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1. Introduction
Adakites were originally defined as intermediate-acidic 
felsic magmatic rocks of high-silica, Sr/Y, and La/Yb 
originated from partially melted subducted slabs of basaltic 
oceanic crust (Defant and Drummond, 1990; Castillo, 2012). 
Although it was commonly believed that adakites originated 
from the subducted young (<25 Ma), and hence hot oceanic 
plates along the convergent margins, in recent studies some 
adakitic or adakite-like rocks carrying the geochemical 
characteristics of original adakites are documented that 
are not related to any slab melting or subduction zone 
at all (Yumul et al., 1999; Wang et al., 2005; Macpherson 
et al., 2006). Different models have been suggested, yet 
the origin and evolution of adakites or adakitic rocks are 
still under discussion. For example, high or low pressure 
fractional crystallization of (hydrated) basaltic magma 
and crustal contamination (Castillo, 2006; Macpherson et 
al., 2006); partial melting of metasomatized mantle (Guo 
et al., 2009; Kadıoğlu and Dilek, 2010; Şen and Şen, 2013; 

Çoban et al., 2020);  mixing of  lower crust and slab-derived  
melts (Çimen, 2020);  FC and/or differantiation of arc-
related magmas along mantle-crust boundary (Eyüboğlu 
et al., 2011a); partial melting of subducted young and 
hot oceanic crust (Defand and Drummond, 1990; Kay et 
al., 1993; Yılmaz-Şahin et al., 2012; Li et al., 2016); partial 
melting of pristine or juvenile mafic lower crust (Rollinson 
and Tarney, 2005; Wang et al., 2005; Castillo, 2006; Liu et 
al., 2008; Xu et al., 2008; Karslı et al., 2019; 2020); partial 
melting of thickened or delaminated continental crust 
(Zhang et al., 2001; Chung et al., 2003; Wang, et al., 2005; 
Karslı et al., 2010); slab window-related magmas along a 
subduction zone (Eyüboğlu et al., 2011a, 2011b; 2012), or 
according to isotopic signatures, those of typical subducting 
slab-derived adakites (O-type) with high positive ƐNd(t) and 
from postcollisional K-rich adakites (continental, C-type) 
with negative ƐNd(t) (Azizi et al., 2019) are some of the 
suggested models envisaged for the origin and evolution of 
syn- or postcollisional adakitic porphyries. 
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In this regard, adakite-like signature of Cenozoic 
intermediate-acidic porphyries from the Anatolian 
postsubductional tectonic settings have been reported by 
several workers (e.g., Varol et al., 2007; Karslı et al., 2009, 
2010, 2011, 2013; Topuz et al., 2011; Eyüboğlu et al., 2011c, 
2012; Şen and Şen, 2013; Lechmann et al., 2018; Yücel, 
2018; Çoban et al., 2020). Some of the proposed models 
for their origin include: (i) pristine or juvenile mafic lower 
crustal melts (Yılmaz et al., 2007; Karslı et al., 2010, 2011; 
Topuz et al., 2011; Eyüboğlu et al., 2012; Karslı et al., 2019), 
(ii) lithospheric mantle melts metasomatized by slab-
derived components (Eyüboğlu et al., 2011c; Lechmannn 
et al., 2018; Yücel 2018; Çoban et al., 2020), (iii) interaction 
between lithospheric mantle melts and lower crustal melts 
(Varol et al., 2007; Karslı et al., 2009, 2013; Ekici, 2016), 
or mixing of slab-derived and lower crust-derived melts 
(Çimen, 2020). There are, however, no simple geochemical 
criteria distinguishing the crustal origin from the mixed 
or metasomatized mantle-derived origin of the adakitic 
rocks.     

Recent petrological and geophysical studies (e.g., 
Çoban, 2007; Keskin, 2003; 2005; Barazangi et al., 2006; 
Okay et al., 2010; Skobeltsyn et al., 2014; Karaoğlu et al., 
2017, 2020; Di Giuseppe et al., 2017, 2021; McNab et al., 
2018; Kaban et al., 2018; Portner et al., 2018; Agostini et 
al., 2019; Lin et al., 2020; Azizi et al., 2021) signify that 
there is a geodynamic linkage amongst the closure of the 
Neo-Tethys, collision of Arabia with Eurasia, break-off 
of the Bitlis slab, and associated asthenospheric mantle 
flows and uplift as major driving forces for the onset of 
postsubduction volcanism in Eastern Anatolia collision-
related tectonic setting. Accordingly, three controversial 
models have been proposed for the tectonic setting of the 
Early to Middle Miocene magmatism in Eastern Anatolia: 
(i) active subduction model (Di Giuseppe et al., 2017, 2021; 
Agostini et al., 2019), (ii) continental extension model 
(postcollisional) (Topuz et al., 2019; Azizi et al., 2021) and 
collision-related (syn-collisional) model (Ekici, 2016). 
In this regard, here, we aim to study the origin of Early-
Middle Miocene (16.3–15.5 Ma, Di Guiseppe et al., 2017) 
calc-alkaline andesite and dacite domes with adakite-like 
signature, cropping out in Pertek area in and along the 
southern side of the Keban Dam Lake area, to the north 
of Elazığ, in Eastern Anatolian collision zone (Figure 1), 
mainly discusses the role of metasomatic agents related to 
earlier subduction processes, and their interaction with the 
surrounding mantle wedge in the Early to Middle Miocene 
geodynamic setting of the region.  

2. Magmatic activities in the southwest of the Eastern 
Anatolia collisional setting  
The Neo-Tectonic period initiated in Turkey following 
the northward subduction and destruction of Neo-

Tethyan oceanic crust in the Oligocene and collision of 
Arabian and Anatolian Plates (Şengör and Yılmaz, 1981; 
Koshnaw et al., 2017). Because the compression resulted 
from the collision of two plates, the Eastern Anatolia 
region had been shortened and thickened (Şengör et al., 
2003; Aktağ et al., 2019) and the collision-related first 
Cenozoic volcanic activity was commenced with Late 
Oligocene-Early Miocene felsic volcanism reported from 
the Malatya region (Yılmaz et al., 2007) (Figure 2). Yılmaz 
et al. (2007) proposed that the first stage (Late Oligocene-
Early Miocene) of volcanism was formed by anatexis of the 
Pütürge metamorphic massive in consequence of crustal 
thickening. The second stage (Middle Miocene) volcanism 
was related to continental uplift and lithospheric stretching 
and triggered the partial melting of the mantle beneath 
the Anatolian crust. Hence, mantle-derived basaltic 
melts intruded in Anatolian lower crustal levels, and led 
to the generation of felsic magmas as the second stage 
of volcanism, according to Yılmaz et al. (2007). Early to 
Middle Miocene volcanic activity in this region (called 
Eastern Anatolian Accretionary Complex, EAAC) was 
observed in the Elazığ-Tunceli region (Pertek and Mazgirt 
area; Di Giuseppe et al., 2017; Karaoğlu et al., 2017, 2020) 
and the Sivas-Malatya region (Yamadağ and Kepez Dağ, 
Kürüm et al., 2008; Ekici et al., 2009; Ekici, 2016). They 
are ranging in composition from basalt to dacite-rhyolite, 
with a calc-alkaline affinity (e.g., Agostini et al., 2019). 
Ekici (2016) concluded that the Middle to Upper Miocene 
andesitic-dacitic rocks from Kepez district of Malatya 
(Eastern Anatolia) are products of heterogeneous mixing 
between basic end-member magmas and dacitic magmas 
which are the products of partial melting of lower crustal 
compositions. The author also suggested that the Kepez 
volcanic rocks were produced by the collision between 
Arabian and Anatolian Plates and slab break-off-related 
uplift of the Eastern Anatolia region. Di Giuseppe et al. 
(2017) concluded that the volcanic sequence in the Elazığ-
Tunceli Region was formed through three different phases. 
In the first phase Early-Middle Miocene (16.3–15.5 Ma) 
calc-alkaline basaltic trachyandesitic to dacitic rocks, 
in the second phase the Late Miocene (11.4–11.0 Ma) 
transitional basalts, and the latest phase Plio-Pleistocene 
(4.1 Ma in Karakoçan area and 1.7 Ma in Elazığ area) Na-
alkaline basalts erupted. They suggested that the early 
phase of the volcanism with arc-signature is related to 
active subduction, and the following phase is associated 
with the middle Miocene to Recent strike-slip dynamics 
induced the formation of tears in the subducting slab, local 
subslab mantle upwelling, and the formation of pull-apart 
basins. For the Neogene Yamadağ volcanic rocks located 
between Sivas and Malatya in Eastern Anatolia (Yalçın et 
al., 1998; Kürüm et al., 2008), Kürüm et al. (2008) stated that 
Middle Miocene volcanic rocks are characterized by some 
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Figure 1. (a) General tectonic map of Turkey, with main blocks (modified from Göncüoğlu, 2010) and Miocene to Quaternary volcanic 
rocks in the East Anatolian Volcanic Province (EAVP) (modified from MTA, 2002). (b) Location map of the study area. (c) Geological 
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plate movements.
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small outcrops of basaltic-andesitic-dacitic rocks, overlain 
upward by basaltic and dacitic rocks, and finally by basaltic 
lava flows in the Arapkir area, northern Malatya Province. 
They suggested that these coeval magmas were generated 
in a postcollisional extensional geodynamic setting in the 
region. Accordingly, for Miocene to Quaternary volcanic 
rocks, ranging from alkali basalt to rhyolite, in the 
Karlıova-Varto region in the East Anatolia, Karaoğlu et al. 
(2017, 2020) concluded that they are triggered by active 
lithosphere passive asthenospheric mantle, and associated 
with lithospheric thinning and uplift-related inversion 
tectonics (reactivation of preexisting faults), and mainly 
dominated by subduction-related signatures, with most of 
the primary magma characteristics having been masked 
by fractionation and crustal assimilation processes.

3. Brief geology and volcanic setting in Pertek (Tunceli) 
area
The study area is located in a collisional zone that occurred 
between Arabian and Anatolian plates in Eastern Anatolia 
(Figures 1a and 1b). The basement association in the area 
is made up of the Late Cretaceous, subalkaline magmatic 
rocks known as Elazığ magmatics/Yüksekova Complex 
(Sağıroğlu and Şaşmaz, 2004; Rızaoğlu et al., 2009; Kürüm 
et al., 2011; Parlak et al., 2012; Ural et al., 2015). They are 
characterized mostly by granite and diorite plutons and 
microdiorites, basaltic lavas, and pyroclastic rocks. Felsic 
and mafic dykes are observed as intrusions in the plutonic 
rocks (Herece and Acar, 2016). Middle Eocene volcanism 
in the surrounding region was recorded in Maden 
Complex situated from Bitlis-Zagros Suture Zone (Ertürk 
et al., 2017). In the NW of Pertek area, the Paleogene units 
start with the Middle Eocene and Late Oligocene Kırkgecit 

Formation (conglomerate and marine sediments), overlain 
by the Oligocene-Early Miocene Alibonca Formation 
(conglomerates, shallow marine carbonates, and 
sandstones) (Aksoy et al., 2005). Continental sediments 
(conglomerates and sandstones) are followed by lacustrine 
deposits of the Karabakır Formation. Obtained Ar-Ar 
geochronological determinations (16.25 Ma for andesite, 
15.75 Ma for dacite and 15.52 Ma for basaltic andesite, Di 
Giuseppe et al., 2017) from the porphyries cropping out 
into the NW of Pertek area give Early to Middle Miocene 
age for Pertek volcanic rocks. In the study area (SW of 
Pertek), the Middle Eocene-Late Oligocene Kırkgeçit 
Formation, overlying the basement magmatic association, 
reaches up to 250 m-thickness and forms the lower 
part of Middle Miocene adakitic porphyries. The unit is 
dominated by conglomerates, sandstones, siltstones, and 
limestones and shows typical characteristics of flysch 
facies deposits (Özkul, 1988). The Kırkgeçit Formation 
is characterized by gently dipped, laterally discontinuous 
coarse sandstone beds (Figures 1c and 1e) and forms a 
peneplain topography. The Pertek SW porphyries studied 
appear in the Keban dam lake and along the shore and, 
show columnar jointing (Figures 1c and 1e). 

4. Analytical methods
For petrographical, mineral chemical, and bulk chemical 
analysis, representative fresh samples were collected from 
the studied volcanic rocks. Whole-rock analyses have been 
performed at the ACME-Analytic Laboratories (Canada) 
by ICP-AES (major and some trace elements) and ICP-MS 
(some trace elements and REEs). To determine the whole-
rock chemical (major, trace, and rare earth element) 
analyses compositions, 0.2 g samples of rock powder 
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were fused with 1.5 g Li2B4O7 and then dissolved in 100 
mL 5% HNO3. Loss on ignition (LOI) was determined 
by weight difference after ignition at 1000 °C. Detection 
limits range from 0.002 to 0.04 wt.% for major oxides, 0.1 
to 8 ppm for trace elements, and 0.01 to 0.1 ppm for the 
rare earth elements (REE). Six samples were chosen for 
microchemical analysis, and were performed, along the 
long axis of the crystals, at the Electron Microscope and 
Microanalyses Laboratory of the Geological Engineering 
Department of Hacettepe University (Ankara, Turkey), 
using a Bruker-Axs Quantax XFlash 3001 EDS integrated 
with a Zeiss Evo-50 EP microscope. Accelerating voltage 
and beam current was 15 kV and 15 nA, with 45 sn and 10 
mm counting times respectively. 

5. Results and discussion
5.1. Petrography and spot-analyses of phenocryst phases
Pertek volcanic rocks with 25% to 60% phenocrysts 
show porphyritic texture. Phenocrystal associations are 

dominated by plagioclase accompanied by sanidine, 
biotite, quartz, and amphibole in lesser amounts. Fe-
Ti oxide, sphene, and zircon are present as accessory 
minerals. In the microcrystalline matrix, sericitization, 
carbonation, and silicification are the common alteration 
types. Plagioclase phenocrysts are from euhedral to 
subhedral in shape and vary in length. They are strongly 
altered and show chemical zoning and twinning (Figure 
3a). Rare sanidine phenocrysts are strongly altered and 
contain plagioclase inclusions, and similar to plagioclase 
crystals, show dissolution texture in places (Figure 3b). 
Quartz crystals are in varying sizes, rounded and embayed 
along their crystal surfaces (Figure 3c). Generally, euhedral 
and prismatic biotite crystals form almost 10% of the 
phenocryst association. Biotite microcrystals, on the other 
hand, are found as thin prismatic laths or bladed in shape. 
Phenocrysts biotites exhibit strong chloritization while 
microlites are fresh. Amphibole phenocrysts are generally 
euhedral (Figure 3d) or found as pseudomorphs. 

 
Figure 3. Microphotographs showing textural features of the adakites. (a) Plagioclase with zoning in microlitic porphyritic dacite, 
(b) Embayed K-feldspar phenocrystal, (c) Quartz, plagioclase and biotite phenocrysts in fine-grained with felsic mineral matrix, (d) 
Hornblendes in porphyritic texture (parallel light). Plg; Plagioclase, K.Feld; K-Feldispar, Bi; Biotite, Qu; Quartz, Amp; Amphibole. The 
scale bars on the photomicrographs are 500 micrometer.
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Plagioclase phenocrysts from five samples (P2, P6, P9, 
P11, P19) in the Pertek volcanic rocks were chemically 
investigated, and 19–25 spots in each plagioclase crystal 
were analysed (Appendix Table 1). Plagioclases are 
geochemically oligoclase to labradorite in composition 
(Figure 4a). In andesites, plagioclase phenocrysts are 
An24-57Ab28-74Or1-5 in composition while in dacite samples, 
Na-rich plagioclase crystals of oligoclase and andesine 
with the composition of An21-35Ab58-77Or2-5 are common 
(Figure 4a; Appendix Table 1). Chemical compositions 
of biotite crystals from four different samples (P9, P11, 
P19, P20) have distinct Fe2+/ (Fe2+ + Mg) and total Al 
and Mg contents (Figure 4b). In samples, total Al ranges 
from 0.94 to 1.63 apfu (atoms per formula unit), Fe2+/
(Fe2++ Mg) from 0.41 to 0.78 and total Mg from 0.54 to 
1.58 apfu (Appendix Table 2). However, a weak negative 
correlation between Fe and Al is observed (Figure 4b). 
Total Al-Fe2++/(Fe2++Mg) content of biotites, plotted in 
the annite–phlogopite–siderophyllite–eastonite quadruple 
diagram, show that they are lepidomelane and meroxene 
in composition (Guidotti, 1984; Figure 4b). Amphiboles 
from two samples (P9, P11) were chemically examined 
(Appendix Table 3). They generally have high Ca (0.95–
3.52 and 0.76–2.02 apfu), Mg (0.63–3.42 and 1.00–2.42 
apfu), and Al (1.53–6.18 and 1.22–2.69 apfu) contents 
indicating that they are calcic amphiboles (hornblende) 
in composition (Hawthorne, 1983).  Silica contents of 
the amphibole crystals from Pertek volcanic rocks are 
lower than 7.50 apfu, indicating that they are magmatic 
amphiboles (Leake, 1971) and dominantly pargasite, 
ferropargasite in compositions (Figure 4c). 
5.2. Geochemistry
Major and trace element composition of analysed thirteen 
samples from Pertek volcanic rocks are given in Table 1. 
Since their proximity and similar geochemical affinity, 
studied rocks are evaluated together with coeval generated 
andesite-dacite porphyries from N of the Pertek area 
(Di Giuseppe et al., 2017). In the analysed samples, SiO2 
content varies from 61.79 up to 66.40 wt.%, Al2O3 from 
16.19 to 17.94 wt.%, and MgO from 0.93 up to 1.56 wt.%. 
All samples from the intermediate to acidic volcanic rocks 
in Pertek area show subalkaline chemical affinity in total 
alkalies (TAS) versus silica diagram and are high-K calc-
alkaline andesite and dacite in compositions (Figures 5a 
and 5b). Relatively high LOI (1.3–3.3%), Na2O (4.05–4.63 
%) and Na2O/K2O (1.37–1.68 %) values indicate that these 
rocks originated from compositionally differentiated 
magmas or they differentiated through post eruptional 
processes. Contrary to the Pertek northern porphyries 
with high Mg# (ranging between 59 and 65), Cr (30–270 
ppm) and Ni (30–110 ppm) contents (Di Guiseppe et al., 
2017), southern porphyries studied have low Mg# (Mg/
Mg+FeTOT, ranges from 30 to 40), Ni (1.8–4.3 ppm) and Cr 

(up to 20 ppm) contents. Relatively high K2O (2.57–3.05 
wt.%), Th (11.7–12.8 ppm), Rb (90.1–110.9 ppm), Hf 
(3.9–4.8 ppm), Ba (520–596 ppm), Sr (412–637 ppm), and 
Zr (149–180 ppm) contents are also their characteristic 
feature. Respectively, Sr, Y and Yb contents of Pertek rocks 
(Sr, 412–637 ppm; Y, 7.3–10.5 ppm and Yb, 0.40–0.73 
ppm) coincide with typical adakites having high Sr (>400 
ppm) and low Y (<20 ppm) and Yb (<2.0 ppm) values. The 
adakitic nature of southern and northern porphyries of 
Pertek volcanic rocks is also clear in Sr/Y versus Y (Defant 
and Drummond, 1990; Castillo, 2012) and La/Yb versus 
Yb (Castillo, 2012) diagrams (Figures 6a and 6b). In the 
primitive mantle-normalized multielement diagram, they 
are characterized by negative Nb-Ta and Ti anomalies 
(Figure 7a), and in the chondrite normalized spider 
diagram, they show enrichment in the LILE and LREE 
over HREE and show slightly negative Eu anomaly (Figure 
7b), which are similar to those of metasomatized mantle-
derived Iranian Azerbaijan Middle Miocene-Quaternary 
adakite-like andesites and dacites (Lechmann et al., 2018).  
In these multielement diagrams, it is seen that Malatya 
(Yılmaz et al., 2007) and Pertek samples (Di Giuseppe et 
al., 2017) are also similar to one another. 
5.3. Significance of mineral phases
Plagioclase and mafic phenocrysts phases (amphibole, 
biotite) in porphyritic Pertek andesites-dacites are identical 
to adakitic magmas. Amphiboles are the first mineral phase 
to crystallize in most adakitic magmas (Prouteau and 
Scaillet, 2003; Tang et al., 2017). Amphiboles, examined 
in this study are Al-rich (Al2O3 up to 15.94 wt.%), which is 
pressure sensitive component of amphiboles. As shown in 
Figure 8a, plots of the Al content against Mg#, overlap close 
to the high-pressure amphibole compositions obtained by 
Alonso-Perez et al. (2009), in the range 800–1200 MPa 
and high water content (4–8 wt%). Thus the most likely 
interpretation is that these minerals appear as one of the 
first phases, having crystallized at high pressures. This is 
consistent with the mafic lower crustal melting model, 
rather than a high-pressure basaltic melt fractionation, 
for adakite petrogenesis (c.f., Tang et al., 2017). Tang 
et al. (2017) concluded that melting of thickened lower 
crust can produce pristine adakitic magma, regardless 
of whether or not the adakitic magmas were produced 
via crystallization. Lower crust-derived adakitic rocks 
have the potential for tracing the time at which thick 
continental crust is developed in settings such as the 
Tibetan plateau (Chung et al., 2003; Wang et al., 2005) or 
the Andes in South America (Goss and Kay, 2009). In other 
words, biotite crystals in Pertek rocks are more ferroan 
than magnesian and peraluminous in composition. They 
display consistency with the micas from crustal xenoliths 
with the higher Al2O3 contents. However, the FeOT / (FeOT 
+ MgO) vs. MgO diagram (Zhou, 1986) suggests that 
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Table. Whole rock major and trace element analyses of the Pertek adakitic rocks.

Sample P-2 P-6 P-9 P-11 P-13 P-14 P-16 P-18 P-19 P-20 P-21 P-22 P-23

SiO2 63.57 61.79 63.69 63.33 64.11 66.40 63.45 64.00 64.99 65.05 63.58 63.63 64.41
TiO2 0.60 0.61 0.58 0.55 0.47 0.51 0.57 0.53 0.56 0.56 0.56 0.58 0.58
Al2O3 16.93 17.94 17.65 17.31 16.19 16.47 16.83 16.84 17.19 17.32 16.84 17.89 17.01
Fe2O3 3.79 3.75 3.51 3.39 2.79 2.98 3.49 3.55 3.20 3.21 3.45 3.49 3.47
MnO 0.05 0.04 0.04 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.04 0.02 0.03
MgO 1.56 1.41 1.32 1.29 1.08 1.12 1.38 1.20 1.04 1.07 1.30 0.93 1.19
CaO 3.84 3.57 3.90 4.69 4.98 3.35 3.89 4.20 3.65 3.76 4.17 3.85 3.63
Na2O 4.33 4.35 4.54 4.61 4.05 4.17 4.41 4.34 4.36 4.46 4.35 4.63 4.45
K2O 2.57 2.83 2.92 2.84 2.70 3.05 2.66 2.82 2.93 2.82 2.66 2.80 2.79
P2O5 0.21 0.19 0.20 0.19 013 0.14 0.19 0.18 0.22 0.18 0.20 0.19 0.18
LOI 2.3 3.3 1.4 1.6 33 1.6 2.9 2.1 1.6 1.3 2.6 1.8 2.1
Total 99.79 99.79 99.77 99.79 9980 99.79 99.79 99.79 99.80 99.78 99.80 99.79 99.80
Sc (ppm) 5.00 4.00 4.00 4.00 3.00 3.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Ba 527 530 571 542 544 596 536 543 510 553 521 556 520
Be 3.00 3.00 2.00 2.00 2.00 <1 3.00 3.00 3.00 2.00 <1 4.00 1.00
Co 7.50 6.80 6.10 5.90 4.40 5.40 6.30 6.00 5.40 5.90 6.50 6.90 6.40
Cs 8.50 3.60 3.70 2.60 3.20 4.00 3.80 3.50 3.70 3.20 3.60 3.60 3.30
Ga 19.80 20.70 21.20 19.90 19.00 20.10 19.90 19.80 20.50 20.40 20.50 22.50 19.20
Hf 4.50 4.70 4.80 4.00 4.30 4.30 4.30 4.10 4.40 4.40 4.40 4.50 3.90
Nb 9.80 9.70 9.30 8.90 7.90 8.60 9.40 8.40 8.70 8.80 9.10 9.50 8.90
Rb 90.10 98.50 101.00 97.30 98.00 110.90 92.80 92.40 99.10 92.30 93.10 98.30 93.50
Sn 1.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 1.00
Sr 437 448 637 466 413 412 450 440 433 548 441 474 425
Ta 0.70 0.70 0.70 0.70 0.60 0.70 0.60 0.70 0.60 0.60 0.70 0.70 0.70
Th 12.10 12.60 12.70 1210 12.00 11.80 12.40 12.10 12.00 11.70 11.70 12.70 12.80
U 3.70 3.90 3.80 3.50 3.80 3.60 3.30 3.40 3.50 3.60 3.40 3.80 3.30
V 56.00 49.00 50.00 51.00 52.00 52.00 48.00 48.00 48.00 46.00 46.00 51.00 49.00
W 0.50 0.50 0.50 <0.5 1.00 0.60 0.70 <0.5 0.60 0.70 0.70 1.10 1.70
Zr 176 180 177 168 149 168 168 165 165 156 162 170 165
Mo 0.50 0.20 0.20 0.20 0.10 <0.1 0.50 0.30 0.20 0.20 0.40 0.20 0.40
Cu 9.80 8.70 8.40 8.00 4.90 4.90 780 7.30 7.30 6.30 7.20 6.50 7.20
Pb 1.10 1.90 120 0.90 1.60 1.20 1.30 1.10 1.10 1.20 1.00 0.80 0.90
Zn 47.00 51.00 34.00 29.00 35.00 38.00 45.00 29.00 23.00 25.00 33.00 29.00 27.00
Cr 20.53 6.84 20.53 13.68 6.84 6.84 6.84 6.84 13.68 20.53 20.53 6.84 6.84
Ni 4.30 3.70 3.10 2.60 1.80 1.90 3.70 3.10 3.80 3.30 3.50 3.50 2.90
Y 10.10 10.50 9.10 8.40 7.30 7.30 9.70 9.10 8.80 8.90 8.60 9.00 8.30
La 29.20 29.70 29.30 27.70 24.50 25.20 28.60 28.20 26.50 27.20 27.70 30.90 28.10
Ce 54.40 54.20 55.70 51.50 46.90 46.70 51.70 53.50 50.80 50.10 53.20 57.50 51.40
Pr 6.00 6.05 5.90 5.68 5.15 5.22 5.94 5.64 5.61 5.61 5.67 6.32 5.84
Nd 21.50 21.50 21.90 20.30 19.30 18.40 23.00 20.00 20.50 20.40 21.20 21.30 20.50
Sm 3.71 3.90 3.99 3.57 3.48 3.64 3.92 3.59 3.62 3.68 3.69 3.88 3.48
Eu 1..04 1.05 0.98 0.95 0.89 0.91 1.00 0.91 0.95 0.98 0.94 1.05 0.95
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some of the Pertek micas were derived from a crust-mantle 
mixed source while some are originated from a mantle 
source region (Figure 8b).
5.4. Geochemical remarks of hybrid source for Pertek 
adakitic rocks 
One of the suggested models for acidic magma formation 
is the melting of the crust, via a thermal source supplied 
by mantle-derived basaltic magma (Bullen and Clynne, 
1990). Thus, acidic magma could be derived from 
partially melted mafic-intermediate metamagmatic rocks 
(Rapp and Watson, 1995) or metasedimentary rocks 
(Patiño Douce and Beard, 1996). This model resembles 
that of crust-derived (continental) adakites (e.g., Wang 
et al., 2005; Liu et al., 2008; Deng et al., 2018; Karslı 
et al., 2019, 2020). However, it was also suggested for 
these types of adakites that, they originated from high-
pressure fractional crystallization of hydrous basaltic melt 
(Macpherson et al., 2006) or crustal assimilation of magma 
and low-pressure fractionation (Castillo et al., 1999). The 
high-pressure fractional crystallization of hydrous basaltic 
melts with garnet shows a regular geochemical pattern 
such as decreasing Al2O3 and La contents with decreasing 
SiO2, and the increasing Sr/Y ratios with increasing SiO2 
(Prouteau et al., 2001; Macpherson et al., 2006), which 
is observed in Pertek adakitic porphyries (Figures 9a–
9f). High-pressure (garnet and amphibole) fractional 
crystallization of hydrous basaltic melts is suggested for 
the generation of the adakitic lavas in the studied area. A 
garnet-bearing amphibolitic source domain during partial 
melting requires at least greater than 40 km depth (>1.2 
GPa) (Rapp and Watson, 1995; Petford and Atherton, 1996; 
Azizi et al., 2019). Hence, the crustal thickness of Eastern 
Anatolia High Plateau (EAHP), geologically located on 
the East Anatolian Accretionary Complex (Şaroğlu and 
Yılmaz, 1987) was likely greater than 40 km (approx. 45 
km, Şengör et al., 2003) when the Pertek adakitic magmas 

were formed in Early to Middle Miocene. During partial 
melting of hydrous basalt under amphibolite or eclogite 
facies conditions, garnets are in the relict phase and stable 
while plagioclases are not (Rapp et al., 1991; Şen and Dunn, 
1994; Rapp and Watson, 1995). Adakitic magma could be 
produced from the lower part of the thickened crust, or 
basaltic parts of the subducted oceanic crust. These kinds 
of magmas have high Sr, low Yb, MgO, Cr, Ni contents, 
and low Mg number (<40–45) (Defant and Drummond, 
1990; Şen and Dunn, 1994; Rapp and Watson, 1995; 
Petford and Atherton, 1996). Experimental studies show 
that melting of the mafic crustal rocks, in proper depths 
(>40 km, approximately 1.2 GPa), may produce adakitic 
liquids (e.g., Rapp et al., 2003 and references therein). 
Since their low MgO (up to 1.50 wt.%), Cr (up to 21 ppm), 
and Ni (<4.30 ppm) contents, Pertek adakitic rocks cannot 
be sourced solely from partial melting of lithospheric 
mantle in garnet stability conditions. Supporting this 
model, the 10–15% garnet-amphibole-bearing partial 
melting curve of these adakites shows a close correlation 
with the eclogite curve (Figure 7b) and is similar to classic 
adakites. Thus, the chemical characteristics of the Pertek 
adakites suggest a garnet and amphibole-bearing lower 
crustal source. A similar situation is observed in NW Iran 
adakitic granitoids produced by amphibole-dominated 
fractionation of hydrous melts of subcontinental 
lithospheric mantle accompanied by minor assimilation of 
lower continental crust (Azizi et al., 2019). These results 
may also indicate mixing of melts derived from the mafic 
continental crust and subducting slab (Kamvong et al., 
2014), or mixing of melts derived from the mafic lower 
crust and metasomatized mantle (Guo et al., 2007).

The geochemical characteristics of Pertek adakitic 
porphyries resemble those of high silica adakites (HSA) 
(Martin et al., 2005) (Figure 10a).  These porphyries with 
low Mg# (30–40) have contents of high K2O (2.57–3.05 

Gd 3.30 3.34 2.99 3.00 2.79 2.87 3.21 2.96 3.08 3.04 3.25 3.48 3.24
Tb 0.40 0.41 0.36 0..36 0.33 0.33 037 0.37 0.36 0.35 0.38 0.40 0.36
Dy 2.21 2.42 2.00 1.85 1.75 1.90 1.89 2.03 1.85 1.89 1.91 2.16 1.88
Ho 0.35 0.35 028 0.32 0.21 0.24 0.30 0.28 0.29 0.27 0.30 0.30 0.30
Er 0.85 080 0.66 0.67 0.50 0.53 0.74 068 0.75 0.70 0.75 0.76 0.72
Tm 0.12 0.12 0.10 0.09 0.07 0.07 0.11 0.10 0.09 0.09 0.09 0.10 0.10
Yb 0.73 0.69 0.64 0.52 0.40 0.42 0.62 0.64 0.55 0.56 0.60 0.64 0.53
Lu 0.11 0.11 0.09 0.08 0.06 0.06 0.11 0.09 0.08 0.08 0.09 0.09 0.08
Eu/Eu* 0.89 0.87 0.83 0.86 0.84 0.83 0.84 0.83 0.85 0.87 0.81 0.86 0.85
Mg# 39.48 37.34 37.34 37.62 38.02 37.33 38.52 34.88 33.99 34.56 37.39 29.69 35.21

“STD SO-18,  STD OREAS45EA” the standards were used in the production of the analysis whole rock major and trace elements.

Table. (Continued).
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wt%), and low Cr (<21 ppm), and Ni (<4.30 ppm). In 
general, their characteristics are comparable with those 
of the (i) crustal adakites (K-adakites) (Moyen, 2009) 
or (ii) mafic lower crust-derived adakites (Atherton and 
Petford, 1993; Wang et al., 2007) (Figure 10b). However, 
Pertek adakites have high Fe2O3 content (2.70–3.79 wt%) 
(Table). The samples are concentrated in the adakite area 
derived from the thickened lower crust in the MgO-SiO2 
diagram and are located close to the subduction-related 

adakitic field (Figure 10b). Similar characteristics are also 
observed in Iranian-Azerbaijan metasomatized mantle-
derived adakitic volcanic rocks (Lechmann et al., 2018) 
and adakitic Saqqez-Takab pluton (Azizi et al., 2019). 
The samples plotted in Figures 10b and 10c fall in the 
overlapping area of different types of adakites and indicate 
that the formation of the magma that produced the Pertek 
adakites cannot be explained only by a crustal origin. 
Hence the origin of the Pertek adakitic rocks could be 
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attributed to both subcontinental lithospheric and lower 
crustal sources. 

Based on the similarities between the geochemical 
characteristics of adakite magmas and hydrous basaltic 
magmas obtained from experimental studies, Defant and 
Drummond (1990) suggested a subducted oceanic crustal 
origin for classical adakites. However, it was observed in 
experimental studies that MORB-like melts in, 1–2 GPa 
and ≤1000 °C conditions, have low K2O (<1.2 wt %) and 
K2O/Na2O ratios (<0.25) (Rapp et al., 1991; Rapp and 
Watson, 1995). It is accepted that, relative to those of 

lower crust-derived adakites, slab-derived adakites are 
characterized by lower K2O/Na2O and higher CaO/Al2O3 
ratios (e.g., Defant and Drummond, 1990; Li et al., 2016). 
Hence, the low K2O/Na2O (0.59–0.73) and high CaO/Al2O3 
(0.20–0.27) ratios for the Pertek adakitic andesite-dacites, 
are located in the overlapping region of the slab-derived 
origin and lower crust-derived adakitic melts (Figure 11a), 
whereas nearly coeval Malatya rhyolitic dykes and Giresun 
adakitic rocks fit in the field of the lower crust-derived 
adakitic melts. Pertek acidic rocks and central Anatolian 
adakitic porphyries are also comparable with slab-derived 
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adakites (Figure 11a). Since all the Pertek adakitic samples 
overlap with the field of the slab-derived adakites, it can be 
inferred that they interacted with the mantle wedge during 
the upwelling of the melt (e.g., Defant and Kepezhinskas, 
2001). These observations could be indicative of 
substantial interaction with the mantle in the genesis of 
Pertek adakites, which is also observed in the genesis of 
adakitic Saqqez-Takab pluton (Azizi et al., 2019). 

In Figure 11b, the Th content of both oceanic arc- 
and continental margin-plutons (Kay et al., 2019) are 
compared. Pertek adakites, oceanic slab-derived adakitic 
granites (Kitakami Mts, Japan; Tsuchiya et al., 2005), 
postcollisional metasomatized mantle-derived Anatolian 
adakites (Ankara and Giresun, Şen and Şen, 2013; Yücel, 
2018) and adakitic Saqqez-Takab pluton (Azizi et al., 2019) 
are plotted in this diagram. It is seen in the diagram that 
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the Th contents of the Pertek adakitic samples are not only 
compatible with the continental plutons, but also show a 
tendency towards oceanic plutons. Compared to the oceanic 
slab-derived adakites of the subduction zone (e.g., adakitic 
granites from Kitakami area, Japan; Tsuchiya et al., 2005), 
the metasomatized mantle-derived adakitic rocks (e.g., 
Azizi et al., 2014; Lechmann et al., 2018), and lower crust-
derived Malatya adakitic rhyolites, Pertek samples show a 
close similarity with the Iranian Azerbaijan and Saqqez-
Takab samples, together with metasomatized mantle-
derived Anatolian adakites (Figure 11b). Similar to the 
oceanic-slab-derived Kitakami adakitic granites, Hidden 
Bay Kagalaska oceanic granodiorites are characterized by 
low Th contents, in contrast to much higher contents of 

the Sierra continental granodiorites. However, the Pertek 
adakitic rocks overlap with continental arc plutons, and 
with those of metasomatized mantle-derived Iranian 
Azerbaijan and Anatolian adakites. Hence, we suggest that 
this reflects contributions of sources of (i) metasomatized 
mantle, which is modified by slab-derived fluids/melts 
and/or by sediment melts, and (ii) lower crust, to their 
genesis. Notably that a hybrid source is also suggested 
for the Dudurga (Sakarya, Central Pontide) adakitic 
intrusions (Çimen, 2020). 
5.5. Sediment-melt and mantle interaction
To recognize the slab-derived agents, elemental ratios of 
REE and HFSE can be used. Because of their fractionation 
during melting of the slab, mantle-derived magmas 
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enriched by slab melts display elevated REE contents and 
enrichment in Nb/Zr and depletion in Th/Zr ratios (cf., 
e.g., Hawkesworth et al., 1997; Kepezhinskas et al., 1997; 
Liu and Zhao, 2019). The Pertek adakitic rocks have low 
Nb/Zr (0.05–0.07) and high Th/Zr (0.06–0.09) ratios, 
indicating that slab melts did not play an important role 
in their genesis (Figure 12a). Similarly, slab fluids are 
characterized by enrichment in LILEs and depletion in 
HFSE (Hawkesworth et al., 1997; Class et al., 2000). The Nb/
Yb and Th/Yb ratios of the Pertek adakitic rocks indicate 
that, together with the metasomatized mantle-derived 
adakitic rocks, they have hybrid melt characteristics and 
their mantle source domain was infiltrated by slab fluids 
(Figure 12b). In contrast, subducted sediment melts 
increases the Th/Zr, Nb/Zr, and La/Sm(N) ratios of the 
mantle source (e.g., Nichols et al., 1994; Class et al., 2000). 
Similarly, subducted sediment melts rich in Th and LREE, 
whereas slab fluids contain elevated concentrations of 
Ba, Sr, U, and Pb (e.g., Hawkesworth et al., 1997; Guo et 
al., 2005, 2007; Zhu et al., 2009). In modern arc settings, 
subducted sediments show high Th/Yb ratios, in contrast 
to the fluid-dominated arcs with low Th/Yb ratios (< 1, 
Woodhead et al., 2001; Nebel et al., 2007). The Pertek 
adakitic rocks have Th/Yb ratios ranging from 17 to 28, 
suggesting a significant contribution from sediments in 
their origin. Accordingly, relative to Hf/Sm ratios of OIB 
(0.78), PM (0.70; Sun and McDonough, 1989) and MORB 
(0.78) (Sun and Mc-Donough, 1989) and GLOSS (0.70; 
Plank and Langmuir, 1998), the Hf/Sm ratios (0.8–1.23) 
of Pertek adakitic rocks are close to that of continental 

crust (CC) (0.68–1.13; Rudnick and Gao, 2003) and are 
comparable with those of metasomatized mantle-derived 
adakites (0.4–2.2, Lechmann et al., 2018).

In the primitive mantle-normalized multielement 
diagram, the large ion lithophile elements (LILE, e.g., Ba, 
Rb, and Th) of the Pertek adakites are slightly enriched, 
while some high field strength elements (HFSE, e.g., Nb, 
Ta, and Ti) are similar to slab-derived adakites and others 
(Figures 7a and 7b). They also show significant negative 
Nb-Ta and Ti anomalies. Overall samples demonstrate 
weak Eu anomalies (Eu/Eu* = 0.81–0.89) (Figure 7b). 
Observed trace element compositions (see Figure 7a) (e.g., 
with depletion in Nb-Ta and Ti and high concentrations 
of LILE) can be attributed to metasomatized mantle 
wedges (Kheirkhah et al. 2009, 2013; Moghadam et al., 
2014; Lechmannn et al., 2018). A refractory, mantle source 
contaminated by crust-derived sediment for western 
Anatolia K-rich magmas is also suggested by Çoban and 
Flower (2007), Helvacı et al. (2009) and Karaoğlu et al. 
(2010). Palmer et al. (2019) suggest that potassic volcanic 
rocks in Western Anatolia are characteristic of collisional 
tectonic zones, with recycling of continental crust playing 
an important role in their generation. Subduction-
modified mantle metasomatism requires the slab melt- 
and sediment-melt-mantle interaction during oceanic slab 
subduction, but the melting of the metasomatized mantle 
is far from the subduction event in time (e.g., Guo et al., 
2009). Based on these observations, the earlier sediment 
melt-mantle interaction processes possibly played a major 
role in the genesis of the Pertek adakitic volcanic rocks. 
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In this regard, the formation of metasomatism in the 
lithospheric mantle can be explained by hybrid melts from 
crust-derived sediments and oceanic peridotitic crust, 
which react with wall-rock peridotite to form metasomatic 
domains in the mantle. 

For the interaction between the ultradepleted peridotite 
and continental crust-derived sediment, and overlying 
mantle wedge reacting to produce hybrid magmas, and 
formation of the metasomatized mantle, a series of high-
pressure interaction experiments have been performed 
(Wang et al., 2017; Wang and Foley, 2018) between phyllitic 
metasediment and a depleted peridotite (dunite) at 2–3 
GPa. The high Th/Yb versus Nb/Yb ratios seen in Pertek 
adakitic rocks indicate such a hybridization (Figure 12b). 
The Pertek samples plot well within the array between 2 
GPa and 3 GPa experimental hybrid melts and show a 
positive trend, which is also consistent with those of Iran-

Azerbaijan metasomatized mantle-derived adakitic rocks 
and Iran Saqqez-Takab adakitic pluton. In this diagram, 
both Th/Yb and Nb/Yb fractionations increase with 
increasing pressure. This observation is consistent with a 
hybrid origin for Pertek adakitic rocks. 

Melting conditions of the magma that produced the 
Pertek adakitic porphyries also show that they differ from 
the adakites in Aleutian island arcs (in the northernmost 
part of the circum Pacific, the west to Alaska) (Yogodzinski 
et al., 2001) that are one of the best examples of subduction-
related slab-derived adakites, in the Sr/Y vs. Mg# diagram 
(Figure 12c). 

6. Geodynamic interpretation
Recent mantle tomographical studies (Barazangi et al., 
2006; Skobeltsyn et al., 2014; Kaban et al., 2018; Portner 
et al., 2018) revealed that subduction of the Neo-Tethys 
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lithosphere occurred before the initiation of the continent-
continent collision of Arabia and Eurasia. Regional uplift 
commenced at approximately 20 Ma in the east and 
propagated west in the region (McNab et al., 2018). The 
timing of the initiation of continental collision between 
the Arabian and Eurasian plates is still debated. Contrary 
to the view of Early to Middle Miocene (Okay et al., 2010; 
Karadenizli et al., 2016; Açlan and Altun, 2018; Gülyüz 
et al., 2020) and  Middle Miocene periods (Cavazza et 
al., 2018) for the onset of collision, van Hunen and Allen 
(2011), McQuarrie and van Hinsbergen (2013) and 
Koshnaw et al. (2017) advocated that by Middle Oligocene 
(approximately 26–27 Ma), Neo-Tethys oceanic crust 
had been consumed, and the Arabia-Eurasia continent-
continent collision initiated. On the other hand, for the 
Caucasus-Iran-Anatolia (CIA) collisional zone volcanism, 
Lin et al. (2020) proposed a double subduction scenario 
(e.g., Skobeltsyn et al., 2014) and double slab break-off 
model (Erzurum-Kars Suture Zone in Pontide at North, 
Bitlis-Zagros Suture Zone in SE Anatolia at South), and 
suggested that break-off events occurred at ≈ 17 Ma (Early 
Miocene) at South (Bitlis-Zagros Suture Zone) and ≈ 9 
Ma at North (Erzurum-Kars Suture Zone). The authors 
indicated that an early slab break-off at approximately 7 
Ma along the Bitlis-Zagros Suture is supported by apatite 
fission-track age data that suggest rapid exhumation in the 
Bitlis thrust zone between 18 and 13 Ma (Okay et al., 2010). 
The slab-like high-velocity anomalies beneath the EAAC, 
Pontides, and the Caucasus are interpreted as the detached 
southern and northern Neo-Tethys slabs (Zor 2008).  
Indeed, break-off of the Bitlis slab has been estimated to 
have occurred during the middle to late Miocene based 
on the timing of magmatic events (e.g., Şengör et al., 2008; 
Çolakoğlu and Arehart,  2010; Ekici,  2016; Racano et al., 
2021), against to Oligocene suggested by Kounoudis et al., 
(2020), and seismic and mantle tomographic images (slab-
like high-velocity anomalies) also show that slab fragments 
now reside within or below the mantle transition zone 
(e.g., Zor et al., 2008; Portner et al., 2018; Reid et al., 2019).

On the genesis of Elazığ-Tunceli Neogene volcanism,  
Agostini et al. (2019) and Di Giuseppe et al. (2021) 
envisaged that the Early-Middle Miocene magmas, 
emplaced in a convergent setting (active subduction), 
indicate derivation from mantle sources modified by 
subduction components. In contrast, we propose here that 
the magmatic output of the Pertek (Tunceli) adakitic rocks 
was not temporospatial associated with active subduction 
and slab-derived melts. Active subduction continued 
to Early Miocene time concurrently with Arabian-
Anatolian soft collision. During this period, the Bitlis 
slab and continental subduction (e.g., McQuarrie and van 
Hinsbergen, 2013; Kaban et al., 2018) modified the mantle 

wedge via slab- and continent-derived sediment melts. 
As discussed before, the adakitic rocks found in NW 
Iran, which are the geotectonic continuation of eastern 
Anatolia (e.g., Azizi et al., 2014, 2019, 2021 and Lechmann 
et al., 2018) show geochemical similarities with the Pertek 
adakites. Azizi et al. (2021) suggested that Early Miocene 
adakitic andesites (18–15 Ma) in the NW Iran area were 
generated after collision (postcollisional), which was also 
associated with doubling of the thickness of the continental 
crust in the Zagros suture zone, thinning of continental 
crust far from the Zagros suture zone, and development 
of shallow-basin sedimentary rocks in NW Iran. Similarly, 
Topuz et al. (2019) suggested that the Early Miocene 
represents probably a time of continental extension and 
exhumation in Eastern Anatolia and NW Iran. However, 
recent studies (e.g., Karadenizli et al., 2016; Gülyüz et 
al., 2020) confirm the Miocene time of collision between 
Eurasian and Arabian plates, which are also consistent with 
the proposed model of Okay et al. (2010) and Cavazza et al. 
(2018). Based on anisotropy data of magnetic susceptibility 
of the dated sedimentary sequences from East Anatolia, 
Gülyüz et al. (2020) contend that the Early to Middle 
Miocene period marks the onset of continental (hard) 
collision between Eurasia and Arabia and the initiation of 
collision-related uplift in the region. Similarly, Karadenizli 
et al. (2016) suggested the end of Early Miocene time for 
the collision of Arabian and Anatolian plates, based on the 
basin analysis of Central Eastern Anatolia. In this regard, a 
significant crustal thickening in the region during the Early 
to Middle Miocene magmatism can be expected, and infer 
from using La/Yb ratios (e.g., Kay and Kay, 2002). Plotting 
La/Yb ratios versus ages of these adakitic porphyries and 
Late Oligocene rhyolites (Figure 13) suggests the former to 
have been generated with a much thicker crust. In the plot 
(Figure 13), there are large ranges in La/Yb ratios and thus 
the hypothesized crustal thickness during the collisional 
Early to Miocene period. Based on these observations, we 
concluded that the Eastern Anatolian Neogene volcanism 
was driven by active asthenospheric mantle (e.g., Çoban, 
2007), and was linked to the collision between Arabian and 
Eurasian plates and the associated break-off of the Bitlis 
slab. Hence, asthenospheric mantle flows and the uplift-
related lithospheric tectonics (e.g., Karaoğlu et al., 2017) 
triggered the partial meltings in the mantle lithosphere 
and associated lower crustal sources in the region. The 
collision-related uplift and extension-related volcanism 
must have dominated all over the region.

Considering the regional magmatic activities, 
geochemical signatures of Pertek adakitic porphyries are 
analogous to metasomatized mantle-derived adakitic 
porphyries especially Iranian-Azerbaijan (Lechmann 
et al., 2018) and Anatolian examples (e.g., SW Ankara, 
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Central Anatolia, Şen and Şen, 2013; Giresun, NE Turkey, 
Yücel, 2018), rather than slab-derived modern adakites 
(e.g., Aleutians). The collision-related (or postcollisional) 
volcanic activities in the region (Figures 1a–1e and 2) 
produced basaltic to rhyolitic lavas and pyroclastic rocks 
(Pearce et al., 1990; Keskin et al., 1998; Yılmaz et al., 1998). 
The study area forms the westernmost part of the calc-
alkaline volcanic province with the same age (16.2–15.7 
Ma) in the near vicinity (Di Giuseppe et al., 2017). In the 
southern part of the study area, the Late Oligocene to 
Early Miocene Malatya nonadakitic rhyolites represent the 
earliest phases of volcanic activity in the region whereas 
the Middle Miocene Malatya felsic-rhyolites (adakitic) 
represent typical lower crust-derived melts (Yılmaz et al., 
2007). On the other hand, in the northern part of the study 
area, geochemical data of Early-Middle Miocene Pertek 
adakite-like andesites and acidic volcanic rocks indicate 
the role of predominantly metasomatized lithospheric 
mantle-derived melts in the region (e.g., Di Giuseppe et 

al., 2017). Accordingly, the geochemical signatures of 
southern Pertek rocks are also consistent with a lower 
crustal origin. Hence, we proposed a hybrid origin for the 
Pertek adakitic rocks. A mixture of melts fed by sources 
from both amphibolitic lower crust and metasomatized 
subcontinental lithospheric mantle is the most likely 
parental magma to the Pertek adakitic porphyries. It is also 
clear in Figures 10–12 that the volcanic rocks cropping out 
in the region and surroundings have not been defined as 
adakitic in nature in previous studies (Yılmaz et al., 2007; 
Ekici, 2016; Di Giuseppe et al., 2017). Thus, the adakitic 
volcanism in the region is not a local petrological event 
but has regional importance and indicates the shifting 
geotectonic regime that caused the initiation and formation 
of slab break-off-related Neogene adakitic melt in Eastern 
Anatolian Volcanic Province, concurrently or later Early 
to Miocene hard collision of Arabian and Anatolian plates. 
Accordingly, Neogene basaltic volcanism initiated at 17 
Ma in the Arabian foreland (Karacadağ volcanism, Ekici 
and Macpherson, 2019) and the onset of the Arabian 
foreland at 17.6 Ma (Yamadağ and Arapkir volcanism, 
Kürüm et al., 2008), nearly coeval with the regional uplift 
due to the collision, slab break-off (e.g., Hunen and Allen, 
2011; Bottrill et al., 2012) and mantle upwelling.

7. Concluding remarks
In this study, we focused on the andesitic-dacitic volcanic 
association cropping out in the Pertek area (to the north 
of Elazığ and southwest of Tunceli) from Eastern Anatolia 
postsubductional setting. The results obtained from the 
geochemical characteristics of these intermediate-acidic 
volcanic rocks are summarized below. 

High-K, calc-alkaline andesite-dacites in Pertek areas 
show an adakitic character with their high Sr/Y, La/Yb, 
and low Y contents. These adakitic rocks, defined as high-
silica adakites, have some characteristics of both oceanic 
and continental adakites. Based on their geochemical 
signatures, it is suggested that the Pertek adakitic 
volcanic rocks originated from a hybrid source. The 
parental magma from which Pertek adakitic rocks were 
originated, was formed by the mixture of melts, derived 
from sources of both metasomatized peridotitic mantle 
and lower crust. Considering the geotectonic regime in 
the region, it is concluded that, the subduction and closure 
of Neotethys Ocean, and pre-Early Miocene arc-continent 
and continent-continent soft collisions and continental 
subduction modified the mantle wedge beneath Eastern 
Anatolian. Early to the Middle Miocene hard collision 
between Arabia and Eurasia plates caused the break-off of 
the Bitlis slab (collision-induced slab break-off). Hence, 
collision- and break-off-induced asthenospheric mantle 
upwelling, and ongoing regional uplifting, and related 
tectonics triggered the partial melting of metasomatized 
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lithospheric mantle. Lithospheric mantle-derived magmas 
also caused by contemporaneous melting in the lower 
crust, which became thicker due to the continental 
collision, and finally, the mixture of varying amounts of 
these melts produced the Pertek adakitic magmas similar 
to the formation of other adakitic rocks in East Anatolia 
(postsubductional) collisional-related tectonic setting.
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