 2000).
Therefore, a thick lithosphere will give rise to a higher
proportion of pyroxenite- than peridotite-derived partial
melts (Morgan 2001; Ito and Mahoney 2005). Moreover,
several late-stage processes such as melt differentiation,
magma mixing, and crustal contamination modify the
elemental as well as the isotopic signature of these mag-
mas during their transport to the surface (Sobolev et al.
2005, 2007; De Hoog et al. 2010; Gurenko et al. 2010;
Le Roux et al. 2010; Herzberg 2011; Zhang et al. 2012;
Foley et al. 2013; Herzberg et al. 2014; Guo et al. 2015;
Seager et al. 2015). Therefore, to understand and evaluate
the source characteristics of magmas, the composition of
unaltered olivine could serve as a powerful record of the
history of the petrogenetic processes because it gener-
ally represents the first-crystallized phase (Seager et al.
2015). Consequently, petrogenetic studies mainly focus
on primitive magmas (i.e., unaltered basalts characterized
by high Mg#) and unaltered olivine or pyroxene grains
(Sobolev et al. 2005, 2007; De Hoog et al. 2010; Gurenko
et al. 2010; Le Roux et al. 2010; Herzberg 2011; Zhang
et al. 2012; Foley et al. 2013; Herzberg et al. 2014; Guo
et al. 2015; Seager et al. 2015). For example, to constrain
the involvement of pyroxenite rocks in the petrogenesis

of primitive magmas, Sobolev et al. (2005) and Sobolev
et al. (2007) investigated the trace element systematics
of olivine, and they performed several batch-melting
experimental studies to calculate the involvement of py-
roxenite- and peridotite derived melt in the petrogenesis
of komatiite, ocean island basalt, mid-ocean ridge basalt,
and continental basalt. Their studies were based on the
supposition that a hybrid pyroxenitic source formed by
the reaction of eclogitic melt with peridotite in the asthe-
nospheric mantle during subduction. In order to evaluate
the amount of eclogite-derived melt needed to produce
hybrid pyroxenite from peridotite and the actual amount
of recycled material in the source, they recommended
a relative proportion of degree of melting of eclogite
(50%), pyroxenite (50 %), and peridotite (10-20 %); for
MORB, within plate basalt on thick >70 km lithosphere
and thin lithosphere <70 km.

Recently, there has been a significant debate regarding
the source lithology of the Quaternary-aged mafic volcanic
rocks from the Cappadocia Volcanic Province (CVP) in
Central Anatolia. Some of the previous studies suggest that
alkaline basaltic rocks from the southern part of the CVP
stemmed from the spinel lherzolitic source, whereas others
claim that a single-homogenous spinel lherzolitic source is
not adequate for generating the liquids for the formation of
the alkaline basalts (Kiirkctioglu and Yiiriir 2022).
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Here, we provide the first time olivine major and trace
element data as well as olivine 8'30 isotope compositions
and new bulk-rock geochemical data for Quaternary
aged post-collisional Karapinar basaltic rocks from the
southwestern part of the Cappadocia Volcanic Province
(CVP) in Central Anatolia, Turkey to interpret the chemi-
cal heterogeneity of the mantle sources. Two geochemical
types represent the Karapinar basalts; KB1 is transi-
tional (mildly alkaline to calc-alkaline), high-MgO basalt
(>10% MgO) with primitive olivine (Mg# of 88-89;
Matzen et al. 2017), and KB2 is calc-alkaline, evolved
basalt including lower Mg# of olivine. The study’s main
aim is to understand and evaluate the petrogenetic evo-
lution of the Karapinar basalts, mainly focusing on the
possible involvement of pyroxenitic melts in the source
and their later evolution in the crustal levels. Therefore,
we have used the whole-rock and olivine chemistry of
KB to constrain mantle source characteristics and those
of KB2 to reveal crustal magma chamber processes
throughout this paper.

2. Regional geology and volcanism

Anatolia (Turkey, Eastern Mediterranean) is a region situ-
ated between the Africa-Arabian and the Eurasian plates,
and includes several tectonic units accreted during the
closure of the various branches of the Neotethys Ocean
(Fig. 1; Sengdr and Yilmaz 1981; Okay and Tiiysiiz
1999). The Southern Branch of the Neotethys Ocean was
fully subducted in the east (Sengor et al. 2003), even
though subduction is still active today in the western part,
and it is likely related to slab roll-back and slab break-off
processes from the Middle Miocene onwards (Faccenna
et al. 2006; van Hinsbergen et al. 2010; Biryol et al. 2011;
Gengoglu Korkmaz et al. 2017; Asan et al. 2021). It is
stated that an uplift in Central Anatolia since the Middle
Miocene may have resulted from the retreating of the
subduction of the Neo-Tethyan plate and delamination of
the mantle lithosphere (Bartol and Govers 2014), the col-
lapse of the mantle lithosphere (Gogiis et al. 2017), or the
dynamic uplift of the asthenospheric mantle (Faccenna
and Becker 2010). Moreover, Boschi et al. (2010) and
Faccenna and Becker (2010) suggest that the dynamic
response to underlying mantle heterogeneities may have
an important role in the occurrence of the high elevations
in the region. The main governing processes responsible
for the formation of the Central Anatolian Basin are
tectonism, volcanism, and sedimentation for the period
of Late Miocene to Late Quaternary. Faulting controlled
the site of the volcanoes within the CVP. Hence from
the Miocene to historical times, it produced widespread
subduction-related volcanism in Central Anatolia (Sengdr
and Yilmaz 1981; Toprak 1998 ). From the Miocene to

the present, Cappadocian volcanoes have occurred as
both stratovolcanoes and monogenic edifices producing
both basaltic and evolved volcanic rocks (Aydar et al.
1994). The CVP is mainly composed of the Mio-Pliocene
calc-alkaline, andesitic-dacitic to rhyolitic lava flows,
domes, and related pyroclastic products (Innocenti et al.
1975; Notsu et al. 1995; Deniel et al. 1998; Kiirk¢iioglu
et al. 1998; Temel et al. 1998; Gengalioglu Kuscu and
Geneli 2010). However, Quaternary volcanism in the
area mainly produced mildly alkaline to alkaline basaltic
lava flows, scoria cones and maars (Ercan 1987; Aydar
et al. 1994; Gengalioglu-Kuscu et al. 2007; Aydin et al.
2014; Uslular et al. 2015; Dogan-Kulahci et al. 2018).
The chemical (i.e., major and trace element) signature
and isotopic composition (i.e., Sr-Nd-Pb) indicate that
assimilation of crustal materials had a key role in the
formation of the CVP (Innocenti et al. 1975; Ercan
1987; Pasquare et al. 1988; Ercan et al. 1990; Aydar et
al. 1994; Notsu et al. 1995; Deniel et al. 1998; Aydin
et al. 2014; Di Giuseppe et al. 2018; Dogan-Kulahci et
al. 2018). In contrast to Western and Eastern Anatolia,
the mildly-alkaline basaltic volcanic activity postdating
and/or being coeval with the orogenic calc-alkaline one
is characterized by orogenic geochemical signatures in
Central Anatolia (Ercan et al. 1990; Di Giuseppe et al.
2018 ; Reid et al. 2017; Dogan-Kulahci et al. 2018). This
different signature in the CVP basalts has recently been
attributed to either a mixing process between subduction-
related calc-alkaline and within-plate OIB-like magmas,
close to their source area (Di Giuseppe et al. 2018) or
crustal contamination (Gengoglu Korkmaz et al. 2022)
of parental melts during ascent.

The Karacadag Volcanic Complex (KCVC) and
Karapinar Volcanic Field (KPVF) are located on the
southwestern edge of the CVP in Central Anatolia (Fig. 1;
Gengoglu Korkmaz et al. 2022). Mainly intermediate-
felsic volcanic rocks accompanied by scarce mafic rocks,
both of Neogene age, are represented by the products
of lava flows and domes; the “KCVC”. While, Quater-
nary mafic to intermediate volcanic rocks of KPVF are
represented by the scoria cones, lava flows, dykes, and
maars (Gengoglu Korkmaz et al. 2022). The KPVF rocks
overlie the KCVC rocks in the region (Keller 1974).
Previous studies yielded an age of 2.5 Ma (Ar—Ar)
for the KPVF (Reid et al. 2017; Dogan-Kulahci et al.
2018), while K—Ar and Ar—Ar geochronology yield 4.7
to 6.0 Ma age span for the KCVC (Platzman et al. 1998;
Gengoglu Korkmaz et al. 2022). Moreover, the previous
studies (Kurt et al. 2019; Gengoglu Korkmaz and Kurt
2021) reported that decompression and multiple/repeated
recharging events had a crucial role in the evolution of
the KCVC and KPVF.

Recent geophysical and thermal studies (Reid et al.
2017; McNab et al. 2018; Artemieva and Shulgin 2019)
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indicate that the lithospheric thickness of Central Anato-
lia is not uniform. Artemieva and Shulgin (2019) suggest
that the non-uniform lithosphere structure beneath the
Central Anatolian Plateau with lithosphere thickness vari-
ations from more than 150—175 km to ca. 50 km depth.
Also, the belt of the thin lithosphere in Central Anatolia
coincides to a linear belt of the Neogene volcanoes where
mantle melting at ca. 60—80 km depth may be expected.

3. Sampling and analytical methods

The most representative and freshest rocks from the
Karapar basaltic rocks were collected in the Karapinar
area, Konya. Petrography of basaltic rock samples (KB1,
KB2) and their enclaves (MME: Mafic magmatic en-
clave) was performed using a polarizing microscope at
the Geological Engineering department mineralogy labs
of the Konya Technical University. Then, the representa-
tive and freshest thirteen samples, showing little or no
alteration, were analyzed at the Ankara University, Earth
Sciences Application and Research Center (YEBIM)
laboratory (Ankara, Turkey) for major/trace element
contents by X-Ray Fluorescence Spectrometry using
Spectro X-LAB 2000. The samples were crushed in a
Retsch brand automatic rock crusher and then ground in
a tungsten carbide mill in a FRITSCH brand automatic
grinder. Afterward, ~4 g of powdered sample was mixed
with 0.9 g of binder comprised of wax and compressed
to produce a powder pellet for subsequent analyses.
Moreover, we utilized some of our published whole-rock
data (five samples; Gengoglu Korkmaz et al. 2022) to
strengthen our new model. All major and trace elements
analyzed are given in Supplementary Tab. S1.

The representative fourteen olivine grains from KBI,
KB2, and MME were selected to obtain a general over-
view of the chemical variation of major oxides. Major el-
ement analyses of olivines were performed at the YEBIM
by electron probe microanalysis (EPMA). Thin sections
were polished and coated with carbon and analyses were
performed using a JEOL JXA 8230 EPMA under 20 kV
voltage and 15 nA current. A detailed description of the
analytical protocol for EPMA determinations is reported
by Deniz and Kadioglu (2019).

Eight representative olivine grains were selected, and
their trace element compositions were determined by
laser ablation inductively coupled mass plasma spec-
trometry (LA-ICP-MS) technique at the Department
of Physics and Geology, Perugia University (Italy). The
analyses were performed using a Thermo Fisher Scientific
iCAP ICP-MS coupled with Teledyne Photon Machine
G2 laser ablation system using helium as the carrier gas.
In order to boost the instrumental sensitivity and avoid
plasma destabilization, N, and Ar were added, respec-

tively. The conditions used were: repetition rate of 8 Hz,
fluence of 3.5 J/cm?, 25 um spot size and dwell time of
10 ms. Single spot measurements were executed on the
rims, growth zones and cores of olivine crystals showing
diverse textures, zoning patterns and compositions. Data
were gathered for Al, Li, Ca, Na, P, Sc, Co, Ti, Cr, V, Zn,
Mn, Zr, Ni, Nb, and Y. The USGS BCR-2G glass was
used for quality control, while NIST 610 was utilized for
the calibration. As an internal standard, Si compositions
acquired by EPMA analyses were used. The Iolite v.3
software was used for data reduction (Paton et al. 2011).
The accuracy and precision of the analyses were better
than 10% (see Petrelli et al. 2008, 2016a, b). Repeated
analyses (n = 6) of the USGS BCR2G reference mate-
rial executed in the same analytical session of the data
mentioned in the present study approved the anticipated
figures of merits. All major oxide and trace element data
of olivine are given in Tab. S1. In this study, to detect
and evaluate the source area and constrain the source
lithology, we utilized the mineral chemistry data of oli-
vine phenocrysts from the most primitive basalts (MgO
>10 wt. %), which gives the most accurate knowledge
regarding the mantle source compositions.

The eight basaltic rocks (KB1, KB2, and MME) were
measured at the Queen’s Facility for Isotope Research
(QFIR) laboratory (Queen’s University, Canada) for 6'0
stable isotope analysis. The #0/'°O ratios of separated
olivine minerals were carried out by Thermo-Finnigan
Delta Plus XP Isotope-Ratio Mass Spectrometer (IRMS),
following the liberation of O, by BrF, reaction in Ni
vessels and conversion to CO,. All results are calibrated
to certified VSMOW, VSLAP9 reference materials and
reported in standard permil notation (%o). The accuracy
of the analyses was 0.5%o. A detailed description of the
analytical protocol for 3'%0 stable isotope analysis deter-
minations is reported by Gengoglu Korkmaz et al. (2022).
Stable isotope analyses of the samples are reported in
the Tab. S1.

4. Results

4.1. Petrography and classification of the
volcanics

The petrographic and chemical features of the investi-
gated volcanic suite indicate that the Karapinar basaltic
rocks can be discriminated into two sub-groups; basalt-1
(KB1) and basalt-2 (KB2). The KB1 group rocks have
holo-to hypocrystalline porphyritic texture and are com-
prised of mainly olivine and plagioclase, with lesser
clinopyroxene, and Fe—Ti-oxide microphenocrysts in
an intergranular to intersertal groundmass (Figs 2a, 2b).
Olivine and clinopyroxene phenocrysts are generally
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Fig. 2. Petrography of the studied basaltic rocks from the Karapinar. (a) Euhedral-subhedral-shaped olivine and (b) euhedral-subhedral-shaped
olivine and plagioclase phenocrysts in the KB1 group rocks. (¢) Embayed and ocelli quartz xenocryst and (d) olivine crystal clots and sieved-
plagioclase in the KB2 group rocks. (e) Sieved-plagioclase glomerocrysts and (f) basaltic mafic magmatic enclaves and relatively rounded olivines
in the KB2 group rocks. (cpx: clinopyroxene; ol: olivine; ox: Fe—Ti oxide; pl: plagioclase; q: quartz).
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euhedral-subhedral. Olivine rarely shows skeletal textures
and iddingsitization. By contrast, the KB2 group rocks
are holo- to hypo-crystalline porphyritic, also exhibit
vesicular texture and rarely include amygdales filled with
carbonate and siliceous material. The KB2 rocks gener-
ally have clinopyroxene and plagioclase phenocrysts, and
rare olivine microcrysts and phenocrysts (Figs 2c—2e).
The groundmass is composed of the same mineral phases
plus Fe-Ti oxide minerals and some glass. KB2 group
rocks also have xenocrysts of plagioclase, biotite and
rounded, embayed, and ocelli-quartz (Fig. 2c), as well
as plagioclase glomerocrysts (Fig. 2¢). Olivine in KB2
rocks are generally subhedral-anhedral and rounded (Figs
2c-2f). Plagioclase xenocrysts commonly exhibit sieve
textures (fine-coarse-dusty sieve; Figs 2d,e). Some of
the investigated rocks contain olivine +clinopyroxene
crystal clots (Fig. 2d), and mafic magmatic enclaves
(MME) whose olivine are rarely anhedral and generally
rounded and fractured (Fig. 2f), and also some of the
enclaves includes olivine+clinopyroxene crystal clots,
plagioclase glomerocrysts and quartz xenocrysts with
ocelli (Gengoglu Korkmaz et al. 2021, 2022).

Investigated volcanic rocks have low LOI (loss on
ignition) values (<2 wt. %), indicating that the effect of
alteration is minor. The Karapinar volcanic rocks (KB1,
KB2, and MME) exhibit basalt, basaltic-andesite compo-
sition in the total alkali-silica rock classification diagram
(Fig. S3; Le Bas et al. 1986). However, in Zr/Ti versus
Nb/Y classification diagram (Pearce 1996), studied rocks
were dominantly plotted as basaltic-andesite and basalt,
and rarely plotted into the alkali basalt field (Fig. S3).
The KBI1 rocks have a transitional (calc-alkaline—mildly
alkaline) geochemical affinity, whereas KB2 rocks and
their enclaves are calc-alkaline (Irvine and Baragar 1971)
in composition.

4.2. Whole-rock chemistry

The SiO, versus major and trace element variation dia-
grams (Fig. S4) for the studied rocks generally show lin-
ear trends with progressive differentiation from basaltic
to intermediate rocks. The diagrams indicate two different
volcanic suites and the MMEs plotting between the KB1
and KB2 group rocks. The SiO, vs. MgO and CaO plots
show a negative trend following sharp MgO and CaO
inflections (Figs S4a, S4b). The SiO, vs. K,O and TiO,
variations are characterized by linear decreases in KB1
and MME rocks. However, KB2 rocks display a flat trend
or slight increases in SiO, vs. Ba, Sr, Ni, and Zr (Fig. S4).

In NMORB normalized diagrams (Hofmann 1988;
Fig. S5), KB1 and KB2 basaltic rocks display similar en-
richments in LILE (large ion lithophile elements) such as
RD, Sr, K, and troughs of some HFSE (high field strength
elements) such as Ti, Ta, Nb, which suggests derivation

from similar magma source(s). Chondrite-normalized
REE (rare earth element) distributions (Nakamura 1974)
show enrichments of LREE, relative to HREE (Fig. S5).
All Karapinar basaltic rocks show slightly fractionated
chondrite-normalized REE patterns with La /Lu, = 6.9~
13 and are parallel to each other, revealing a similar or
the same source area for these volcanic rocks. Although
they demonstrate similar orogenic type geochemical pat-
terns in the NMORB normalized diagram, the studied
basaltic rocks (KB1-KB2) are different, as detailed in
the discussion section 5.

4.3. Olivine major and trace element
chemistry

Fourteen olivine grains from KB1 (N = 3), KB2 (N =5),
and MME (N = 6) were analyzed by EPMA for the major
oxides, and eight of them KB1 (N = 3), KB2 (N =4), and
MME (N = 1) were also analyzed for trace elements using
LA-ICP-MS. The primitive olivines (Mg-rich) in KB1
group rocks show normal zoning with TiO,, MgO, Mg #,
forsterite (Fo = 100 x Mg/(Mg+ Fe'*"), Ni-rich cores and
they exhibit multiple (normal to inverse) zoning with Ca,
Cr, Co, Sc, V, Mn, Li, and Zn (Tab. S2). The boundaries
between the cores and the rims are visible in BSE images
(Fig. S6). However, the olivines from KB2 and MME
show both normal and reverse zoning with Ca, Cr, Co,
Sc, V, Mn, Li, and Zn (Tab. S2). Olivine cores in all ba-
salts have 1600-2600 ppm CaO and contain ~1000—1300
ppm Mn. Furthermore, they include Fo and Fe/Mn rang-
ing from ~84 to 89 and from ~70 to 99, respectively. The
Ni contents of the olivine (core = ~2300-3100 ppm; rim
= ~810-1500 ppm) have a positive correlation with Fo
(89-87) in the most primitive basalts (KB1). The KB2
olivines are richer in Ni (~1200-2500 ppm) relative to
the KB1 olivines. The Ni/Co values (~23) of Mg-rich
olivines (KBI1 olivines) are higher than those of Fe-rich
(KB2) olivines (~16). Moreover, the KB1 and KB2
olivine cores contain Li contents from 1.8 to 2.2 ppm
and 1.5 to 1.6 ppm, respectively. Zinc concentrations
of the olivines range from 75 to 242 ppm and exhibit a
direct relationship with Mn/Zn value and Li, Mn contents
(Tab. S2). The olivines from MME display progressive
normal zoning with decreasing Ni (~1800-1200 ppm)
and Fo (86-75) and increasing Mn, Li, and Zn (Mn =
1400-1900 ppm; Li = 2.5-10 ppm; Zn = 89-189 ppm)
from the core to the rim. Zone boundaries between the
cores and the rims of the MME olivines are sharp, indi-
cating abrupt compositional variations.

4.4. Olivine stable isotope composition

The olivines from the Karapinar basaltic rocks (KBI,
KB2, MME) have 4'30 ranging between 5.7 and 6.5 %o
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(Tab. S1). The 8'80 values of olivines from the enclaves
(6.2 %o) are much higher than those from their hosts
(5.7 %0). However, it is noteworthy that the olivines
(5.7-6.4 %o) from calc-alkaline basaltic rocks (KB2) yield
lower 8'%0 isotopic values than the olivines (6.5 %o) from
mildly-alkaline basaltic rocks (KB1).

5. Discussion

5.1. Petrogenesis and evolution of the
Karapinar basaltic rocks

Major and trace element variations (Fig. S4) and REE
patterns (Fig. S5) suggest that fractional crystallization
(FC) processes played a significant role in the evolution
of the Karapinar basaltic rocks. In particular, SiO, versus
CaO and MgO depletions indicate the importance of the
olivine and clinopyroxene fractionation in the formation
of the rocks. Different trends in the Harker variation dia-
grams of the KB1 and KB2 units indicate that they have
different magmatic histories. Based on whole-rock major
(i.e., high SiO,, K,0O) and trace elements (i.e., high Rb,
Ba, K, U, Pb, Th, Ce), we suggest that the parental melts
to the KB2 rocks undergone more significant crustal
contamination relative to the KB1 ones. Along with that,
based on Nb/Ta and Nb/U ratios, the effect of crustal con-
tamination on the composition of ne-normative alkali
basalts (KB1) is insignificant during the magma ascent
through the continental crust relative to the calc-alkaline
basalts (KB2) as also shown by Gengoglu Korkmaz et al.
(2022). This assumption is further supported by the pet-
rographic signatures, such as the presence of ocelli and
embayed-quartz, sieved-plagioclase, biotite, and amphi-
bole xenocrysts presented in KB2 rocks. The linear trends
on Harker diagrams suggest that the magma mixing
process may have played a key role in the evolution of
the enclaves. The linear extension of the MME between
KB1 and KB2 in all variation diagrams suggests that
they were formed by the mixture of these two basaltic
groups. To evaluate the possible magma mixing process,
we performed a mixing calculation by using major ele-
ments of the most primitive (KB1/GK-31) and the most
evolved (KB2/KR-30) end-members in the Igpet software
(version 2014 of Carr 1990). Based on this modeling,
the composition of the MME can be best explained by
mixing the mildly alkaline and calc-alkaline volcanic
units. The MME has Y72 values ranging from 0.75 to
0.81. However, the Y r? should be <0.2; therefore, the
acceptable solution’s higher values may be explained by
differentiation after mixing processes (Mann 2010). The
best solution indicates a mixing of ~62 % KB1 (GK31)
and ~38 % KB2 (KR30) to reproduce a hybrid MME
(Tab. S1).

Except for some of the olivine grains from the KB2
and MME suites, olivine grains are generally in equi-
librium with their host liquid (KdFeng = 0.30+0.03;
Tab. S2). The olivine phenocrysts from the KB1 basalts
have high Fo values up to 89 in their cores, similar to
mantle peridotite (Best 2003), and show normal zoning.
However, high Fo values are not always considered to be
the hallmark of mantle peridotite olivine. For example,
experimental studies suggest that even minerals with
very high Mg# may crystallize directly from basaltic
magmas (Gaetani and Grove 1993; Feig et al. 2006;
Koepke et al. 2009). Increased oxygen fugacity will de-
crease the Fe*”/Fe" value of the melt, increasing the Fo
content of olivine (Feig et al. 2006, 2010). Furthermore,
studied olivine phenocrysts contain up to ~800 ppm
Al while 80 % of mantle olivines have less than 130
ppm Al (De Hoog et al. 2010; Foley et al. 2013). The
3'%0 values of the Karapinar olivines (+5.7-6.5 %o) are
higher than those reported for MORB (+5.1-5.4 %o) and
close to OIB-EMII (+5.4-6.1 %o) (Eiler et al. 1997). It
is well-known that one of the most reliable criteria for
distinguishing between xenocryst (mantle olivine) and
phenocryst is the CaO content of olivine. In this respect,
olivine phenocrysts generally have a higher CaO content
(Ca0O >0.1 wt. %) than mantle peridotite olivine (Thomp-
son and Gibson 2000; Ying et al. 2010; Wang et al.
2011). Considering all this information, we interpret the
Karapinar olivines as phenocrysts crystallized from the
parental magma due to their high CaO (0.15-0.22 wt. %)
and Al (195-390 ppm) contents as well as 6'O values.
Furthermore, the fact that the olivines of the calc-alkaline
basaltic rocks (KB2) yield lower 3'%0 values than the
olivines of the mildly alkaline basaltic rocks (KB1) may
be associated with the changing in the water content of
the magma and/or the incorporation of different materi-
als during suggested crustal contamination (Dobosi et al.
1998; Downes 2001; Gertisser and Keller 2003).

The investigated olivine have variable zoning (normal,
inverse, oscillatory) in terms of Ca, Co, Cr, Mg, Fe, Sc, V,
Ni, and Mn contents (Tab. S2). These chemical variations
most likely reflect magma recharge or mixing processes
in the magma chamber (Humphreys et al. 2006; Stroncik
et al. 2009; Hu et al. 2018; Jankovics et al. 2019). The
presence of magmatic enclaves, olivine+ clinopyroxene
crystal clots, plagioclase glomerocrysts, embayed and
ocelli quartz xenocrysts in the Karapinar basalts may be
critical evidence for the existence of recharging (magma
mixing) and reheating events with convection in a magma
chamber (Figs. 2, S6; Jankovics et al. 2019). Further-
more, the KB1 group rocks include two olivine crystals
having quite different Ni (~2300-3100 ppm), Fo (87-89)
contents, and Mn/Zn (15-13), Ni/Co (19-23) values in
their cores (Tab. S2), which is indicative for recharging
processes (Nakagawa et al. 2002). Thus, we suggest
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that ascending primitive magma plucked these olivines,
glomerocrysts, and the crystal clots from different parts of
the magma chamber (the wall or the basement) during re-
plenishment processes and carried them to shallower lev-
els. Furthermore, plagioclase phenocrysts with abundant
sieve textures in the basalts may be evidence of decom-
pression or reheating events in the magma chamber (Kurt
et al. 2019; Gengoglu Korkmaz and Kurt 2021). Along
with them, olivine with skeletal textures (Fig. S6) may
be evidence for rapid (under) cooling (Lofgren 1974).
To summarize, based on the mineralogical and textural
properties of the rocks and the chemical composition of
the olivines, we suggest that recharging events and also
the decompression process may play a significant role in
the evolution of the Karapinar basaltic rocks.

5.2. Insights from primitive basalts

The composition of mafic rocks (MgO >4 wt. %; Pecer-
illo 2005) gives the most accurate knowledge regarding
mantle source compositions because they have the clos-
est composition to primary melts derived from the upper
mantle. Basalts with 1000 ppm Cr, 400 ppm Ni, 8 wt. %
MgO (Best 2003), and low LILE/HFSE values (Weaver
1991) indicate derivation from a primary mantle source.
The studied mildly alkaline basalts (GK31 and L8) are
characterized by an almost primitive chemical signature
with their Ni (186221 ppm), Cr (383-540 ppm) and
MgO (10-11.12 wt. %) contents (Tab. S1). Accordingly,
it is recommended that these rocks may be the right guide
for the interpretation and the determination of the mantle
source characteristics, as they would give more accurate
fingerprints regarding the mantle source. Low HREE
concentrations (Yb <2 ppm) and Y (<25 ppm) contents
and fractionated HREE patterns (Dy/Yb >1) in KB1
basalts may indicate residual garnet in the source of the
rocks (Tab. S1 and Fig. S5; Kheirkhah et al. 2015). An
excess of clinopyroxene in the residual source decreases
the Zr and Hf contents of the forming melts and leads to
negative Hf and Zr anomalies. Moreover, clinopyroxene
(D, ,,; <1) may control the Zr/Hf fractionation (Li et
al. 2015). Investigated basalts have higher Zr/Hf ratios
(average 39) than primitive mantle (Zr/Hf = 34-36).
So, the slightly negative Zr anomalies (Fig. S5a), and
moderately high Zr/Hf ratios (Tab. S1) in the Karapinar
basalts might indicate a Cpx-rich residue in the source
as in Zhejiang basalts which were derived from a hetero-
geneous mantle source produced by mixing of pyroxen-
itic and peridotitic sources (Li et al. 2015). Along with
that, Karapinar basalts are characterized by moderately
high La/Yb (11.40-13.67), Fe/Mn (54-65), and Nb/Ta
(14.83-19.20) ratios, which could be used as a major
fingerprint for the presence of residual clinopyroxene,
garnet and rutile in the mantle source (Li et al. 2015). The

crystallization temperatures for the Karapinar basalts can
be estimated using the clinopyroxene—liquid and olivine—
liquid thermobarometers (Putirka 2008). Clinopyroxene
and olivine compositions that fall well within the Fe-Mg
equilibrium fields are used, and the bulk-rock composi-
tions are considered as liquid compositions. Kurt et al.
(2019) reported that clinopyroxene—liquid thermobarom-
etry indicates clinopyroxene crystallization temperatures
ranging between 1173—1251 °C. Moreover, in this study,
we propose that olivines’ calculated crystallization tem-
peratures range from 1210 to 1250°C (Tab. S2). These
temperatures are almost close to the assumed temperature
at the base of the sub-continental lithospheric mantle
(SCLM) beneath Central Anatolia and also resemble the
potential mantle temperature (1280-1400 °C; Herzberg
et al. 2007) of the depleted asthenosphere mantle as in
Halagiaola basalts (Chinese Altai, central Asia; Zhang et
al. 2019). These were continental OIB-like basalts and
stemmed from a hybrid source containing pyroxenite
and peridotite components. Along with that, some recent
studies (McNab et al. 2018; Kiirkciioglu and Yiiriir 2022)
suggest a new model regarding the source of the young
basalts from the northernmost end of the Cappadocian re-
gion in Central Anatolia. McNab et al. (2018) report that
the mantle underlying Central Anatolia was quite hot with
a composition similar to that of OIB source reservoirs;
thus, magmas presumably stemmed from the astheno-
sphere. Moreover, Kiirkclioglu and Yiiriir (2022) claimed
that young basalts from the CVP could be derived from
a marble-cake-type peridotite—pyroxenite mixed source.
However, previous studies claimed that the basalts from
the southwestern part of the CVP were derived from
subduction-modified mantle peridotite (Reid et al. 2017;
Uslular and Gengalioglu-Kuscu 2019). Also, the recent
studies evaluated and used the whole-rock FC3MS (FeO'/
(CaO”* xMgO/Si0,), all in wt. %) parameter, which
was produced by Yang and Zhou (2013) to determine
the source lithology of the rocks. The partial melting
products of a pyroxenitic source contain high FC3MS
values (>0.65; Yang and Zhou 2013) and commonly
have lower CaO contents than peridotitic sources (Her-
zberg Herzberg; Zhang et al. 2012; Seager et al. 2015).
Although the investigated basalts have FC3MS values
below 0.65 (Fig. 3a), they have a narrow range of MgO
and lower CaO contents consistent with a pyroxenite
source. Furthermore, Zn/Fe is a possible tracer for mantle
heterogeneities because it is susceptible to the existence
of clinopyroxene and garnet-rich lithologies (Le Roux et
al. 2010). The peridotitic partial melts have lower Zn/Fe
(x10000) values (typically 8-10), whereas a pyroxenite
can generate melts with higher Zn/Fe (x 10000) values
(>14; Le Roux et al. 2010). The most primitive basalts
(KB1; MgO ~10-12 wt. %) contain Zn/Fe (% 10000)
values (~ 16) similar to those of pyroxenite-derived melts.
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Considering their MgO contents and FC3MS values, Zn/
Fe values of the Karapinar basalts indicate that lavas may
be descended from the mixing of peridotitic and pyrox-
enitic melts (Figs 3b—3d; Guo et al. 2015; Sheldrick et
al. 2018). Moreover, the 5'*0 values of the KB1 olivines
(~6.5 %0) and whole-rock Zn/Fe (x 10000) values (~16)
of the KB1 are similar to basaltic rocks derived from py-
roxenitic melts, like Karoo picrites from southern Africa
(Howarth and Harris 2017; Figs 3c, 3d). Combined with
whole-rock geochemistry and 8'#O values of olivine, we
suggest that Karapiar mafic volcanism has asthenospher-
ic source fingerprints, and the KB1 rocks are also likely
to have formed from a heterogeneous source consisting
of peridotite plus metasomatic pyroxenite produced by
the interaction of silica-rich melts derived from subduct-
ing oceanic crust with the surrounding peridotite which
included recycled oceanic crustal material (Harris et al.
2015; Howarth and Harris 2017; Kamenetsky et al. 2017).

5.3. Olivine trace element characteristics to
decipher the source lithology

Olivine from the most primitive basalts can give ac-
curate information about the source lithology. Recent
studies on olivine trace element contents from the large
igneous province (LIP) and ocean island (OIB) basalts
clearly aimed to interpret and detect mantle source li-
thology. These studies demonstrate that many LIP and
OIB magmas have signatures that can be attributed to
melts derived from pyroxenite in their sources (Sobolev

Ni(ppm)
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et al. 2005, 2007; Gurenko et al. 2010; Barker et al.
2014; Seager et al. 2015; Howarth and Harris 2017).
For example, Mn/Fe ratios and Ni contents of olivine
phenocrysts have been used to detect the mineral compo-
sition of the mantle source of the host magma. However,
high Ni and low Mn/Fe ratios are likely to be signatures
of the high temperatures and pressures of melting and
probably high water contents in some peridotitic mantle
sources (De Hoog et al. 2010). Moreover, Gleeson and
Gibson (2019) suggest that mafic magma recharge from
the oceanic crust may cause the enrichment of Ni in ol-
ivine in basalts. However, that process is ruled out due
to the geological setting for those continental intra-plate
basalts, as in the eastern Australia basalts (C-OIB; thick
>70 km lithosphere; Liu et al. 2021). Hence, the other
mantle source lithology indicators such as Li, Zn, Ca, Al
contents, Ni/Co, Fe/Mn, Mn/Zn, Zn/Fe ratios of the oliv-
ine grains should also be used to provide constraints on
the mantle source of the basaltic magmas (De Hoog et al.
2010; Guo et al. 2015; Seager et al. 2015; Howarth and
Harris 2017; Howarth and Udry 2017). Lithium and Zn
contents of olivine are distinctive for identifying conti-
nental crustal recycling in the source of the rocks (Foley
et al. 2013) and may serve as a tracer of pyroxenite in
the source. Olivine cores from KB1 and KB2 contain Li
1.5-2.2 ppm (Tab. S2), similar to those in basalts from
ocean islands (Jeffcoate et al. 2007; Chan et al. 2009;
Foley et al. 2013). Zn contents of the same olivines posi-
tively correlate with Li and range from 79 to 105 ppm in
the cores. Lithium and Zn enriched rims of the studied
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Fig. 4. Selected trace element variations of olivine from the Karapinar basalts, and comparison with different olivines in the literature. (a) 10000
Zn/Fe vs. 100 Mn/Fe diagram is modified from Sobolev et al. (2007) and Le Roux et al. (2010), and (b) Ni (ppm) vs. Mn/Zn ratio plot for the most
primitive olivine cores, The Payenia olivines (Argentina) which originated from mixed peridotite—pyroxenite mantle sources are from Seager et
al. (2015). The Karoo olivines which descend from pyroxenitic sources and Etendeka olivines which are derived from peridotitic sources are from

Howarth and Udry (2017).
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olivine indicate the source containing recycled conti-
nental crust (Foley et al. 2013), as in Hawaiian olivines
having low Li (1.1-2.1 ppm) and variable Zn in their
cores (Neumann et al. 1999). Some of the experimental
studies suggest that higher Zn/Fe, Fe/Mn, Co, Fe, Ni,
Mn, Zn, as well as lower Mn/Fe, Ni/Co, Mn/Zn, Co/Fe
of the olivine support the evidence for pyroxenitic melts
rather than peridotitic melts in the source (Sobolev et al.
2007; Le Roux et al. 2010; Herzberg 2011; Le Roux et
al. 2011; Seager et al. 2015). The investigated olivines
are Ni-rich (>2000 ppm), Ca-poor (<1600 ppm), and
contain low 100 xMn/Fe (<1.4). The olivine cores of
the most primitive basalts (KB1; MgO >10 wt. %), Fe/
Mn (71-76), Ni (2300-3100 ppm), Co (128—142 ppm)
contents and high Ni/Co (~24) values resemble those
of pyroxenitic (Ni/Co >20; Foley et al. 2013) sources
(Sobolev et al. 2007; Le Roux et al. 2010; Herzberg
2011; Le Roux et al. 2011; Seager et al. 2015). Also, Zn/
Fe ratios of the olivine phenocrysts have been utilized
in many studies to distinguish pyroxenitic and perido-
titic melts from each other. As Zn/Fe (x 10000) values
of the peridotitic olivines generally range from 9.3—10
(Le Roux et al. 2010) and olivine in equilibrium with
experimental pyroxenite melts have Zn/Fe (x 10000)> 14
(Le Roux et al. 2010, 2011; Zhang et al. 2012), the most
primitive olivine from KB1 probably originated from a
pyroxenite dominated source due to their higher Zn/Fe
(x10000) values (10-11; Fig. 4a). Furthermore, Mn/Zn
values of the olivine can be a practical discriminator for
source lithology (Howarth and Harris 2017). Whereas
olivine derived from pyroxene-dominated sources con-
tain low Mn/Zn (<13), olivine generated from peridotitic
partial melts has a high Mn/Zn (> 15) ratio (Howarth and
Harris 2017). The olivine cores from the KB1 contain
Mn/Zn ranging from 12—-15, indicting pyroxenite domi-
nant sources (Howarth and Harris 2017; Fig. 4b). Hence,
the Karapinar basalts have characteristics of a hetero-
geneous source derived from the mixing of pyroxenite
and peridotite melts based on
Zn/Fe, Mn/Fe, and Ni contents,
similar to the Payenia basalts

Estimation of the proportion of pyroxenite source
components in the mantle source could be carried out
using the equations (eq.1 and 2) derived by Sobolev et
al. (2007);

Xpx = 3.48-2.071 x (100 x Mn/Fe) 1

Xcre = Xe/ Fe mx prL +ﬂ><)(e+l 2)
Xpx Fpe Fe

Xe = Proportion of eclogitic melts required to generate
hybrid pyroxenite from peridotite, Xpx = Proportion of
pyroxenitic melts, Xcre = Amount of recycled oceanic
crust, , Fe = The melting degree of eclogite, Fpx = The
melting degree of pyroxenite, Fpe = The melting degree
of peridotite.

Sobolev et al. (2007) used olivine phenocryst composi-
tion to detect the proportion of the pyroxenitic lithology
involvement in komatiites (20 to 30 % pyroxenite), ocean
islands and continental basalts (many of them >60 %
pyroxenite), and mid-ocean ridge basalts (10 to 30 %
pyroxenite). Due to the heterogeneous lithospheric thick-
ness in the Central Anatolia, within plate magmas WPM-
thick (lithosphere >70 km; Hawaii-OIB) setting standard
values (Xe = 50%, Fpe = 10%, Fpx = 50%, Fe = 50 %)
and WPB-thin (lithosphere <70 km; C-OIB) setting
standard values (Xe = 50 %, Fpe =20 %, Fpx = 50%, Fe
=50%; Sobolev et al. 2007) were utilized to evaluate the
proportions of the peridotite and pyroxenite in the mantle
sources for the most primitive samples (KB1; MgO >10
wt. %; Tab. 1). Following these assumptions, for the oli-
vine phenocryst from the most primitive samples (KB1),
we calculated the same Xpx and Xpe proportions with
an average of ~70 % and 30 %, respectively. However, it
is observed that the proportion of the recycled eclogitic
material Xcrc is changed with the lithospheric thickness

Table 1 The proportions of the recycled eclogite (Xcrc), peridotite (Xpe), and pyroxenite (Xpx), in the
source of the most primitive basalts (KB1).

from Argentina (Seager et al.
2015; Fig. 4). Moreover, forst-

Proportions of the melts in the

Average proportions (%
heterogeneous source ge prop *»)

erite content versus Ca, Ni, Fe/ Sample/Circle/Spot Xere
Mn, and 100 x Mn/Fe diagrams (c)ore/(m)id/(r)im Xcre (WPM- (WPM-
also indicate that most sampled Xpx TEII{CHI\J( or Xpe (I-Xpx)  Xpx  _pyyex XPe
olivines lie between the two ) or THIN)
source areas suggesting mixing GK-31-Cl-1m 0.60 020 0.40
of melts derived from pyrox- GK-31-C3-1m 0.70 0.28 0.30

" . s KB1 GK-31-C3-1c 0.55 0.18 0.45 69.54 28.57 30.46
elll'FlC and .perldotltlc sources- GKA31-Co1m 0.87 0.44 013
derived (Fig. 5; Sobolev et al. CK31.C6.1c 076 033 024

2007; Guo et al. 2015; Seager

et al. 2015; Howarth and Harris
2017; Liu et al. 2021).

Xpx = 3.48—2.071 x (100 x Mn/Fe)
Xcre= Xe/Fe {(I_XPX)X(F
Xpx

px—— |+ 12F€ Xt 1| (Sobolev et al. 2007)
Fpe Fe
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Karacadag Volcanic Complex
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opx wall (silica saturated)
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melt infiltration

Karapinar Volcanic Field
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byroxenite (silica undersaturated magma) J’ Asthenosphere
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Fig. 6. An illustrative sketch showing the petrogenesis of the Karapinar rocks. Mixing of pyroxenite partial melt with peridotite partial melt. (a)
A schematic tectonomagmatic model for the Neogene-Quaternary Karapinar-Karacadag Volcanic Rocks. (b) A schematic model of partial melting

processes of heterogeneous mantle modified from Kogiso et al. (2004b).

(thin <70 km lithosphere Xrc=~39%, thick >70 km
lithosphere; ~29 %; Tab. 1).

5.4. Petrogenetic model of the volcanic rocks
from the southwest part of the CVP

Slab roll-back, retreat and slab tearing processes are
critical in volcanism along Central Anatolia. During
these processes, the melts stemmed from the astheno-
sphere interacting with the lithospheric mantle. Recent

@
Fig. 5. Diagrams showing selected trace element distributions of olivine
phenocrysts from the Karapinar basalts and peridotite-pyroxenite melt
areas (after Herzberg (2011). (a) Ni (ppm) vs Fo (mol. %); (b) 100 Mn/
Fe vs. Fo (mol. %); (¢) Ca (ppm) vs. Fo (mol. %); (d) Mn (ppm) vs.
Fo (mol. %); (e) Fe (ppm)/Mn (ppm) vs. Fo (mol. %); (f) Ni (wt. %)
vs. Fo (mol. %) variation diagrams of olivine phenocrysts %. Green
ellipse represents the field of olivine compositions from a peridotitic
source (Sobolev et al. 2007). The tectonic areas that include MORB,
WPM-THIN (thin lithosphere < 70 km), OIB and LIP WPM-THICK
(thick lithosphere > 70 km) and Koolau olivines area are modified
from Sobolev et al. (2007). Blue dashed lines are the discriminator
lines for the fields of olivines that originated from pyroxenitic and
peridotitic partial melts (Herzberg 2011). Red dashed lines display
olivine fractional crystallization trend (Sobolev et al. 2007). (f) The red
arrow depicts pyroxenitic sources comprising an increasing subducted
crustal component, as well as olivine-free pyroxenite-derived and man-
tle peridotite-derived partial melts areas, are from Guo et al. (2015).

geophysical, geological and tectonic studies show that
the Cyprus subduction zone has been in a slab roll-back
phase and actively retreating relative to Central Anatolia
from the Middle Miocene onwards (Fig. 6a; Faccenna et
al. 2006; van Hinsbergen et al. 2010; Biryol et al. 2011;
Schleiffarth et al. 2018; Reid et al. 2019).

During subduction, recycled oceanic crust is subjected
to a complicated physicochemical evolution, melts and
converts into silica-undersaturated or silica-saturated py-
roxenite (Kogiso et al. 2004b).The boundaries of the man-
tle pyroxenite interact continuously with mantle peridotite
and they are impacted by diffusion due to physicochemical
differences between pyroxenite and peridotite (Fig. 6b).
During partial melting, an internal separation process
(Kogiso et al. 2004a, b) or infiltration into the peridotite
(Daines and Kohlstedt 1993; Kogiso et al. 2004b) gives
rise to melt separation from the residual pyroxenite. The
reaction and stabilization of the melt with the surrounding
mantle produces a heterogeneous mantle source.

Based on the olivine trace and major element concen-
trations, we suggest that the post-collisional mafic mag-
mas in the Konya-Karapinar region were derived from
a hybrid peridotite-pyroxenite mantle source that has a
direct relationship to the subduction processes (Fig. 6).
Mixing of varied proportions of melts derived from
pyroxenitic and peridotitic sources produced the most
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primitive mildly alkaline mafic magmas in the southwest
part of the CVP.

6. Conclusions

Here, we amalgamated the EMP major and minor, and
LA-ICP-MS trace element compositions, as well *O iso-
tope values of the olivines with major and trace element
whole-rock data to detect and confine the mantle source
lithology of the Karapinar basalts. This study demon-
strates that for the first time, olivine major-trace element
data could serve as a powerful tool to unravel the genesis
of the Quaternary-aged post-collisional mildly alkaline
basaltic rocks in the CVP. Two geochemical types rep-
resent the Karapinar basalts; KB1 is transitional (mildly
alkaline to calc-alkaline), high-MgO basalt (> 10% MgO)
with primitive olivine (Mg# of 88—89), and KB2 is calc-
alkaline, evolved-contaminated basalt including lower
Mgf# of olivine. The study’s main aim is to understand
and evaluate the petrogenetic evolution of the Karapinar
basalts, mainly focusing on the possible involvement of
pyroxenitic melts in the source and their later evolution
in the crustal levels. Therefore, KB1 group mildly alka-
line basalts having high MgO (10-12 wt. %) content and
primitive Nb/U (2—12) and Nb/Ta (17-19) ratios were
used for the mantle source interpretations, while more
evolved KB2 basaltic rock were utilized for the interpre-
tation and the evaluation of the crustal processes.
Combined with the mineralogical and textural proper-
ties of the rocks, the chemical composition of the olivines
reveals that recharging events and the decompression pro-
cess could affect the evolution of the Karapinar basalts.
KB1 basalts have lower CaO content and higher Zn/Fe
ratios than basalts derived from the peridotitic source.
The most primitive olivine phenocrysts from these basalts
include high Ni content, Ni/Co, Zn/Fe, Fe/Mn ratios, and
low Mn/Zn ratio relative to those from basaltic rocks de-
rived from the peridotitic source. Hence these data reveal
that KB1 basalts from the southwestern part of the CVP
originated from a heterogeneous mantle source consist-
ing of at least two lithologies (e.g., peridotite and py-
roxenite). We recommend that the heterogeneous source
be produced by mixing metasomatized peridotitic and
pyroxene-rich mantle being present beneath the Anatolia.
Based on the calculations (WPM-thin; <70 km and
WPM-thick >70 km), we propose a mixing model where
the KB1 basalts were derived from a source containing
~70% and 30% of pyroxenite and peridotite, respec-
tively. The pyroxenitic source has likely been gener-
ated by the interaction between the subducted oceanic
crust-derived melts and the surrounding peridotite. The
possible triggering mechanism for the melting of such a
mixed source was the asthenospheric upwelling related

to the roll-back and break-off of the Cyprus slab, from
the middle Miocene onwards in the convergent system of
the Afro—Arabian and Eurasian plates.
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