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ABSTRACT

Volcanism that has been active since the early Miocene along a N-S trending line from Eskisehir
to Isparta displays calc-alkaline and alkaline character and is closely associated with slab tearing
processes. However, the geodynamic setting of these volcanic units between Afyon and Emirdag is
still poorly known. In this study, petrological characteristics of the Emirdag and Iscehisar volcanic
units have been investigated using petrography, whole-rock geochemistry and Sr-Nd isotopes. The
Emirdag and Iscehisar volcanic units overlap the SeydileIgnimbrites. The Emirdag volcanic unit is
trachyandesite and the Iscehisar volcanic unit is trachyte, basaltic trachyandesite and trachydacite
in composition. The Emirdag volcanic unit displays calc-alkaline character, while the Iscehisar
volcanic unit is alkaline but the rocks from both the units have shoshonite character defined by
their high K O contents. The Emirdag volcanic unit has ¥Sr/*Sr ratios of 0.706790-0.706284 and
45N d/'*Nd ratios of 0.512472-0.512463, while these ratios in the Iscehisar volcanic unit are of
0.707650-0.706527 and 0.512464-0.512424, respectively. Data revealed by this study indicate that
these volcanic units were affected by crustal contamination, fractional crystallization and magma
mixing. Rising of asthenosphere in the region due to the extensional regime in the Early Miocene
appears to have caused formation of volcanism that pass from calc-alkaline to alkaline in character.
The Emirdag and Iscehisar volcanic units are the products of the volcanism that developed in the
late stages of southward slab roll-back and in the extensional regime prior to the slab tearing event.
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1. Introduction developed under compressional or extensional

regime, have been proposed such as delamination-

Magmatic rocks in Western Anatolia are observed
in belts that occurred from north to south beginning
in the Eocene until the middle Miocene following
closure of the northern branch of the Neotethys.
Volcanic and plutonic rocks developed in this time
interval have high-K calc-alkaline, shoshonitic and
ultrapotassic character. Though different opinions
about the source of magmatism, stated to have

related orogenic collapse, slab roll-back of subducted
oceanic slab at different rates and back-arc extension,
the idea that the southward roll-back of the African
plate being subducted to the north caused core
complex formation and development of magmatic
belts has gained acceptance (Seyitoglu and Scott,
1996; Dewey, 1988; Agostini et al., 2008; Dilek
and Altunkaynak, 2009). Volcanism in the region
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developed along NE-SW striking fault systems under
the effect of transtensional regime within nearly E-W
belts (Erkiil et al., 20054, b, 2006; Ersoy et al., 2008;
Karaoglu et al., 2010; Karaoglu and Helvaci, 2012,
2014). Deep seismic tomography studies in recent
years indicates that the African oceanic slab subducted
under Anatolia has very fragmented structure and
that slab-tear processes were effective in formation
of orogenic and anorogenic volcanism in the region
(Biryol et al., 2011; Mahatsente et al., 2017; Portner
et al., 2018). This prediction is largely supported by
geochemical and geochronologic data (Karaoglu and
Helvact, 2014; Prelevi¢ et al., 2015). The volcanic
units located in the eastern section of the magmatic
belts in Western Anatolia extend nearly 250 km along
a line from Kirka, Afyon and Isparta and give varying

ages from the early Miocene to the present day
(Keller and Villari, 1972; Besang et al., 1977; Sunder,
1980; Keller, 1983; Yagmurlu et al., 1997; Savas¢in
and Oyman, 1998; Akal, 2003, 2008; Platevoet et
al., 2008; Elitok et al., 2010; Prelevi¢ et al., 2015;
Seghedi and Helvaci, 2016) (Figure la ,b). Volcanic
rocks in the Kirka, Afyon and Isparta regions occur
to have more pronounced alkaline character compared
to Miocene high potassium volcanic units in Western
Anatolia (Francalanci et al., 2000; Innocenti et al.,
2005; Prelevi¢ et al., 2010, 2012). These volcanic
units developed in parallel with regional convergence
direction above the intersection between the Cyprus
and Hellenic subduction zones (Yagmurlu et al., 1997;
Savas¢mn and Oyman, 1998; Dilek and Altunkaynak,
2009). As a result, many studies attributed magmatic
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Figure 1- a) Simplified geologic map showing distribution of volcanic rocks outcropping along the Eskisehir-Afyon-Isparta line. Adapted from
the 1/500.000 scale MTA (2002) geologic map. b) Geologic map of the Iscehisar and Emirdag volcanic units.
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activity to the asthenospheric heat source owing
to mantle upwelling between these two subducted
plates (Yagmurlu et al., 1997; Savag¢cin and Oyman,
1998). Petrological studies, especially on ultrapotassic
volcanic rocks, indicate that these rocks probably
derived from a highly metasomatized mantle source
and the asthenospheric contribution increased with an
advancing slab tear (Aydar and Beyhan, 1995; Aydar
et al., 1998; Savascin and Giileg, 1990; Francalanci
et al., 1990, 2000; Innocenti et al., 2005; Akal, 2008;
Prelevi¢ et al., 2015; Erkiil et al., 2019).

There are many studies to decipher the magma
source characteristics of calc-alkaline, alkaline,
shoshonitic and ultrapotassic volcanism developing
along a N-S line extending from Eskisehir to Isparta
(Aydar et al., 1996, 2003; Savag¢in and Oyman, 1998;
Tonarini et al., 2005; Kumral et al., 2006; Coban and
Flower, 2006; Dilek and Altunkaynak, 2009; Dogan
Kiilahci et al., 2016; Prelevié et al., 2010, 2012, 2015).
However, the relationships between geodynamic
processes of slab roll-back and tear, and the magma
sources remain unknown for volcanic units extending
on a NW-SE line from north of Afyon to Emirdag
regions. Within the scope of this study, geology,
petrography, whole rock geochemistry and Sr-Nd
isotope geochemistry of the Emirdag and Iscehisar
volcanic units were investigated in an attempt to
contribute to understanding the geodynamic evolution
of the region.

2. Methods

A variety of analytical studies were performed
to-define the geological characteristics and
mineralogic-petrographic, geochemical and isotopic
composition of the Emirdag and iscehisar volcanic
units. Collection of fresh or, if possible, least weathered
samples was completed for petrographic identification,
characterising all facies and geochemistry of the
volcanic units. Samples taken from the Emirdag and
Iscehisar volcanic units were investigated in terms of
mineralogic composition and textural characteristics.
After petrographic investigations, selected samples
were broken to less than 0.4 cm size with the aid of
a jaw crusher, then ground to less than 200 mesh size
with a tungsten carbide vibrating mill. Whole-rock
major and trace element analyses were completed for
28 chosen samples in ACME Laboratories, Vancouver,
Canada. During major and trace element analyses, two

hundred milligrams rock power was mixed with 1.5 g
LiBO, fuser in a graphite bowl. Later the mixture
was heated at 1050°C for 15 minutes in an oven. The
melted samples were dissolved in 5% HNO, acid.
Correction calculations used international standards
and blank sample measurements. For major and some
trace elements (Ba, Nb, Ni, Sr, Sc, Y, Zr), solutions
were loaded into an ICP Emission Spectrometer
and measured (Jarrel Ash AtomComb 975). For
measurement of rare earth elements, solutions were
loaded into an ICP Mass Spectrometer and measured
(Perkin-Elmer Elan 6000). Sensitivity for major
elements was less than 2%, while it was better than
10% for trace elements.

Seven samples representing the volcanic units had
strontium and neodymium isotope analyses performed
in Middle East Technical University, Radiogenic
Isotope Laboratory. During measurement of Sr-Nd
isotope ratios, TLM-ARG-RIL-01 (Sr Isotope Ratio
Analysis Experiment Procedure) and TLM-ARG-
RIL-02 (Nd Isotope Ratio Analysis Experiment
Procedure) were applied. Details of these procedures
are given in Koksal and Gonciioglu (2008). Weighing,
chemical solution and chromatography procedures
were completed under clean laboratory conditions
to 100 cleaning standards with ultra-pure water and
chemicals. Approximately 80 mg of each rock powder
sample was weighed and transferred to PFA bottles.
Samples were left in 4 mL 52% HF for 4 days on a 160
°C heating table until fully dissolved. Samples dried on
the heating table were first dissolved in 4 mL 6 NHCI
for one day. Samples were later evaporated on the
heating table again and placed in 1 mL 2.5 NHCI and
prepared for chromatography. For strontium, Teflon
columns were separated using 2.5 NHCI acid at 2 mL
with Bio Rad AG50 W-X8 100-200 mesh resin. After
collecting strontium, 6 NHCI and rare earth element
fractions were collected. Strontium was loaded to
single Re filaments on Ta-activator and 0.005 NH,PO,
and measured in static mode.

%Sr/%Sr data were normalized to 86Sr/®Sr =
0.1194. During measurements, Sr NBA 987 standard
was measured as 0.710251+10 (n=2). Neodymium
was separated from the other rare earth elements using
0.22 NHCI acid in Teflon columns with 2 mL HDEHP
(bis-ethyexyl phosphate)-covered biobeads by passing
through Bio-Rad resin. The separated neodymium
was measured in static mode using the double-filament
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technique loaded on refilaments with 0.005 NH,PO,.
During analyses, '“Nd/'*Nd data were normalized
to "Nd/'"“Nd = 0.7219, while the Nd La Jolla
standard was measured as 0.511851£10 (n=2). No
bias correction was made for the measurement results
for strontium and Nd isotope ratios. Measurements
were completed with multiple collection using Triton
Thermal Ionisation Mass Spectrometer (Thermo-
Fisher). Analytic uncertainty was at 2 sigma level.
Results obtained for major, trace and isotope
geochemistry were evaluated using GCDkit software
(Janousek et al., 2006).

3. Geology

Lithostratigraphic units around the Emirdag and
Iscehisar areas comprise, from oldest to youngest,
basement rocks of the Palaeozoic metamorphic
rocks and Afyon Zone, Miocene volcanic units and
lacustrine/fluvial sedimentary deposits. The Afyon
Zone around Iscehisar and Emirdag was formerly
named the Afyon Metamorphics, consisting of
Palacozoic low-grade metamorphic rocks of phyllite,
mica schist and quartzite with marble successions and
Mesozoic carbonate and chert sequences (Metin et al.,
1987).

Fluvial and lacustrine sedimentary rocks are
located southwest and southeast of Iscehisar and west
and southwest of Emirdag (Metin et al., 1987). The
sequence covers metamorphic basement with basal
conglomerate and continues upward into volcaniclastic
rocks with clay and marl intercalations and ends with
lacustrine limestone on top of the succession.

Thick pyroclastic deposits around Emirdag and
Iscehisar were named the Seydiler tuff/agglomerate
(Metin et al., 1987) and Seydiler Ignimbrite (Aydar
et al., 1998) in previous studies, comprising nearly
200-250-metres thick pyroclastic layers dominated by
ignimbrites, occasionally intercalated with epiclastic
sediments passing laterally into lacustrine and fluvial
sediments in distal sections. Trachydacite, trachyte and
basaltic trachyandesites occurred on stratigraphically
upper levels of the pyroclastic rocks around Iscehisar
and Emirdag areas. Two samples from the Iscehisar
volcanic unit were dated 15.37 and 16.08 Ma using
the “Ar/*Ar method (Prelevi¢ et al., 2012). These
ages are comparable to “*Ar/*Ar ages of the Emirdag
volcanic unit (16.5 My, unpublished). The volcanic
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rocks occurring as domes, dykes and massive lava
flows were named as the Emirdag volcanic unit and
Iscehisar volcanic unit in this study.

The Emirdag volcanic unit is represented by
domes, dykes and lava flows. Domes and lava flows
overlap intercalations of ignimbrites, block and ash
flow and debris flow deposits (Figure 2 a-c). Domes
and lava flows contain large sanidine phenocrysts with
lengths reaching up to 4 cm (Figure 2d). Dykes are
lithologically similar to lava flows and domes, strike
NW-SE in direction and their thickness reaches up to
2 metres.

Around Iscehisar, lava flows are relatively more
common than domes (Figure 2e). Lava flows occur
above ignimbrites that are locally overlain by thin and
cross-bedded fluvial sediments, suggesting a short
time gap after deposition (Figure 2f). Massive lava
flows are recognised by blackish, pinkish, dark grey
colours, occasional weathering, breccia structure, flow
bands and abundant vesicles. Their thickness reaches
up to 50 metres.

4. Mineralogy-Petrography

The Emirdag volcanic unitis mainly trachyandesite,
trachyte and trachydacite in composition but
trachydacites also Trachyandesites are
distinguished by the abundance of amphibole and
biotite phenocrysts, while trachytes contain large
sanidine crystals. Trachydacites are recognised by
quartz phenocrysts in hand specimen. All rocks have
hyalopilitic and occasional microlitic flow texture
and consist of quartz, plagioclase, sanidine, biotite,
augite, kaersutite, hornblende and apatite minerals.
Large quartz phenocrysts are anhedral and display
embayments, representing renewed reactions with
magma. Biotites contain plagioclase and groundmass
inclusions. Reddish-brownish kaersutite crystals are
euhedral, opacified along their rims and are commonly
embayed. Zoned plagioclase phenocrysts and melt
inclusions in olivine, pyroxene and biotite are
suggestive of magma mixing processes (Figure 3a-h).

occur.

The Iscehisar volcanic unit is formed by
contrasting mineral assemblages owing to varying
compositions of lavas. Basaltic trachyandesites that
consist of plagioclase, olivine, augite, kaersutite and
biotite phenocrysts are defined by hyalopilitic and
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Figure 2- a) Trachydacites (tl) above ignimbrites and block and ash flow deposits near Emirdag (31.148°/38.926°), b) trachydacite
dome and dyke system emplaced by cutting Triassic recrystallized limestones south of Tezkdy. Abbreviations; dc: dome and
dyke complex, Tr-Ist: Triassic limestones (31.154°/ 38.922°), ¢) contact between lithic-rich (ig-a) and lower lithic-poor (ig-b)
pyroclastic flow deposits within Emirdag volcanic unit and oxidized (ox) zone suggesting hot emplacement of the overlying
ignimbrites (31.116°/38.915°), d) large sanidine crystals observed in a pink-coloured matrix in trachydacites of the Emirdag
volcanic unit. Length of sanidines reach up to 4 cm (31.104°/38.901°), e) columnar-jointed trachydacites conformably above
light-coloured diffusely stratified ignimbrites (ig) (30.780°/38.951°) and f) basaltic trachyandesites of the Iscehisar volcanic unit
(iv) above ignimbrites (ig) and thin-bedded fluvial sediments (fl) in Iscehisar area (30.752°/38.860°).

occasional trachytic texture. Olivine phenocrysts
display common iddingsitization, carbonatization and
opacification. Clinopyroxene phenocrysts, locally
occurring as cumulates, are more common compared
to orthopyroxene. Pyroxenes with polysynthetic

twinning have embayed margins, indicating
interaction with magma. Trachytes comprise
plagioclase, olivine, biotite, augite and kaersutite
phenocrysts and microlites. They have typical
trachytic texture and occasional radial microlite
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Figure 3- a) Embayed quartz phenocrysts within trachydacites of the Emirdag volcanic unit, b) zoned plagioclase phenocrysts
within trachydacites of the Emirdag volcanic unit, suggesting the presence of magma mixing processes, ¢) enclosed
plagioclase crystals and matrix in biotite (bio) phenocrysts having opaque rim observed in trachydacites of the Emirdag
volcanic unit, d) a reddish, embayed kaersutite phenocryst with opacified rims in trachydacites of the Emirdag volcanic
unit, ) iddingsitzed and opacified subhedral olivine (ol) phenocrysts within basaltic trachyandesites of the Iscehisar
volcanic unit, f) Clinopyroxene (prx) cumulates in basaltic trachyandesites of the Iscehisar volcanic unit, g) Olivine
cumulates in basaltic trachyandesites of the Iscehisar volcanic unit and h) Embayed pyroxene phenocrysts in trachytes
of the Iscehisar volcanic unit.

172



Bull. Min. Res. Exp. (2020) 163: 167-185

growths are observed. Ferromagnesian minerals of
biotite, augite and kaersutite are largely altered to
opaque phases and olivine phenoscrysts are almost
completely iddingsitized. Basaltic trachyandesites
have almost the same mineralogical composition as
trachytes whilst they may be texturally contrasting.
Trachyandesites commonly exhibit hyalopitic texture.
Minor amount of olivine phenocrysts is almost
completely iddingsitized. Kaersutites are in the form
of laths and are altered to opaque phases. Augites
contain common matrix inclusions. Trachydacites
comprise plagioclase, augite, kaersutite, biotite and
hornblende phenocrysts. Plagioclase crystals are in the
form of long thin laths shaped. Kaersutite and augite
phenocrysts are largely altered to opaque phases. In
the lava flows of the Iscehisar volcanic unit, matrix
inclusions within pyroxene and olivine phenocrysts
indicate the effects of magma mixing processes.

5. Geochemistry

After petrographic studies, major and trace
element analyses of 27 fresh whole-rock samples
have been performed in order to, classify and define
petrogenetic features of the volcanic rocks exposed
in the Emirdag and Iscehisar regions. Analytical
results are given in table 1. Attempts were made to
determine the geochemical characteristics of early-
middle Miocene volcanism using classification and
tectono-magmatic diagrams. On
the total alkali-silica diagram (Figure 4a), samples
of the Iscehisar volcanic unit fall in the basaltic
trachyandesite, trachyte and trachydacite fields, while
samples from the Emirdag volcanic unit fall in the
trachyandesite and trachyte-tachydacite transition.
According to the alkaline-subalkaline differentiation
diagram of Le Bas et al. (1986), the Iscehisar volcanic
unit is alkaline, while trachydacites from the Emirdag
volcanic unit are subalkaline in character. According
to Peccerillo and Taylor’s (1976) K,O versus SiO,
diagram, the Iscehisar and Emirdag volcanic units
have shoshonitic character (Figure 4b). Mg# values
vary from 46 to 75 for the Iscehisar volcanic unit and
from 26 to 57 for the Emirdag volcanic unit. Volcanic
rocks with MgO>3, K 0>3, K ,0O/Na,0>2 and
(K,0+Na,0)/AL,0>1 were defined as ultrapotassic
by Foley et al. (1987). Samples from the Iscehisar
and Emirdag volcanic units were assessed according
to the criteria recommended by Foley et al. (1987).

discrimination

Samples from the Emirdag volcanic unit have K O
and MgO contents varying from 4.37 to 6.09 wt.% and
0.71 to 3.90 wt.%, while samples from the Iscehisar
volcanic unit have 4.34-8.61wt.% and 3.28-9.44 wt.%
for the same elements (Table 1). K,O/Na,O ratio for
the Emirdag volcanic samples is 1.34-2.30, while it
varies between 1.61 and 5.38 in the Iscehisar volcanic
samples. (K,0+Na,O)/AL,O ratio is 0.48-0.61 for
the Emirdag volcanic samples and 0.46-0.88 for the
Iscehisar volcanic samples. The abovementioned
element contents and ratios show that samples from
the Emirdag and Iscehisar volcanic units cannot be
classified as ultrapotassic.

The Iscehisar volcanic unit differs from the Emirdag
volcanic unit with high SiO,, Fe,O,, TiO,, MgO, K,O,
and P,O, and low CaO and Na,O values. The major
and trace element contents of the Iscehisar volcanic
unit have great similarities to the geochemistry of
lamprophyres described in Afyon and surroundings
(Aydar et al., 2003; Dedeoglu and Yilmaz, 2016) and
on Kos (Soder, 2017). On the variation diagrams,
Fe,0,, CaO, MgO, TiO,, P,O,, Rb, Th, U, and Nb
increase with increasing SiO, content, while ALO,,
Zr and V contents decrease. Na,O is low in trachytes
of the Iscehisar volcanic unit, while is high in other
volcanic rocks. K,O is high in the Iscehisar volcanic
unit and is low in the Emirdag volcanic unit (Figure

Sa-l).

Primitive mantle normalized multi-element spider
diagrams (Sun and McDonough, 1989) are given in
figure 6. The Emirdag and Iscehisar volcanic samples
appear to be depleted in Nb, Pb and Ti. Basaltic
trachyandesites of the Iscehisar volcanic unit are
enriched in U, K and Zr, while trachytes are enriched in
K and Zr. The Emirdag volcanic unit is enriched in Cs,
U and Nd (Figure 6a). Chondrite-normalized rare earth
element spider diagrams (Boynton, 1984) are shown
in figure 6b. All samples show depletion from light
rare earth elements to heavy rare earth elements. Light
rare earth elements have 200-500 times enrichment,
while enrichment in heavy rare earth elements is from
7 to 15 times relative to Chondrite.

6. Sr-Nd Isotope Ratios

8S1/%Sr isotope ratios of the Emirdag volcanic
unit vary from 0.706790 to 0.706284, while
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Figure 4- a) Total alkali-SiO, variation diagram (Le Bas et al., 1986) showing sample plots belonging to the iscehisar and Emirdag
volcanic units. Alkaline-subalkaline differentiation line taken from Irvine and Baragar (1971). b) Distribution of samples
on K,0-SiO, diagram (Peccerillo and Taylor, 1976).
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Figure 6- a) Spider diagrams normalized to primitive mantle (Sun and McDonough, 1989) and
b) chondrite for samples from the iscehisar and Emirdag volcanic units (Boynton,

1984).

Nd/'"**Nd isotope ratios is between 0.512472 and
0.512463. The same isotope ratios of the Iscehisar
volcanic unit are 0.707650-0.706527 and 0.512464-
0.512424, respectively (Table 2) (Figure 7). The Sr
and Nd isotope ratios for samples from the Emirdag
and Iscehisar volcanic units are similar to the Sr-Nd
isotope ratios of high-K and ultrapotassic volcanic
rocks from Afyon and surroundings (Innocenti et al.,
2005; Dilek and Altunkaynak, 2010; Chakrabarti et
al.,2012; Prelevi¢ et al., 2012, 2015). When compared
with silica-saturated and undersaturated volcanic

rocks of the Afyon volcanic complex, (Prelevi¢ et al.,
2015), the Emirdag and iscehisar volcanic units have
overlapping ¥’Sr/*Sr and '"*Nd/"**Nd ratios.

7. Magma Source and Evolution Processes

The Emirdag volcanic unit display a compositional

variation from trachyandesite to trachydacite,
the majority of the samples are trachydacite in

composition. Most samples are calc-alkaline and
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Table 2- Sr-Nd isotope ratios for bulk rock samples from the Emirdag and Iscehisar volcanic units.

. Rb Nd P Std. L3N 144 Std.
Sample Unit Rock type (ppm) Sr (ppm) (ppm) Sr/%Sr error Nd/'"*Nd error
ES-16 Trachydacite 2279 1148.6 80.3 0.706790 9 0.512463 2
ES-23 Emirdag o hydacite 231.0 | 12566 | 59.7 | 0.706284 6 0.512466 3
volcanic unit
ES-31 Trachydacite 2142 1203.1 68.0 0.706342 6 0.512472 3
ES-41 Trachydacite 218.0 902.7 55.2 0.707650 7 0.512424 3
ES-9 iscehisar Trachyte 2583 1479.8 1443 0.706881 5 0.512454 3
ES-6 volcanic unit | Basaltic Trachyandesite | 158.5 | 1061.2 | 623 | 0.707514 5 0.512449 2
ES-10 Basaltic Trachyandesite | 129.6 941.4 46.5 0.706527 5 0.512464 4
T 1 1 T I 1 1 1 1
. MORB © Iscehisar volcanic unit = ultrapotassic rocks i
® Emirdag volcanic unit @ high-K rocks
B $,= ]
B :"1;\‘ Denizli o I\V/\{_estem Anlatolliﬁ li'grly-l\/llidd!e o
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Sr/%°Sr
Figure 7- ¥’Sr/*Sr versus '*Nd/'"“Nd isotope diagram for the Iscehisar and Emirdag volcanic units. Comparisons
with other rocks outcropping in western Anatolia included on the diagram. Isotope ratios were taken from
Aldanmaz et al. (2000), Akal (2008), Alic1 et al. (1998, 2002) Chakrabarti et al. (2012), Coban et al. (2012),
Dilek and Altunkaynak (2010), Giileg (1991), Innocenti et al. (2005), Karaoglu et al. (2010) and Prelevi¢ et
al. (2012). MORB: mid-ocean ridge basalt, BSE: bulk silicate earth, EMI: enriched mantle I, EMII: enriched
mantle II.
lesser amount of samples are alkaline in character. In Somewhat variable mineralogical and

terms of the K O content of volcanic rocks, they have
high-K calc-alkaline and shoshonitic character. The
Iscehisar volcanic unit have variable compositions
from basaltic trachyandesite through trachyte and
trachydacite. The Iscehisar samples have alkaline
and shoshonitic character and display geochemically
different trends with respect to the Emirdag volcanic
samples. Primitive mantle and Chondrite normalized
spider diagrams show that the Iscehisar and Emirdag
volcanic units have variable degrees of enrichment
and/or depletion in some elements.
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geochemical features, varying from basic to acidic
members, of the Iscehisar and Emirdag volcanic units
indicate that these units have experienced fractional
crystallisation and contamination (Figure 8). La/
Sm increases with Th/Nb in the Emirdag volcanic
unit, while significant correlation in these ratios is
absent in the Iscehisar volcanic unit. Increasing Th/
Nb in the Emirdag volcanic unit indicates the role of
crustal contamination or magma mixing processes.
On the other hand, increasing La/Sm with almost
constant Th/Nb imply the prominent role of fractional
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Figure 8- Variations diagrams for a) Th/Nb against La/Sm, (b) La/Nb against SiO, and ¢) Th/Yb against Ta/Yb.

crystallisation or different degrees of partial melting
processes, leading to the transition from basaltic
trachyandesite to trachydacite compositions in the
Iscehisar volcanic unit. The positive trend on the
La/Nb versus SiO, variation diagram shows that the
Emirdag and Iscehisar volcanic units were affected by
fractional crystallization and fractional crystallisation-
their
Plagioclase and matrix inclusions within biotites,

crustal contamination during formation.
and zoned and spongy cellular texture plagioclase
phenocrysts in the Emirdag lava samples and matrix
inclusions in pyroxene and olivine phenocrysts in the
Iscehisar lava samples indicate the presence of magma
mixing processes. Clinopyroxene needles mantled by
quartz phenocrysts in the lava samples of the Iscehisar
volcanic unit can be interpreted as a marker for magma

mixing processes (Dedeoglu and Yilmaz, 2016).

When all data are evaluated together, contribution
of mantle and crustal sources at varying degrees
occurred during formation of the Emirdag and
Iscehisar volcanic units. All volcanic units have
low to moderate *’Sr/**Sr, Nb/U and Ce/Pb, and
relatively high '“Nd/"“Nd ratios. Enrichment of
large-ion lithophile elements in subduction-related
volcanic rocks is expected in addition to enrichment
of Pb. However, the Emirdag and Iscehisar volcanic
units do not appear to have enriched in Pb content
identical to subduction setting, and even depletion
of Pb in some samples is observed on multi-element
spider diagrams. Although a negative Pb anomaly
indicates asthenospheric mantle source, the behaviour
of elements in the volcanic units support addition of
subduction-related metasomatic solutions infiltrated
into an enriched mantle source. The higher Mg# values
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in the Iscehisar volcanic unit compared to the Emirdag
volcanic unit indicates more mantle input during the
formation of Iscehisar volcanic unit. The increasing
Th/Yb ratios indicate progressively metasomatized
mantle source by subduction-related solutions. The
higher Th/Nb ratios in the Iscehisar volcanic unit
compared to the Emirdag volcanic unit imply that the
subduction-related contribution occurred at higher
rates during its formation.

8. Tectono-Magmatic Evolution

Geodynamic models involving orogenic collapse
and associated lithospheric delamination (Aldanmaz
et al., 2000; Dilek and Altunkaynak, 2009), slab roll-
back resulting in mantle upwelling, and subducted
lithospheric thinning and subsequent slab tearing have
been proposed for the geodynamic environment that
controlled Anatolian magmatism since Late Oligocene.
As partial melting of the mantle wedge showing
advanced degree of metasomatism due to infiltration
of solutions and melts derived from the rolled-back
slab causes development of K-rich magma (Lustrino
et al., 2011 and references therein). Slab tear causes
upwelling of juvenile, sub-slab asthenospheric mantle
(Gasparon et al., 2009; Miller and Lee, 2008; Russo et
al., 2010). The upwelled asthenospheric mantle may
be partially melted itself, or may cause partial melting
of the lithospheric mantle and lower crust owing to
the induced high heat flow. In this scenario, nature
of magmatism passes from high-K calc-alkaline to
Na-rich alkaline in the advanced stages of slab tear
(Doglioni et al., 2002; Tokgaer et al., 2005).

Early-middle Miocene magmatic belts in western
Anatolia are represented by calc-alkaline, shoshonitic
and ultrapotassic rocks with different compositions.
Miocene magmatic rocks are locally observed as
volcanic assemblages represented by the association
of coeval calc-alkaline and mildly alkaline rocks. The
distribution of these rocks is typically restricted to the
Neogene basins, suggested to have developed under
the NE-SW-directed extensional regime (Erkiil et al.,
20054, b; Altunkaynak et al., 2010; Ersoy et al., 2008).
During the early-middle Miocene, calc-alkaline
volcanism in western Anatolia were resulted from the
interaction between lower crust and metasomatized
lithospheric mantle-derived magmas. These processes
inferred to have been active since 12.2 Ma (Erkiil et
al., 2013). After the volcanic quiescence until 8.5 Ma,
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alkaline volcanism with geochemical signatures of
asthenospheric contribution around Denizli, Selendi
and Kula became active and this activity continued to
the present day (Alici et al., 2002; Ersoy et al., 2011;
Innocenti et al., 2005; Yilmaz, 2010).

Calc-alkaline, shoshonitic and ultrapotassic rock
assemblages occurred during 20 to 16 Ma are exposed
around Eskigehir, Afyon and Isparta. Calc-alkaline
volcanic rocks crop out in a NW-SE-trending belt
from Eskisehir towards Emirdag (Figure 9a). Along
this belt, widespread calc-alkaline pyroclastic deposits
are accompanied by alkali trachydacites, trachytes,
basaltic trachyandesites, lamprophyres and lamproites.
Allvolcanic rocks to the south of Emirdag and Iscehisar
have alkaline character. Lamproites emplaced after 12
Ma display geochemical evidences of asthenospheric
input (Prelevi¢ et al., 2015) and this contribution in
volcanic units increased in Senirkent, Isparta and
Bucak (Coban and Flower, 2006) towards south (Dilek
and Altunkaynak, 2010; Elitok, 2019). The Emirdag
and Iscehisar volcanic units can be accounted for the
final products of orogenic volcanism developed within
this belt. Calc-alkaline volcanism in western Anatolia
is considered to have developed under the NE-SW
oriented extensional regime since early Miocene. The
extensional regime in western Anatolia was widely
accepted to have occurred in response to roll-back
of the subducting African oceanic lithosphere (Brun
and Sokoutis, 2010; Gessner et al., 2013; Jolivet et
al., 2013). Middle Miocene shoshonitic volcanism
derived from lithospheric mantle and crustal sources
around Emirdag and Iscehisar regions along with the
roll-back of the subducting oceanic slab. The roll-
back of the subducting slab triggered the upwelling
of the asthenosphere as a heat source in the overlying
mantle wedge, causing elevation and expansion in the
crust. The rise of the asthenosphere during subduction
processes might have caused partial melting of the
metasomatized mantle wedge. The upwelling of
asthenosphere also caused partial melting of the
lower crust (Figure 9b). Coeval lithospheric mantle
and crustal derived magmas may have mixed with
each other at different rates (Figure 9¢). Continental
crust-derived melts at the initial stage were emplaced
in the upper crust and are inferred to have formed
the widespread Seydiler Ignimbrite associated with a
caldera system. In advancing stages, the lithospheric
mantle and lower -crust-derived magmas might
have mixed with each other. When compared to the
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Figure 9- a) Map showing distribution of Miocene volcanic complexes outcropping between Afyon-Eskisehir (areas bounded by dashed lines).
Yagcikdy volcanic complex comprises alkaline rocks located west of the Afyon volcanic complex and is outside the N-S striking
emplacement axis (Erkiil et al., 2019). Thin blue lines represent contours showing depth of the upper surface of the subducted
lithosphere slab (depth in km). Thick blue line is equivalent to the projection on the surface of the edge of the torn slice. Data were
taken from Biryol et al. (2011). CA: calc-alkaline, A: alkaline, UP: ultrapotassic volcanic rock assemblages. b) Schematic section
showing location of the magma chamber forming the Emirdag, Iscehisar and Afyon volcanic units. c¢) Schematic section showing

mixing of magmas in the lithospheric mantle and lower crust, fractionation and contamination by the upper crust.

Iscehisar volcanic unit, crustal contribution to the
Emirdag volcanic unit is greater and the Iscehisar
volcanic unit appear to have greater contribution
from metasomatized lithospheric mantle under the
extensional regime. This extensional regime occurred
immediately before tearing of the subducting oceanic
slab. Oceanic slab tearing event is represented by
voluminous alkaline volcanic rocks within the Afyon
volcanic complex.

9. Conclusions

(1) Coeval calc-alkaline and alkaline volcanism
occurs in the around Emirdag and Iscehisar areas.
Calc-alkaline volcanism has dominantly trachydacite
composition in Emirdag and surroundings. Alkaline
volcanism begins with basaltic trachyandesite and
ends with trachydacite in Iscehisar and surroundings.

(2) Geochemical data show that the Emirdag
and Iscehisar volcanic units were affected by crustal
contamination, fractional crystallisation and magma

mixing processes. The magma mixing processes and
crustal contamination was greater in the Emirdag
volcanic unit compared to the Iscehisar volcanic unit.

(3) The extensional regime that has been active
in the middle Miocene might have been caused by
upwelling of the lithospheric mantle metasomatized
during pre-Miocene former subduction events.
Interaction of mantle- and crust-derived magmas at
transition from slab roll-back to tearing stages resulted
in a shift in geochemical character of the volcanism
from calc-alkaline to alkaline character. The Emirdag
and Iscehisar volcanic units are inferred to represent
the transitional volcanism between two geodynamic

episodes.
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