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Abstract: Western Anatolia comprises a vast amount of various volcanic successions spanning from 

Eocene to Upper Miocene periods. These units mainly display southward younging in broad sense 

and display large amounts of chemical variation that spanned from basalt to rhyolite. The 

southward younging of magmatism and chemical variations have been largely attributed to the 

retreat and roll-back of the Hellenic slab and the western escape of the Anatolian microplate. 

However, there is still a lack of high precision data to pinpoint the exact nature of the magmatism 

and lithospheric tectonics. In this contribution we investigated a poorly known region along the 

Western Anatolia along Manisa district called Karakılıçlı volcanic field. We investigated two 

different volcanic sections (Kalpakkaya and Çamlık hill) that display the best volcano-sedimentary 

features in terms of geochronology and geochemistry. Samples acquired from the bottom, middle 

and upper portions of these sections display Early-Middle Miocene ages of 17.64±0.20, 17.22±0.15, 

16.16±0.17 and 16.36±0.13, 15.79±0.71 and 13.61±0.20 Ma respectively. The results indicate that the 

volcanism in the region generated by the melting of the mantle and/or lithospheric mantle by slab 

retreat and roll-back of the Hellenic slab and evolved in the shallow magma chambers/mushes by 

fractional crystallization, magma mixing and crustal assimilation. 
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1. Introduction 

Western Anatolia comprise various magmatic units that mainly generated by the Aegean 

Subduction system during the Cenozoic period. First magmatic products of this system mainly 

generated at the Eocene time along the Biga Peninsula that compromise both plutonic and volcanic 

products. By the large scale roll-back of the subducted Hellenic slab, the magmatic units also shift to 

the much southerly areas till the recent [1]. The generation of the first products of the Eocene 

magmatism highly debated and several hypotheses postulated such as subduction related 

generation, arc-continent collision and post-collisional magmatism related generation [2,3,4,5,6]. 

After that period, Oligo-Miocene and Mio-Pliocene magmatism became more pronounced. During 

these time intervals, coevally generated calc-alkaline, high K volcanics and I-type plutonics cover the 

wide areas of the Western Anatolia. Magmatic products (Figure 1) generated during these time 

periods (termed as display vast amount of chemical heterogeneity that mainly generated by the 

shallow seated magma chamber processes (e.g. fractional crystallization, magma mixing/mingling, 

crustal assimilation) that alter the original source chemistry [7,8,9,10].  
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Figure 1. Distribution of Oligocene – Miocene volcanic rocks in Western Anatolia (simplified from 

MTA 1/500.000 scaled geology map). 

Volcanic products in that period often intercalated with the sedimentary products that generated 

in sub-aerial conditions and cover large tracts [11,12,13,14]. In the meantime, these time 

corresponding to a period before a major shift on the tectonic development in the Western Anatolia 

such as exhumation of the core complexes [1,13,14,15,16,17,18,19,20], generation of the asthenosphere 

derived alkaline volcanism [21,22] and generation of the İzmir-Balıkesir Transfer Zone [12,13,23,24]. 

However, there is still lack of data for the Miocene time interval in the region.  

In order to better characterize the major changes in that period, we select two section of Miocene 

volcano-sedimentary around the Western Anatolia Volcanic Province (WAVP) which is crops out 

along the Karakılıçlı field of Manisa district (Figure 2). These sections situated at the Kalpakkaya Hill 

and Çamlık Hill areas, the volcano-stratigraphic sections logged, they are sampled from bottom to 

top and whole-rock geochemistry analysis have been done on different lava flows and pyroclastic 

units. In addition to that, from U-Pb zircon age determinations have been conducted on lower, middle 

and upper portions of these two stratigraphic column in order to understand the spatial and 

geochemical evolution of the volcanism. The chemo-stratigraphy sections have been constructed in 

order to understand petrological evolution on the Miocene volcanism and their regional magmatic 

implications on the Hellenic subduction system. The output of this work will put new constrains on 

the evolution of both magmatic evolutions the Aegean region and both the melting, assimilation 

storage and homogenization (MASH) processes. 
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2. Materials and Methods  

2.1. Zircon U-Pb LA-ICP-MS Geochronology 

Six different samples have been selected from the different layers of the two measured section 

(three sample per each section) in order to understand the spatial and geochronological evolution of 

the volcanism in the region. In each sample, 2 kg of samples have been crushed in mill and their grain 

size reduced below the 250 micron. The sample size of 63 to 250 micron has been selected and 

separated by magnetic separator and heavy liquid (sodiumpolytungstate) to acquire the zircon 

minerals. The finally the samples found under binocular microscope and embedded in the epoxy 

resins. The resins polished and imaged by the optical cathodoluminescent Citl CL8200 Mk5-1 at the 

Istanbul Technical University Geochemical Analysis Laboratories (ITU-JAL). By the guide of these 

images, specific spot has been selected for geochronology analysis. Zircon U-Pb analysis have been 

conducted in Geochronology and Geochemistry Laboratory of Istanbul University-Cerrahpaşa 

Geological Engineering Department by the NexION 2000 ICP-MS combined with the ESI NWR-213 

solid phase laser. The spot sized dispersed between 20 to 45 micron and helium has been used as a 

carrier gas (0.5 lt/sn). Zircon reference material 91500 has been as a primary and AusZ-10 and 

MudTank have been used as a secondary reference material. All the measurements evaluated by the 

Iolite software version 2.5 [25]. 

2.2. Whole-rock Geochemistry 

Twenty-three samples have been selected for the whole-rock geochemistry analysis that 

represent the two different stratigraphic section. The major oxide analysis of these samples have been 

analyzed by the X-ray fluorescence (XRF) spectrometer (Bruker S8 Tiger Wavelength Dispersive XRF) 

at the Geochemistry Analysis Laboratory of Istanbul Technical University (ITU-JAL). The major oxide 

values have been analyzed on samples which turn into fused glass discs that created by the lithium 

tetraborate/metaborate fusion in the platinum-golden crucibles. The loss on ignition values of these 

values calculated separately. The trace and rare element values of these samples have been measured 

by the Perkin Elmer ELAN DRC-e instrument at (ITU-JAL) and Thermo XSeries II ICP-MS instrument 

at the geochemistry laboratory of Mineral Exploration Research Headquarters of Turkey.  

3. Results 

3.1. Geological Setting and Petrography 

The study area croups out along the basement units of Bornova Flysch Zone which is situated 

between the Menderes Massif and the Sakarya Zone (Figure 1, [26,27]. Bornova Flysch Zone consists 

Mesozoic limestone blocks, mafic volcanics, radiolarites and serpentinite blocks that embedded in a 

highly deformed sedimentary matrix [28,29]. There are three main volcanic edifices have been found 

in the region that called Yamanlar, Dumanlıdağ and Yuntdağı volcanoes [30,31,14]. The base of the 

Miocene volcanism started with a thick pyroclastic section that is called Foça Tuff. This unit contain 

white-yellowish ignimbrites and sporadic rhyolitic plugs which are intercalated with lacustrine clay 

stones and limestone units [32,33,34]. This unit overlain by Hasanlar volcanics [32,35] that contain 

volcanic ash, block, lava breccia, tuff and lenticular limestone units together with more prominent 

basalt and pyroxene-andesite lavas [34,35]. Through the upper portion of the stratigraphy, Early-

Middle Miocene aged Dumanlıdağ and Yuntdağı volcanics getting prominent and became the most 

widespread volcanic product around the region [36,37,38,39]. Yuntdağı volcanics represented by sub-

units of Rahmanlar pyroclastics [36] and Akçaköy ignimbirite member [37,38]. All these units are 

intercalated with Middle-Upper Miocene sub-aerial and lacustrine sedimentary successions 

[32,37,11]. 
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Figure 2. Geological map of the study area (Adopted from [38,39], coordinate system: 

WGS1984_UTM_Zone35N). 

Dumanlıdağ Volcanics which is the stratigraphic equivalent of the Yuntdağı volcanics, 

represented by Ç ukurköy sub-unit in the study area [32,37,40,41]. Ç ukurköy volcanics consists of 

grey and reddish andesite, dacite, rhyodacitic lavas and pyroclastic interlayers. Lavas mainly display 

porphyritic, microlithic and vitrophyric textures and mainly contain plagioclase, biotite, hornblende, 

pyroxene and a small amount of sanidine [30].  Flow banding is common and thorough the upper 

portion of the sections glassy flow foliation became dominant. The two different volcano-

sedimentary sections related to Yuntdağ volcanites which are named Kalpakkaya Hill and Çamlık 

Hill have been measured that the characteristics of the volcanic successions were best preserved 

(Figure 3). Kalpakkaya Hill section has been started with reddish-grey porphyrithic dacitic lavas from 

the bottom. The section continiues with porphyric textured and banded dacitic lavas that consists 

thin tuff interlayer. The section continues monotonously and display approximately 250-meter 

thickness. On the other hand, Çamlık Hill started with porphyrithic dacitic lavas with pyroclastic 

inliers in the bottom and overlain by porphyric and banded dacitic units, contrary to Kalpakkaya Hill 

section, the reddish brown and grey andesitic lavas situated at the top of the section (Figure 3). 
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Figure 3. Stratigraphic columnar sections of Kalpakaya and Çamlık Hills. Red points represent dated 

samples and black points represents the samples obtained for the whole-rock geochemistry analysis. 

3.2. Zircon U–Pb crystallization ages 

The selected zircons mainly show transparent, pale yellow colors and display prismatic features. 

CL images mainly display magmatic zoning and generally homogeneous features. The results of the 

zircon crystallization ages for the Kalpakkaya and Çamlık Hill sections (three samples from lower, 

middle and upper levels per each section) have been outlined below. 

3.2.1. Section of Kalpakkaya Hill 

Sample K-15 (lower part): The 206Pb/238U ages obtained from the K-15 samples display ages 

dispersed between 18.73 ± 0.48 Ma to 17.12 ± 0.35 Ma (Supplementary Table 1a). Besides, the 

concordia age calculated as 17.64 ± 0.20 Ma and the mean age deduced as 17.68 ± 0.23 Ma (Figure 4a). 

Sample K-16 (middle part): The 206Pb/238U ages obtained from the K-16 sample display ages 

dispersed between 18.73 ± 0.45 Ma to 16.35 ± 0.61 Ma (Supplementary Table 1b). Besides, the 

concordia age calculated as 17.22 ± 0.15 Ma and the mean age deduced as 17.29 ± 0.26 Ma (Figure 4b). 

Sample K-13 (upper part): The 206Pb/238U ages obtained from the K-16 sample display ages 

dispersed between 18.99 ± 0.84 Ma to 13.07 ± 1.16 Ma (Supplementary Table 1c). Besides, the 

concordia age calculated as 16.16 ± 0.17 Ma and the mean age deduced as 16.22 ± 0.55 Ma (Figure 4c). 

3.2.2. Section of Çamlık Hill 

Çamlık Hill section display quite similar age population like the Kalpakkaya Hill section.  

Sample C-52 (lower part): The 206Pb/238U ages obtained from the C-52 sample display ages 

dispersed between 18.02 ± 0.35 Ma to 15.52 ± 0.42 Ma (Supplementary Table 1d). Besides, the 

concordia age calculated as 16.36 ± 0.13 and the mean age deduced as 16.44 ± 0.25 Ma (Figure 4d). 

Sample C-54 (middle part): The 206Pb/238U ages obtained from the C-52 sample display ages 

dispersed between 18.86 ± 0.64 Ma to 14.22 ± 0.35 Ma (Supplementary Table 1e). Besides, the 

concordia age calculated as 15.79 ± 0.71 and the mean age deduced as 15.9 ± 1.1 Ma (Figure 4e). 
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Sample C-58 (upper part): The 206Pb/238U ages obtained from the C-58 sample display ages 

dispersed between 14.75 ± 0.48 Ma to 11.59 ± 0.74 Ma (Supplementary Table 1f). Besides, the concordia 

age calculated as 13.61 ± 0.20 and the mean age deduced as 13.69 ± 0.47 Ma (Figure 4e). 

 

Figure 4. Zircon U-Pb concordia diagrams of Kalpakkaya Hill and Çamlık Hill volcanic sections. 

Figure (a) and (d) are corresponding to lower parts, (b) and (e) are corresponding to middle parts and 

(c) and (f) are corresponding to upper parts of the sections. 

3.3. Major and trace elements 

The results of the major oxide and trace element analysis of twenty-three samples from 

Kalpakkaya and Çamlık Hill have been giving in Supplementary Table 2. These volcanic rocks show 

narrow SiO2 contents ranging from 61.70 to 66.53 wt.%, TiO2 from 0.68 to 0.85 wt.%, Al2O3 from 13.88 

to 16.77 wt.%, Fe2O3 from 4.48 to 6.19 wt.%, MgO from 1.10 to 2.28 wt.%, CaO from 2.86 to 5.80 wt.%, 

Na2O from 2.39 to 3.36 wt.% and K2O from 2.94 to 3.80 wt.% (Table 3). Na2O/K2O ratios of the 

Kalpakkaya Hill volcanic units dispersed along 1.02 to 1.10 and slightly show sodic character, while 

Çamlık Hill volcanic units display much lower Na2O/K2O ratios and have a much potassic character. 

Magnesium number of the samples dispersed 30 to 49 (Mg# =100 x molar Mg / (Mg+Fe)). 

The results of the analysis plotted at the discrimination diagrams. On the Zr/TiO2 vs. SiO2 

diagram, [42] the studied units mainly plot along the dacite-rhyodacite fields sub-ordinately they 

dispersed along the andesite field (Figure 5a). On the K2O vs. SiO2 diagram [43], all the samples 

straddled along the high - K calc-alkaline series (Figure 5b). 
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Figure 5. a) Zr/TiO2 vs. SiO2 [42], and b) K2O vs. SiO2 discrimination diagrams [43] for the classification 

of volcanic rocks. 

4. Discussion 

4.1. Whole-rock chemistry and chemo-stratigraphy   

The lava flows from Kalpakkaya and Çamlık Hill sections mainly display intermediate dacitic 

and andesitic chemistry. The Harker variation diagrams can be used to assess various magmatic 

evolutionary stages such as fractional crystallization, mixing, assimilation and replenishment. SiO2 

vs TiO2, Al2O3 and Fe2O3 variation diagrams imply mainly fractional related evolutionary trends with 

the increasing silica content despite a bit scattering. On the other hand, SiO2 vs MgO, CaO, Na2O, 

K2O, Sc and Co diagrams show much wider scattering. Besides, for the other elements such as Ba, Rb, 

Sr and Y the evolutionary trends generally show flat trends which are supportive for continuously 

replenished and/or possibly mixed with a much mafic magma throughout the generation of the 

volcanism. Despite the fact that the Harker diagrams give valuable insights about the evolutionary 

stages of the magmatism, it is not always easy to track the temporal changes of the magmatism just 

by interpreting the different phases and events in the Harker trends.  

In order to better constrain the temporal and geochemical changes of the volcanic sections of 

Kalpakkaya and Çamlık hill, the lava and tuff samples obtained from different levels of the section 

(lower-middle-upper) were analyzed, and the obtained results plotted against the height in the 

stratigraphic column to reveal the chemical stratigraphy of the volcanism throughout the time. When 

the measured volcanic levels are correlated with the stratigraphic height and major oxide chemistry 

for the both sections (Figure 7, 8); the SiO2 content of the both sections getting decreased throughout 

the stratigraphic column and the lower levels of the sections imply a possible magma mixing event 

by the behavior of the major oxides such as general increase of MgO contents. Similarly, some of the 

major oxides display prominent peaks but mainly display straight through the upper portion of the 

stratigraphic columns. 
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Figure 6. Harker variation diagrams for the SiO2 vs different major oxide and selected trace 

elements. 
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Figure 7. Chemical-stratigraphy of the Kalpakkaya Hill volcanics based on the major oxide chemistry. 

. 

Figure 8. Chemical-stratigraphy of the Çamlık Hill volcanics based on the major oxide chemistry. 

On the chemical stratigraphy of the Kalpakkaya and Çamlıktepe volcanics (Figure 9, 10), it is 

observed that the trace elements (Sc, V, Co, Ba, Rb, Sr, Nb and Zr) follow a linear enrichment trend 

towards the middle levels of the section. Sc, V and Co elements mainly used to assess the evolution 

of the crystallization processes and they mainly diminished in the magma chamber throughout the 

evolutionary stages from mafic to silica transition. Ba, Rb and Sr are mainly used to track the behavior 

of the feldspar crystallization and they tend to getting higher with the increasing silica content. Rb 

together with Nb also used to assess the behavior of the mica phases and getting increased with the 

increasing silica. Similar to these elements, Zr tends to getting increasing with the increasing silica 

and used to assess the behavior of the accessory phases such as zircon, apatite or monazite. Similarly, 
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like the major oxide data, trace element variation in the measured sections show the chemistry of the 

lavas did not change significantly through their temporal evolution. Observations made in parallel 

with the 3 million years’ evolution of the chemo-stratigraphy and nearly similar magma composition 

imply that the magma evolution might experience (i) continuous supply of a more mafic magma to 

balance the fractional crystallization related evolution; (ii) homogenization of mafic and intermediate 

magma throughout the evolution of volcanism and/or generation within an open system magma 

chamber. Hence, the mainly similar magma chemistry during the evolution of the magmatism 

supportive for a large magma chamber that created big caldera events also described in the nearby 

regions [14,44] and thereby the different explosive events recorded in the area did not significantly 

affect the magma composition. 

 

Figure 9. Chemical-stratigraphy of the Kalpakkaya Hill volcanics based on the trace elements. 

 

Figure 10. Chemical-stratigraphy of the Çamlık Hill volcanics based on the trace elements. 
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4.2. Petrogenesis of Volcanic rocks  

Several different models have been created by using the geochemistry results obtained from 

Kalpakkaya and Çamlık Hill volcanics in order to understand the magma chamber/mush processes. 

We use the FC-Modeler algorithm of Keskin (2002) [45] to model the fractional crystallization 

processes by using the Sr/Rb vs Sr. For modeling parameters, Kd values compiled from GERM 

database and literature which are embedded in the FC-Modeller program have been used. For 

plagioclase, sanidine, hornblende, biotite and zircon, particularly intermediate and acidic values are 

selected and crystallization vectors created.   

The calculated crystallization vectors show that the plagioclase, sanidine and biotite 

crystallization is the dominant process while the amphibole and zircon crystallization is less 

prominent. To reveal the magma mixing and replenishment processes, creating a binary diagram that 

consists of a compatible vs. an incompatible element can give valuable insights about the magma 

evolution. To reveal the possible mixing events, we created Co vs. Th diagram to track the possible 

mixing traits. If there is common fractional crystallization related processes occurred, our samples 

will align along the FC-1 and FC-2 curves on the Figure 11b. On the other hand, if the magmatic 

system is open and mixing or replenishment processes happened, the plotted samples should be 

aligned along the straight lines. When we check the plotted samples, some portion of our volcanic 

units follow the curved lines of FC-1 and FC-2, while a significant amount of the samples plotted 

along the straight lines which support the possible existence of the magma mixing processes (mixing 

of mafic and felsic members) through the evolution of the volcanism (Figure 11b).  

Even though the fractional crystallization and magma mixing processes affected the magma 

chemistry in our samples, crustal assimilation can also effect the magmatic processes since our 

volcanic units display high silica contents. To reveal the possible assimilation processes, we use the 

assimilation-fractional crystallization algorithms of the DePaolo (1981) [46] that implement to the 

excel spreadsheet AFC-Modeller software by Keskin (2013) [47]. We specifically select Ta/Zr and Zr 

values. The Ta/Zr ratios are used as an assimilation index while Zr values interpret as a fractionation 

index (Figure 11c). For modeling scheme, we use the upper-crustal values of Taylor and McLennan 

(1985) [48] for an assimilant, and a calc-alkaline basalt from the Ç anakkale-Kirazlı region selected as 

basic end member (BEM) for the primitive lava composition (unpublished data; Zr: 84.4 ppm and Th: 

4.50 ppm). The calculated trajectories show that volcanic units plotted along a linear array from the 

BEM to assimilant. Zr values in our samples display quite similar values which can be interpreted as 

the assimilation is much more prominent regarding to the fractionation related processes (r (Ma/Mc) 

= 0.4 – 0.7). When the all the geochemical data and modeling experiments interpreted, it can be 

postulated that the assimilation and magma mixing related processes are much more prominent 

comparing to the fractional crystallization related modifications, and/or possible continuous 

infiltration of the mafic or much primitive magma to the much felsic shallow seated magma 

chamber/mush to maintain the similar magmatic character. 
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Figure 11. Several different magma modeling experiments have been done on the Kalpakkaya and 

Çamlık hill volcanics to reveal the magma chamber/mush dynamics. 

Selected samples have been plotted on the N-type MORB normalized spider diagrams to 

understand the geochemical characteristics of the magmatism. In these diagrams, all volcanic units 

display apparent enrichment in LILEs (Large Ion Lithophile Elements; Sr, K, Rb, Ba, Th) and much 

lower but stil prominent enrichment in LREEs (Light Rare Earth Elements; La, Ce and Nd). On the 

other hand, HFS (High Field Strenght) elements (Tb, Ti, Y and Yb) show apparent depletion (Figs. 

12a-b). There is clear depletion through Th to Ta and Nb and a similar depletion also be found 

through La to Nd (Fig 12). Besides Hf-Zr-Sm elements display nearly flat patterns (Figure 12a, b). 

Even the Nb-Ta display very apparent depletion relative to the neighboring elements, they still 

enriched relative to the N-MORB values (Figure 12a, b). The apparent Nb-Ta anomaly mainly 

attributed to the subduction related arc environments while it can have generated by the relict 

metasomazited portions generated in the collision related crustal-lithospheric environments. 

Chondrite normalized rare-earth element (REE) variation diagrams of the volcanic units display 

similar patterns for all series. In the selected units of the both volcanic sections, light rare earth 

element (LREE) of the samples display relative enrichment regarding to the other elements and the 

majority of the heavy light rare earth elements (HREE) display similar values to the chondrithic 

values (Figure 12c,d). Besides in all series there is an apparent negative Eu anomaly (Eu/Eu* ratios 

((Eu)cn/[(Sm)cn x (Gd)cn]0.5 cn stands for chondrite normalized) dispersed between 0.62 to 0.75). 

Also most of the middle rare earth elements show relative depletions comparing to the LREE and 

HREE. Thus this features support the amphibole and feldspar fractionation of the studied volcanic 

units. 

In tectonic discrimination diagrams of Pearce et al., (1984) [50] that using Nb vs Y values, our 

samples plotted along the volcanic arc granites (VAG) and syn-collisional granite field and one 

samples plotted along the within-plate field (Figure 13a). At the tectonic discrimination diagram of 

Harris et al., (1986) [51] that utilizing Rb/30 -Hf- 3xTa; our samples dispersed along the volcanic arc 

and late and post-collisional fields (Figure 13b). The Th/Yb vs. Ta/Yb [52] and Th/Yb vs. Nb/Yb 

diagrams [53] reveal that the volcanic units generated along the active continental margin and 

volcanic arc environment. These diagrams imply that the magma source area of the studied volcanic 

samples effected by the subduction related modifications and possibly effected by crustal related 

modifications. 
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Figure 12. N-MORB (a, b) and chondrite (c, d) normalized spider diagrams of Kalpakkaya hill (a, c) 

and Çamlık Hill (b, d) samples [49]. 

 

Figure 13. Tectonic discrimination diagrams of a) Nb vs. Y [50], b) Rb/30-Hf-3xTa [51, Th/Yb vs. Ta/Yb 

[52] and Th/Yb vs. Nb/Yb [53]. 
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Magma source chemistry, volcano plumbing system and petrogenetic-geochronologic evolution 

of the study area and environs have been investigated by different studies in the literature 

[54,55,41,30,31,14,44,33,34,56,23]. The major portion of these studies imply that the volcanic and 

plutonic units in that region generated by the fractionation, assimilation and magma mixing 

processes of the shallow seated magma batches that generated from the lithospheric mantle and 

mantle domains [8,12,57]. The studies have been conducted in the recent years imply that the 

Cenozoic magmatism in the Western Anatolia mainly controlled by the slab retreat and the roll-back.  

Different studies imply that the Early-Middle Miocene magmatism in the region generated by the 

roll-back and rotation of the Hellenic slab, thinning of the continental crust, rupturing of the slab and 

transfer faults and block rotations in the upper crust control the pathways of the magma intrusive 

systems [14,44,33,56,23]. In a similar manner, different studies suggest that the roll-back of the 

Hellenic slab to the south/southeast through time also control the spatial-temporal and geochemical 

character of the magmatism in the region [54,58,59,18,60,14,10,57]. 

Our result supports a similar generation for the volcanic units in the Karakılıçlı field volcanic 

units that we check and evaluate two different chemo-stratigraphical section. Our data imply that 

volcanism in Karakılıçlı field fed by shallow seated magma chamber/mush that marked by fractional 

crystallization, magma mixing and assimilation related processes. Even though the complex shallow 

seated processes completely masked the original source chemistry, we tentatively postulated that our 

units possibly derived from melting of the mantle and/or subcontinental lithospheric mantle regions 

that triggered by the roll-back and rotation of the Hellenic slab during the Miocene pceriod. 

5. Conclusions 

The studies conducted in Karakaçlı volcanic field that mainly focused on Kalpakkaya and 

Çamlık Hill section show that the volcanic units in the region mainly represented by dacitic, 

rhyodacitic and andesitic lavas and tuff which are intercalated with the sporadic Neogene 

sedimentary units. The studied volcanic units generated by the large caldera event that created the 

Yuntdağı volcanism.  

Zircon U-Pb LA-ICP-MS ages indicate that the Kalpakkaya Hill section show 17.64 ± 0.20, 17.22 

± 0.15 and 16.16 ± 0.17, Ma ages from bottom to top and Çamlık Hill section display 16.36 ± 0.13, 15.79 

± 0.71 and 13.61 ± 0.20 Ma (Lower – Middle Miocene) ages which are compatible with the existing age 

data acquired around the region.  

Geochemistry of the units mainly shows high-K calc-alkaline character and display volcanic arc 

and post-collisional tectonic settings. Major oxide and trace element behaviors indicated that the 

volcanism sourced from mantle and/or lithospheric mantle mafic melt that heavily masked by 

fractional crystallization, magma mixing and crustal assimilation. The chemo-stratigraphy sections 

imply that the geochemical character of the samples did not change temporally, magma mixing of 

felsic crustal melts and much mafic inputs is the dominant processes and fractional crystallization is 

less pronounced. 

The volcanism in the region generated and evolved under the influence of the roll-back / rotation 

of the Hellenic slab and the pathways generated by the subsequent tectonic structures (İBTZ, core 

complex formation of Menderes Massif). 
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1: Results of LA-ICP-MS U–Pb zircon ages of samples, Supplementary Table 2: Whole-rock major (wt.%), trace 
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