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A large volcanic area (~7600 km?), the Galatean Volcanic Province (GVP), developed in northwest Central
Anatolia during the Miocene along the Neo-Tethys Ocean suture zone possibly by post-collisional pro-
cesses. The GVP mainly comprises 20-14 My old acid to intermediate volcanites with a geochemical sig-
nature indicating a mantle source modified by earlier (Late Cretaceous) subduction-related events.
100 km south of the GVP, near Polatli, Ankara, basaltic rocks that cover large areas are intercalated with
the Miocene deposits of the Beypazari basin, an intra-continental subsidence zone at the southwest of the
GVP. Field observations, geochemistry and K-Ar age dating of the Polatli volcanites show that they are
Early (19.9 Ma) to mid (14.1 Ma) Miocene in age, covering an area as large as 215 km?. Variations in lava
thickness and the thickness of the underlying silicified/baked zones suggest that the basaltic lavas
erupted from a southern source, possibly from the Eskisehir fault zone, and flowed northwards. Most
Polatli samples have chemical compositions that indicate derivation from a mantle source with crustal
contamination during ascent. They do not display any characteristic to suggest a subductional compo-
nent. Although the GVP and Polatli lavas formed close in time and space, they were derived from different
mantle sources. Considering the positions of these two magmatic regions with regard to the Tethyan
suture zone, we propose that the mantle beneath the GVP and near the suture zone memorised the earlier
subduction while the mantle beneath Polatl that is located about 100 km further from the suture zone
remained apparently unchanged. After a significant volume of magma was consumed in the GVP, a later
(~10 My) and last activity (Glivem activity) has produced quantitatively much less basaltic rocks where
this subductional signature seems to completely disappear. Considering that the western Anatolian crust
is proposed to undergo extension since the Late Oligocene-Early Miocene times, the Early Miocene intra-
plate Polatl activity may have developed within this extensional tectonic regime. Combined with regio-
nal data, Polatli data also provide broad estimations on how long a subductional event continues to mod-
ify the mantle after the subduction ceased (at least ~20 My), how long the subductional signature is
preserved during significant magmatism (between 6 and 10 My) and how far the subductional effect dis-
appears laterally on the mantle with respect to the collision zone (<100 km).

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

data from Anatolian volcanic districts to discuss the origin, age,
and tectonic settings of the volcanic rocks erupted during this per-

In Anatolia, the latest major tectonic events began with the col-
lision between the Eurasian, African and Arabian plates during
Middle-Late Miocene times (Sengér and Kidd, 1979; Sengoér,
1980; Sengor et al., 1985). The collision resulted in the lateral
extrusion of the Anatolian lithospheric block, escaping from the
convergence zone in the east, towards the west where it overrides
the subducting African oceanic plate. Widespread volcanism has
accompanied this period and numerous workers have produced

* Corresponding author. Fax: +90 312 299 20 34.
E-mail address: atemel@hacettepe.edu.tr (A. Temel).

1367-9120/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jseaes.2009.12.017

iod (Innocenti et al., 1982; Tokel, 1984; Tokel et al., 1988; Giilen,
1990; Pearce et al., 1990; Savascin, 1990; Savascin and Giileg,
1990; Yilmaz, 1990; Giileg, 1991; Keller et al., 1992; Notsu et al.,
1995; Wilson et al., 1997; Alic et al., 1998, 2001; Buket and Temel,
1998; Tankut et al., 1998; Temel et al., 1998a,b; Temel, 2001; Varol
et al., 2007). In this study, we report new data on field observa-
tions, geochemistry and K-Ar ages of basaltic rocks from Central
Anatolia, particularly those outcropping near the Galatean Volcanic
Province (GVP) (Fig. 1). The GVP corresponds to the Miocene part of
a Tertiary magmatic belt developed at the boundary of the Anato-
lian block as a result of the subduction of the Neo-Tethys Ocean
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Fig. 1. Generalized geological sketch map of Polatli (SW Ankara) region (modified from Erol, 1955). Insert map shows the main Anatolian Neogene volcanic rock outcrops and
the position of the study area in Turkey.

(Kogyigit et al., 1995, 2003). Most of the GVP units are of Early Mio- derived from mantle sources modified by subductional processes
cene age (Keller et al., 1992; Toprak and Tiirkecan, 1998; Varol (Wilson et al., 1997). The GVP rocks are occasionally intercalated
et al.,, 2008) with acid to intermediate composition volcanic rocks with the Miocene intra-continental sediments of the Beypazari ba-
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sin that surrounds the GVP to the west (inci, 1991). About 100 km
south of this province, near the Polatl town at the west of Ankara,
the Miocene deposits are alternated with basaltic rocks of poorly
known geochemical characteristics (Yurtyeri, 1989) and radiomet-
ric ages. In this paper, we report new data on field, geochemical
and radiometric age characteristics of these basaltic rocks. Using
this information, we discuss the origin, age, spreading center loca-
tion and tectonic environment in which these rocks erupted. The
geochemistry of these volcanic rocks suggests a magma source dif-
ferent from those of the northern GVP volcanites. Comparing these
two magmatic domains similar in time and space, we also discuss
the geotectonic environments in which they have formed and
evolved.

2. Geological setting

Geological features of the study area are shown in Fig. 1. The
area comprises Mesozoic-Tertiary basement rocks and Miocene
volcano-sedimentary rocks of the Beypazari basin and the Galatean
Volcanic Province (GVP).

The basement is composed of sedimentary rocks deposited dur-
ing the Jurassic-Cretaceous and Eocene times (Unalan et al., 1976;
Hakyemez et al., 1986). Volcanic material is found within Eocene
sediments. The Eocene age of the earlier volcanic activity is con-
firmed by previous studies (e.g. Seyitoglu and Biiyiikdnal, 1995).
Our radiometric age determinations indicate that the ages of the
Polath alkaline basaltic rocks are in 14-20 Ma (Table 1). There
are, however, older volcano-sedimentary units within the GVP
(Campanian volcanites reported by Kogyigit et al. (2003)).

The Lower-Middle Miocene Beypazari basin deposits are detrit-
ic and carbonate rocks with coal-bearing siltstones that represent
alluvial fan, river and lacustrine sediments (Siyako, 1984; Inci
et al., 1988). The Late Miocene (?) is represented by lake deposits
including gypsum, gypsiferous marl, tuffite, pebblestone, sand-
stone and mudstones (Hakyemez et al., 1986; Inci, 1991).

The Polatli basaltic lavas are found intercalated with the Early-
Middle Miocene deposits of the Beypazari basin. The maximum
thickness the basaltic lavas reach is about 80 m (Yurtyeri, 1989),
at the south of the study area (Fig. 1) whereas the sedimentary col-
umn has a maximum thickness of ~170 m (our field data). Based
on geologic maps and field observations, we estimate the lavas to
cover a surface of about 215 km? with a volume less than 2 km?>.
Rocks samples for geochemical analyses and age determinations
are collected from their outcrops near Ucpinar (Fig. 1).

3. Analytical techniques

K-Ar dating was performed on whole-rock samples at Brest
University, France. After crushing and sieving, the rock fraction of
0.30-0.15 mm size was cleaned with distilled water and retained
for analytical purposes: (i) one aliquot was powdered for K analysis
by atomic absorption after HF chemical attack, and (ii) 0.5-
0.15 mm grains were used for argon isotopic analysis. Argon was
extracted under high vacuum by induction heating of a molybde-
num crucible containing the sample grains. Gases were cleaned
on two titanium sponge furnaces and finally purified by using
two Al-Zr SAES getters. The isotopic dilution method was applied

Table 1
K/Ar age results of Polatli volcanic rocks.

using a 3#Ar spike buried as ions in aluminium targets along the
original procedure described by Bellon et al. (1981). Isotopic com-
position of argon and concentration of radiogenic “°Ar were deter-
mined using a 180°-geometry stainless steel mass spectrometer
with a 642 Keithley amplifier.

Ages are listed with their respective characteristic parameters
in Table 1 and are calculated using the constants recommended
by Steiger and Jdger (1977) and errors at +1 sigma level are calcu-
lated following the equation of Mahood and Drake (1982).

Mineral compositions of the Polatli samples were determined
using an automatic wavelength-dispersive Cameca-SX 100 elec-
tron microprobe at Blaise Pascal University, Department of Geol-
ogy, Clermont-Ferrand, France. Counting times for individual
elements and sample currents were 10s and 10-12 nA, respec-
tively. The chemical analyses of minerals are available from the
corresponding author on request.

Whole-rock major-element compositions were determined on
fused discs, and trace elements on pressed powder pellets, using
a PW1480 Philips XRF spectrometer in the Department of Geolog-
ical Engineering, Hacettepe University of Ankara, Turkey. Sample
preparation for major and trace elements have been described in
Alict et al. (1998).

Trace and rare earth element analyses of whole-rock samples
were determined by solution ICP-MS at the Universite Blaise
Pascal University, Clermont-Ferrand, France on a VG elemental
PQ2 instrument. The analytical technique largely followed by lo-
nov et al. (1992) and Ionov and Harmer (2002). 100 mg of
whole-rock powdered samples were dissolved in HF-HNO;-
HCIO,4 mixture, evaporated to incipient dryness, then evaporated
twice at about 140 °C with 0.25 ml of HCIO,4 to destroy insoluble
fluorides. The dry sample was taken up for analysis in 2% HNO3
with a small amount of HCI. Attempts to use pure 2% HNOs for
sample take-up failed because of formation of dark precipitates
from an initially clear solution, but the addition of several drops
of HCl produced clear, stable solutions, possibly due to cation
complexing with CI~. Composite synthetic pure element solu-
tions were used as external standards In an Bi were added to
both sample and external standard solutions as internal stan-
dards. BHVO-1 reference sample was analysed as an unknown
for quality control.

For isotopic analyses, sample powders (~150 mg) were washed
in cold 2 N HCl for 24 h prior to dissolution in HF. Sr and Nd were
sequentially separated using standard ion-exchange techniques at
Blaise Pascal University, Clermont-Ferrand, France. Mass-spectro-
metric analyses were done at the same university using a VG 54E
mass spectrometer in the double collection mode. Sr-isotopic ra-
tios were normalized to 86Sr/®8Sr: 0.1194 and Nd-isotopic ratios
were normalized to '*6Nd/'**Nd: 0.7219.

4. Mineralogy

The Polatl basaltic rocks are porphyritic, with variable amounts
of plagioclase, clinopyroxene, olivine and oxide phenocrysts
(Fig. 2). The groundmass shows microlitic texture and is composed
of plagioclase, clinopyroxene and olivine microlites.

A summary of the representative composition of minerals from
Polatl lavas presented in Table 2.

Sample no. Age (My) K0 (wt.%) Weight (g) OAr/g (1077 cm?) 4OAr* (%) 36Ar exp (107° cm?) Analysis number
P-24 199+1.0 1.49 0.4159 9.59 222 4.74 5410
P-41 141103 235 0.5099 10.74 59.0 1.29 5413
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Fig. 2. Microphotographs of representative samples from Polatli volcanic rocks (olv: olivine; cpx: clinopyroxene; pl: plagioclase).

Table 2
General mineral composition for the selected samples from Polatli volcanic rocks.
Phenocrysts Microlites
Plagioclase
An 35-73 33-69
Clinopyroxene
Wo 41-50 46-48
En 35-50 38-43
Fs 8-17 10-15
Olivine
Fo 59-88
Ti-Manyetit
wt.%
FeO(t) 63-71
TiO, 23-28

Abbreviations: An: anorthite; Wo: wollastonite; En: enstatite; Fs: ferrosillite; Fo:
forsterite.

Plagioclase occurs as clear euhedral phenocrysts and microlites
which are generally zoned and twinned. Plagioclase composition of
phenocrysts and microlites range from andesine Anss to bytownite
Any3 and andesine Anss to labradorite Angg, respectively (Table 3).
Some of the plagioclase phenocrysts exhibit patterns of reverse
zoning with calcic rims and more sodic cores.

Clinopyroxenes are Mg-rich (En35-50) and are represented by
diopside and augite, according to nomenclature proposed by Mor-
imoto (1988). Most of the phenocrysts are reversely zoned (Fe-
depletion and Ca, Mg-enrichment toward their rims) (Table 4).

Olivine is well represented by rounded grains. The Fo composi-
tion of olivine crystals ranges from Fosg to Fogg (Table 5). Most of
the olivine phenocrysts are normally zoned (Mg depletion toward
their rims). Reversely zoned olivine phenocrysts are also observed.

Oxides occur as subhedral crystals and they are titanomagnetite
in composition (Table 6).

Zoning are common for plagioclase and clinopyroxene pheno-
crysts, and suggesting that these may not be in equilibrium with
the melt.

5. Geochemistry
5.1. Major-oxide geochemistry

Major-oxides, trace, and rare earth element and Sr-Nd isotopic
compositions of representative samples from Polatl region are
listed in Tables 7. All major-oxides have been normalized to
100% on an anhydrous basis. Data are plotted on the total alkali
vs. silica diagram (Le Bas et al., 1986) with subalkaline-alkaline
dividing line of Miyashiro (1978) for the purpose of classification
(Fig. 3). According to these diagrams, all the samples exhibit an
alkaline trend. They range in composition from basalt, trachybasalt
to basaltic trachyandesite.

Plots of SiO, vs. selected major-oxides are shown in Fig. 3.
Increasing SiO, is correlated with decreasing of MgO, CaO, TiO,
and increasing K,0. These variations may correspond to those ex-
pected from fractional crystallization process, even though plots
are scattered. For instance, MgO, CaO and TiO, decrease regularly
with increasing silica contents, which is qualitatively consistent
with the predominance of olivine, clinopyroxene, Ca-plagioclase
and Fe-Ti oxides fractionation. K,0 exhibit slightly positive corre-
lations with SiO, (Fig. 4) which may indicate a fractionation trend.
The overall trends in Harker diagram are generally scattered. This
may result from partial melting and/or crustal contamination in
addition to fractional crystallization processes. Thus, in the next
sections, we will examine the effects of those processes in the gen-
esis and evolution of Polatl lavas.

As a consequence, with regard to the correlations of SiO, with
major-oxides, fractional crystallization processes is effective in
the evolution of Polatli lavas, but the scattering of plots can be re-
lated to partial melting and/or crustal contamination.
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Table 3
Selected microprobe analyses of feldspar. Number of cations on the basis of 8 oxygen.
Plagioclase
P-1 P-7
c— b c— k mic mic c— b mic c— b mic
Si0, 52.57 49.63 50.21 50.48 52.73 51.12 52.51 51.26 53.98 52.85 49.74 49.70
Al,03 29.22 31.02 30.76 30.18 29.32 29.89 29.38 30.78 28.65 29.29 31.06 30.94
FeOt 0.37 0.62 0.63 0.61 0.70 0.80 0.35 0.49 0.46 0.26 0.66 0.70
MgO 0.01 0.03 0.08 0.11 0.02 0.12 0.06 0.02 0.01 0.05 0.02 0.04
Cao 11.75 14.03 14.00 13.75 11.86 13.08 12.47 13.67 11.20 12.19 14.54 13.95
Na,0 4.45 3.19 3.48 3.67 4.68 3.85 4.29 3.57 5.06 4.63 3.27 3.30
K,0 0.40 0.43 0.25 0.25 0.42 0.28 0.30 0.32 0.34 0.23 0.23 0.29
Total 98.77 98.95 99.39 99.05 99.72 99.13 99.35 100.11 99.70 99.49 99.52 98.92
Si 2410 2.287 2.300 2318 2.392 2.345 2.396 2.332 2.445 2.403 2.279 2.290
Al 1.579 1.685 1.661 1.633 1.568 1.616 1.580 1.650 1.530 1.570 1.677 1.680
Fe3* 0.014 0.024 0.024 0.023 0.026 0.030 0.013 0.019 0.017 0.010 0.025 0.027
Fe?* 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.001 0.002 0.005 0.008 0.001 0.008 0.004 0.001 0.001 0.003 0.002 0.003
Ca 0.577 0.692 0.687 0.676 0.576 0.643 0.610 0.666 0.544 0.594 0.714 0.689
Na 0.396 0.285 0.309 0.327 0.412 0.342 0.379 0314 0.444 0.408 0.290 0.295
K 0.024 0.025 0.014 0.015 0.024 0.016 0.017 0.019 0.020 0.013 0.013 0.017
Ab 39.72 28.44 30.59 32.12 40.71 34.17 37.67 31.43 44.05 40.20 28.52 29.47
An 57.87 69.06 68.02 66.40 56.92 64.24 60.64 66.67 53.97 58.52 70.21 68.83
Or 2.41 2.50 1.39 1.47 2.37 1.60 1.69 1.90 1.98 1.28 1.28 1.70
P-15 P-19
c c— b [ k c— b mic mic c— b mic c—
SiO, 47.79 49.67 52.17 49.50 48.98 48.71 50.06 49.54 59.24 59.05 54.57 56.07 54.48
Al,05 31.32 30.91 29.59 31.79 31.80 30.98 30.49 30.79 24.93 25.29 28.71 26.89 28.39
FeOt 0.58 0.59 0.63 0.48 0.63 0.61 0.79 0.64 0.31 0.32 0.29 0.66 0.39
MgO 0.04 0.12 0.00 0.10 0.06 0.05 0.07 0.05 0.02 0.04 0.07 0.05 0.08
Cao 15.28 14.64 13.11 14.39 14.77 13.65 13.61 14.17 6.91 7.55 11.09 9.47 10.48
Na,0 2.93 3.03 4.19 2.91 2.90 3.13 3.60 335 7.19 6.55 4.98 5.96 5.34
K,0 0.31 0.12 0.13 0.37 0.43 0.23 0.32 0.30 0.69 1.93 0.45 0.71 0.70
Total 98.25 99.09 99.83 99.52 99.56 97.35 98.93 98.84 99.29 100.73 100.16 99.81 99.84
Si 2.219 2.289 2.373 2.270 2.245 2.281 2.302 2.283 2.665 2.626 2.461 2.526 2.457
Al 1.713 1.679 1.586 1.718 1.718 1.709 1.652 1.672 1.322 1.326 1.526 1.428 1.509
Fe3* 0.023 0.022 0.024 0.018 0.024 0.024 0.030 0.025 0.012 0.012 0.010 0.025 0.015
Fe* 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Mg 0.003 0.008 0.000 0.006 0.004 0.003 0.005 0.003 0.001 0.003 0.005 0.004 0.005
Ca 0.760 0.723 0.639 0.707 0.726 0.685 0.670 0.699 0.333 0.360 0.536 0.457 0.506
Na 0.264 0.271 0.370 0.259 0.257 0.284 0.321 0.299 0.628 0.565 0.435 0.520 0.467
K 0.018 0.007 0.008 0.022 0.025 0.014 0.018 0.018 0.040 0.109 0.026 0.041 0.040
Ab 25.34 27.07 36.38 26.21 25.50 28.89 31.81 29.43 62.74 54.64 43.63 51.08 46.10
An 72.94 72.23 62.83 71.56 72.02 69.68 66.40 68.80 33.27 34.82 53.76 44.89 49.95
Or 1.73 0.70 0.79 2.23 2.48 1.42 1.78 1.77 4.00 10.54 2.61 4.03 3.95
P-19 P-24
b mic c— b c— b c— b c— b c— b
SiO, 52.18 52.47 52.42 53.41 56.06 53.56 54.62 54.42 52.58 51.93 52.45 52.30
Al,03 30.38 29.40 29.58 2891 28.02 29.54 28.71 28.10 30.02 30.03 29.16 29.42
FeOt 0.50 0.42 0.26 0.50 0.24 0.48 0.33 0.45 0.23 0.53 0.39 0.46
MgO 0.03 0.13 0.07 0.05 0.08 0.09 0.08 0.10 0.08 0.08 0.06 0.09
Cao 12.79 12.24 12.63 11.71 10.68 12.19 11.64 11.15 13.12 13.55 12.13 12.71
Na,0 414 4.37 4.19 4.59 5.63 4.57 5.23 5.39 4.30 3.91 4.58 4.46
K0 0.52 0.65 0.29 0.33 0.51 0.36 0.26 0.46 0.28 0.26 0.35 0.30
Total 100.53 99.68 99.44 99.51 101.21 100.78 100.87 100.07 100.60 100.28 99.13 99.74
Si 2.354 2.383 2.390 2.431 2.493 2.404 2.442 2.447 2.367 2.353 2.391 2.372
Al 1.615 1.574 1.590 1.551 1.469 1.563 1.513 1.490 1.593 1.604 1.567 1.572
Fe3* 0.019 0.016 0.010 0.013 0.009 0.018 0.012 0.017 0.009 0.020 0.015 0.017
Fe?* 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.002 0.009 0.004 0.003 0.005 0.006 0.006 0.006 0.005 0.005 0.004 0.006
Ca 0.618 0.596 0.617 0.571 0.509 0.586 0.557 0.537 0.633 0.658 0.593 0.618
Na 0.362 0.385 0.371 0.405 0.485 0.398 0.453 0.470 0.375 0.343 0.405 0.392
K 0.030 0.037 0.017 0.019 0.029 0.020 0.015 0.026 0.016 0.015 0.021 0.018
Ab 35.84 37.82 36.92 40.70 47.41 39.64 44.20 45.50 36.62 33.76 39.74 38.13
An 61.19 58.55 61.39 57.39 49.76 58.37 54.34 51.98 61.82 64.76 58.19 60.12
Or 2.97 3.63 1.69 191 2.83 1.99 1.46 2.52 1.56 1.48 2.06 1.75

(continued on next page)
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Table 3 (continued)
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P-38 P-41

mic c— b c— b c— k mic mic c— b
Sio, 50.89 51.39 50.40 50.82 50.49 53.05 53.57 52.83 53.31 52.70 53.17
Al,03 29.98 29.04 29.52 29.45 29.73 29.60 28.70 29.16 29.01 28.99 28.89
FeOt 0.67 0.55 0.57 0.49 0.49 0.52 0.29 0.57 0.48 0.41 0.53
MgO 0.03 0.11 0.07 0.08 0.07 0.01 0.05 0.02 0.02 0.03 0.04
Ca0 13.49 12.95 13.21 13.13 13.59 12.01 11.23 12.11 11.64 12.05 11.65
Na,0 3.96 4.25 3.90 3.83 3.79 4.49 4,75 4.43 4.66 4.60 4,72
K0 0.20 0.23 0.23 0.22 0.23 0.21 0.33 0.27 0.29 0.23 0.27
Total 99.21 98.52 97.91 98.01 98.39 99.89 98.90 99.39 99.41 99.01 99.25
Si 2.327 2.363 2.335 2.355 2.330 2.405 2.448 2.407 2426 2.407 2.422
Al 1.616 1.574 1.612 1.608 1.618 1.581 1.546 1.566 1.556 1.561 1.551
Fe3* 0.026 0.021 0.022 0.019 0.019 0.006 0.000 0.016 0.016 0.016 0.020
Fe?* 0.000 0.000 0.000 0.000 0.000 0.014 0.011 0.006 0.002 0.000 0.000
Mg 0.002 0.008 0.005 0.005 0.005 0.001 0.003 0.002 0.001 0.002 0.002
Ca 0.661 0.638 0.656 0.652 0.672 0.583 0.550 0.591 0.568 0.590 0.569
Na 0.351 0.379 0.350 0.344 0.339 0.395 0.421 0.391 0.412 0.407 0.417
K 0.012 0.014 0.014 0.013 0.014 0.012 0.019 0.016 0.017 0.013 0.015
Ab 34.28 36.76 34.31 34.09 33.07 39.90 42.53 39.18 41.32 40.30 41.66
An 64.55 61.88 64.31 64.62 65.56 58.89 55.56 59.22 56.97 58.42 56.84
Or 1.17 1.36 1.37 1.29 137 1.21 1.92 1.60 1.71 1.29 1.50

P-42 P-43

mic c— b mic c— c— b c— b
Sio, 50.52 53.34 47.07 57.77 50.28 50.21 51.20 55.33 52.00 51.27
Al,03 30.06 29.70 25.27 26.30 30.04 31.17 30.51 28.41 29.73 29.94
FeOt 0.59 0.59 5.46 0.55 0.73 0.52 0.55 0.65 0.59 0.67
MgO 0.02 0.01 5.70 0.17 0.03 0.00 0.09 0.05 0.09 0.07
Ca0 13.94 12.36 10.20 8.35 14.15 14.58 13.97 10.85 13.26 13.62
Na,0 3.80 4.70 2.50 6.36 3.96 343 3.51 5.19 4.05 3.76
K0 0.17 0.22 0.20 0.52 0.17 0.18 0.27 0.48 0.32 0.27
Total 99.10 100.91 96.40 100.03 99.35 100.08 100.10 100.96 100.04 99.59
Si 2317 2.391 2219 2.591 2.296 2.283 2.329 2474 2.359 2.341
Al 1.624 1.569 1.404 1.390 1.617 1.671 1.636 1.497 1.590 1.612
Fe>* 0.023 0.022 0.215 0.006 0.028 0.020 0.021 0.022 0.023 0.025
Fe?* 0.000 0.000 0.000 0.015 0.000 0.000 0.000 0.002 0.000 0.000
Mg 0.001 0.001 0.400 0.011 0.002 0.000 0.006 0.003 0.006 0.005
Ca 0.685 0.593 0.515 0.401 0.692 0.710 0.681 0.520 0.645 0.666
Na 0.338 0.409 0.228 0.553 0.350 0.302 0.309 0.450 0.356 0.333
K 0.010 0.012 0.012 0.030 0.010 0.010 0.016 0.027 0.018 0.015
Ab 32.72 40.34 30.20 56.20 33.27 29.55 30.72 45.14 34.94 32.84
An 66.31 58.48 68.21 40.75 65.78 69.47 67.69 52.16 63.30 65.68
Oor 0.97 1.18 1.59 3.05 0.95 0.98 1.59 2.71 1.77 1.48

Abrevations: mic: microlite; c: center; b: border; An; anorthite; Ab: albite; Ao: ortoclase.

5.2. Trace and rare earth element geochemistry

Trace element data are listed in Table 7. Ni and Cr contents are
generally smaller than the values commonly assumed for primary
magmas (Ni=300-400 ppm; Cr=300-500 ppm; Jung and Mas-
berg, 1998), presumably reflecting the fractionation of olivine
and clinopyroxene.

Harker variation diagrams of trace elements are plotted vs. SiO,
(Fig. 4). As a whole, plots are scattered. The best correlation is
exemplified by Ba and Ni. Concentration of Ni decreases almost
regularly with decreasing SiO,, possibly indicating the fraction-
ation of olivine whereas, Ba correlate positively with SiO,. These
trends may be related to the fractional crystallization processes
(Fig. 4). Furthermore, the scattering in the diagrams may also
due to partial melting and/or crustal contamination. These pro-
cesses will be examined in the next sections.

MORB-normalized (Pearce, 1983) trace element abundance pat-
terns of Polatli lavas are typical of within-plate volcanic rocks
(Fig. 5). Incompatible elements are enriched relative to the MORB,
except Y and Yb. Most of the Polatli lavas are enriched in K, Ba and
Th and slightly depleted in Ta and Nb (Fig. 5). We consider an
asthenospheric mantle source with minor subduction component
and/or crustal contamination in the genesis of Polatli lavas. Fur-

thermore, the depletion in Y, Yb and HREE (Figs. 5 and 6) in Polath
lavas may indicate a residual garnet signature during partial
melting.

Typical features including enrichment in Ba and Th, slight
depletion in Nb and Ta are the most significant geochemical char-
acteristics of subduction-related magmas (Fitton et al., 1988; Saun-
ders et al., 1988). Likewise, Nb and Ta are highly sensitive to crustal
contamination. Mantle-derived magmas which have been contam-
inated by continental crust during their ascent to the surface exhi-
bit Nb and Ta negative anomalies (Thompson et al., 1983; Wilson,
1989) in spidergrams. Furthermore, the Ba/Ta and Ba/Nb ratios can
be used to separate the basaltic lavas from subduction-related
environments from within-plate sources (Gill, 1981; Fitton et al.,
1988). High Ba/Ta (>450) and Ba/Nb (>28) ratios are the most strik-
ing features of subduction-related magmas (Gill, 1981; Fitton et al.,
1988). Ba/Nb and Ba/Ta ratios of the Polatli lavas range from 7-23
and 123-368, respectively. According to this criterion, crustal con-
tamination processes was responsible for the depletion in Nb and
Ta rather than subduction processes.

The rare earth elements data are reported in Table 7. Chondrite-
normalized (Nakamura, 1974) REE patterns of the Polatli lavas
have been plotted in Fig. 6. Rare earth element patterns exhibit
slightly light REE (LREE) enrichment relative to heavy REE (HREE)
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Selected microprobe analyses of clinopyroxene. Number of cations on the basis of 6 oxygen.

Clinopyroxene

P-1 P-7

c— b mic mic c— b c— b c c c
Si0, 47.26 48.96 49.66 47.22 46.63 50.28 45.17 44.90 46.73 45.20 48.84
TiO, 2.52 2.34 1.74 3.08 3.01 1.82 3.52 4.37 3.50 425 2.48
Al,03 5.45 4.20 3.44 5.03 6.14 3.34 6.38 6.98 5.93 6.56 3.33
FeO 8.37 8.32 7.85 8.57 8.75 7.80 8.84 9.08 8.93 8.80 8.46
MnO 0.18 0.20 0.18 0.23 0.15 0.18 0.15 0.15 0.13 0.16 0.18
MgO 13.15 13.11 14.38 12.62 12.70 14.02 11.75 11.54 12.18 11.50 13.56
Ca0 22.58 21.95 2211 22.01 22.18 22.14 21.73 21.53 21.89 22.28 22.18
K0 0.00 0.01 0.11 0.08 0.04 0.00 0.06 0.01 0.00 0.09 0.01
Na,O 0.52 0.78 0.56 0.69 0.58 0.57 0.62 0.69 0.70 0.75 0.58
Total 100.01 99.86 100.02 99.54 100.18 100.15 98.22 99.24 99.98 99.60 99.62
Si 1.758 1.824 1.837 1.771 1.736 1.863 1.720 1.698 1.749 1.702 1.827
Ti 0.070 0.065 0.048 0.087 0.084 0.051 0.101 0.124 0.098 0.120 0.070
Al 0.239 0.185 0.150 0.222 0.270 0.146 0.286 0.311 0.261 0.291 0.147
Fe?* 0.260 0.259 0.243 0.269 0.272 0.242 0.281 0.287 0.280 0.277 0.265
Mn 0.006 0.006 0.006 0.007 0.005 0.006 0.005 0.005 0.004 0.005 0.006
Mg 0.729 0.728 0.793 0.706 0.705 0.774 0.667 0.650 0.679 0.646 0.756
Ca 0.900 0.876 0.876 0.884 0.885 0.879 0.887 0.873 0.877 0.899 0.889
K 0.000 0.000 0.005 0.004 0.002 0.000 0.003 0.000 0.000 0.004 0.001
Na 0.037 0.056 0.040 0.050 0.042 0.041 0.046 0.051 0.051 0.055 0.042
Wo 47.49 46.87 45.67 47.40 47.38 46.24 48.18 48.10 47.67 49.21 46.40
En 38.47 38.95 41.35 37.80 37.74 40.72 36.23 35.81 36.92 35.36 39.46
Fs 14.04 14.18 12.98 14.80 14.88 13.05 15.59 16.09 15.42 15.44 14.14

P-15 P-19

c c c— b c [ b [ b [ b
Sio, 44.92 45.60 47.76 49.79 48.78 50.98 51.01 49.50 50.94 50.70 49.87
TiO, 3.17 3.16 2.01 1.33 1.91 1.43 1.47 0.80 0.59 0.57 1.78
Al,03 6.63 7.05 5.01 3.87 4.51 3.52 2.84 7.69 5.93 5.92 3.00
FeO 9.92 9.15 8.22 6.69 8.10 7.37 8.41 539 5.29 5.16 9.05
MnO 0.22 0.10 0.15 0.14 0.15 0.15 0.23 0.16 0.15 0.09 0.24
MgO 12.36 12.30 14.03 15.11 13.79 14.52 14.55 15.50 16.66 16.40 13.44
Ca0 21.52 21.66 21.91 21.61 22.12 22.13 21.25 20.08 19.05 19.89 20.79
K0 0.03 023 0.00 0.31 0.27 0.00 0.00 0.27 0.27 0.01 0.31
Na,O 0.53 0.74 0.37 0.37 0.50 0.37 0.36 0.66 0.64 0.68 0.52
Total 99.30 99.98 99.47 99.22 100.11 100.48 100.11 100.05 99.53 99.41 98.99
Si 1.692 1.698 1.779 1.842 1.806 1.874 1.891 1.793 1.850 1.846 1.876
Ti 0.090 0.088 0.056 0.037 0.053 0.040 0.041 0.022 0.016 0.016 0.050
Al 0.294 0.309 0.220 0.169 0.197 0.153 0.124 0.328 0.254 0.254 0.133
Fe?* 0312 0.285 0.256 0.207 0.251 0.227 0.261 0.163 0.161 0.157 0.285
Mn 0.007 0.003 0.005 0.005 0.005 0.005 0.007 0.005 0.005 0.003 0.008
Mg 0.694 0.683 0.779 0.833 0.761 0.796 0.804 0.837 0.902 0.890 0.753
Ca 0.869 0.865 0.874 0.857 0.877 0.872 0.844 0.779 0.741 0.776 0.838
K 0.001 0.011 0.000 0.015 0.013 0.000 0.000 0.012 0.012 0.001 0.015
Na 0.039 0.054 0.027 0.027 0.036 0.026 0.026 0.046 0.045 0.048 0.038
Wo 46.17 47.11 45.66 45.06 46.30 45.89 44.05 43.67 40.96 42.50 44.48
En 36.88 37.20 40.70 43.80 40.18 41.89 41.96 46.92 49.86 48.74 39.97
Fs 16.95 15.69 13.64 11.15 13.52 12.21 13.99 9.42 9.18 8.76 15.55

P-24 P-38

Cc— b C— b Cc— b mic C— b c— b
Sio, 46.38 50.98 48.41 47.76 49.73 49.57 48.34 48.89 47.14 47.01 48.51
TiO, 2.38 1.52 1.49 1.96 0.82 1.42 1.89 0.87 1.43 1.45 1.04
Al,03 9.42 3.16 7.41 6.67 7.68 491 5.07 6.84 8.45 8.75 6.76
FeO 8.65 8.45 7.15 7.35 5.67 7.15 7.02 5.10 5.71 5.70 6.17
MnO 0.19 0.23 0.18 0.16 0.14 0.18 0.15 0.12 0.11 0.10 0.17
MgO 12.24 14.49 14.01 13.24 15.49 14.18 13.38 14.70 13.54 13.76 14.36
Ca0 20.43 21.23 20.35 22.59 19.69 22.23 22.39 21.58 21.12 21.02 21.10
K0 0.03 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00
Na,O 0.90 0.39 0.75 0.41 0.74 0.36 0.48 0.67 0.65 0.73 0.76
Total 100.64 100.45 99.75 100.14 99.98 100.02 98.71 98.76 98.15 98.52 98.85
Si 1.708 1.884 1.784 1.767 1.810 1.832 1.814 1.806 1.760 1.746 1.796
Ti 0.066 0.042 0.041 0.055 0.022 0.039 0.053 0.024 0.040 0.040 0.029
Al 0.409 0.138 0.322 0.291 0.330 0214 0.224 0.298 0372 0.383 0.295
Fe?* 0.267 0.261 0.220 0.227 0.173 0.221 0.220 0.157 0.178 0.177 0.191
Mn 0.006 0.007 0.006 0.005 0.004 0.006 0.005 0.004 0.003 0.003 0.005
Mg 0.672 0.798 0.770 0.730 0.840 0.781 0.748 0.809 0.754 0.762 0.793
Ca 0.806 0.841 0.804 0.896 0.768 0.880 0.900 0.854 0.845 0.836 0.837
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Table 4 (continued)
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K 0.064 0.028 0.054 0.029 0.052 0.026 0.035 0.048 0.047 0.052 0.054
Na 0.001 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000
Wo 46.21 44.24 44.80 48.33 43.12 46.77 48.17 46.90 47.55 47.11 4597
En 38.52 42.02 42.92 39.40 47.18 41.50 40.03 44.45 42.42 42.92 43.54
Fs 15.27 13.74 12.28 12.26 9.69 11.74 11.79 8.65 10.03 9.98 10.49
P-38 P-41 P-42
c— b C— b mic C— b C— b Cc— b
SiO, 46.43 46.50 46.59 46.78 47.42 48.45 46.70 51.10 50.39 46.60 46.58
TiO, 2.05 1.86 1.99 1.65 1.66 1.41 2.04 0.96 1.11 217 2.11
Al,05 9.43 8.68 10.10 9.64 9.40 7.52 9.93 3.88 4.70 7.52 7.68
FeO 7.30 6.93 5.94 6.30 5.68 6.71 6.76 5.30 6.06 6.68 6.68
MnO 0.15 0.11 0.16 0.12 0.12 0.19 0.15 0.14 0.15 0.13 0.08
MgO 12.32 12.97 12.82 12.94 13.37 14.26 12.66 15.47 14.68 13.00 13.01
Cao 20.64 20.77 20.00 19.79 20.38 18.71 19.02 23.36 22.85 23.32 23.37
K;0 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00
Na,0 0.90 0.85 0.73 0.79 0.85 0.95 0.95 0.43 0.41 0.49 0.43
Total 99.24 98.66 98.32 98.00 98.88 98.19 98.22 100.65 100.36 99.91 99.94
Si 1.727 1.735 1.741 1.753 1.756 1.806 1.749 1.860 1.847 1.724 1.723
Ti 0.057 0.052 0.056 0.047 0.046 0.039 0.058 0.026 0.031 0.060 0.059
Al 0.413 0.381 0.445 0.426 0.410 0.330 0.438 0.167 0.203 0.328 0.335
Fe?* 0.227 0.216 0.186 0.197 0.176 0.209 0.212 0.161 0.186 0.207 0.207
Mn 0.005 0.003 0.005 0.004 0.004 0.006 0.005 0.004 0.005 0.004 0.002
Mg 0.683 0.721 0.714 0.722 0.738 0.793 0.706 0.839 0.802 0.717 0.717
Ca 0.822 0.830 0.801 0.794 0.808 0.747 0.763 0911 0.897 0.924 0.926
K 0.065 0.061 0.053 0.057 0.061 0.069 0.069 0.030 0.029 0.035 0.031
Na 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Wo 47.47 46.97 47.09 46.35 46.94 42.73 45.40 47.66 47.60 50.01 50.06
En 39.42 40.80 41.99 42.14 42.85 45.32 42.02 43.90 42.54 38.80 38.76
Fs 13.11 12.22 10.92 11.51 10.21 11.96 12.59 8.44 9.86 11.18 11.18
P-42 P-43
c— b c— b c— b c— b
Sio, 49.67 45.83 50.13 45.51 50.49 45.71 49.71 49.50
TiO, 1.11 2.24 1.53 2.72 1.35 3.27 2.10 2.20
Al,03 4.16 7.79 4.23 8.19 4.84 7.93 4.49 4.69
FeO 5.62 6.91 7.42 8.05 6.74 8.74 7.61 7.82
MnO 0.14 0.13 0.16 0.09 0.13 0.20 0.16 0.16
MgO 14.90 12.75 14.10 12.17 14.24 11.64 13.39 13.24
Cao 23.13 23.17 22.53 22.85 22.60 22.67 2291 22.81
K0 0.00 0.01 0.00 0.00 0.03 0.00 0.01 0.01
Na,0 0.38 0.48 0.48 0.47 0.47 0.61 0.59 0.55
Total 99.11 99.31 100.59 100.04 100.90 100.78 100.97 100.97
Si 1.841 1.708 1.845 1.693 1.847 1.696 1.829 1.823
Ti 0.031 0.063 0.042 0.076 0.037 0.091 0.058 0.061
Al 0.182 0.342 0.184 0.359 0.208 0.347 0.195 0.204
Fe?* 0.174 0.215 0.228 0.250 0.206 0.271 0.234 0.241
Mn 0.004 0.004 0.005 0.003 0.004 0.006 0.005 0.005
Mg 0.823 0.708 0.773 0.675 0.777 0.644 0.734 0.727
Ca 0.918 0.925 0.888 0.911 0.886 0.901 0.903 0.900
K 0.027 0.035 0.034 0.034 0.034 0.044 0.042 0.039
Na 0.000 0.001 0.000 0.000 0.002 0.000 0.001 0.001
Wo 47.95 50.05 47.00 49.60 47.40 49.62 48.25 48.20
En 42.96 38.30 40.92 36.75 41.56 35.45 39.23 38.91
Fs 9.09 11.64 12.08 13.64 11.04 14.93 12.52 12.89

Abbrevations: mic: microlite; c: center; b: border; Wo: wollastonite; En: enstatite; Fs: ferrosillite.

(Lan/Yby = 3.08-11.43) (Thompson, 1982). All samples are charac-
terized by almost flat patterns of REE from Dy to Lu relative to the
LREE.

5.3. Sr-Nd Isotope geochemistry

Nine samples have been analysed for Sr and Nd isotopes and re-
sults are listed in Table 7. The isotopic compositions of 87Sr/2¢Sr ra-
tios range from 0.703497 to 0.704964; '*3Nd/'**Nd ratios range
from 0.512769 to 0.512980.

The variations in the 87Sr/®5Sr and '#*Nd/'#*Nd ratios of the
Polatli lavas are shown and compared with the bulk earth and
the mantle array in Fig. 7. Most of the Polatli lavas plot in the

depleted quadrant of the mantle array with lesser amount of
isotopically enriched samples. The Nd isotopic compositions are
relatively enriched relatively to the bulk earth, whereas Sr iso-
topes of the great majority of the samples are depleted relative
to the bulk earth with lesser amount of enriched samples rela-
tive to the bulk earth. Most samples plot within the mantle
array.

The isotopic compositions of the Polatli lavas are compared
with those of a selection of volcanic suites worldwide. The compar-
ison reveals that isotopic compositions of the Polatli lavas range
from isotopically depleted mantle (DM) to enriched mantle similar
to Society Island lavas (Dewey et al., 1990), which is characterized
by EMII components in their source regions (Zindler and Hart,
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Table 5
Selected microprobe analyses of olivine. Number of cations on the basis of 4 oxygen.

Olivine

P-1 P-15

c— b c— b c— b c— b c— b c— b
SiO, 37.22 37.07 36.73 35.96 37.22 37.68 38.42 39.34 39.08 38.12 36.43 38.79
TiO, 0.00 0.00 0.08 0.04 0.00 0.00 0.00 0.05 0.00 0.00 0.03 0.04
Al,03 0.01 0.05 0.04 0.02 0.04 0.03 0.00 0.04 0.05 0.04 0.00 0.06
MnO 0.58 0.59 0.66 0.85 0.48 0.55 0.29 0.37 0.31 0.44 0.51 0.23
MgO 36.94 35.61 33.72 31.29 37.97 3533 41.12 42.30 43.22 39.16 32.59 44.62
Cao 0.29 0.44 0.57 0.46 0.33 0.40 0.68 0.26 0.38 0.46 0.61 0.46
Fe,03 2.37 2.11 1.89 1.93 2.37 0.59 1.19 0.00 1.45 0.96 0.94 2.37
FeO 23.28 25.00 27.35 29.73 21.51 26.33 17.96 17.12 16.30 20.79 28.19 13.59
Total 100.44 100.65 100.85 100.08 99.70 100.86 99.54 99.47 100.64 99.86 99.21 99.93
Si 0.9764 0.9783 0.9788 0.9790 0.9760 0.9938 0.9884 1.0055 0.9856 0.9899 0.9898 0.9759
Ti 0.0000 0.0000 0.0015 0.0009 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.0006 0.0007
Al 0.0004 0.0015 0.0014 0.0007 0.0012 0.0009 0.0001 0.0011 0.0014 0.0013 0.0000 0.0019
Fe2 0.5107 0.5517 0.6094 0.6768 0.4716 0.5808 0.3863 0.3797 0.3438 0.4515 0.6405 0.2859
Fe3 0.0468 0.0419 0.0380 0.0395 0.0468 0.0116 0.0230 —0.014 0.0275 0.0188 0.0193 0.0449
Mn 0.0128 0.0131 0.0149 0.0195 0.0107 0.0123 0.0062 0.0080 0.0066 0.0096 0.0116 0.0049
Mg 1.4448 1.4010 1.3397 1.2702 1.4843 1.3893 1.5772 1.6115 1.6250 1.5161 1.3203 1.6735
Ca 0.0081 0.0124 0.0163 0.0134 0.0093 0.0114 0.0187 0.0072 0.0102 0.0128 0.0179 0.0123
Fo 71.70 69.78 66.92 63.32 73.72 69.67 79.14 81.17 81.13 75.96 66.29 83.29
Fa 27.67 29.57 32.34 35.71 25.75 29.71 20.54 18.42 18.54 23.56 33.13 16.47

P-19 P-24

c— b c— b c c c— b c— b c c
SiO, 39.24 39.06 39.64 39.46 36.02 37.33 39.41 39.50 40.44 39.57 39.31 39.13
TiO, 0.04 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.06 0.03 0.00 0.00
Al,03 0.04 0.05 0.04 0.08 0.02 0.21 0.03 0.07 0.08 0.05 0.00 0.04
MnO 0.26 0.22 0.22 0.22 0.64 0.65 0.22 0.29 0.23 0.24 0.35 0.25
MgO 43.69 44.43 43.98 44.98 31.32 27.47 41.52 41.40 45.90 43.90 40.40 42.22
Cao 0.20 0.36 0.28 0.57 0.23 0.49 0.26 0.21 0.29 0.22 0.21 0.25
Fe,03 1.25 1.64 0.00 1.31 1.78 0.00 0.00 0.00 0.00 0.93 0.00 0.56
FeO 16.10 14.29 15.87 13.88 30.18 33.51 18.86 20.14 13.89 16.36 20.66 18.03
Total 100.69 99.88 100.03 100.37 100.00 99.81 100.31 101.61 100.89 101.21 100.94 100.43
Si 0.9868 0.9838 0.9993 0.9864 0.9815 1.0396 1.0056 0.9991 1.0015 0.9900 1.0051 0.9941
Ti 0.0008 0.0000 0.0000 0.0000 0.0000 0.0032 0.0000 0.0000 0.0012 0.0006 0.0000 0.0000
Al 0.0011 0.0014 0.0013 0.0024 0.0005 0.0068 0.0010 0.0020 0.0024 0.0013 0.0000 0.0012
Fe2 0.3385 0.3010 0.3344 0.2901 0.6878 0.8727 0.4145 0.4262 0.2956 0.3422 0.4518 0.3829
Fe3 0.0237 0.0311 0.0000 0.0247 0.0365 —0.092 —0.012 —0.000 —0.007 0.017 —0.010 0.0106
Mn 0.0056 0.0047 0.0046 0.0047 0.0147 0.0153 0.0048 0.0062 0.0048 0.0051 0.0075 0.0054
Mg 1.6381 1.6684 1.6527 1.6764 1.2723 1.1402 1.5792 1.5609 1.6947 1.6373 1.5399 1.5990
Ca 0.0054 0.0096 0.0076 0.0152 0.0068 0.0146 0.0070 0.0057 0.0076 0.0059 0.0059 0.0068
Fo 81.66 83.20 82.98 83.99 63.26 58.90 79.50 78.32 85.28 81.78 7742 80.03
Fa 18.06 16.56 16.79 15.77 36.01 40.31 20.25 21.37 14.48 17.97 22.20 19.70

P-41 P-42

c— b c— b c— b c— b c— b c— b
SiO, 39.60 38.59 39.88 38.54 39.50 38.57 39.32 38.49 40.06 40.21 33.95 38.15
TiO, 0.03 0.00 0.00 0.00 0.01 0.03 0.05 0.09 0.06 0.00 0.01 0.00
Al,03 0.05 0.02 0.04 0.06 0.06 0.03 0.04 0.05 0.06 0.03 0.02 0.07
MnO 0.23 0.55 0.23 0.39 0.17 0.55 0.48 0.46 0.20 0.17 0.31 0.47
MgO 4341 37.54 45.02 39.67 43.72 39.20 39.86 38.71 46.25 4527 35.44 38.66
Cao 0.23 0.17 0.21 0.25 0.20 0.25 0.31 0.42 0.19 0.26 0.30 0.37
Fe,03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 2.21 0.42
FeO 15.47 21.66 13.31 19.43 14.43 20.09 20.65 21.63 13.13 14.68 18.34 21.62
Total 99.02 98.52 98.68 98.34 98.09 98.70 100.69 99.85 100.10 100.61 90.34 99.71
Si 1.0087 1.0214 1.0090 1.0090 1.0113 1.0097 1.0097 1.0018 0.9966 1.0016 0.9757 0.9948
Ti 0.0005 0.0000 0.0000 0.0000 0.0002 0.0006 0.0009 0.0017 0.0011 0.0000 0.0002 0.0000
Al 0.0016 0.0005 0.0011 0.0019 0.0018 0.0008 0.0012 0.0016 0.0017 0.0009 0.0006 0.0022
Fe2 0.3495 0.5228 0.3006 0.4453 0.3337 0.4613 0.4658 0.4796 0.2732 0.3100 0.4407 0.4713
Fe3 —0.020 —0.043 -0.019 —0.020 —0.024 —0.022 —0.023 —0.008 0.0030 —0.004 0.0477 0.0082
Mn 0.0050 0.0124 0.0048 0.0086 0.0037 0.0122 0.0103 0.0101 0.0042 0.0035 0.0075 0.0104
Mg 1.6485 1.4815 1.6980 1.5481 1.6687 1.5299 1.5261 1.5023 1.7153 1.6813 1.5185 1.5029
Ca 0.0062 0.0048 0.0056 0.0071 0.0054 0.0070 0.0084 0.0116 0.0050 0.0068 0.0091 0.0102
Fo 83.13 75.08 85.57 78.11 84.22 77.20 77.09 75.75 85.95 84.46 75.38 75.41
Fa 16.62 24.30 14.19 21.46 15.59 22.19 22.39 23.74 13.84 15.36 24.25 24.06

(continued on next page)
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P-43
c Cc— b Cc— b
Si0, 38.21 40.79 39.02 38.05 38.14
TiO, 0.03 0.00 0.00 0.02 0.01
Al,05 0.04 0.07 0.04 0.05 0.02
MnO 0.53 0.16 0.33 0.53 0.46
MgO 36.50 47.97 38.49 36.53 37.57
Cao 0.35 0.18 0.26 0.30 0.26
Fe,03 0.00 0.00 0.00 0.28 0.98
FeO 24.78 11.05 22.39 25.15 23.92
Total 100.45 100.21 100.53 100.87 101.26
Si 1.0034 1.0035 1.0116 0.9961 0.9900
Ti 0.0007 0.0000 0.0000 0.0004 0.0002
Al 0.0012 0.0019 0.0012 0.0015 0.0005
Fe2 0.5536 0.2364 0.5096 0.5505 0.5191
Fe3 —0.009 —0.009 -0.024 0.0055 0.0191
Mn 0.0118 0.0033 0.0073 0.0118 0.0102
Mg 1.4290 1.7592 1.4875 1.4259 1.4537
Ca 0.0097 0.0046 0.0072 0.0083 0.0072
Fo 71.99 88.41 75.12 71.52 72.61
Fa 27.42 11.43 24.51 27.89 26.88
Abbrevations: mic: microlite; c: center; b: border; Fo: forstherite; Fa: fayalite.
Table 6
Selected microprobe analyses of Ti-oxides. Number of cations on the basis of 24 oxygen.
Ti-magnetite
P-1 P-7 P-15
c c c c c c c c c c c
Si0, 0.15 0.19 0.03 0.08 0.00 0.11 0.09 0.03 0.05 0.07 0.03
Al,05 2.05 1.64 1.73 1.83 0.93 0.78 0.72 1.31 1.09 1.31 1.38
FeOt 69.44 69.51 70.50 69.95 67.93 85.19 82.37 69.14 67.87 69.25 70.13
MgO 242 2.83 2.77 3.14 2.52 3.18 3.82 247 248 2.69 2.60
Cao 0.00 0.00 0.00 0.00 0.23 0.18 0.26 0.37 0.34 0.16 0.00
TiO, 23.49 24.53 23.22 23.68 24.65 6.08 8.12 24.76 25.97 24.79 24.26
MnO 0.77 0.90 0.73 0.78 0.22 0.81 1.16 0.85 0.76 0.78 0.79
Total 98.32 99.60 98.98 99.46 96.47 96.34 96.54 98.93 98.56 99.05 99.18
Si 0.029 0.036 0.006 0.015 0 0.02 0.017 0.006 0.009 0.014 0.005
Al 0.469 0.37 0.392 0.411 0.217 0.179 0.165 0.298 0.25 0.298 0.312
Fe3* 8.623 8.502 8.89 8.758 8.406 13.816 13.297 8.482 8.127 8.484 8.652
Fe?* 2.629 2.613 2.444 24 2.856 0 0 2.677 2.899 2.666 2.638
Mg 0.7 0.806 0.793 0.891 0.743 0.919 1.1 0.711 0.718 0.772 0.747
Ca 0 0 0 0 0.048 0.038 0.054 0.077 0.07 0.032 0
Ti 3.423 3.527 3.356 3.397 3.674 0.887 1.179 3.593 3.794 3.589 3.511
Mn 0.126 0.145 0.119 0.127 0.036 0.133 0.19 0.139 0.126 0.128 0.129
P-19 P-24 P-43
c c c c c c c c c c
Si0, 0.16 0.15 0.11 0.13 0.07 0.39 0.10 0.03 0.08 0.06
Al,03 1.54 1.44 1.45 1.30 1.90 1.83 1.34 1.69 1.44 1.43
FeOt 68.19 64.12 63.85 63.66 63.39 61.20 63.77 68.04 69.32 69.27
MgO 1.99 2.82 2.94 2.83 1.94 2.30 2.09 2.14 1.27 1.45
Cao 0.39 0.21 0.32 0.16 0.12 0.02 0.08 0.14 0.22 0.08
TiO, 23.43 26.62 27.42 27.65 27.29 28.42 26.31 24.46 24.06 24.28
MnO 0.80 0.77 0.62 0.81 0.71 0.72 0.84 0.94 0.90 0.81
Total 96.50 96.14 96.72 96.54 95.42 94.88 94.53 97.43 97.28 97.38
Si 0.031 0.031 0.021 0.025 0.015 0.079 0.021 0.006 0.015 0.012
Al 0.359 0.336 0.336 0.303 0.45 0.435 0.321 0.391 0.336 0.333
Fe?* 8.571 7.647 7.468 7.384 7.277 6.774 7.636 8.382 8.486 8.433
Fe?* 2.715 2.989 3.046 3.138 3.391 3.567 3.187 2.792 2.997 3.022
Mg 0.586 0.835 0.864 0.835 0.581 0.692 0.633 0.625 0.375 0.426
Ca 0.083 0.045 0.067 0.034 0.026 0.005 0.018 0.029 0.047 0.016
Ti 3.487 3.971 4.061 411 4129 4317 4.015 3.611 3.583 3.611
Mn 0.134 0.129 0.104 0.136 0.121 0.124 0.144 0.156 0.15 0.136

Abbreviations: c: center.

1986) and fall into the field of Galatian volcanic rocks from Central
Turkey that were derived from a lithospheric mantle metasoma-
tized with an ancient subduction event (Varol Muratcay, 2006).
According to this diagram, the slight enrichment in Sr isotope ra-

6. Discussion

6.1. Source characteristics

tios in Polatli lavas can be attributed to addition of crustal
components.

In order to determine the geotectonic environment of the Polatl
lavas, trace element contents of the basaltic samples are plotted on

Please cite this article in press as: Temel, A,, et al. Alkaline series related to Early-Middle Miocene intra-continental rifting in a collision zone: An example
from Polatli, Central Anatolia, Turkey. Journal of Asian Earth Sciences (2010), doi:10.1016/j.jseaes.2009.12.017



http://dx.doi.org/10.1016/j.jseaes.2009.12.017

A. Temel et al./Journal of Asian Earth Sciences xxx (2010) xXx-xXX 11

Table 7
Major-oxide, trace, rare earth element and Sr-Nd isotope analysis of representative samples from Polatli volcanic rocks.
P-1 P-2 P-3 P-6 P-8 P-9 P-10 P-11 P-12 P-13 P-14
wt.%
SiO, 46.84 49.67 46.29 45.94 46.65 45.38 4711 46.08 44.71 45.04 45.95
Al,03 18.2 17.65 18.03 16.93 17.95 17.19 16.64 16.97 16.62 15.92 16.18
Fe,03 9.98 9.68 9.91 9.52 10.24 10.07 8.83 9.13 9.38 10.13 9.95
MnO 0.157 0.104 0.155 0.155 0.107 0.159 0.15 0.139 0.143 0.156 0.158
MgO 4.95 3.01 4.96 5.36 4.34 6.71 5.75 5.72 6.69 8.2 7.98
Cao 8.66 8.82 8.36 8.98 10.85 10.27 8.51 10.22 10.09 9.93 111
Na,O0 3.83 3.94 4.03 4.49 3.12 3.59 4.04 3.42 4.25 3.72 3.46
K;0 1.78 1.33 1.76 1.23 0.84 0.94 2 1.61 1.24 1.31 1.35
TiO, 2.04 1.65 2.05 1.62 2.05 2.01 1.83 1.8 1.74 1.72 1.59
P,05 0.54 0.55 0.51 0.58 0.32 0.28 0.51 0.48 0.39 0.41 0.48
LOI 3.95 3.93 4.34 4.52 4.52 3.18 4.95 4.35 4.4 2.47 2.08
Total 100.93 100.34 100.4 99.34 100.98 99.77 100.32 99.92 99.65 99 100.28
ppm
Nb 253 27.6 25.5 28.2 16.9 16.5 37.6 24.6 21.8 18.8 20.8
Zr 225.5 212.8 230.9 200.5 165.6 170.5 212.8 185.9 166.3 164.6 155
Y 27.4 26 27 24.6 27.6 281 274 25.7 23.2 242 229
Sr 931.7 1121.1 978 977.3 498.9 520 684.2 755.8 783.3 898.7 787
Rb 313 6.3 33.6 8.1 9.9 114 323 27.6 19.6 19.9 21.8
Ga 24.2 21.7 24.9 19.3 234 24 24.2 20.2 19.7 19.6 17.5
Ni 16.6 59.6 16.5 53.5 57 50.8 80.6 71.3 68 138 129
Co 36.3 32 43.1 34.6 421 42.5 33.8 373 383 42.5 41.3
Cr 3.8 75.3 5.7 56.9 81.9 78.7 160.2 1143 80.2 247.2 227.9
\Y 171.2 160.4 183.2 159.1 187.6 190.3 162 179 166.3 1614 163.4
Ba 430.5 584.9 4139 471.2 110.7 114.4 641 361.5 298.8 330 375.2
La 28.07 na na na na na na na na na na
Ce 59.71 na na na na na na na na na na
Pr 7.06 na na na na na na na na na na
Nd 28.2 na na na na na na na na na na
Sm 5.34 na na na na na na na na na na
Eu 1.8 na na na na na na na na na na
Gd 5.45 na na na na na na na na na na
Tb 0.77 na na na na na na na na na na
Dy 4.48 na na na na na na na na na na
Ho 0.87 na na na na na na na na na na
Er 2.36 na na na na na na na na na na
Tm 0.37 na na na na na na na na na na
Yb 2.29 na na na na na na na na na na
Lu 0.37 na na na na na na na na na na
Hf 4.07 na na na na na na na na na na
Ta 1.38 na na na na na na na na na na
Pb 4.57 na na na na na na na na na na
Th 3.27 na na na na na na na na na na
8] 0.98 na na na na na na na na na na
875r/86Sr 0.7043 na na na na na na na na na na
143Nd/144Nd 0.5128 na na na na na na na na na na
P-15 P-16 P-17 P-18 P-19 P-20 P-21 P-24 P-38 P-39 P-40
wt.%
Si0, 47.14 46.79 46.73 45.22 49.14 48.29 46.31 48.07 48.56 47.78 48.93
AlL,03 17.45 16.94 16.81 17.22 16.81 16.36 15.25 17.11 16.7 16.01 16.74
Fe,05 9.79 10.22 10.33 9.83 10.03 9.74 8.78 9.69 9.76 9.31 8.36
MnO 0.153 0.148 0.163 0.152 0.164 0.167 0.149 0.154 0.172 0.134 0.142
MgO 6.94 6.23 6.55 6.28 5.55 54 7.75 5.31 434 5.62 5.47
Cao 9.93 9.2 9.7 9.84 9.24 9.49 10.25 8.93 9.82 10.09 7.27
Na,0 4.27 3.56 3.56 248 3.67 3.27 3.31 3.37 291 3.55 4.39
K;0 1.49 1.27 1.13 1.14 1.5 1.56 1.07 1.49 1.65 1.61 2.27
TiO, 1.83 1.95 1.9 1.89 1.78 1.76 1.43 1.75 1.72 1.62 1.59
P,05 0.41 0.41 0.37 0.3 0.34 0.33 0.62 0.38 0.46 0.44 0.47
LOI 1 3.37 3.24 5 2.14 4.4 4.17 2.53 2.79 2.82 3.35
Total 100.39 100.1 100.49 99.33 100.36 100.75 99.08 98.78 98.87 98.98 98.96
ppm
Nb 20.5 238 20 16.5 23.9 24 na 18.78 22.49 na na
Zr 170.5 173.6 166.5 174.4 176 169.1 na 168.43 148.19 na na
Y 25.6 25.5 243 26 27.7 253 na 221 21.76 na na
Sr 695.4 569.4 612.4 515.2 499.2 483.2 na 583.06 663.97 na na
Rb 21.3 19.2 13.8 13.8 25.1 29.8 na 21.14 27.11 na na
Ga 214 22.6 215 21.8 223 20.9 na na na na na
Ni 65.5 58.8 65.5 43.7 68.2 76.2 na na na na na
Co 43.6 37.8 40.5 37.9 37.6 42.4 na na na na na
Cr 79.4 142.9 156.5 57 126.3 156.2 na na na na na
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\Y 1724 168.4 176.3 151.1 160.6 1524 na na na na na

Ba 304.7 247.2 204.1 139.8 445.8 287.2 na 247.73 516.03 na na

La 21.07 na na na 16.69 na na 19.52 20.05 na na

Ce 45.05 na na na 36.17 na na 42.28 42.58 na na

Pr 5.41 na na na 448 na na 5.15 5.15 na na

Nd 22.19 na na na 19.34 na na 21.67 2143 na na

Sm 4.57 na na na 4.45 na na 4.66 4.51 na na

Eu 1.59 na na na 1.62 na na 1.59 1.6 na na

Gd 5.05 na na na 51 na na 5.07 493 na na

Tb 0.73 na na na 0.78 na na 0.75 0.72 na na

Dy 4.4 na na na 4.73 na na 4.54 4.32 na na

Ho 0.86 na na na 0.93 na na 0.89 0.84 na na

Er 235 na na na 2.61 na na 2.42 232 na na

Tm 0.37 na na na 0.41 na na 0.39 0.36 na na

Yb 2.26 na na na 2.53 na na 2.37 2.23 na na

Lu 0.35 na na na 0.41 na na 0.38 0.36 na na

Hf 3.24 na na na 3.7 na na 3.84 3.38 na na

Ta 117 na na na 1.33 na na 1.3 1.42 na na

Pb 4.27 na na na 2.92 na na 3.29 2.94 na na

Th 2.03 na na na 232 na na 2.37 2.44 na na

U 0.63 na na na 0.6 na na 0.69 0.98 na na

87Sr/86Sr 0.704 na na na 0.704 na na 0.7044 0.7042 na na

143Nd/**Nd 0.5128 na na na 0.5128 na na 0.5128 0.5129 na na
P-41 P-42 P-43 P-44 BCR-1¢

wt.%

SiO, 49.16 45.34 46.88 46.65 54.54

Al,03 16.82 15.14 17.07 16.92 13.52

Fe;03 8.41 9.07 9.78 9.75 13.50

MnO 0.137 0.144 0.152 0.149 0.18

MgO 5.71 7.89 6.4 6.55 3.50

Cao 7.29 10.27 9.07 9.16 6.99

Na,0 4.26 3.64 3.65 3.31 3.29

K;0 2.35 1.14 1.84 1.81 1.71

TiO, 1.59 1.48 1.68 1.69 2.28

P,05 0.46 0.54 0.6 0.62 0.36

LOI 2.61 4.35 1.82 2.05

Total 98.79 99.01 98.93 98.67

BHVO-1* (ppm)

Nb 38.1 20.93 23.01 na 16.62

Zr 150.62 142.63 160.1 na 159.35

Y 18.65 19.28 18.59 na 22.61

Sr 562.01 914.52 806.01 na 365.05

Rb 17.39 8.86 21.73 na 8.76

Ga na na na na

Ni na na na na

Co na na na na

Cr na na na na

v na na na na

Ba 546.49 460.28 460.18 na 123.48

La 23.62 34.28 324 na 15.13

Ce 47.03 71.02 68.35 na 37.74

Pr 5.43 8.05 7.88 na 5.22

Nd 21.95 30.9 30.55 na 24.48

Sm 4.37 5.31 5.45 na 5.83

Eu 1.6 1.68 1.72 na 2.04

Gd 4.6 5.25 5.44 na 6.30

Tb 0.65 0.7 0.72 na 0.91

Dy 3.81 4.05 423 na 5.16

Ho 0.74 0.78 0.79 na 0.93

Er 2.03 2.12 2.17 na 2.35

Tm 0.33 0.33 0.34 na 0.34

Yb 2 2 2.06 na 1.95

Lu 0.32 0.32 0.33 na 0.29

Hf 3.55 3.25 3.54 na 4.52

Ta 2.36 1.25 1.37 na 1.36

Pb 3.08 5.09 51 na 4.88

Th 39 3.27 3 na 1.08

U 1.21 1.11 0.92 na 0.38

87r/86sr 0.705 0.7047 0.7035 na

143Nd/“4Nd 0.5128 0.5130 0.5130 na

Total iron is expressed as Fe,03; wt.%: weight percent; LOI: loss on ignition; na: not analysed; *BCR-1 and *BHVO-1 (international rock standards).

the Ti/100-Zr*3-Y ternary diagram of Pearce and Cann (1973). It is
apparent from the Fig. 8 that Polath lavas appear to be derived
from a source similar to the within-plate basalts. Furthermore,
the ternary plots of Th-Hf/3-Ta (Menzies et al.,1991) is also used
to distinguish the source regions of Polatli lavas (Fig. 9). They have

Th-Hf-Ta systematic consistent with the derivation from a source
similar to within-plate basalts. Trace elements ratios such as Nb/
La-Ba/La, Th/Yb-Ta/Yb and Zr/Nb-Y/Nb may be useful to assess
the role of source component(s) (Pearce, 1983; Edwards et al.,
1991; Alici et al., 1998, 2002; Temel et al., 1998a). The Ba/La and
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Fig. 3. Total alkali vs. silica diagram of the Polatli volcanic rocks (Le Bas et al., 1986)
The alkaline-subalkaline dividing line is from Miyashiro (1978).

Nb/La diagram (Fig. 10) has been used to distinguish the intra-plate
basalt from the subduction-related basalts, since high Ba/Nb > 28
and Nb/La > 1 are the specific characteristics of island-arc magmas
and intra-plate magmas, respectively. According to these criterion,
low Ba/Nb and relatively high Nb/La ratios in Polatli lavas can not
be attributed to subduction processes. This is also supported by
their low Ba/Ta ratios (<368). Thus, low Nb and Ta concentrations
in the Polatl lavas relative to the LIL elements in the spidergrams
can be explained by the effects of crustal contamination rather
than subduction processes. The trace element ratios of Polatli lavas
were compared with those of a selection of volcanic suites related
to within-plate volcanism. The comparison reveals that the Nb/La
and Ba/La ratios of the most of the Polatli lavas are similar to Erci-
yes alkaline basalts (EAB, Kiirkciioglu et al., 1998), Zuni-Bandera
alkaline basalts (ZBAB, Menzies et al., 1991) and OIB.

The Th/Yb vs. Ta/Yb discrimination diagram has been used to
distinguish basaltic rocks associated to within-plate source regions
and subduction-related source regions (Pearce, 1983) (Fig. 11).
Basalts derived from the convecting upper mantle (MORB),
asthenosphere and lithosphere enriched from small volume partial
melts all plot within or close to the mantle array (Pearce et al.,
1990). It is apparent from the Fig. 11 that the great majority of
the Polatl lavas plot on the mantle array and OIB field (Chen and
Frey, 1985; Chen et al., 1990; Gerlach et al., 1988; Chaffey et al.,
1989; Gautier et al., 1990), confirming the suggestion from trace
element chemistry that the source region(s) of Polatli lavas had
no subduction signatures. Moreover, some of the Polatli lavas plot
close to the EAB, RSAB (Red Sea alkaline basalts, Altherr et al.,
1988), ZBAB and ZBTB (Zuni-Bandera Tholeiitic basalts, Menzies
et al,, 1991) fields which are typically originated from within-plate
source region(s). It is clear from the Fig. 8 that Polatli lavas gener-
ally scattered along the within-plate enrichment trend rather than
subduction zone enrichment trend.

On a Zr/Nb vs. Y/Nb diagram (Fig. 12), OIB-like asthenospheric
melts have low Zr/Nb and Y/Nb ratios. Furthermore, mantle melts
show a positive correlation with the highest degree of partial melts
having the highest Zr/Nb and Y/Nb ratios. Demonstrate that, Polatl
lavas clearly plot within in ZBAB and EAB fields which were gener-
ated from asthenopheric mantle. According to this diagram, Polatli
lavas have also Zr/Nb and Y/Nb ratios similar to OIB-like astheno-
spheric magmas but their variations in these ratios should be due
to different degree of partial melting. It could be said that all the
Polatli lavas were derived from the same asthenospheric mantle
source via variable degree of partial melting.

La/Yb ratio in a mafic lavas is controlled by garnet and may be
determine the source characteristics of Polath lavas. Since Yb is

compatible in garnet and, low La/Yb ratios can be attributed to
the presence of residual garnet-bearing mantle source as expected
in OIBs. La vs. La/Yb diagram (Fig. 13) was carried out to determine
the source mineralogy of Polatli lavas and record the degrees of
partial melting. Shaw’s (1970) fractional and batch melting equa-
tions were used for the modelling. La and Yb concentrations of gar-
net-peridotite are 2.1 and 1.1, respectively (Frey, 1980). The modal
mineralogy of the garnet-peridotite is 63% olivine, 82% orthopy-
roxene, 30% clinopyroxene and 5% garnet (Wilson, 1989). Min-
eral/melt (K,) partition coefficients of the basaltic melts are from
Irving and Frey (1978), Fujimaki et al. (1984) and Rollinson
(1993). It is further calculated from the Ky values of the basaltic
melts and modal mineralogy of the garnet-peridotite that the bulk
partition coefficient for La is D;,=0.0054 and for Yb is
Dyp =0.3348. It is apparent from Fig. 13 that the Polath lavas
clearly plot on the batch melting curve of garnet-peridotite. This
indicates an OIB-like mantle source with residual garnet signatures
and partial melting of garnet-peridotite is the major source in the
genesis of Polatli lavas. Moreover, Polatli lavas have experienced
variable degrees of partial melting. Modelling indicates that all
the Polath lavas were generated from the same OIB-like asthen-
opheric mantle via degree of partial meting ranging from ~5% to
~20%.

Generally, Polatli lavas have trace element abundance patterns
and Th/Y (0.04-0.21), Nb/Y (0.59-2.04), Ba/Nb (6.55-22.94), La/Nb
(0.62-1.64), Th/Nb (0.06-0.20) and Rb/Nb (0.23-1.32) ratios al-
most similar to OIB (Edwards et al., 1991; Temel et al., 1998a,
2000). Nevertheless, they have relatively depleted HFS elements
ratios relative to the OIB. Moreover, slight negative Nb and Ta
anomalies relative to other trace elements and some relatively
high 87Sr/85Sr isotope ratios can be attributed to the effects of crus-
tal contamination in their evolution. Nonetheless, the partial melt-
ing process, which is supported by the variations in Zr/Nb and Y/Nb
ratios and REE-modelling studies, is also effective in the genesis of
Polatli lavas. The Zr/Nb ratio strongly depends on the amount of
clinopyroxene in the residue. Hence, the Zr/Nb and Y/Nb ratios in-
crease with increasing degree of partial melting.

Ratio-ratio plots and REE modelling demonstrate that Polatli la-
vas have compositions consistent with derivation from the OIB-like
asthenospheric mantle similar to other within-plate volcanisms
such as EAB, and RSAB. Consequently, geochemical studies demon-
strate that Polatli lavas derived from a same asthenospheric mantle
and experienced variable degree of partial melting, since geochem-
ical variations, especially in Zr/Nb and Y/Nb, are due to different
degree of partial melting rather than source heterogeneities.

7. Possible source of the Polath volcanites

We do not find any field evidence for the volcanic emission cen-
tres and/or the tectonic lines that produced the Polatli lavas, possi-
bly due to the shortening deformation and erosion that followed
the Miocene extensional period. There are, however, some field
observations (Demirbag, 2005) that suggest the flow direction of
these basaltic rocks. Thicknesses of lava flows, estimated to ca.
80 m at the south (Yurtyeri, 1989) (Fig. 1) decrease to ca. 15 m at
the northern sections (Akdag, 2005). Thicknesses of the baked
zones developed in the underlying clastics also progressively de-
crease northwards, from ca. 50 cm. at the southern to ca. 8 cm at
the northern sections (Fig. 1). We interpret this difference as due
to the fact that the northern clastics were heated by gradually
decreasing quantities of volcanics, the temperature and the cooling
duration to which these sedimentary rocks were exposed also
decreasing away from the emission centers. We thus think that la-
vas erupted from a southern source and flowed towards the north.
This southern possible source is near to the Eskisehir fault zone, an
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active fracture with dip-slip to transtensional movements (Ocako-
§lu, 2007). The older movements are of strike-slip character (Oca-
koglu, 2007). Neogene volcanic activities are reported along or near
the Eskisehir fault zone (5.5 Ma, Servais, 1982; Miocene, Temel,
2001; 15.7 Ma, Ocakoglu, 2007). We propose that the Polatli activ-
ity is formed by fractures belonging to the Eskisehir fault zone.
Yagmurlu et al. (1988) studied the Miocene Beypazari basin and
concluded that the ca. 1000 m thick sedimentation is due to a N-S
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Fig. 8. Ti/100-Zr-Y*3 discrimination diagram of Pearce and Cann (1973) for the
Polatl volcanic rocks.
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Fig. 9. Hf/3-Th-Ta tectonic discrimination diagram (Menzies et al., 1991) of Polatl
volcanic rocks.
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Fig. 10. Nb/La vs. Ba/La diagram of Polatli volcanic rocks (data from McMillan and
Dungan (1986), Altherr et al. (1988), Chaffey et al. (1989), Menzies et al. (1991),
Class and Goldstein (1997), Widom et al. (1997), Kiirkciioglu (2000) and Varol
Muratgay (2006)).

crustal extension. The study of a ENE-trending fault zone at the
south of the GVP let Yiiriir et al. (2002) to propose that N-S crustal
stretching produced the GVP magmatism in the Early Miocene. Fi-
nally, geochemical features of our data suggest that the Polatli basal-
tic lavas formed in a intra-plate environment, during a rifting event
marked by large-scale crustal events since the Early Miocene time.
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100 : 01%F

Garnet-peridotite
batch meiting curve

10

La/Yb

fractional ;.olﬁny curve

3%

01

1 10 100 1000
La

Fig. 13. La vs. La/Yb diagram of Polatli volcanic rocks. Melt curves obtained from

fractional and batch melting equations of Shaw (1970) are also shown.

There remains, however, a point that is not clear, the Early Mio-
cene kinematics of the Eskisehir fault zone since we propose crus-

tal extension and that the older movements of the fault zone are
proposed to be of strike-slip character (Ocakoglu, 2007). The Es-
kisehir fault trends ESE-WSW, similar to the present-day southern
Aegean horst and grabens (e.g. Sengor and Kidd, 1979) whereas for
a ENE-trending fault zone, about 100 km NE, Yiiriir et al. (2002)
found field evidences to suggest that the fault accommodated ca.
N-S extension during the Early Miocene in the GVP. Further field
data is necessary to better constrain the chronology and nature
of the different movements the Eskisehir fault seems to have
accommodated.

8. Magma source differences between the GVP and Polath lavas

Geochemical data from the GVP and from the Polatli volcanites
(this study) attest clearly that these two coeval magmatic events
being generated in places not far from each other (~100 km) are,
however, associated with mantle sources with different composi-
tions. The GVP magmatism is located on the Neo-Tethyan suture
zone and generated by reactivation of this plate boundary in the
post-collisional period. Its products show the characteristics of a
mantle source modified by earlier subductional processes (Wilson
et al.,, 1997; Varol Muratcay, 2006). In Polatli, basaltic lavas erupted
in the same time do clearly not display this characteristic and seem
to be affected only by crustal contamination. We think that the
mantle beneath the suture zone has preserved for about 20 My
the chemical features of a mantle that was modified by the Late
Cretaceous subduction (Goriir et al., 1998). At about 100 km far
from the suture zone, the subductional component disappears in
the Polatli magmatism. This distance of 100 km, not much modi-
fied by later crustal shortening, is therefore an upper limit estimate
for the lateral extent of the subduction-modified part of the under-
lying mantle. It is also interesting to note that after a relatively
short period of time (~8 My) of heavy magmatic activity in the
GVP, the last magmatic production of Giivem basaltic rocks at
about 10 My (Tankut et al., 1998) do also not bear the subductional
signature of the underlying mantle in the GVP suggesting that this
time interval that becomes about 12 My when considering the
time elapsed since the end of the first significant activity
(~14 My) and the last activity (Glivem) corresponds to the time
where the mantle restores its “normal” composition after modifi-
cations due to the closure of an ocean. The production of huge vol-
umes of magma in the Early Miocene may have considerably
decreased this time interval.

9. Conclusions

We present field and geochemical data collected from the
Polatli flood basalts erupted during the Early and Middle Miocene
times. In the same time, acid-intermediate magmatism was pro-
duced in the northern Galatean Volcanic Province (GVP). We show
that Polath lavas originated from a mantle source different than
that of the GVP volcanites, these regions being far from another
by about 100 km. We attribute this difference in the source signa-
ture to the heterogeneity of the mantle, the crust of the northern
GVP area being located on a mantle modified by the older Neo-
Tethyan subduction whereas the Polatli crust may be underlain
by a mantle not chemically modified by this geotectonic event.

Products of a within-plate magmatism, the eruption of the Low-
er-Middle Miocene Polatli basaltic rocks is contemporaneous with
the formation of the Galatean Volcanic Province and the large Bey-
pazari basin. These geographically close events associated with N-S
crustal extension substantiate the view that crustal rifting started
to prevail in the early periods of the Neogene time in NW Central
Anatolia.
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