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Abstract

Zircons from Carboniferous sandstones (three samples) and Mid-Late Triassic sandstones 

(four samples) from the Tauride and Anatolide continental units were analysed for U-Pb-Hf 

isotopes. For comparison, zircons were also analysed from Carboniferous granites of the 

Afyon Zone, Anatolides (three samples). A NE African/Arabian source is inferred for both 

the Carboniferous sandstones of the Taurides (Aladağ) and the Anatolides (Konya Complex). 

In contrast, the Carboniferous Karaburun Melange is characterised by a NW African 

provenance. A prominent Devonian population occurs in the Carboniferous Karaburun 

Melange, characterised by mainly positive εHf(t) values that differ significantly from those of 

the Devonian granites of the Sakarya continental crustal unit (Pontides). Middle-Late Triassic 

Tauride sandstones include minor Paleozoic and Early Mesozoic zircons. In contrast, 

Devonian and Carboniferous zircons are relatively abundant in Late Triassic sandstones of 

the Karaburun Peninsula. The Hf isotopic compositions of 25 Carboniferous-aged zircons 

from three samples of Mid-Late Triassic sandstone and one of Late Carboniferous age (one 

sample) overlap with the εHf(t) values of Carboniferous arc-type granites in the Anatolides. 

Taking account of the available U-Pb and Lu-Hf isotopic data from comparative crustal units, 

the Devonian zircon populations from the melanges in the Karaburun Peninsula and the 

Konya Complex are inferred to have a westerly source  (e.g. granitic rocks of Aegean region 

or central European). A tectonic model is proposed in which Paleozoic Tethys sutured during 

the late Carboniferous in the west (Aegean region westwards), leaving an eastward-widening 

oceanic gulf in which sandstone turbidites accumulated, including Devonian zircons.

Key Words: provenance, sandstone, detrital zircon, U-Pb & Lu-Hf isotopes, Taurides, 

Anatolides, Gondwana, late Carboniferous, Late Triassic; Tethys
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1. Introduction

Detrital zircon geochronology is a well-established technique for the study of 

sandstone provenance (Davis et al. 2003; Fedo et al. 2003). The potential is significantly 

enhanced when Lu-Hf isotopic analysis is included, as this helps to distinguish crustal types 

(Hawkesworth and Kemp 2006a, b; Kemp et al. 2006). Interpretation is most effective when 

zircon U-Pb and Lu-Hf data are combined and compared with continental source units that 

have well-dated and isotopically characterised zircon populations (e.g. Linnemann et al. 

2014, Henderson et al. 2016). However, clear-cut compositional source differences may not 

exist within different parts of all orogenic belts. For example, Anatolia is made up of 

continental and oceanic units that were progressively assembled from Late Precambrian to 

Neogene time (e.g. Şengör and Yılmaz 1981; Robertson and Dixon 1984; Moix et al. 2008; 

Robertson et al. 2012). Several continental fragments detached from Gondwana, drifted 

across Tethys and accreted to Eurasia during Paleozoic-Eocene time (Stampfli 2000; 

Stampfli et al. 2001; Robertson et al. 2004; Okay et al. 2006). As a result, the sedimentary 

provenance, as represented by detrital zircon age and Lu-Hf data is likely to be complex, 

variable and may not simply fingerprint opposing continents.

  By the late Carboniferous to Late Triassic, the main time interval considered here, 

Gondwana-derived continental crust existed both to the south and to the north of Tethyan 

oceanic crust (P.A. Ustaömer et al. 2011, 2012a; Ustaömer et al. 2013, 2016a). Identification 

of Gondwanan vs. Eurasian provenance cannot therefore rely solely on the recognition of 

distinctive Precambrian Gondwana-derived detrital zircon populations but must account of 

all of the geological evidence from the region. Anatolia experienced significant episodes of 

continental margin and/or or oceanic arc volcanism, especially during Late Palaeozoic-

Triassic time, which provided distinctive age populations and crustal signatures. However, 

potential source arcs are exotic terranes of debatable position with regard to Gondwana or 
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Eurasia. Additional clues to provenance are nevertheless provided by minor Late Paleozoic-

early Mesozoic zircon populations and related Lu-Hf data, as presented here, which 

fingerprint specific tectonic-magmatic events. 

With the above challenges in mind, we have selected two key time periods that are 

critical to the regional tectonic reconstruction of Gondwana and Eurasia, and that include 

sandstones with zircons suitable for isotopic analysis. The area sampled extends over c. 800 

km E-W (Fig. 1). The first of these time periods is the late Carboniferous when subduction of 

Paleotethys took place (Şengör et al. 1984; Robertson and Dixon, l984; Ustaömer and 

Robertson l993; Pickett and Robertson, 1996; Göncüoğlu et al. 2000). The second time 

period, the Mid-Late Triassic, was characterised by rifting of Neotethys along the north 

margin of Gondwana and further subduction of Paleotethys (Göncüoğlu et al. 2003; 

Robertson et al. 2004).

Here, building on initially reported results (Ustaömer et al. 2012, 2016b, 2018), we 

have the following specific objectives:

1. To provide a reference for zircon populations of the largest existing crustal unit in 

the region, namely the Tauride continental unit (Tauride microcontinent), which 

extends over > 1300 km E-W,  by combining new and existing data;

2. To test whether the Tauride continental unit shows a close compositional affinity 

with Gondwana to the south, and if so, which part.  

3. To compare the zircon geochronology of the Tauride continental unit with the 

adjacent Anatolide continental unit, which itself comprises both the Afyon Zone 

and the Tavşanlı Zone, that together make up the Anatolide continental unit (Fig. 

1). 
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4. To infer the crustal composition and age of Carboniferous arc-related granitic rocks 

in the region, using a combination of new and existing data. 

5. To use new Lu-Hf isotopic data to help test whether crustal units of similar age are 

actually likely to be of similar provenance, and to help indicate where suitable 

source units may be located.

6. To synthesise the new and existing U-Pb and Lu-Hf isotopic data and thereby test 

several alternative regional tectonic models. Different published models imply 

northward subduction, southward subduction or dual subduction of Paleotethys, 

and also models in which Paleotethys was either closed in the west by latest 

Carboniferous or remained open throughout the Mediterranean region until Late 

Triassic time. In addition, many models consider the Taurides and the Anatolides 

(including both the Afyon Zone and the Tavşanlı Zone) to represent different parts 

of a single Gondwana-related continent (Anatolide-Tauride Block) (Şengör and 

Yılmaz 1981; Okay and Tüysüz 1999; Robertson et al. 2005). However, other 

tectonic models infer that the Anatolide continental unit was located along the 

southern margin of Eurasia during the Late Paleozoic until it rifted, drifted 

southwards and collided with the Taurides during the Late Triassic (Stampfli 2000; 

Stampfli et al. 2001;  Eren et al. 2004).

2. Methods and data reduction

Three Late Carboniferous and four Late Triassic sandstones, together with three 

Carboniferous metagranites, were sampled from geologically well-constrained units (Figs. 1, 

2; see Supplementary Table 1 for GPS coordinates of the samples). Geological maps of the 

sample locations are included in the Supplementary material.
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Zircon grains were extracted at the Department of Geology, İstanbul University-

Cerrahpaşa.  The samples were first cut into slices and altered edges were removed. The 

slices were then crushed twice and further reduced in a roller mill. This was followed by 

washing and drying in an oven at 70 °C for c. 10 hours. The dry samples were then sieved 

using mesh sizes of 63 μm, 125 μm, 250 μm, 500 μm, 1 mm and 2 mm. The sieves were 

shaken mechanically for 30 minutes for each sample. Individual size fractions were stored in 

plastic bags. Samples with size fractions of <500 μm were further processed using a Frantz 

magnetic separator and heavy liquid (sodium polytungstate) separation. The zircons were 

then handpicked, mounted in epoxy tablets and polished, followed by cathodoluminescence 

(CL) imaging and isotopic analyses. The CL images were obtained using a SEM Jeol JSM- 

6490, equipped with Gatan MiniCL at Goethe University Frankfurt (GUF). Selected 

cathodoluminescence images of the detrital zircons are included in the supplementary 

material.

Uranium, thorium and lead isotope analyzes were carried out by laser ablation-

inductively coupled plasma-mass spectrometry (LA-ICP-MS) at GUF, using a slight 

modification of the method previously reported in Gerdes & Zeh (2006, 2009) and Zeh & 

Gerdes (2012). A ThermoScientific Element 2 sector field ICP-MS was coupled to a 

Resolution S-155 (Resonetics) 193 nm ArF Excimer laser (CompexPro 102, Coherent), 

equipped with a two-volume ablation cell (Laurin Technic, Australia). The laser was fired 

with 5.5 Hz at a fluence of about 3 J cm-2. The above configuration, using a spot size of 

26µm and a depth penetration of 0.6µm s-1, yielded a sensitivity of 9000-13000 cps/µg g-1 for 

238U. Raw data were corrected offline for background signal, common Pb, laser-induced 

elemental fractionation, instrumental mass discrimination, and time-dependent elemental 

fractionation of Pb/U using an in-house MS Excel© spreadsheet program (Gerdes & Zeh 

2006, 2009). Laser-induced elemental fractionation and instrumental mass discrimination 
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were corrected by normalization to a reference zircon GJ-1 (0.0982 ± 0.0003; ID-TIMS GUF 

value). Repeated analyses of the reference zircon Plesovice, Felix and 91500 (Slama et al. 

2008; Millonig et al. 2012; Wiedenbeck et al. 1995) during the same analytical session 

yielded an accuracy of 1% and a reproducibility of <2% (2 SD). All uncertainties are 

reported at 2 level. The data are summarised in Supplementary Tables 2 and 3 (see 

Supplementary Table 4 for the whole data set). 

Hafnium isotope measurements were performed using a Thermo-Finnigan NEPTUNE 

multi collector ICP-MS at GUF, coupled to the Resolution M50 193nm ArF Excimer 

(Resonetics) laser system following the method described by Gerdes and Zeh (2006, 2009). 

Spots of 40 µm in diameter were drilled with a repetition rate of 5.5 Hz and an energy 

density of 6 J/cm2 during 50s of data acquisition. The instrumental mass bias for Hf isotopes 

was corrected using the exponential law and a 179Hf/177Hf value of 0.7325. For Yb isotopes, 

the mass bias was corrected using the Hf mass bias of the individual integration step 

multiplied by a daily βHf/βYb offset factor (Gerdes and Zeh 2009). All data were adjusted 

relative to the JMC475 of 176Hf/177Hf ratio = 0.282160. The quoted uncertainties are 

quadratic additions of the within-run precision of each analysis combined with the 

reproducibility of the JMC475 (2SD = 0.0028%, n = 8). The accuracy and the daily 

reproducibility of the method were verified by repeated analysis of the reference zircon GJ-1, 

Plesovice, and Temora (see Supplementary Table 5), which yielded 176Hf/177Hf of 0.282007 

±0.000025 (2 SD, n=55), 0.282475 ±0.000016 (n=33), and 0.282682 ±0.000028 (n=22), 

respectively. This is in very good agreement with previously published results (e.g., Gerdes 

and Zeh, 2006; Slama et al. 2008) and with the LA-MC-ICPMS long-term average of GJ-1 

(0.282010 ±0.000025; n > 800), Plesovice (0.282483 ±0.000025, n > 300), and Temora 

(0.282483 ±0.000023, n > 250) reference zircons at GUF.
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The initial 176Hf/177Hf values are expressed as εHf(t), which is calculated using a 

decay constant value of 1.867×10−11 year−1, CHUR after Bouvier et al. (2008) 

176Hf/177HfCHUR,today = 0.282785 and 176Lu/177Hf CHUR,today = 0.0336) and the apparent U-Pb 

ages obtained for the respective domains (see Supplementary Table 5). For the calculation of 

Hf two-stage model ages (TDM) in billion years, the measured 176Lu/177Hf of each spot (first 

stage = age of zircon), a value of 0.0113 for the average continental crust, and a depleted 

mantle 176Lu/177LuDM = 0.0384 and 176Hf/177Hf DM = 0.28315 (average MORB; Chauvel et al. 

2008) were all used. The data are summarised in Supplementary Tables 2 and 3 (see 

Supplementary Table 5 for the whole data set). 

The degree of concordance was calculated using the 206Pb/238U and the 207Pb/206Pb 

ages. The calculated ages are considered to be valid when they are 90-110% concordant. 

206Pb/238U ages are used for <1 Ga, whereas 207Pb/206Pb ages are used for >1 Ga (see 

Supplementary material). The age data obtained during this study are illustrated as concordia 

plots and as density and kernel density estimate plots which highlight the different zircon 

populations.

The (176Hf/177Hf)i ratio was calculated from a series of measured isotopes of Yb, Lu 

and Hf (Supplementary Table 5), as described by Gerdes and Zeh (2006, 2009). Hf(t) 

represents the deviation of 176Hf/177Hf from the chondritic (CHUR) values for the calculated 

U-Pb ages of the samples studied. Positive values indicate mantle-derived melts with or 

without crustal influence, whereas negative values are indicative of recycled, old crust-

derived melts. The data obtained are displayed on U-Pb age (Ma) versus Hf(t) plots and are 

compared with the evolution of different geochemical reservoirs including CHUR, depleted 

mantle and continental crust of various ages.  The CHUR line (zero) separates positive and 

negative εHf(t) values. The depleted mantle array is also marked (DM). The line of the mantle 

array represents new crust, for example, juvenile crust forms close to the mantle array (see 
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Dhuime et al. 2011 for an explanation of the method). With time, the isotopic ratio evolves 

parallel to the average crustal evolution trend. In principle, different age populations can 

have different crustal origins and therefore the Lu-Hf isotopic data are reported below for 

each of the age populations that were identified in the different geological units.

The new data are displayed in full in Supplementary Tables 2 and 3 in the following 

categories: number of spots analysed; number of concordant results; age ranges (oldest to 

youngest); maximum age of deposition; major populations, peak ages (for main populations) 

and Hf(t) values (for each prominent population); percentage of zircons with Hf(t). Small data 

clusters are also highlighted. Lu-Hf data are available for the majority of the radiometrically 

dated sandstones.

The geochronological plots were produced using the spreadsheets ISOPLOT (Ludwig 

2003) and Density Plotter (Vermeesch 2012).

The International Stratigraphic Chart of the International Commission on Stratigraphy 

is used here for the timescale (Cohen et al. 2013; updated). 

3. Results

Our new data are reported moving generally from the east to the west, which takes 

account of the increased geological complexity of the Aegean region (Fig. 1). 

3.1 Tauride sandstones

3.1.1 Eastern Taurides

Although the Tauride crust is widely accepted as a coherent paleo-tectonic unit prior 

to late Mesozoic time, it nowadays includes both relatively autochthonous and relatively 

allochthonous units as a result of late Mesozoic-early Cenozoic collision-related deformation 
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(e.g. Şengör and Yılmaz 1981; Okay and Tüysüz 1999; Robertson et al. 2005). Sandstones 

were studied from the Aladağ Nappe in the Yahyalı area (Figs. 1 and 2 log a). The Aladağ 

Nappe is interpreted as an eastward extension of the relatively autochthonous eastern Tauride 

carbonate platform although it is now a relatively allochthonous unit (Tekeli 1980; Tekeli et 

al. 1984). A sample of quartzarenite (orthoquartzite) (see Supplementary Fig. 1) was 

analysed from near the top of the Köşkdere Formation. A Late Carboniferous age has been 

assigned to this formation based on the paleontologically determined age of interbedded 

limestones and the presence of the Early Permian Girvanella zone c. 40 m above the sample 

locality (Tekeli et al. 1984; Ayhan and Lengeranlı 1986). The quartzarenite is made up of 

silica-cemented, rounded to subrounded quartz grains (>90%), with rare muscovite and 

opaque minerals. Zircon and tourmaline are accessory phases. 

Detrital zircons from one sample of thick-bedded, medium-grained, varicoloured 

(white, pink, to orange) quartzarenite (S3) were analysed for U-Pb isotopes (Ustaömer et al. 

2012). The zircons are dominantly well-rounded, which is consistent with prolonged 

transport from a relatively distal source area and/or several stages of reworking from clastic 

sedimentary rocks (Fedo et al. 2003).  A few of the zircons are euhedral or subhedral 

suggesting nearby derivation.  CL images of the zircons (Fig. 3a; see also Supplementary 

Fig. 2) show that 86% of the crystals are internally homogeneous, whereas the remainder 

have xenocrystic cores, enveloped by younger zircon. The homogeneous zircons generally 

show oscillatory zoning, sector zoning and, or complex growth zoning, consistent with an 

igneous origin (Corfu et al. 2003).  Th/U ratios range from 0.01-1.3 (Fig. 4). Xenocrystic 

cores have rounded margins and commonly exhibit pale or dark grey luminescence without 

visible zoning, or show weak zoning, consistent with a metamorphic origin (Corfu et al. 

2003). The Th/U ratios of the individual zircons and where present, the internal zircon 

Page 10 of 188

URL: https://mc.manuscriptcentral.com/tigr  E-mail: rjstern@utdallas.edu

International Geology Review

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

11

domains (n=22) are <0.1 (Fig. 4). Rare zircon grains show fir tree-type zoning, typical of 

metamorphic zircons (Corfu et al. 2003). 

The numerical U-Pb age data are shown as a concordia diagram and as histograms 

and kernel density plots in Figure 5 a,b. The ages of the metamorphic zircon domains, where 

present, range from 2487-555 Ma, with Neoproterozoic ages predominating. Zircon 

percentage abundances are shown in Figure 6. The dominant age population is Tonian-

Stenian (40.5%), followed by Ediacaran-Cryogenian (37.8%) and then by Paleoproterozoic 

(11.7%). There is a small Archean age cluster (9.9%) (see also Supplementary Table 2).

3.1.2 Central Taurides

The Central Taurides are dominated by the Tauride Autochthon (Geyikdağ), as well 

exposed in the Anamas-Akseki area (Fig. 1). As a composite succession, Precambrian 

metamorphic rocks are overlain by Cambro-Ordovician quartzitic sandstones, neritic 

carbonates and shales. There is then a regional unconformity, followed by Carboniferous 

terrigenous sediments and neritic carbonates. Unconformably above there are then varied 

Triassic terrigenous clastic sedimentary rocks, and finally the regional-scale Jurassic-

Cretaceous Tauride carbonate platform succession (Dumont and Monod 1976; Dumont 1978; 

Dumont and Kerey 1975; Gutnic et al. l979; Özgül et al. 1997) (Fig. 2 log b).

Two contrasting siliciclastic successions are exposed in the Anamas-Akseki area 

(Geyikdağ). The older Kasımlar Formation in the southeast, of Mid-Late Triassic age, 

comprises deep-marine, normal-graded sandstone-shale turbidites, with occasional 

interbedded debris-flow deposits (Fig. 2 log b). The younger Üzümdere Formation (c. 60 km 

to the northwest), of Late Triassic-earliest Jurassic age, is made up of shallow-marine, deltaic 

to terrestrial limestone, sandstone and conglomerate (Fig. 2 log c). No underlying succession 
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is exposed in this area; however, the sandstones are overlain by the regional Jurassic-

Cretaceous Tauride carbonate platform succession (Monod 1977; Şenel 1996).  

3.1.2.1 Kasımlar Formation

Two samples of respectively, fine and coarse-grained sandstone (K.12.75 & K.12.78)  

were collected from near Kasımlar town (Fig. 1; see Supplementary Fig. 3). They comprise 

monocrystalline and polycrystalline quartz, muscovite, biotite and phyllite lithoclasts. Zircon 

crystals occur within muscovite-quartz-bearing detrital grains and also as isolated grains 

within the matrix. 

The first sample (K.12.75) contains both euhedral and variably rounded to well-

rounded zircons, all of which show oscillatory zoning but only rarely core and mantle 

structure. (Fig. 3b, see Supplementary Fig. 4). Th/U ratios range from 0.05-1.95, of which 

90% have ratios of 0.2-1 (Fig. 4). Two unzoned zircon rims with pale grey luminescence 

have ratios of 0.05 and 0.08, typical of metamorphic crystallisation. The zircons in the 

second sample (K.12.78) are variably rounded, together with a few euhedral crystals (see 

Supplementary Fig. 5). Most have oscillatory zoning and homogeneous internal structure, 

although a few have core and mantle structure (e.g. Fig. 3b, spots 294 and 346). Some of the 

zircons have sector zoning and other recrystallization textures (e.g. Fig. 3b, spots 327 and 

338). The Th/U ratios of 111 spots analysed range from 0.1-3.86, with 98% being >0.3, 

indicating a magmatic origin (Fig. 4).

The age data are displayed as zircon percentage abundances (Fig. 6), and the U-Pb data 

as a whole as concordia (Fig. 7a, b), histograms and a kernel density estimate plot (Fig. 8 a, 

b). The dominant age population is Tonian-Stenian (33%), followed by Ediacaran-

Cryogenian (29%) and Paleoproterozoic (11%). There are also small clusters of Archean and 

Paleozoic ages. All of the geological systems from Cambrian to Permian are well-represented 
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in the two samples (21 and 11 concordant ages, respectively). One of the samples (K.12.78) 

includes two Triassic (Anisian-Ladinian) zircons. Lu-Hf analyses of the two sandstone 

samples are plotted on an age (Ma) vs. εHf(t) diagram in Figure 9 a-b. The major populations 

exhibit highly evolved to strongly juvenile εHf(t) values (see Supplementary Table 3). 

3.1.2.2 Üzümdere Formation

The sample from the Üzümdere Formation (K.13.77) was collected from typical 

thick-bedded, reddish-brown, medium-grained sandstone (see Fig. 1 and also Supplementary 

Fig. 6 for sample location). Angular to sub-rounded grains of felsic volcanic rocks, quartz 

mica schists, chert and quartzite occur in decreasing order of abundance. Zircons are variably 

rounded and show oscillatory growth zoning; sector zoning is locally present (e.g. Fig.  3c; 

see Supplementary Fig. 7). In some cases, zoning is poorly defined or complex (see also 

Supplementary material). Th/U ratios range from 0.05-3.78, consistent with an igneous 

origin; however, a single grain has a ratio of 0.05, indicative of a metamorphic origin (Fig. 

4). 

The zircon percentage abundances are shown in Figure 6, and the U-Pb concordia 

diagram in Fig. 7c;  histograms and also kernel density estimates for the U-Pb data are in 

Figure 8c. The dominant age population is Ediacaran-Cryogenian (30%), followed by 

Tonian-Stenian (22.6) and Cambrian (18.3%). Paleoproterozoic (12.9%) and Ordovician 

zircons form small clusters.  Plotted on an age (Ma) vs. εHf(t) diagram (Fig. 9c), the Lu-Hf 

data for the major populations exhibit highly evolved to strongly juvenile εHf(t) values (see 

also Supplementary Table 3).

3.1.3 Anatolides

The Afyon Zone, the more southerly of the two crustal units making up the Anatolide 

continental unit includes a structurally complex, composite unit which outcrops northwest of 
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the major city of Konya (Fig. 1). The Afyon Zone was metamorphosed to high-P/low-T 

conditions during Paleocene time (Candan et al. 2005; Pourteau et al. 2010, 2013; Özdamar 

et al. 2013). 

3.1.3.1 Konya Complex

The Konya Complex encompasses an intact Late Silurian-early Carboniferous 

carbonate platform succession, which is depositionally overlain by a Carboniferous melange 

(Fig. 2 log d). The melange includes blocks of black ribbon chert and recrystallized neritic to 

pelagic limestone of Silurian, Devonian and Carboniferous ages, together with volumetrically 

minor basic igneous rocks (e.g., basalt, gabbro). The melange is unconformably overlain by 

non-marine to shallow-marine mixed terrigenous-carbonate sediments of Triassic age, with 

the addition of basic to felsic alkaline volcanic rocks in some areas (Özcan et al. 1990; Eren 

et al. 2004; Göncüoğlu et al. 2000, 2007; Candan et al. 2009; Robertson and Ustaömer 

2009a, 2011; Akal et al. 2012; Güven et al. 2012; Özdamar et al. 2013; see also 

Supplementary Fig. 8). 

One sample (K13.75) of medium-bedded, medium-grained sandstone was analysed 

from the Carboniferous melange matrix (Fig. 1 and Supplementary Fig. 8). This is dominated 

by polycrystalline and monocrystalline quartz, plagioclase, quartzite and granite, together 

with minor zircon and tourmaline. Most zircons are rounded, together with a small number of 

euhedral grains. Most grains show oscillatory zoning, consistent with a magmatic origin (Fig. 

3d; see Supplementary Fig. 9). Some CL images have sector zoning, post-crystallisation 

alteration, or recrystallisation textures, although some crystals lack internal zoning. Core and 

mantle structure is occasionally present but without zoning in the mantle rims. Th/U ratios of 

<0.1 in the rims indicate a metamorphic origin (Fig. 4). The Th/U ratios of analysed spots 

range from 0.04-2.58 and, together with oscillatory zoning, indicate an igneous origin. 
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Concordant ages from the metamorphic rims of the zircons range from 635-555 Ma 

(Ediacaran). U-Pb concordia plots, histograms and kernel density estimates are shown in 

Figure 5c-d, and zircon percentage abundances in Figure 6 (see also Supplementary Table 2). 

The dominant population is Tonian-Stenian-aged (43%), followed by Ediacaran-Cryogenian 

(34%) then Paleoproterozoic (12.2%). Small clusters of Archean and Cambro-Ordovician age 

also occur. When plotted on an age (Ma) vs. εHf(t) diagram, the major populations indicated 

by the Lu-Hf analyses exhibit highly evolved to strongly juvenile εHf(t) values (Fig. 10a; see 

also Supplementary Table 2).

3.1.4 Karaburun Peninsula

The Karaburun Peninsula of  westernmost (Aegean) Turkey (Fig. 1; Supplementary 

Fig. 10) is dominated by a Paleozoic melange with a Mesozoic cover succession of rift-

related and platform carbonates (Erdoğan 1990; Erdoğan et al. 1990; Robertson and Pickett 

2000; Robertson and Ustaömer 2009b; Okay et al. 2012). The melange is cut by a small (<1 

km in diameter) Early Triassic granite (Akal et al. 2011; Ustaömer et al. 2016).

Although unmetamorphosed, the Paleozoic-Mesozoic of the Karaburun Peninsula is 

treated below as a separate tectonic unit from the Taurides because there is no unbroken 

outcrop continuity between the two areas. However, the two crustal bodies can be broadly 

correlated based mainly on the presence of similar Mesozoic carbonate platform successions 

(Erdoğan 1990; Erdoğan et al. 1990; Robertson and Pickett 2000; Okay et al. 2012).

3.1.4.1 Karaburun Melange 

The melange, which has no exposed base (Fig. 2 log e), is dominated by Silurian, 

Devonian and Carboniferous blocks of neritic to pelagic limestone, black ribbon chert and 

rare basic to intermediate-composition extrusive igneous rocks (Kozur 1997, 1998; 

Robertson and Ustaömer 2009b). Blocks of Silurian-Devonian pelagic carbonates are rich in 
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cephalopods, similar to coeval counterparts in the Taurides (Göncüoğlu et al. 2007). The 

melange matrix is unfossiliferous. However, recent detrital zircon age dating suggests a 

Permian-Carboniferous age (Löwen et al. 2017; see below). The matrix is dominated by 

lithoclastic sandstone turbidites together with some debris-flow deposits. The melange is 

unconformably overlain by an Early Triassic succession, mostly conglomerate and neritic to 

pelagic limestone, radiolarian chert and alkaline volcanic-rocks (Erdoğan et al. 1990; 

Robertson and Pickett, 2000; Robertson and Ustaömer 2009 a, b, 2011). 

A sample (K.13.102) of medium to thick-bedded pebbly sandstone was collected 

from the melange matrix in the northern part of the Karaburun Peninsula (Fig. 2 log e). The 

sandstone is poorly sorted with angular grains set in a fine-grained matrix. The main 

components are polycrystalline quartz, chert, granite and quartz-chlorite-muscovite schist 

fragments. The granitic grains are dominated by quartz, plagioclase and orthoclase. Less 

common volcanic rocks fragments include quartz phenocrysts, set in a recrystallized felsic 

matrix. Monocrystalline quartz grains exhibit undulose extinction and deformation lamellae. 

Zircons occur within some quartz grains in the form of thin, elongate euhedral inclusions. In 

contrast, zircons in the matrix are commonly rounded. 

Although some zircons lack internal zoning, most show oscillatory zoning or, 

rarely, convolute zoning, complex growth zoning, or sector zoning (Fig. 3e; see 

Supplementary Fig. 11). In some cases, grain margins are recrystallized (although the grain 

size was too small to analyse).  A few zircons have xenocrystic core and mantle structure, 

with either one or two growth envelopes of metamorphic origin. Th/U ratios range from 0.01-

1.51 (Fig. 4). Two values (0.05 and 0.01) are indicative of a metamorphic origin, for which 

the U-Pb ages are 572 Ma (Ediacaran) and 2600 Ma (Palaeo-Proterozoic).
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U-Pb Concordia, histogram and kernel density estimate diagrams of the detrital 

zircons are shown in Figure 5e, f and their percentage abundances in Figure 6. The dominant 

population is Devonian (30.9%), followed by Paleoproterozoic (26.8%) and then Ediacaran-

Cryogenian (20.6%). Small clusters of Archean age also occur in this sample. For the Lu-Hf 

analyses, on the age (Ma) vs. εHf(t) diagram (Fig. 10b), 60% of the Devonian population 

exhibits superchondritic εHf(t) values, whereas the other major populations have highly 

evolved to strongly juvenile εHf(t) values (see also Supplementary Table 2).

3.1.4.2 Güvercinlik Formation 

The cover succession in the Karaburun Peninsula includes an intact succession of 

Late Triassic sandstones, named the Güvercinlik Formation, which allows close comparison 

with the sandstones of similar age in the adjacent Taurides (see above). The Güvercinlik 

Formation includes fluvio-deltaic to shallow-marine mudrocks, sandstones and minor 

coarser-grained clastic sedimentary rocks. The formation can be correlated with the 

regionally distributed Çayır Formation which is of latest Triassic-Early Liassic age 

throughout the Tauride autochthon (Geyikdağ), and also within parts of the associated 

(relatively allochthonous) Bolkar and Hadim Nappes (Monod and Akay 1984; Erdoğan 1990; 

Robertson and Pickett 2000; Çakmakoğlu and Bilgin 2006; Mackintosh and Robertson, 

2009). 

One sample of red, poorly sorted, fine to medium-grained non-marine sandstone 

(K.13.104) was collected from the Late Triassic Güvercinlik Formation (Fig. 2 log e; see 

Supplementary Fig. 10).  The sandstone contains monocrystalline and polycrystalline quartz, 

together with rare lithoclasts of phyllite and felsic volcanic rocks. Zircons, ranging from 

rounded to subhedral, were observed in the matrix (Fig. 3f; see Supplementary Fig. 12). 

Oscillatory zoning predominates indicative of a magmatic origin. Most grains have a 
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homogeneous internal fabric but a few have core and mantle structure. Th/U ratios range 

from 0.05-2.26, of which four values are <0.1, consistent with a metamorphic origin (Fig. 4). 

The zircon percentage abundances (Fig. 6), U-Pb concordia (Fig. 7d) and both the histogram 

and kernel density estimates (Fig. 8d) indicate that three populations of equal size (20.9%) 

dominate the sample; i.e. Carboniferous, Ediacaran-Cryogenian and Paleoproterozoic. There 

is also a subordinate Tonian-Stenian population (16.3%) and small clusters of Archean, 

Devonian (30.9%) and Cambro-Ordovician ages (Fig. 6). In the age (Ma) versus εHf(t) 

diagram (Fig. 9d), the major Carboniferous population exhibits evolved εHf(t) values, whereas 

the other major populations have highly evolved to strongly juvenile εHf(t) values (Fig. 9d). 

Only 23% of the zircons exhibit positive εHf(t) values (see Supplementary Table 3). The main 

juvenile zircon formation events occurred at 2.1 Ga (Palaeoproterozoic), 0.8-0.5 Ga 

(Neoproterozoic) and 354 Ma (earliest Carboniferous). 

3.2 Carboniferous granitic rock data

To supplement the age data for potential source rocks in the region, we analysed 

zircons from Late Paleozoic granites of the Afyon Zone (Anatolide continental unit), in 

which the host rocks are quartzite, phyllite and meta-carbonates (Fig. 1). Candan et al. (2016) 

have recently reported several small (km-sized) isolated plutons of Carboniferous porphyritic 

and granoblastic metagranite from the Simav-Alaçam area, near the northwestern margin of 

the Afyon Zone (Fig. 1; Supplementary Fig. 13). Seven different bodies were recently dated 

by the zircon U-Pb method (Candan et al. 2016), yielding 330-315 Ma for porphyritic 

metagranites (three samples) and ~320 Ma for granoblastic metagranites (two samples). 

To test and extend the available age data, we sampled one each of the previously 

dated porphyritic (TM.17.33) and granoblastic (TM.17.35) metagranites and also collected a 

sample from an undated nearby porphyritic metagranite (TM.17.34; see Supplementary Fig. 
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13 for sample locations). Our new Lu-Hf isotopic data from these granitic rocks shed light on 

the possible provenance of the Carboniferous and Triassic sandstones studied and other 

crustal units in the region.

Our new U-Pb ages (see Supplementary material for the whole data set) for the 

metagranites yielded Carboniferous crystallisation ages, consistent with the previous results 

(Candan et al. 2016). Two porphyritic metagranite samples, one of which was dated at 

314.9±2.4 Ma by Candan et al. (2016), gave TuffZirc ages of 313.24 +1.43 -0.68 Ma 

(TM.17.33) and 316.00 +0.81 -0.88 Ma (TM.17.34), respectively. Zircons from the 

porphyritic metagranites are homogenous, except for TM.17.33 that contains one inherited 

zircon of Devonian age (400±3 Ma; 92% concordant). Zircons from a granoblastic 

metagranite intrusion (TM.17.35) that was previously dated at 321.9±2.6 Ma (Candan et al. 

2016) are dominated by core and mantle-type zircons, indicating the role of crustal melting. 

Some homogenous zircons and the rims of the core and mantle-type zircons yielded 

Carboniferous ages ranging from 343 to 313 Ma. Th/U ratios of some of the rims are <0.1, 

suggesting a metamorphic origin. The ages of the metamorphic rims are variable but some 

are dated at <319 Ma. The density probability curve for the Carboniferous igneous zircon 

domains (see Supplementary material) produced two peaks, at 332.9±1.9 Ma and 323.4±1.9 

Ma. The younger age is interpreted as the crystallisation age of the pluton and the older age 

an earlier magmatic event. The ages of the inherited cores range from 3095 Ma 

(Mesoarchean) to 361 Ma (Upper Devonian). Five of the zircon cores are Devonian (391 to 

371 Ma), two Ordovician (~456 Ma), 10 Ediacaran (628 to 550 Ma), and five others have 

older ages. Of the few Carboniferous ages in this sample some have very low Th/U contents 

(<0.1) suggesting that the metagranite was affected by late Carboniferous metamorphism.

On the age (Ma) vs. εHf(t) diagram (Fig. 11), the U-Pb-Hf isotopic measurements 

indicate that all of the metagranite samples have subchondritic εHf(t) values, ranging from -

Page 19 of 188

URL: https://mc.manuscriptcentral.com/tigr  E-mail: rjstern@utdallas.edu

International Geology Review

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

20

12.6 to -5.3 in sample TM.17.35, from -17.6 to -4.9 in sample TM.17.33 and from -9.4 to -

3.2 in sample TM.17.34, indicating a crustal origin for the Carboniferous felsic magmatism. 

Hf model ages range from 2.11 to 1.33 Ga.

4. Previous U-Pb and Lu-Hf zircon data

We now summarise previous data from the Tauride and Anatolide continental units 

and the Karaburun Melange to enable synthesis and regional comparison of the different 

tectonic units.

4.1 Tauride units

U-Pb-Hf analyses are available for eight samples of the Neoproterozoic metamorphic 

basement of the Tauride autochthon (Dipoyraz Dağ), and for four samples of sandstone from 

its Paleozoic-Early Mesozoic sedimentary cover (Abbo et al. 2015) (Fig. 1). One of these 

samples is from the Kasımlar Formation in the Karacahisar area, c. 25 km northeast of the 

two samples studied by us. This sample is dominated by Neoproterozoic-aged zircons, 

together with a single concordant Permian zircon. 

Sandstones of Cambro-Ordovician age were collected from the northern part of the 

Tauride autochthon during this study (i.e. Seydişehir Formation) but unfortunately did not 

yield usable zircons.  However, some U-Pb detrital zircon data do exist for Late Ordovician 

glacial sediments (diamictites and lonestones) that are exposed in the Central and Eastern 

Taurides (four samples) and also in the Arabian Platform of SE Turkey (one sample) (Gürsu 

et al. 2017). The major zircon populations in these samples are Neoproterozoic with minor 

clusters of Paleoproterozoic and Archean age. 

4.2 Menderes Massif

Page 20 of 188

URL: https://mc.manuscriptcentral.com/tigr  E-mail: rjstern@utdallas.edu

International Geology Review

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

21

The Menderes Massif is a regional-scale metamorphic assemblage in western 

Anatolia (Fig. 1) that is dominated by Paleozoic schist and Mesozoic meta-carbonate rocks,  

with a Precambrian high-grade metamorphic basement (Okay 2001; Özer et al. 2001; Candan 

2011).

U-Pb-Hf zircon data are available for both the Neoproterozoic basement schists and 

paragneisses (six samples), and the overlying Early Paleozoic meta-siliciclastic succession 

(three samples) (Zlatkin et al. 2013). The overall age range of the main zircon populations 

resembles that from the Tauride basement in the Karacahisar area (Abbo et al. 2015; see 

above) although individual age populations vary. The maximum depositional age of the 

basement schists is constrained as Late Ediacaran (570- 550 Ma),  as indicated by the age of 

the youngest detrital zircons in the schists (570 Ma) and the age of cross-cutting felsic 

intrusions (550 Ma). In contrast to the Karacahisar area, the basement schists in the Menderes 

Massif appear to have received little input from 1.0 (Tonian) and 2.5 Ga (Paleoproterozoic) 

crustal units. The detrital zircon age spectra of the overlying Early Paleozoic meta-

siliciclastic sediments resemble those of Ordovician sandstones in Jordan (Morag et al. 

2011). 

4.3 Karaburun Peninsula

U-Pb detrital zircon ages have been reported from siliciclastic sandstones of the 

Karaburun Melange and related formations of Late Paleozoic and Early Mesozoic ages (15 

samples) (Löwen et al. 2017). U-Pb ages range from Archean to Triassic in these sandstones. 

Permo-Carboniferous, Devonian, Silurian, Ordovician and Late Neoproterozoic zircon 

populations were used to infer source areas. The authors assumed that the north-Gondwana 

margin was magmatically inactive since the Cambrian, and that it remained isolated from 

lithologies affected by the Variscan orogeny. The provenance was therefore considered to be 
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from the north, from the Sakarya, Pelagonian and/or Rhodope zones of western Turkey, 

Greece and, or Bulgaria. Two samples from the Karaburun Melange (Dikendağı Formation 

of Löwen et al. 2017) have very similar populations to those in the Palaeozoic and Mesozoic 

siliciclastic sediments of the Taurides and the Afyon Zone (Konya Complex melange), as 

reported here. 

4.4 Konya Complex

U-Pb detrital zircon ages from meta-sandstones of the clastic upper part  of the Konya 

Complex (six samples) and the overlying early Mesozoic sedimentary cover (two samples) 

were recently reported by Löwen et al. (2019). These authors subdivided the clastic upper 

part of the complex into two parts: a lower melange unit and an overlying ‘flysch’ unit. In 

summarising their data below we use the same criteria for concordance as we do with our 

data. On this basis, the ages of detrital zircon populations of the three samples from the 

melange unit is identical to the one sample (K.13.75) reported in this study (i.e. Silurian, 

Ordovician, Cambrian and Precambrian), although the number of zircons in individual 

populations vary from sample to sample. The overlying ‘flysch’ unit, on the other hand, 

differs from the melange unit with a variable input (53%-T.14.36, 22%-T.14.39 and 2%-

T.14.22) from a Devonian  igneous provenance.  Two of their samples with Devonian zircons 

also contain Tonian-Stenian (0.8-1.1 Ga) zircons, whereas the remaining one lacks a Tonian-

Stenian population, similar to our Karaburun melange sample. The maximum age of 

deposition based on the youngest concordant detrital zircon is Silurian (423 Ma) for the 

melange unit and Carboniferous (308 Ma) for the ‘flysch’ unit. As for the Karaburun 

melange, Löwen et al. (2019) envisage the Devonian granites of  the Sakarya Zones (Eurasia) 

as the source of the Devonian detrital zircons in their ‘flysch’ unit, whereas the melange 

matrix was sourced from the N-Gondwana margin.
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The two Triassic sandstone samples (T.14.29 and T.14.30) of Löwen et al. (2019) 

yielded abundant Permian (275 Ma) to Triassic (206 Ma) zircons (90% of the whole data) but 

no Devonian zircons and only six grains of Precambrian zircons. The Permo-Triassic zircon 

population is characterised by a high-U content in  one of the samples. The authors suggest 

that the source of the Triassic zircons was the S-Eurasian margin. However, there are 

alternatives. For example, volcanic rocks (meta-trachyandesite, meta-rhyolites) alternate with 

red, continental clastics in the Kadınhanı-Konya area. Available geochronological data 

indicates that the volcanism in this area took place during Permian (~259 Ma) to Triassic 

(~220 Ma) (Akal et al. 2012, Güven et al. 2012; Ustaömer et al. 2016; Özdamar et al. 2013), 

similar to the age range of the Permo-Triassic detrital zircons. However, a detailed 

comparison of the Permian-Triassic detrital zircons and lavas is not yet possible because Hf 

data are available only for a few of the lavas  (Ustaömer et al. 2016a).  

5. Discussion 

Below, we consider the implications of the combined new and published U-Pb and 

Lu-Hf data for the provenance, paleogeography and tectonic setting of the Carboniferous and 

Triassic units studied, and the regional development of Tethys. In the discussion, we assume 

that there has been, at most, only modest (several hundred kms) E-W lateral (strike-slip) 

displacement of the Gondwana versus Eurasian crustal units, which is compatible with 

Pangea-A-type reconstructions (e.g. Garfunkel, 2004; Smith, 2006). However, we exclude 

consideration of Pangea-A type reconstructions which infer thousands of kms of relative 

displacement because of absence of definite supporting geological evidence (e.g. Muttoni et 

al. 2003).

5.1 N Gondwana provenance 
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The Precambrian age populations (i.e. Edicaran and Tonian) from the Tauride units as 

a whole are effectively identical to those of the NE African-Arabian shield (Ustaömer et al. 

2012, 2016, 2018; Zlatkin et al. 2013; Abbo et al. 2015; Gürsu et al. 2017). Most of the new 

and pre-existing Lu-Hf isotopic data for Neoproterozoic zircons are also consistent with 

derivation from NE Africa-Arabia.

Our U-Pb data for the Carboniferous sandstones of the matrix of the melange in the 

Konya Complex (part of the Afyon Zone) show close similarities with the sandstones from 

the eastern Tauride continental unit (Aladağ Nappe) (Figs. 12, 13). The Aladağ Nappe (Fig. 2 

log a) is restored as part of the northern margin of the Tauride microcontinent in view of its 

stratigraphic similarities with the Tauride continental unit as a whole (Tekeli 1980; Özgül 

1976). Detrital zircons from a cobble in the basal conglomerate of the Carboniferous 

succession in the south-central Taurides (Karacahisar Dome) (Fig. 1) have yielded a similar 

zircon age-distribution population (Abbo et al. 2015). In addition, a Devonian zircon 

population has very recently been reported from the Konya Complex (Löwen et al. 2018, 

2019).

The source rocks of both the Tauride and the Anatolide Carboniferous sandstones 

were predominantly Neoproterozoic, with sparse Palaeoproterozoic and Archean zircons 

(Fig. 13). For the Anatolide continental unit, our Lu-Hf data indicate derivation from a 

combination of juvenile and evolved sources. Some of the Neoproterozoic zircon populations 

in the Konya Melange sandstones have juvenile hafnium isotopic signatures, consistent with 

derivation from a juvenile source like the Arabian-Nubian shield (Robinson et al. 2014). The 

presence of strongly evolved Neoproterozoic zircons is suggestive of derivation from igneous 

sources formed by mixing of juvenile melts with older continental crust. Overall, the 

Neoproterozoic zircons are likely to have been derived from diverse sources within the NE 

Africa-Arabia. The Precambrian zircon populations of the Carboniferous Konya Complex 
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and the Tauride Kasımlar and Üzümdere formations are effectively identical (Figs. 12, 13),  

suggesting that the southerly provenance persisted for a very long time period. 

The poorly dated Early Paleozoic (i.e., post-Precambrian/pre-Carboniferous) 

sedimentary cover of the Menderes Massif (Fig. 1) has U-Pb age populations and hafnium 

isotopic compositions (Zlatkin et al. 2013) that are similar to the Tauride and Anatolide 

continental units. The Menderes Massif has been correlated with the Anatolides (Ketin l964; 

Şengör and Yılmaz l981) implying that it represents a single crustal block, despite lacking 

the characteristic Anatolide high-pressure/low-temperature metamorphism (Candan et al. 

2010; Pourteau et al. 2013). Alternatively, it has been suggested that the Menderes Massif 

was separated from the Anatolide continental unit (to the north) by a sedimentary basin 

during the Mesozoic (Pourteau et al. 2016). In addition, the Menderes Massif is generally 

accepted to have been separated from the Tauride carbonate platform to the southwest (Bey 

Dağları) (Fig. 1) by an intra-continental basin (Tavas basin) (Poisson 1977, 1984; Şenel et al. 

1991; Collins and Robertson, 1998; Robertson et al. 2013). In our view, the Menderes Massif 

is best interpreted as being closely related, compositionally and paleogeographically, to the 

Tauride continental unit (Özer et al. 2001; Robertson et al. 2012, 2103; Barrier et al. 2018).

Several factors support a dominantly Gondwana-related source for all of the Late 

Paleozoic-early Mesozoic sandstones mentioned above, other than those of the Karaburun 

Melange and its cover succession (see below): 1. The Carboniferous and Late Triassic 

sandstones are all dominated by Late Precambrian zircons; 2. The relative abundance of 

Cambrian zircons in the Late Triassic Tauride cover succession (Üzümdere Formation) is 

suggestive of erosion of Cambrian volcanic rocks, as represented by the nearby Sandıklı 

Porphyroids, near Sandıklı (Fig. 1)  (Kröner and Şengör 1990; Gürsu and Göncüoğlu 2006, 

2008). Surface uplift related to Triassic rifting of Neotethys liberated the granitic and 

schistose detritus that now resides within the Triassic sandstones; 3. Granitic intrusions 
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within the Tauride-related units, for example the Carboniferous meta-granitic rocks of the 

Afyon Zone (Candan et al. 2016; this study) represent a nearby source of Carboniferous 

grains within the Triassic sandstones; 4. Localised Early Triassic meta-granites in the 

Menderes Massif (Koralay et al. 2001; Ustaömer et al. 2016) are possible nearby sources for 

rare Early Triassic zircons, consistent with their slightly positive Hf(t) signatures as reported 

by Ustaömer et al. 2016 (their fig. 13); 5. The  small granite in the Karaburun Peninsula 

(Akal et al. 2011; Ustaömer et al. 2016a) could also be considered as a source for the rare 

Early Triassic zircons, although this seems unlikely because the (Hf)t composition of the 

Karaburun granite is highly negative in contrast to the Menderes Triassic granite and the two 

Triassic detrital zircons.  

The compositional homogeneity and commonly well-rounded texture of the 

Precambrian zircon grain populations in both the Tauride and Anatolide sandstones (Fig. 3; 

see also supplementary material) suggest that the erosional products of the source schistose 

basement were widely dispersed and well mixed in the shelf seas that prevailed along the 

north margin of Gondwana. These Gondwana-derived sandstones are well represented by the 

shallow-marine sandstones of mainly Ordovician-Carboniferous age within the Tauride 

continental unit (e.g. Geyikdağ) and related allochthonous units (e.g. Bolkar and Hadim 

Nappes) (Özgül, 1976; Mackintosh and Robertson, 2012; Wehrmann et al. 2010). Some of 

these sandstones are likely to have been derived directly from local basement highs within 

the Tauride crust (e.g. Sandıklı Massif) (Mackintosh and Robertson, 2012). The distal 

continental margin (northerly) crust of pre-Jurassic age is largely concealed by the Late 

Cretaceous-Early Cenozoic southward emplacement of allochthonous continental margin 

units (e.g., Bozkır, Bolkar and Hadim nappes) and ophiolite-related units. Also, the distal 

(southward) edge of the Tauride crust is largely concealed by the northward emplacement of 

the Antalya Complex (Antalya Nappes) in SW Turkey, including both continental margin 
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and ophiolite-related units. One possibility is that the Cambrian and Ordovician zircons could 

be explained by pulsed extension of the northern margin of Gondwana, prior to final break-

up during the Triassic. On the other hand, the Carboniferous zircons may relate to subsequent 

subduction-related magmatism, as locally documented in the Afyon Zone (Candan et al. 

2016). 

The Tauride Paleozoic shelf successions were uplifted and locally eroded to produce 

large volumes of sand during the Triassic rifting of Neotethys. From the Late Permian 

onwards, the Tauride microcontinent became progressively isolated from Gondwana. Rifting 

during the late Permian produced shallow, localised marine basins and highs, whereas deep 

basins formed by Early-Middle Triassic time, followed by regional continental break-up 

during the Late Triassic-Early Jurassic to form the S Neotethys (Gutnic et al. 1979; 

Robertson and Dixon  l984; Garfunkel 2004; Robertson et al. 2012, 2013; Barrier et al. 

2018). The zircons in the Middle-Late Triassic sandstones were, therefore, derived from the 

Precambrian basement of the Tauride continental unit directly or, more probably, from its 

Paleozoic cover rather than directly from Gondwana.

5.2 Provenance of Carboniferous zircons

Cambrian, Ordovician, Devonian (minor) and Carboniferous ages are recorded in the 

Late Triassic Kasımlar and Üzümdere Formations (Figs. 6, 7). As noted above, potential 

source rocks, for example, felsic igneous rocks are exposed in locally the Anatolide 

continental unit, including the Cambrian felsic Sandıklı Porphyroids (Gürsu and Göncüoğlu 

2005, 2006) and both Ordovician granites (Okay et al. 2008; Özbey et al. 2013a,b) and 

Carboniferous granites (Candan et al. 2016; this study).   

    The provenance of the Karaburun Melange and Konya Complex sandstones differs 

from that of the Tauride Carboniferous units. Devonian zircon populations are reported from 
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some samples in the Karaburun Melange (Löwen et al. 2017) and also from the Konya 

Complex (Löwen et al. 2018, 2019). Devonian-aged zircon cores are also recorded in the one 

sample of Carboniferous Anatolide granites analysed by us (sample TM.17.35) (Fig. 11). The 

Triassic cover sandstones in the Karaburun Peninsula also contain a prominent Devonian-

Carboniferous zircon population (Löwen et al. 2017)(Figs. 8d, 12). In contrast, Devonian 

zircons are absent from the Eastern Tauride Carboniferous sandstones; conversely, Tonian 

and Stenian zircons are not recorded in the Karaburun Melange. Paleoproterozoic zircons (c. 

2 Ga) are more abundant in the Karaburun Melange sandstones compared to both the Konya 

Complex and the Eastern Tauride (Aladağ Nappe) sandstones. A clastic source other than NE 

Africa alone, therefore, seems to be needed for both the Anatolide and Karaburun Melange 

Carboniferous sandstones.

The Carboniferous and Triassic sandstones have marked similarities suggesting some 

degree of common provenance, especially the prominent Ediacaran population (Fig. 6). 

Cryogenian and Tonian-Stenian populations occur in all samples, except for the Karaburun 

melange sandstone that lacks the 1.1-0.9 Ga zircon population (Fig. 12). 1.1-0.9 Ga zircons 

exist in the overlying Late Triassic Güvercinlik Formation. However, Neoproterozoic zircon 

populations are subordinate in the Güvercinlik Formation compared to the Tauride Triassic 

sandstones (Figs. 6, 12). Also, the Paleoproterozoic population (ca. 2 Ga) in the Karaburun 

Melange Triassic cover succession is enriched compared to that in the Tauride Triassic 

sandstones (Figs. 12, 13). The Carboniferous zircon population is similarly enriched in the 

Late Triassic Karaburun Melange cover sandstones compared to the corresponding Late 

Triassic Tauride sandstones in which only a few grains of this age range occur. All of the 

above evidence points to a specific, probably localised, provenance for the Karaburun 

Melange that is not completely shared by any of the other units discussed above. Similarly, a 
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local provenance seems possible for the Permian-Triassic zircons in the Konya Complex (e.g. 

Kadınhanı volcanics). 

Below, we evaluate the wider region for suitable source units:

In northern Turkey, the Pontide crustal unit broadly represents the evolving southerly 

active continental margin of Eurasia, at least during Late Paleozoic to mid-Cenozoic time 

(Fig. 1). Here, we highlight several lithology and age distributions that may shed light on the 

provenance of the crustal units farther south.

Within the Pontide crustal unit, the Sakarya Zone (Fig. 1) includes meta-clastic rocks 

that are dominated by Precambrian zircons of NE Gondwana-Arabia affinities, similar to the 

Carboniferous sandstones of both the Anatolide and Tauride crustal units (P.A. Ustaömer et 

al. 2012a; Ustaömer et al. 2013). Carboniferous zircons in sandstones from the Aegean 

islands of Chios, Inousses and Psara, adjacent to the Karaburun Peninsula, have been 

interpreted to represent derivation from the Sakarya Zone, assuming that it then formed part 

of the S-Eurasian active continental margin (Meinhold et al. 2008, Meinhold and Frei 2008). 

Similarly, Löwen et al. (2017) infer the presence of a large amount of arc-derived sand, 

which they interpret as having been derived from a continental margin arc within the Sakarya 

Zone. The Late Paleozoic zircons in the Karaburun melange sandstones were, therefore, 

sourced from the Eurasian active continental margin, effectively to the north in this 

interpretation. However, potential source Carboniferous crustal units are also widely exposed 

in the Balkan region and in both central and western Europe, for example the Austro-Alpine 

and Armorican crustal units (Meinhold et al. 2010a, b).

Despite the published correlations with S-Eurasia (Meinhold et al. 2010a, b; Löwen et 

al. 2017), a northerly (Eurasian) arc-related source should not necessarily be assumed 

because, as noted above Carboniferous granitic magmatism also affected the Anatolide 
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continental unit in the Afyon Zone (Candan et al. 2016; this study) and could also exist 

elsewhere. Minor Carboniferous volcanism is also known from the northern part of the 

Central Tauride crustal unit (MTA 2002, Göncüoğlu et al. 2007; Mackintosh and Robertson 

2009) and also in the Tauride-related Çataloturan nappe (Aladağ Nappes) in the Eastern 

Taurides (Göncüoğlu et al. 2007). One possible explanation for the Carboniferous 

magmatism in the Afyon Zone is that the host crustal unit was part of the S-Eurasian margin, 

until it rifted and drifted southwards to amalgamate with the Tauride continental unit during 

late Triassic time (Stampfli, 2000; Stampfli et al. 2001; Eren et al.  2004). This model has 

been tested extensively by recent fieldwork; however, this has not confirmed the existence of 

an oceanic suture (Paleotethyan) between the Anatolide and Tauride continental units 

(Mackintosh and Robertson, 2012).

An alternative approach is to determine whether the isotopic data from the 

Carboniferous granites of the Afyon Zone are similar to the isotopic data from the  

Carboniferous granites of the Sakarya Zone. The available zircon Hf isotopic data for the two 

Carboniferous granite assemblages are compared in Figure 14. The Lu-Hf isotopic 

compositions of the Carboniferous zircons of the Anatolide and Tauride sandstones are also 

plotted. The green dashed line in the figure, corresponding to ca. -5 Hf(t), separates Sakarya 

crustal unit granites above from the Afyon Zone granites below. The Carboniferous detrital 

zircons plot in the Afyon Zone granite field, consistent with this as a source for sandstones. 

Another potential source would be now-eroded volcanic equivalents. 

In summary, it is possible that the voluminous Carboniferous arc-derived detritus 

within the Tauride and Karaburun Triassic sandstones could have a relatively southerly, 

Gondwana-related provenance. This would remove the requirement to infer sources from 

both Gondwana and Eurasia within the Carboniferous clastic sediments, right down to the 

level of individual turbidite beds.
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5.3. Provenance of Devonian zircons

Devonian zircons form the most prominent population in the Karaburun Melange 

sandstones and are also present in the overlying Güvercinlik Formation (Löwen et al. 2017; 

this study) (Fig. 12). A small cluster of Devonian zircons (n=5) also exists in the Kasımlar 

Formation. Carboniferous sandstones of the Konya Complex (Anatolides) also contain 

Devonian zircons (Löwen et al. 2017) unlike the Tauride Carboniferous sandstones (as so far 

reported). Also, Devonian inherited zircons are common in the Carboniferous meta-granites 

of the Afyon Zone (Candan et al. 2016; this study) (Fig. 11). Assuming a local source for the 

Devonian zircons, Devonian zircon-bearing granitic plutons are likely to exist within the 

unexposed (or simply unexplored) deep-level crust of the Afyon Zone. Such crust could also 

be buried beneath the Tauride or Anatolide thrust sheets or be eroded. However, the 

Devonian zircons in the Karaburun Melange are so abundant as to suggest a provenance in 

the vicinity (i.e. Aegean Turkey) or possibly from farther north, northwest or west.

The Sakarya crustal unit in the NW Turkey locally includes Devonian granites (Okay 

et al. 1996; Aysal et al. 2012; Sunal et al. 2012), as in the Biga Peninsula (Fig. 1), which can 

therefore be considered as a possible source of the Devonian zircons in the Karaburun 

Melange. However, the late Carboniferous sandstones of the Karaburun Peninsula have 

different εHf(t) values (Fig. 15). The zircons in the Devonian granites define a tight cluster 

with εHf(t) values ranging from −8.5 to −7.1, other than for one with an εHf(t) value of −4.5. In 

contrast, the Devonian detrital zircons in the late Carboniferous sandstones of the Karaburun 

Peninsula exhibit Hf(t) values ranging from −2.1 to +5.4.  61% of the data are superchondritic 

(Fig. 15). Also, the metasedimentary country rocks of the Sakarya Zone granites have zircon 

populations indicative of a NE African provenance (P.A. Ustaömer et al. 2012a; Ustaömer et 

al. 2016a), unlike the Karaburun Melange that has a provenance similar to NW Africa. 

Where exposed, the dated zircon populations in southern Turkey are all of NE African type 
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(Menderes Massif; Zlatkin et al. 2013); Karacahisar Massif (Abbo et al. 2015), Bitlis Massif-

E Taurides (P.A. Ustaömer et al. 2012b). In contrast, the provenance of the Karaburun 

Melange Carboniferous sandstones is characterised by Ediacaran-Cryogenian and 

Palaeoproterozoic (ca. 2 Ga) zircons, with an absence of Tonian-Stenian zircons that are 

typical of a NW African source (Henderson et al. 2016). Direct supply of zircons from the 

Devonian granites of the Sakarya Zone to the Karaburun Melange (together with the adjacent 

Greek islands) and the Konya Complex is , therefore, unlikely.

Looking farther northwest and west, Devonian orthogneisses and dykes occur within 

the Vertiskos Terrane of the Serbo-Macedonian Massif (Greece), representing a late, but 

volumetrically minor, phase of magmatism after the emplacement of widespread Silurian arc-

type magmatic rocks (Himmerkus et al. 2009). Hf isotopic data are not available for these 

Devonian intrusions but derivation of Devonian zircons from the Vertiscos terrane is unlikely 

because Silurian zircons are not recorded in the Karaburun Melange sandstones. Devonian 

zircon populations are also present in sandstones of the Aegean region (Keay and Lister, 

2002, Meinhold et al. 2010a, b; Zlatkin et al. 2018) although no source granitic rocks of this 

age have yet been reported, which is not surprising as it is largely submarine. Another 

possible source region for the Devonian zircons is the Variscan granitic massifs of central 

Europe. Similar Devonian ages are reported from granitic intrusions in Central Europe 

including the Saxo-Thuringian (ca. 375 Ma), Teplá-Barrandian and Moldanubian units 

(Bohemian Massif) (Linnemann et al. 2004, 2007, 2014; Drost et al. 2011; Kosler et al. 

2014; Eckelmann et al. 2014; Dörr et al. 2017). However, more age and Hf isotopic data are 

needed to test these alternative sediment sources.

Assuming the Devonian zircons were sourced from a continental margin arc broadly 

to the west, within the Aegean region or central Europe, rather than from the Sakarya 

continental unit farther north in Turkey, how could they have reached the Karaburun 
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Peninsula and the Konya Complex (Afyon Zone) during the late Carboniferous? A possible 

explanation is that Palaeotethys sutured in the west during the late Carboniferous, extending 

as far east as the Aegean region but remained open farther east within what is now Anatolia 

(Zanchi et al. 2003; Okay et al. 2006; Robertson and Ustaömer (2009a, b; 2011) (Fig. 16). In 

this interpretation, sediments were eroded from Devonian and, or Carboniferous crust in the 

west and were then transported into a surviving deep-marine Tethyan embayment to the east 

where they were mainly deposited by turbidity currents. Sands are known to be transported 

by turbidity currents up to ca. 2000 km in modern trench settings, for example in the Aleutian 

(Piper et al. 1973) and Peru-Chile trenches (Schweller et al. 1981). It is, therefore, plausible 

that deep-marine sands flowed generally eastwards from the by-then sutured Paleotethys in 

the Aegean region or farther west, at least as far as the Konya Complex outcrop, c. 500 km 

east of the Karaburun Peninsula. The presence of 0.8-1.1 Ga zircons characterises the NE 

Africa/Arabian-Sahara provenance, whereas the absence of this age assemblage indicates a 

NW Africa provenance. Sands could have travelled eastwards along the northern margin of 

Gondwana from a region of NW African provenance (e.g. central Europe). The sands then 

passed over the submerged Anatolide continental unit (Afyon Zone), where they mixed with 

more locally derived sands of NE Africa/Arabian-Sahara provenance, as exposed in the 

Konya Complex.

6. Conclusions

1. Late Carboniferous sandstones of the eastern Taurides (Aladağ Nappe) and the 

Anatolides (Konya Complex) have very similar Precambrian zircon populations 

that are interpreted to have been derived from NE Gondwana (NE Africa/Arabia).

2. Carboniferous zircon populations, characteristic of the more northerly-located 

Sakarya crustal unit of the Pontides (N Turkey) are absent from the Carboniferous 
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Eastern Tauride and Anatolide (Konya Complex) sandstones. A northerly, 

Variscan orogenic source is, therefore, unlikely.

3. The Precambrian zircon populations of the Mid-Late Triassic Tauride sandstones 

were also derived from NE Gondwana. Small zircon populations of Cambrian, 

Ordovician and Carboniferous age in these sandstones, including Tauride and 

Anatolide crustal units, indicates the existence of previously poorly known 

magmatic events along the northern margin of Gondwana.

4. The Carboniferous zircon populations of the Karaburun Melange (westernmost 

Aegean Turkey), and to a lesser extent those of the overlying Late Triassic 

sandstones include Carboniferous and Devonian zircon populations that are 

absent from the Carboniferous and Triassic Taurides sandstones. This evidence 

points to a regionally distinct source for these sandstones.

5.  Provenance interpretation is significantly aided by combining U-Pb and εHf(t) data 

for detrital zircons. For example, Hf(t) values of the Devonian zircon populations 

in the late Carboniferous sandstones of the Karaburun Melange are mainly 

positive. This contrasts with the negative Hf(t) values of the Devonian granites 

that form a small part of the Sakarya continental margin arc in NW Turkey. These 

Devonian granites are, therefore, unlikely to represent the source of the Devonian 

zircons in the Karaburun Peninsula and the Konya Complex melange. 

6. The Precambrian zircon populations of the Carboniferous and Triassic sandstones 

of the Karaburun Peninsula are indicative of an ultimate NW African, Gondwanan 

source that differs from the Precambrian zircon populations of the Tauride and 

Anatolide continental units (i.e. Konya melange).
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7. The abundance of Devonian zircons in the sandstone turbidites of the 

Carboniferous Karaburun Melange hints at a still unidentified source, probably 

within the submarine Aegean region. The nearest confirmed source of Devonian 

granitic rocks with the appropriate detrital zircon populations is the Variscan 

orogen of central European. Eastward long-distance sedimentary transport by 

turbidity currents is plausible. 

8. The Devonian zircons reported from the upper ‘flysch’ unit of the Konya Melange 

could have a relatively local origin with no requirement for mixing of material, 

down to the scale of single turbidites, from opposing Gondwanan and Eurasian 

sources. 

9. In our proposed tectonic model, Paleotethys sutured from the Atlantic to the 

Aegean region to form the Variscan orogenic belt during the Carboniferous, 

whereas Paleotethyan oceanic crust remained in an eastward-widening 

embayment farther east. During the late Carboniferous, sand of mainly 

Precambrian, Carboniferous and locally Devonian age was transported both 

northwards and eastwards generally by turbidity currents. Westerly and more 

easterly derived zircons variably mixed to produce the composite age 

assemblages, as recorded in the Konya Melange.

10. Interpretation of terranes created by microplate amalgamation is likely to be 

complex and cannot rely on the existence of simple end member age distributions 

to infer provenance.
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Figure captions

Figure 1: Simplified tectonic map of southern Turkey showing the locations of the samples 

studied and the logs in Fig. 2 (MTA, 2002). The tectonic subdivisions of the metamorphic 

Anatolide continental unit to the north and the non-metamorphic Tauride crustal units to the 

south are indicated. The Anatolide continental unit including the Tavşanlı and Afyon zones 

experienced HP/LT metamorphism during Late Cretaceous and Palaeocene times, 

respectively. The Menderes Massif to the west records orogenic events during the Ediacaran-

Cambrian and Eocene-Recent periods. The Tauride continental unit includes autochthonous 

successions, including Bey Dağları, Geyik Dağ, Akseki-Anamas and Belemedik (as shown in 

blue), and also from overlying thrust sheets, including the Lycian Nappes in the west, the 

Beyşehir-Hoyran-Hadim Nappes in the centre, the Aladağ Nappes in the east and the Antalya 

and Alanya tectonic units in the south of the region.  Abbreviations: SP Sandıklı Porphyroid; 

BHHN Beyşehir-Hoyran-Hadim Nappes; Y Yahyalı; BG Beyşehir Lake; EG Eğirdir Lake. 

Inset: the wider distribution of suture zones throughout Turkey extending into Iran, Armenia, 

Georgia and the Russian Federation. IPS Intra-Pontide Suture, IAES Izmir-Ankara-Erzincan 

Suture, BZS Bitlis-Zagros Suture

Figure 2: Stratigraphic logs of the successions sampled in the Tauride continental unit and 

the overlying allochthonous units. The sample locations and their stratigraphic position are 

indicated by red arrows. Sources of information: Aladağ Nappe: Tekeli et al. (1984), Özgül 

(1976), Ayhan and Lengeranlı (1986); Afyon Zone (Konya Region): Robertson and 

Ustaömer (2011); Karaburun Peninsula: Robertson and Ustaömer (2009a,b), Çapkınoğlu and 

Bilgin (2006), Erdoğan et al. (1990); Bey Dağları (Tauride autochthon): Poisson (1984), 

Şenel 1996; Akseki (Tauride autochthon): Monod (1977).
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Figure 3: Selected cathodoluminescence images of detrital zircons from metasandstones of 

the Konya Complex (Afyon Zone), Central Taurides. The circles marked on the zircons show 

the locations of the spots analysed; the numbers within the circles indicate the individual 

spots. Scale bars=20 μm in panel a. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages 

are used for >1 Ga. Errors are at 1 level. 

Figure 4: Age versus Th/U diagram for detrital zircons from all of the sandstones discussed 

in the paper. Th/U=3.7 indicates the average Th/U ratios of zircons from mafic igneous 

source rocks; Th/U=0.93 indicates the average Th/U ratios of zircons from intermediate- 

composition igneous source rocks; Th/U=0.59 indicates the average Th/U ratios of zircons 

from felsic igneous rocks (Xiang et al. 2011).

Figure 5: Concordia (left) and density-kernel density estimates plot (right) for the sandstones 

analysed during this work. a, b Köşkdere Formation; c, d Konya Complex; e, f Karaburun 

Melange. The numbers indicate the peak ages in Ma.  

Figure 6: Pie charts showing different age spectra of the detrital zircons in the Carboniferous 

(left) and Triassic (right) sandstones analysed during this work.

Figure 7: Concordia plots for Triassic sandstones analysed during this work. a, b Kasımlar 

Formation; c Üzümdere Formation, d Güvercinlik Formation.

Figure 8:  Histogram and kernel density estimate plots for Triassic sandstones analysed 

during this work. a, b Kasımlar Formation; c Üzümdere Formation, d Güvercinlik Formation. 

The numbers indicate peak ages in Ma.  

Figure 9: Age versus Hf(t) plots of Triassic sandstones analysed during this work from: a-b 

Kasımlar Formation; c Üzümdere Formation and d Güvercinlik Formation. Curves are kernel 

density estimates for each of the samples. Arrow shows the crustal evolution path. DM 
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Depleted Mantle, CHUR Chondritic Uniform Reservoir, ANS Arabian-Nubian Shield 

(Robinson et al. 2014).

Figure 10:  Age versus Hf(t) plots of Carboniferous sandstones analysed during this work 

from, a Konya Complex and, b Karaburun Melange. Arrow shows the crustal evolution path. 

See the caption of Figure 9 for the abbreviations.

Figure 11: Age versus Hf(t) plots of Carboniferous meta-granites of the Afyon Zone 

analysed during this work. The red dashed lines represent crustal evolution paths of TDM 

=1.3 and 2.1 Ga with 176Lu/177Hf=0.0013. See the caption to Figure 9 for abbreviations.

Figure 12:  Normalised probability plot for all of the samples analysed during this study, 

ranging in age from 0-1200 Ma. See text for explanation.

Figure 13: Cumulative probability plot of all the samples analysed in this study. The 

diagram shows that the sandstones from the Karaburun Peninsula (K.13.102 and K.13.104) 

differ in the ages of prominent zircon populations in the samples from all of the other areas 

and units considered in this paper (both new and published data). Common to all of the 

samples is the rarity or absence of Early to Mid-Mesoproterozoic zircons (horizontal lines 

between 1.1 to 1.6 Ga) and the abundance of Neoproterozoic zircons. The samples from the 

Anatolide and Tauride continental units (excluding the two samples from the Karaburun 

Peninsula) indicate a similar provenance as for the Precambrian zircons, irrespective of 

depositional age. Late Palaeozoic zircons in these sandstones appear in the Late Triassic 

sandstones and reach a maximum of 15% of the whole data set.

Figure 14: U-Pb age versus Hf(t) of Carboniferous granites from the Sakarya continental 

margin arc and the Afyon Zone. All of the Carboniferous detrital zircons in the 

Carboniferous and Triassic sandstones from the Anatolide and Tauride continental units are 
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plotted for comparison. Data from the Sakarya Zone are from Ustaömer et al. 2016 

(KK.09.04) and our unpublished data (K.12.111); Karslı et al. 2016 (CM21, CS10). See text 

for explanation.

Figure 15: U-Pb age versus Hf(t) of: 1) Devonian metagranite from the Sakarya continental 

margin arc and 2) Devonian detrital zircons in the Late Carboniferous sandstone of the 

Karaburun Melange. The Devonian metagranite exhibits a tight cluster of Hf(t) values from -

8.5 to -7.1, with corresponding Hf model ages of  1.5-1.4 Ga (Ustaömer et al. 2016). In 

contrast, the Devonian detrital zircons in the Karaburun Melange sandstones differ 

significantly, with Hf(t) values straddling the CHUR line and Hf model ages of <1.1 Ga. 

Several other Devonian metagranites of the Sakarya continental margin arc (Pontides) exhibit 

Nd(401-389) values of -9 to -8, with corresponding Nd model ages of 1.9-1.8 Ga (Aysal et al. 

2012).  

Figure 16: Palaeogeographic sketch map showing the inferred tectonic setting of the Aegean 

region and central and northern Turkey during the late Carboniferous (c. 310 Ma). 

Siliciclastic sediments were shed from the Anatolide and Tauride Anatolide continental units 

in the south and east, whereas, in the west, Devonian zircon-rich sand are inferred to have 

been come from the adjacent Aegean region or from, the Variscan terranes in central Europe. 

The solid arrow indicates the inferred sedimentary transport direction.
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Electronic supplement

Supplementary Table 1: GPS coordinates of the samples analysed. 

Supplementary Table 2: Summary of U-Pb and Lu-Hf data for Carboniferous sandstones.

Supplementary Table 3: Summary of U-Pb and Lu-Hf data for Triassic sandstones.

Supplementary Table 4: Uranium-lead analytical data.

Supplementary Table 5: Lutetium-hafnium analytical data.

Supplementary figure captions

Supplementary Figure 1: Geological map of the Aladağ region, Eastern Tauride continental 

unit, showing the location of the upper Carboniferous quartzite sample (S3) analysed for 

zircon U-Pb analysis. This is a small part of a larger map that was produced during the first 

author's joint fieldwork with Esen Arpat and Necdet Özgül in 2008. Satellite images of the 

area were used during the mapping.   

Supplementary Figure 2: Selected cathodoluminescence images of detrital zircons from the 

upper Carboniferous quartzite of the Köşkdere Formation, Siyah Aladağ Nappe, Eastern 

Tauride continental unit. The open circles on the zircons show the locations of the spots 

analysed; the numbers within the circles indicate the individual spots; the red numbers above 

the zircons refer to the name of the zircon crystals. The ages obtained from the metamorphic 

zircon growths are indicated by the blue numbers and those from the igneous zircons by the 

black numbers. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. 

Errors are at 1. The scale bars are 20 μm.

Supplementary Figure 3: Simplified geological map of the Karacahisar-Seydişehir area, 

central Tauride continental unit, showing the sample locations. None of the samples collected 
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from the Cambro-Ordovician Seydişehir Formation yielded usable zircons. Zircons from the 

samples 75 and 78 from the Kasımlar Formation were analysed for U-Pb-Hf isotopic 

analysis. Map modified after (Şenel 1997).  

Supplementary Figure 4: Selected cathodoluminescence images of detrital zircons from 

sandstone sample K.12.75 of the Late Triassic Kasımlar Formation, Tauride continental unit. 

The open circles on the zircons show the locations of the spots analysed; the numbers within 

the circles indicate the individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb 

ages are used for >1 Ga. Errors are at 1 level.

Supplementary Figure 5: Selected cathodoluminescence images of detrital zircons from 

sandstone sample K.12.78 of the Late Triassic Kasımlar Formation, Tauride continental unit. 

The open circles on the zircons show the locations of the spots analysed; the numbers within 

the circles indicate the individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb 

ages are used for >1 Ga. Errors are at 1 level.

Supplementary Figure 6: Simplified geological map of the Üzümdere area, Tauride 

continental unit, showing the location of the sandstone sample (K.13.77) analysed. Map re-

drawn after Monod (1977) and Toker et al. (1993).   

Supplementary Figure 7: Selected cathodoluminescence images of detrital zircons from 

sandstone of the Late Triassic Üzümdere Formation, Tauride continental unit. The open 

circles on the zircons show the locations of the spots analysed; the numbers within the circles 

indicate the individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used 

for >1 Ga. Errors are at 1 level.
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Supplementary Figure 8: Geological map of the Sızma-Ladik area of Konya, showing the 

location of the meta-sandstone sample (K.13.75) analysed from the Konya Complex. See 

Robertson and Ustaömer (2009a) for data sources.

Supplementary Figure 9: Selected cathodoluminescence images of detrital zircons from 

metasandstone of the Konya Complex, Afyon Zone, central Anatolide continental unit. The 

open circles on the zircons show the locations of the spots analysed; the numbers within the 

circles indicate the individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages 

are used for >1 Ga. Errors are at 1 level.

Supplementary Figure 10: Simplified geological map of the Karaburun Peninsula showing 

the locations of the samples (K.13.102 and K.13.104) analysed during this study. See 

Robertson and Ustaömer (2009b) for data sources. 

Supplementary Figure 11: Selected cathodoluminescence images of detrital zircons of 

sandstone from the Karaburun Melange. The open circles on the zircons show the locations 

of the spots analysed; the numbers within the circles indicate the individual spots. 206Pb/238U 

ages are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. Errors are at 1 level.

Supplementary Figure 12:  Selected cathodoluminescence images of detrital zircons of 

sandstone sample from the Late Triassic Güvercinlik Formation (Tauride continental unit). 

The open circles on the zircons show the locations of the spots analysed; the numbers within 

the circles indicate the individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb 

ages are used for >1 Ga. Errors are at 1 level.

Supplementary Figure 13: Simplified geological map of the Simav-Alaçam area (after 

Candan et al. 2016), showing the locations of the metagranite samples from the Afyon Zone, 

Anatolide continental unit (TM.17.33, TM.17.34 and TM.17.35) analysed in this study. 
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Abstract

Zircons from Carboniferous sandstones (three samples) and, or Mid-Late Triassic 

sandstones (four samples) were analysed from the Taurides and Anatolide continental 

unitss were analysed for U-Pb-Hf isotopes.(i.e., Konya Complex melange). Zircons were 

also analysed from Late Triassic sandstones from the Karaburun Peninsula (far west). 

For comparison, zircons were also analysed from Carboniferous granites of the Afyon 

Zone, Anatolides (three samplesAfyon Zone). A NE African/Arabian source is inferred 

for both the Carboniferous sandstones of the Taurides (Aladağ) and the Anatolides 

(Konya Complex). In contrast, the Carboniferous Karaburun Melange is characterised by 

a NW African provenance. A prominent Devonian population occurs in the 

Carboniferous Karaburun Melange, characterised by mainly positive εHf(t) values that 

differ significantly from those of the Devonian granitesic rocks of the Sakarya 

continental crustal unit unit (Pontides).  Middle-Late Triassic Tauride sandstones include 

minor Paleozoic and Early Mesozoic zircons. In contrast, Devonian and Carboniferous 

zircons are more relatively abundant in Late Triassic sandstones of the Karaburun 

Peninsula. The Hf isotopic composition 25 Carboniferous-aged zircons from three 

samples of Mid-Late Triassic sandstone and one of Late Carboniferous age overlap with 

the εHf(t) values of Carboniferous arc-type granites in the Anatolides. Taking account of 

the available U-Pb and Lu-Hf isotopic data from comparativeregional crustal units, the 

Devonian zircon populations from the melanges in the Karaburun Peninsula and the 

Konya Complex melange zircon populations are inferred to have a westerly source (e.g. 
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granitic rocks of Aegean or similar to those of central European granitic rocks). A 

tectonic model is proposed in which Paleozoic Tethys sutured during the late 

Carboniferous in the westW (Aegean region westwards), leaving an eastward-widening 

oceanic gulf in which Devonian zircons accumulated in sandstone turbidites 

accumulated, including Devonian zircons, together with abundant Carboniferous arc 

detritus.

Key Words: provenance, sandstone, detrital zircon, U-Pb & Lu-Hf isotopes, Taurides, 

Anatolides, Gondwana, late Carboniferous, Late Triassic; Tethys

1. Introduction

Detrital zircon geochronology is a well-established technique for the study of 

sandstone provenance (Davis et al. 2003; Fedo et al. 2003). The potential is significantly 

enhanced when Lu-Hf isotopic analysis is included that as this helps to distinguish 

crustal types (Hawkesworth and Kemp 2006a, b; Kemp et al. 2006). Interpretation is 

most effective when combined zircon U-Pb and Lu-Hf data are combined and compared 

with continental source units with that have well-dated and isotopically characterised 

zircon populations (e.g. Linnemann et al. 2014, Henderson et al. 2016). However, clear-

cut compositional source differences may not exist within different parts of allin some 

orogenic belts. SpecificallyFor example, Anatolia is made up of continental and oceanic 

units that were progressively assembled from Late Precambrian to Neogene time (e.g. 

Şengör and Yılmaz 1981; Robertson and Dixon 1984; Moix et al. 2008; Robertson et al. 

2012). Several continental fragments detached from Gondwana, drifted across Tethys 

and accreted to Eurasia continental margin during Paleozoic-Eocene time (Stampfli 

2000; Stampfli et al. 2001; Robertson et al. 20045; Okay et al. 2006). As a result, the 
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sedimentary provenance, as represented by detrital zircon age and Lu-Hf data age data is 

likely to be complex, and variable and may not simply fingerprint opposing continents.

  By the late Carboniferous to -Late Triassic, the main time interval considered 

here, Gondwana-derived continental crust existed both to the south and to the north of 

Tethyan oceanic crust (P.A. Ustaömer et al. 2011, 2012a; Ustaömer et al. 2013, 2016a). 

Identification of Gondwanan vs. Eurasian provenance cannot, therefore, rely solely on 

the recognition of distinctive Precambrian Gondwana-derived detrital zircon populations 

but must take full account of all of the geological evidence from of the region. and 

alternative tectonic reconstructions. Anatolia experienced significant important episodes 

of continental margin and/or or oceanic arc volcanism, especially during Late 

Palaeozoic-Triassic time, which provided additional distinctive age populations and 

crustal signatures. However, the potential source arcs are exotic terranes of debatable 

position with regard to Gondwana or Eurasia. Additional clues to provenance are 

nevertheless provided especially by minor Late Paleozoic-early Mesozoic zircon 

populations and related Lu-Hf data, as presented here, which fingerprint specific 

tectonic-magmatic events. 

With the above challenges in mind, we have our approach here is to selected two 

key time periods that are critical to the regional tectonic reconstruction of Gondwana and 

Eurasiainterpretation, and that include sandstones with zircons suitable for isotopic 

analysis. The area sampled extends over c. 800 km E-W (Fig. 1). The first of these time 

periods is the late Carboniferous whenperiod that involved subduction of Paleotethys 

took placebetween Gondwana and Eurasia (Şengör et al. 1984; Robertson and Dixon, 

l984; Ustaömer and Robertson l9935; Pickett and Robertson, 1996; Göncüoğlu et al. 

2000).  The second time period, the Mid-Late Triassic, was characterised 
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byencompassed rifting of Neotethys along the north margin of Gondwana and further 

subduction of Paleotethys (Göncüoğlu et al. 2003; Robertson et al. 2004).

 Consideration of two time periods helps to widen the aerial coverage and 

identification of any changes in zircon provenance. The area that we sampled extends 

over c. 800 km E-W (Fig. 1), with Here, building on initially reported results (Ustaömer 

et al. 2012, 2016b, 2018), we have the following main specific objectives:

1. To help provide a reference for zircon populations of the largest existing  

crustal unit in the region, namely the Tauride continental unit (Tauride 

microcontinent), which extends over > 1300 km E-W,  by combining new and 

existing data;

2. To test whether the Tauride continental unit microcontinent shows a close 

compositional affinity with Gondwana to the south, and if so, which part.  

3. To compare the zircon geochronology of the Tauride continental unit 

microcontinent with the adjacent Anatolide continental unit which itself 

comprises both the Afyon Zone and the Tavşanlı Zone, that together make up 

the Anatolide continental unit (Fig. 1). In different interpretations, the 

Anatolide continental unit has been related to either Gondwana or Eurasia 

during Late Palaeozoic-Early Mesozoic time.

4. To infer the crustal composition and age of Carboniferous arc-related granitic 

rocks in the region, using a combination of new and existing data. 

5. To use new Lu-Hf isotopic data to help test whether crustal units of potentially 

similar age are actually likely to be of similar provenance, and to help 

indicatedetermine where suitable source units are may be located.
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6. To synthesise the integrate new and existing U-Pb and Lu-Hf isotopic data and 

thereby to test several different alternative regional tectonic models. These 

includeDifferent published models that imply involving northward subduction, 

or southward subduction (or dual) subduction of Paleotethys, and also models 

in which Paleotethys was either closed in the west by latest Carboniferous or 

remained open throughout the Mediterranean region until Late Triassic-Early 

Mesozoic time. In addition, many models consider the Taurides and the 

Anatolides (including both the Afyon Zone and the Tavşanlı Zone) to represent 

different parts of a single Gondwana-related continent (Anatolide-Tauride 

Block) (Şengör and Yılmaz 1981; Okay and Tüysüz 1999; Robertson et al. 

2005). However, other tectonic models infer that the Anatolide continental unit 

was located along the southern margin of Eurasia during the Late Paleozoic 

until it rifted, drifted southwards and collided with the Taurides during the 

Late Triassic (Stampfli 2000; Stampfli et al. 2001;  Eren et al. 2004).

2. Methods and data reduction

Three Late Carboniferous and four Late Triassic sandstones, together with three 

Carboniferous metagranites were sampled from geologically well-constrained units 

(Figs. 1, 2, see Supplementary Table 1 for GPS coordinates of the samples). Geological 

maps of the sample locations are included in the Supplementary material.

Zircon grains were extracted at the Department of Geology, İstanbul University-

Cerrahpaşa.  The samples were first cut into slices and altered edges were removed. The 

slices were then crushed twice and further reduced in a roller mill. This was followed by 

washing and drying in an oven at 70 °C for c. 10 hours. The dry samples were then 

sieved using mesh sizes of 63 μm, 125 μm, 250 μm, 500 μm, 1 mm and 2 mm. The 

sieves were shaken mechanically for 30 minutes for each sample. Individual size 
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fractions were stored in plastic bags. Samples with size fractions of <500 μm were 

further processed using a Frantz magnetic separator and heavy liquid (sodium 

polytungstate) separation. The zircons were then handpicked, mounted in epoxy tablets 

and polished, followed by cathodoluminescence (CL) imaging and isotopic analyses. 

The CL images were obtained using a SEM Jeol JSM- 6490, equipped with Gatan 

MiniCL at Goethe University Frankfurt (GUF). Selected cathodoluminescence images of 

the detrital zircons are included in the supplementary material.

Uranium, thorium and lead isotope analyzes were carried out by laser ablation-

inductively coupled plasma-mass spectrometry (LA-ICP-MS) at GUF, using a slightly 

modification of the method previously reported in Gerdes & Zeh (2006, 2009) and Zeh 

& Gerdes (2012). A ThermoScientific Element 2 sector field ICP-MS was coupled to a 

Resolution S-155 (Resonetics) 193 nm ArF Excimer laser (CompexPro 102, Coherent), 

equipped with a two-volume ablation cell (Laurin Technic, Australia). The laser was 

fired with 5.5 Hz at a fluence of about 3 J cm-2. With tThe above configuration, 

usingwith a spot size of 26µm and a depth penetration of 0.6µm s-1, this yielded a 

sensitivity of 9000-13000 cps/µg g-1 for 238U. Raw data were corrected offline for 

background signal, common Pb, laser-induced elemental fractionation, instrumental 

mass discrimination, and time-dependent elemental fractionation of Pb/U using an in-

house MS Excel© spreadsheet program (Gerdes & Zeh 2006, 2009). Laser-induced 

elemental fractionation and instrumental mass discrimination were corrected by 

normalization to a reference zircon GJ-1 (0.0982 ± 0.0003; ID-TIMS GUF value). 

Repeated analyses of the reference zircon Plesovice, Felix and 91500 (Slama et al. 2008; 

Millonig et al. 2012; Wiedenbeck et al. 1995) during the same analytical session yielded 

an accuracy of better 1% and a reproducibility of <2% (2 SD). All uncertainties are 
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reported at the 2 level. The data are summarised in Supplemantary Tables 2 and 3 (see 

Supplementary Tables 4 for the whole data set). 

Hafnium isotope measurements were performed using a Thermo-Finnigan 

NEPTUNE multi collector ICP-MS at GUF, coupled to the Resolution M50 193nm ArF 

Excimer (Resonetics) laser system following the method described by Gerdes and Zeh 

(2006, 2009). Spots of 40 µm in diameter were drilled with a repetition rate of 5.5 Hz 

and an energy density of 6 J/cm2 during 50s of data acquisition. The instrumental mass 

bias for Hf isotopes was corrected using the exponential law and a 179Hf/177Hf value of 

0.7325. For Yb isotopes, the mass bias was corrected using the Hf mass bias of the 

individual integration step multiplied by a daily βHf/βYb offset factor (Gerdes and Zeh 

2009). All data were adjusted relative to the JMC475 of 176Hf/177Hf ratio = 0.282160. 

The  and quoted uncertainties are quadratic additions of the within-run precision of each 

analysis combined with and  the reproducibility of the JMC475 (2SD = 0.0028%, n = 8). 

The Aaccuracy and the daily reproducibility of the method were verified by repeated 

analysies of the reference zircon GJ-1, Plesovice, and Temora (see Supplementary Table 

5), which yielded a 176Hf/177Hf of 0.282007 ±0.000025 (2 SD, n=55), 0.282475 

±0.000016 (n=33), and 0.282682 ±0.000028 (n=22), respectively. This is in very good 

agreement with previously published results (e.g., Gerdes and Zeh, 2006; Slama et al. 

2008) and with the LA-MC-ICPMS long-term average of GJ-1 (0.282010 ±0.000025; n 

> 800), Plesovice (0.282483 ±0.000025, n > 300), and Temora (0.282483 ±0.000023, n 

> 250) reference zircons at GUF.

The initial 176Hf/177Hf values are expressed as εHf(t), which is calculated using a 

decay constant value of 1.867×10−11 year−1, CHUR after Bouvier et al. (2008) 

176Hf/177HfCHUR,today = 0.282785 and 176Lu/177Hf CHUR,today = 0.0336) and the apparent U-

Pb ages obtained for the respective domains (see Supplementary Table 5). For the 
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calculation of Hf two- stage model ages (TDM) in billion years, the measured 176Lu/177Hf 

of each spot (first stage = age of zircon), a value of 0.0113 for the average continental 

crust, and a depleted mantle 176Lu/177LuDM = 0.0384 and 176Hf/177Hf DM = 0.28315 

(average MORB; Chauvel et al. 2008) were all used. The data are summarised in 

Supplementary Tables 2 and 3 (see Supplementary Table 5 for the whole data set). 

The degree of concordance was calculated using the 206Pb/238U and the 

207Pb/206Pb ages. The calculated ages are considered to be valid when they are 90-110% 

concordant. 206Pb/238U ages are used for <1Ga, whereas 207Pb/206Pb ages are used for >1 

Ga (see Supplementary material). The age data obtained during this study are illustrated 

as concordia plots and as density and kernel density estimate plots which highlight the 

different zircon populations.

The (176Hf/177Hf)i ratio was calculated from a series of measured isotopes of Yb, 

Lu and Hf (Supplementary Table 5), as described by Gerdes and Zeh (2006, 2009). Hf(t) 

represents the deviation of  176Hf/177Hf from the chondritic (CHUR) values for the 

calculated U-Pb ages of the samples studied. Positive values indicate mantle-derived 

melts with or without crustal influence, whereas negative values are indicative of 

recycled, old crust-derived melts. The data obtained are displayed on U-Pb age (Ma) 

versus Hf(t) plots and are compared with the evolution of different geochemical 

reservoirs, including CHUR, depleted mantle and continental crust of various ages.  The 

CHUR line (zero) separates positive and negative εHf(t) values. The depleted mantle array 

is also marked (DM). The line of the mantle array represents new crust, (see Dhuime et 

al. 2011 for an explanation of the method). F for example, juvenile crust forms close to 

the mantle array (see Dhuime et al. 2011 for an explanation of the method). With time, 

the isotopic ratio evolves parallel to the average crustal evolution trend. In principle, 

different age populations can have different crustal origins and therefore the Lu-Hf 
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isotopic data are reported below for each of the age populations that were identified in 

the different geological units.

To facilitate description and interpretation the new data are displayed in full 

summarised in Supplementary Tables 2 and 3 in the following categories: number of 

spots analysed; number of concordant results; the age ranges (oldest to youngest); 

maximum age of deposition; major populations, peak ages (forof main populations) and 

Hf(t) values (from for each prominent population); percentage of zircons with Hf(t). 

Small data clusters are also highlighted. Lu-Hf data are available for the majority of the 

radiometrically datedgiven for sandstones. for which U-Pb age data are available. 

The geochronological plots were produced using the spreadsheets ISOPLOT 

(Ludwig 2003) and Density Plotter (Vermeesch 2012).

The International Stratigraphic Chart of the International Commission on 

Stratigraphy is used here for the timescale (Cohen et al. 2013; updated). 

3. Results

Our new data are reported Below, we summarise new U-Pb radiometric age 

dating combined with Lu-Hf isotopic analysis of detrital zircons that were extracted 

from sandstones of Carboniferous and Triassic age, related to the Tauride and, or 

Anatolide continental units, moving generally from the east to the west, which takes 

account of the increased geological complexity of the Aegean region (Fig. 1). 

Preliminary results were summarised by Ustaömer et al. 2012, 2016, 2018. Additional 

supporting documentation is given in the Supplementary material which comprises 

geological maps of sample locations and selected cathodoluminescence images of 

detrital zircons.
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3.1 Tauride sandstones

3.1.1 Eastern Taurides

Although the Tauride crust is widely accepted as a coherent paleo-tectonic unit 

prior to late Mesozoic time, it nowadays includes both relatively autochthonous and 

relatively allochthonous units as a result of late Mesozoic-early Cenozoic collision-

related deformation (e.g. Şengör and Yılmaz 1981; Okay and Tüysüz 1999; Robertson et 

al. 2005). Sandstones wereas studied from the Aladağ Nappe in the Yahyalı area (Figs. 1 

and 2 log a). The Aladağ Nappe is interpreted as an eastward extension of the relatively 

autochthonous eastern Tauride carbonate platform although it is now a relatively 

allochthonous unit (Tekeli 1980; Tekeli et al. 1984). A sample of quartzarenite 

(orthoquartzite) (see Supplementary Fig. 1) was analysed from near the top of the 

Köşkdere Formation. A Late Carboniferous age is has been assigned to this formation 

based on the paleontologically determined age of interbedded limestones and the 

presence of the Early Permian Girvanella zone ca. 40 m above the sample locality 

(Tekeli et al. 1984; Ayhan and Lengeranlı 1986). The quartzarenite is made up of silica-

cemented, rounded to subrounded quartz grains (>90%), with rare mica muscovite and 

opaque minerals. Zircon and tourmaline are accessory phases. 

Detrital zircons from one sample of thick-bedded, medium-grained, varicoloured 

(white, pink, to orange) quartzarenite (S3) were analysed for U-Pb isotopes (Ustaömer et 

al. 2012). The zircons are dominantly well-rounded, which is consistent with prolonged 

transport from a relatively distal source area and/or several stages of reworking from a 

pre-existing clastic sedimentary unit rocks (Fedo et al. 2003).  A few of the zircons are 

euhedral or subhedral suggesting nearby derivation from a nearby source area.  CL 

images of the zircons (Fig. 3a; see also Supplementary Fig. 2) show that 86% of the 
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crystals are internally homogeneous, whereas the remainder have xenocrystic cores, 

enveloped by younger zircon. The homogeneous zircons grains generally show 

oscillatory zoning, sector zoning and, or complex growth zoning, consistent with an 

igneous origin (Corfu et al. 2003).  Th/U ratios range from 0.01-13.37 (Fig. 4). 

Xenocrystic cores have rounded margins and commonly exhibit pale or dark grey 

luminescence without visible zoning, or show weak zoning, consistent with a 

metamorphic origin (Corfu et al. 2003). The Th/U ratios of the individual zircons and 

where present, the internal zircon domains (n=221) are <0.1 (Fig. 4). Rare zircon grains 

show fir tree-type zoning, typical of metamorphic zircons (Corfu et al. 2003). 

The numerical U-Pb age data are shown as a concordia diagram and as histogram 

and kernel density plots in Figure 5 a,b. The ages of the metamorphic zircon domains, 

where present, range from 2487-555 Ma, with Neoproterozoic ages predominating. 

Zircon percentage abundances are shown in Figure 6. The dominant age population is 

Tonian-Stenian  (40.5%), followed by Ediacaran-Cryogenian (37.8%) and then by 

Paleoproterozoic (11.7%). There is a small Archean age cluster (9.9%) (see also 

Supplementary Table 2).

3.1.2 Central Taurides

The outcrops in the Central Taurides are dominated by the Tauride Autochthon 

(Geyikdağ), as well exposed in the (Anamas-Akseki area) (Fig. 1). As a composite 

succession, In general, Precambrian metamorphic rocks are overlain locally by Cambro-

Ordovician quartzitic sandstones, neritic carbonates and shales. There is then, 

terminating in a regional unconformity, followed by. There are then Carboniferous 

terrigenous sediments and neritic carbonates. Unconformably above there are then this 

come varied Triassic terrigenous clastic sedimentary rocks, and finally the regional-scale 
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regional Jurassic-Cretaceous Tauride carbonate platform succession (Dumont and 

Monod 1976; Dumont 1978; Dumont and Kerey 1975; Gutnic et al. l979; Özgül et al. 

1997) (Fig. 2 log b).

Two contrasting siliciclastic successions are exposed in the Anamas-Akseki 

different areas (Geyikdağ). The older Kasımlar Formationof these in the southeast, 

termed the Kasımlar Formation,  of Mid-Late Triassic age, comprises deep-marine, 

normal-graded sandstone-shale turbidites, with occasional interbeddedof debris-flow 

deposits interbeds (Fig. 2 log b). The younger Üzümdere Formation of the two 

successions (c. 60 km to the northwest), the Üzümdere Formation, of Late Triassic-

earliest Jurassic age, is made up og shallow-marine, deltaic to terrestrial limestone, 

sandstone and conglomerate (Fig. 2 log c). No underlying succession is exposed in this 

area, however, but the sandstones are overlain by the regional Jurassic-Cretaceous 

Tauride carbonate platform succession (Monod 1977; Şenel 1996).  

3.1.2.1 Kasımlar Formation

Two samples of respectively, fine and coarse-grained sandstone (K.12.75 & 

K.12.78)  were collected from near Kasımlar town (Fig. 1; see Supplementary Fig. 3). 

Theyse comprise monocrystalline and polycrystalline quartz, muscovite, biotite and 

phyllite lithoclasts. Zircon crystals occur within detrital grains of both muscovite- and 

quartz-bearing detrital grains and also as isolated grains within the matrix. 

The first sample (K.12.75) contains both euhedral and variably rounded to well-

rounded zircons, all of which show oscillatory zoning but only rarely core and mantle 

structure. (Fig. 3b, see Supplementary Fig. 4). Th/U ratios range from 0.05-1.95, of 

which 90% have ratios of 0.2-1 (Fig. 4). Two unzoned zircon rims with pale grey 

luminescence have ratios of 0.05 and 0.08, typical of metamorphic crystallisation. The 
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zircons in the second sample (K.12.78) are variably rounded, together with a few 

euhedral crystals (see Supplementary Fig. 5). Most have oscillatory zoning and 

homogeneous internal structure, although a few have core and mantle structure (e.g. Fig. 

3b,  spots 294 and 346). Some of the zircons have sector zoning and other 

recrystallization textures (e.g. Fig. 3b,  spots 327 and 338). The Th/U ratios of 111 spots 

analysed range from 0.1-3.86, with 98% being >0.3, and so indicating a magmatic origin 

(Fig. 4).

The age data are displayed as Zzircon percentage abundances are shown in  (Fig. 

ure 6), and the U-Pb data as a whole are summarised as concordia (Fig. 7a, b) and also as 

histograms and a kernel density estimate plot (in Fig.ure 8 a, b). The dominant age 

population is Tonian-Stenian (33%), followed by Ediacaran-Cryogenian (29%) and 

Paleoproterozoic (11%). There are also small clusters of Archean and Paleozoic ages. 

All of the geological systems from Cambrian to Permian are well-represented in the two 

samples (21 and 11 concordant ages, respectively). One of the samples (K.12.78) 

includes two Triassic (Anisian-Ladinian) zircons. Lu-Hf analyses of the two sandstone 

samples are plotted on an age (Ma) vs. εHf(t) diagram in Figure 9 a-b. The major 

populations of exhibit highly evolved to strongly juvenile εHf(t) values (see also 

Supplementary Table 3). 

3.1.2.2 Üzümdere Formation

The sample from the Üzümdere Formation (K.13.77) was collected from typical 

thick-bedded, reddish-brown, medium-grained sandstone (see Fig. 1 and also 

Supplementary Fig. 6 for sample location). AIt is composed of angular to sub-rounded 

grains of felsic volcanic rocks, quartz mica schists, chert and quartzitemetamorphic, 

igneous and sedimentary rocks, occur in decreasing order of abundance. Zircons are 
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variably rounded and show oscillatory growth zoning; sector zoning is locally present 

(e.g. Fig.  3c; see Supplementary Fig. 7). In some cases, zoning is poorly defined or 

complex (see also Supplementary material). Th/U ratios range from 0.05-3.78, consistent 

with an igneous origin; however, a single grain has a ratio of 0.05, indicative of a 

metamorphic origin (Fig. 4). 

Zircon percentage abundances are shown in Figure 6; the U-Pb concordia 

diagram  in Fig. 7c;, histograms and also kernel density estimates forof the U-Pb data are 

in Figure 8c. The dominant age population is Ediacaran-Cryogenian (30%), followed by 

Tonian-Stenian (22.6) and Cambrian (18.3%). Paleoproterozoic (12.9%) and Ordovician 

zircons form small clusters.  Plotted on an age (Ma) vs. εHf(t) diagram (Fig. 9c), the Lu-

Hf data for the major populations exhibit highly evolved to strongly juvenile εHf(t) values 

(see also Supplementary Table 3).

3.1.3 Anatolides

The Afyon Zone, the more southerly of the two crustal units making up the 

Anatolide continental unit includes a structurally complex, composite unit which 

outcrops northwest of the major city of Konya (Fig. 1). The Afyon Zone was 

metamorphosed to high-P/low-T conditions during Paleocene time (Candan et al. 2005; 

Pourteou et al. 2010, 2013; Özdamar et al. 2013). 

3.1.3.1 Konya Complex

The highly deformed Konya Complex encompasses an intact Late Silurian-

early Carboniferous carbonate platform succession, which is depositionally overlain by a 

Carboniferous melange unit (Fig. 2,  log d). The melange includes blocks of black ribbon 

chert and recrystallized neritic to pelagic limestone of Silurian, Devonian and 

Carboniferous ages, together with volumetrically minor basic igneous rocks (e.g., basalt, 
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gabbro). The melange is unconformably overlain by non-marine to shallow-marine 

mixed terrigenous-carbonate sediments of Triassic age, with the addition of basic to 

felsic alkaline volcanic rocks in some areas (Özcan et al. 1990; Eren et al. 2004; 

Göncüoğlu et al. 2000, 2007; Candan et al. 2009; Robertson and Ustaömer 2009a, 2011; 

Akal et al. 2012; Güven et al. 2012; Özdamar et al. 2013; see also Supplementary Fig. 

8). 

One sample (K13.75) of medium-bedded, medium-grained sandstone was 

analysed from the Carboniferous melange matrix (Fig. 1 and Supplementary Fig. 8). 

This sandstone is dominated by polycrystalline and monocrystalline quartz, plagioclase, 

quartzite and granite, together with minor zircon and tourmaline. Most zircons are 

rounded, together with a small number of euhedral grains. Most grains show oscillatory 

zoning, consistent with a magmatic origin (Fig. 3d; see Supplementary Fig. 9). Some CL 

images have show sector zoning, post-crystallisation alteration, or recrystallisation 

textures, although some crystals lack internal zoning. Core and mantle structure is 

occasionally present but without zoning in the mantle rims. Th/U ratios of <0.1 in the 

rims indicate a metamorphic origin (Fig. 4). The Th/U ratios of analysed spots analysed 

range from 0.04-2.58 thatand, together with the presence of oscillatory zoning, indicate 

an igneous origin. Concordant ages from the metamorphic rims of the zircons range 

from 635-555 Ma (Ediacaran). U-Pb concordia plots, histograms and kernel density 

estimates are shown in Figure 5c-d, and zircon percentage abundances in Figure 6 (see 

also Supplementary Table 2). The dominant population is Tonian-Stenian-aged (43%), 

followed by Ediacaran-Cryogenian (34%) then and Paleoproterozoic (12.2%). Small 

clusters of Archean and Cambro-Ordovician age also occur. When plotted on an age 

(Ma) vs. εHf(t) diagram, the major populations indicated by the Lu-Hf analyses exhibit 
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highly evolved to strongly juvenile εHf(t) values (Fig. 10a; see also Supplementary Table 

2).

3.1.4 Karaburun Peninsula

The Karaburun Peninsula of  westernmost (Aegean) Turkey (Fig. 1; 

Supplementary Fig. 10) is dominated by a Paleozoic melange with a Mesozoic cover 

succession of rift-related and platform carbonates (Erdoğan 1990; Erdoğan et al. 1990; 

Robertson and Pickett 2000; Robertson and Ustaömer 2009b; Okay et al. 2012). The 

melange is cut by a small (<1 km in diameter)  Early Triassic granite (Akal et al. 2011; 

Ustaömer et al. 2016).

Although unmetamorphosed, the Paleozoic-Mesozoic of the Karaburun 

Peninsula is treated below as a separate tectonic unit from the Taurides because there is 

no unbroken outcrop continuity between the two areas. However, the two crustal bodies 

can be broadly correlated based mainly on the presence of similar Mesozoic carbonate 

platform successions (Erdoğan 1990; Erdoğan et al. 1990; Robertson and Pickett 2000; 

Okay et al. 2012).

3.1.4.1 Karaburun Melange 

This melange is also exposed in the Karaburun Peninsula of westernmost 

(Aegean) Turkey (Fig. 1; Supplementary Fig. 10). Although there is no continuous 

outcrop between the overlying Mesozoic succession in the Karaburun Peninsula and the 

Taurides to the southeast, the two can units be correlated mainly based on the presence 

of similar Mesozoic carbonate platform succession (Erdoğan 1990; Erdoğan et al. 1990; 

Robertson and Pickett 2000; Okay et al. 2012). 
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The melange, which has no exposed base (Fig. 2 log e), is dominated by 

Silurian, Devonian andto Carboniferous blocks of neritic to pelagic limestone, black 

ribbon chert and rare basic to intermediate-composition extrusive igneous rocks (Kozur 

1997, 1998; Robertson and Ustaömer, 2009b). Blocks of Silurian-Devonian pelagic 

carbonates are rich in cephalopods, similar to coeval counterparts in the Taurides 

(Göncüoğlu et al. 2007; Robertson and Ustaömer, 2000b). The melange matrix is 

unfossiliferous. However, recent detrital zircon age dating suggests a Permian-

Carboniferous age (Löwen et al. 20178; see below). The matrix is dominated by 

lithoclastic sandstone turbidites together with some debris-flow deposits. The melange is 

unconformably overlain by an Early Triassic succession, mostly conglomerate and 

neritic to pelagic limestone, radiolarian chert and alkaline volcanic-rocks (Erdoğan et al. 

1990; Robertson and Pickett, 2000; Robertson and Ustaömer 2009 a, b, 2011). 

A sample (K.13.102) was collected fromof medium to thick-bedded pebbly 

sandstone was collected from of the melange matrix in the northern part of the 

Karaburun Peninsula (Fig. 2 log e). The sandstone is poorly sorted, with angular grains 

set in a fine-grained matrix. The main components are polycrystalline quartz, chert, 

granite and quartz-chlorite-muscovite schist fragments. The granitic grains are 

dominated by quartz, plagioclase and orthoclase. Less common volcanic rocks fragments 

include quartz phenocrysts set in a recrystallized felsic matrix. Monocrystalline quartz 

grains exhibit undulose extinction and deformation lamellae. Zircons occur within some 

quartz grains in the form of thin, elongate euhedral inclusions. In contrast, zircons in the 

matrix are commonly rounded. 

Although some zircons lack internal zoning, most show oscillatory zoning or, 

rarely, convolute zoning, complex growth zoning or sector zoning (Fig. 3e; see 

Supplementary Fig. 11). In some cases, grain margins are recrystallized (although the 
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grain size was too small to analyse).  A few zircons have xenocrystic core and mantle 

structure, with either one or two growth envelopes of metamorphic origin. Th/U ratios 

range from 0.01-1.51 (Fig. 4). Two values (0.05 and 0.01) are indicative of a 

metamorphic origin, for which the U-Pb ages are 572 Ma (Ediacaran) and 2600 Ma 

(Palaeo-Proterozoic).

U-Pb Concordia, histogram and kernel density estimate diagrams of the detrital 

zircons are given shown in Figure. 5e, f and their percentage abundances in Figure 6. 

The dominant population is Devonian (30.9%), followed by Paleoproterozoic (26.8%) 

and then by Ediacaran-Cryogenian (20.6%). Small clusters of Archean age also occur in 

thise sample. For the Lu-Hf analyses, oOn the age (Ma) vs. εHf(t) diagram for the Lu-Hf 

analyses (Fig. 10b), 60% of the Devonian population exhibits superchondritic εHf(t) 

values, whereas the other major populations have highly evolved to strongly juvenile 

εHf(t) values (see also Supplementary Table 2).

3.1.4.2 Güvercinlik Formation 

The cover succession in the Karaburun Peninsula includes a intact succession 

of Late Triassic sandstones, named the Güvercinlik Formation, which allows close 

comparison with the sandstones of similar age in the adjacent Taurides (see above). Also 

from the Karaburun Peninsula, one sample of sandstone (K.13.104) was collected from 

the Late TriassicThe Güvercinlik Formation (Fig. 2 log e; Supplementary Fig. 10). This 

formation includes fluvio-deltaic to shallow-marine mudrocks, sandstones and minor 

coarser-grained clastic sedimentary rocks. The Güvercinlik Fformation can beis 

correlated with the regionally distributed Çayır Formation which is of latest Triassic-

Early Liassic age throughout the Tauride autochthon (Geyikdağ) s and also within parts 

of the associated (relatively allochthonous) adjacent Bolkar and Hadim Nappes (Monod 
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and Akay 1984; Erdoğan 1990; Robertson and Pickett 2000; Çakmakoğlu and Bilgin 

2006; Mackintosh and Robertson, 2009). 

The formation is regionally overlain by Jurassic-Cretaceous shallow-water 

platform carbonates, similar to the Taurides.

AOne sample of red, poorly sorted, fine to medium-grained non-marine 

sandstone (K.13.104) was collected from the Late Triassic Güvercinlik Formation (Fig. 

2 log e; see Supplementary Fig. 10).  (see Supplementary material for location) The 

sandstone contains monocrystalline and polycrystalline quartz, together with rare 

lithoclasts of phyllite and felsic volcanic rocks. Zircons, ranging from rounded to 

subhedral, were observed in the matrix (Fig. 3fe; see Supplementary Fig. 12). 

Oscillatory zoning predominates indicative of a magmatic origin. Most grains have a 

homogeneous internal fabric but a few have core and mantle structure. Th/U ratios range 

from 0.05-2.26, of which four values are <0.1, consistent with a metamorphic origin 

(Fig. 4). The zircon percentage abundances (Fig. 6), U-Pb concordia (Fig. 7d) and both 

the histogram and kernel density estimates (Fig. 8d) indicate that three the dominant 

populations of equal size (20.9%) dominate the sample; i.e. Carboniferous, Ediacaran-

Cryogenian and Paleoproterozoic. There is also a subordinate Tonian-Stenian population 

(16.3%) and small clusters of Archean,  is Devonian (30.9%) and Cambro-Ordovician 

ages (Fig. 6). , followed by Paleoproterozoic (26.8%) and Ediacaran-Cryogenian 

(20.6%). There is also a small cluster of Archean ages (Fig. 6). In the age (Ma) versus 

εHf(t) diagram (Fig. 9d), the major Carboniferous population exhibits evolved εHf(t) 

values, whereas the other major populations show have highly evolved to strongly 

juvenile εHf(t) values (Fig. 9d). Only 23% of the zircons exhibits positive εHf(t) values (see 

Supplementary Table 3). The main juvenile zircon formation events occurred at 2.1 Ga 

(Palaeoproterozoic), 0.8-0.5 Ga (Neoproterozoic) and 354 Ma (earliest Carboniferous). 
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3.2 Carboniferous granitic rock data

To supplement the age data for potential source rocks in the region, we have also 

analysed zircons from Late Paleozoic granites of the Afyon Zone (Anatolides continental 

unit), in which the host rocks are quartzite, phyllite and meta-carbonates (Fig. 1). 

Candan et al. (2016) have recently reported several small (km-sized) isolated plutons of 

Carboniferous porphyritic and granoblastic metagranite from the Simav-Alaçam area, 

near the northwestern margin of the Afyon Zone (Fig. 1; Supplementary Fig. 13). Seven 

different bodies were recently dated by the zircon U-Pb method (Candan et al. 2016), 

yielding 330-315 Ma for porphyritic metagranites (three samples) and ~320 Ma for 

granoblastic metagranites (two samples). 

To test and extend the available age data, we sampled one each of the previously 

dated porphyritic (TM.17.33) and granoblastic (TM.17.35) metagranites and also 

collected a sample from an undated nearby porphyritic metagranite (TM.17.34; see 

Supplementary Fig. 13 for sample locations). Our new Lu-Hf isotopic data from these 

granitic rocks help shed light on the possible provenance of the Carboniferous and 

Triassic sandstones studied and other crustal units in the region.Their Lu-Hf isotopic 

compositions aid comparisons with Carboniferous and Triassic sandstones elsewhere 

(see below).

The Our new U-Pb ages (see Suplementary material for the whole data set) of for 

the metagranites yielded Carboniferous crystallisation ages, consistent with the earlier 

previous results (Candan et al. 2016). Two porphyritic metagranite samples, one of 

which was dated at 314.9±2.4 Ma by Candan et al. (2016), gave TuffZirc ages of 313.24 

+1.43 -0.68 Ma (TM.17.33) and 316.00 +0.81 -0.88 Ma (TM.17.34), respectively. 

Zircons from the porphyritic metagranites are homogenous, except for TM.17.33 that 
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contains one inherited zircon of Devonian age (400±3 Ma; 92% concordant). Zircons 

from a granoblastic metagranite intrusion (TM.17.35) that was previously dated at 

321.9±2.6 Ma (Candan et al. 2016) are dominated by core and mantle-type zircons, 

indicating the role of crustal melting. Some homogenous zircons and the rims of the core 

and mantle-type zircons yielded Carboniferous ages, ranging from 343 to 313 Ma. Th/U 

ratios of some of the rims are <0.1, suggesting a metamorphic origin. The ages of the 

metamorphic rims are variable but some are dated at <319 Ma. 

The density probability curve for the Carboniferous igneous zircon domains (see 

Supplementary material) produced two peaks, at 332.9±1.9 Ma and 323.4±1.9 Ma. The 

younger age is interpreted as the crystallisation age of the pluton and the older age an 

earlier magmatic event. The ages of the inherited cores range from 3095 Ma 

(Mesoarchean) to 361 Ma (Upper Devonian). Five of the zircon cores are Devonian (391 

to 371 Ma), two Ordovician (~456 Ma), 10 Ediacaran (628 to 550 Ma) and five others 

have older ages. Of the few Carboniferous ages are few in this sample and some of these 

have very low Th/U contents (<0.1) suggesting that the metagranite was affected by late 

Carboniferous metamorphism.

On the age (Ma) vs. εHf(t) diagram (Fig. 11), the U-Pb-Hf isotopic measurements 

indicate that all of the the metagranite samples have subchondritic εHf(t) values, ranging 

from -12.6 to -5.3 in sample TM.17.35, from -17.6 to -4.9 in sample TM.17.33 and from 

-9.4 to -3.2 in sample TM.17.34, indicating a crustal origin for the Carboniferous felsic 

magmatism. Hf model ages range from 2.11 to 1.33 Ga.

4. Previous U-Pb and Lu-Hf zircon data
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We now summarise previous data from the Tauride and Anatolide continental 

units and the Karaburun Melange to enable synthesis and regional comparison of the 

different tectonic units.

4.1 Tauride units

U-Pb-Hf analyses are available for eight samples of the Neoproterozoic 

metamorphic basement of the Tauride Aautochthon (Dipoyraz Dağ), and for four 

samples of sandstone samples from its Paleozoic-Early Mesozoic sedimentary cover 

(Abbo et al. 2015) (Fig. 1). One of these samples is from the Kasımlar Formation in the 

(Karacahisar area), ca. 25 km northeast of the two samples studied by us. This sample is 

dominated by Neoproterozoic-aged zircons, together with a single concordant Permian 

zircon. 

Sandstones of Cambro-Ordovician age that were collected from the northern part 

of the Tauride autochthon during this study (i.e. Seydişehir Formation) but unfortunately 

did not yield usable zircons.  However, some U-Pb detrital zircon data do exist for a Late 

Ordovician glacial unit sediments (diamictites and lonestones) that are exposed in the 

Central and Eastern Taurides (four samples) and also in the Arabian Platform of SE 

Turkey (one sample) (Gürsu et al. 2017). The major zircon populations in these samples 

are Neoproterozoic with minor clusters at of Paleoproterozoic and Archean age. 

4.2 Menderes Massif

The Menderes Massif is a regional-scale metamorphic assemblage in western 

Anatolia (Fig. 1) that is dominated by Paleozoic schist and Mesozoic meta-carbonate 

rocks with a Precambrian high-grade metamorphic basement (Okay 2001; Özer et al. 

2001; Candan 2011).
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U-Pb-Hf zircon data are available for both the Neoproterozoic basement schists 

and paragneisses (six samples) and the overlying Early Paleozoic meta-siliciclastic 

succession (three samples) (Zlatkin et al. 2013).Zlatkin et al. (2013) provided U-Pb 

zircon data for the Neoproterozoic basement and Early Paleozoic siliciclastic cover of 

the Menderes Massif (Fig. 1). The overall age range of the main zircon populations 

resembles thatose from the Tauride basement in the Karacahisar area (Abbo et al. 2015; 

see above) but although individual age populations vary. The maximum depositional age 

of deposition of the basement schists is constrained as Late Ediacaran (570- 550 Ma),  as 

indicated  by the age of the youngest detrital zircons in the schists (570 Ma) and the age 

of cross-cutting felsic intrusions (550 Ma). In contrast to the basement schists in the 

Karacahisar area, the basement schists in those of the Menderes Massif appear to have 

received little input from 1.0 (Tonian) and 2.5 Ga (Paleoproterozoic) crustal units. The 

detrital zircon age spectra of the overlying Early Paleozoic meta-siliciclastic sediments 

resemble those of Ordovician sandstones in Jordan (Morag et al. 2011). 

4.3 Karaburun Peninsula

Löwen et al. (2018) reported U-Pb detrital zircon ages have been reported from 

siliciclastic sandstones of the Karaburun Melange and related formations of Late 

Paleozoic and Early Mesozoic ages (15 samples) (Löwen et al. 2017). The U-Pb ages 

range from Archean to Triassic in these sandstones. Permo-Carboniferous, Devonian, 

Silurian, Ordovician and Late Neoproterozoic zircon populations were used to infer 

source areas. The authors assumed that the north- Gondwana margin was magmatically 

inactive since the Cambrian, and that it remained isolated from lithologies affected by 

the Variscan sourcesorogeny. The  provenance was therefore considered to be from the 

north, from the Sakarya, Pelagonian and/or Rhodope zones of westernW Turkey, Greece 

and, or Bulgaria. Two samples from the Karaburun Melange (Dikendağı Formation of 
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Löwen et al. 20178) have very similar populations to those in the Palaeozoic and 

Mesozoic siliciclastic sediments of the Taurides and the Afyon Zone (Konya Complex 

melange), as reported here. 

4.4 Konya Complex

U-Pb detrital zircon ages from meta-sandstones of the clastic upper part  of the 

Konya Complex (six samples) and the overlying early Mesozoic sedimentary cover (two 

samples) were recently reported by Löwen et al. (2019). These authors subdivided the 

clastic upper part of the complex into two parts: a lower melange unit and an overlying 

'flysch unit'. In summarising their data below we use the same criteria for concordance 

as we do with our data. On this basis, the ages of detrital zircon populations of the three 

samples from the melange unit is identical to the one sample (K.13.75) reported in this 

study (i.e. Silurian, Ordovician, Cambrian and Precambrian), although the number of 

zircons in  individual populations vary from sample to sample. The overlying 'flysch' 

unit, on  the other hand, differs from the melange unit with a variable input (53%-

T.14.36, 22%-T.14.39 and 2%-T.14.22) from a Devonian igneous provenance. Two of 

their samples with Devonian zircons aslo contain Tonian-Stenian (0.8-1.1 Ga) zircons, 

whereas the remaining one lacks a Tonian-Stenian population, similar to our Karaburun 

melange sample. The maximum age of deposition based on the youngest concordant 

detrital zircon is Silurian (423 Ma) for the melange unit and Carboniferous (308 Ma) for 

the 'flysch' unit. As for the Karaburun melange, Löwen et al. (2019) envisage the 

Devonian granites of  the Sakarya Zones (Eurasia) as the source of the Devonian detrital 

zircons in their 'flysch' unit, whereas the melange matrix was sourced from the N-

Gondwana margin.
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The two Triassic sandstone samples (T.14.29 and T.14.30) of Löwen et al. (2019) 

yielded abundant Permian (275 Ma) to Triassic (206 Ma) zircons (90% of the whole 

data) but no Devonian zircons and only six grains of Precambrian zircons. The Permo-

Triassic zircon population is characterised by a high-U content in  one of the samples. 

The authors suggest that the source of the Triassic zircons was the S-Eurasian margin. 

However, there are alternatives. For example,  volcanic rocks (meta-trachyandesite, 

meta-rhyolites) alternate with red, continental clastics in the Kadınhanı-Konya area. 

Available geochronological data indicates that the volcanism in this area took place 

during Permian (259 Ma) to Triassic l (220 Ma) (Akal et al. 2012, Güven et al. 2012; 

Ustaömer et al. 2016; Özdamar et al. 2013), similar to the age range of the Permo-

Triassic detrital zircons. However, a detailed comparison of the Permian-Triassic detrital 

zircons and lavas is not yet possible because Hf data are available only for a few of the 

lavas  (Ustaömer et al. 2016a).  

5. Discussion 

Below, we consider the implications of the combined new and existing published 

U-Pb and Lu-Hf data for the provenance, paleogeography and tectonic setting of the 

Carboniferous and Triassic units studied, and the regional development of Tethys. In the 

discussion, we assume that there has been, at most, only modest (several hundred kms) 

E-W lateral (strike-slip) displacement of the Gondwana versus Eurasian crustal units, 

which is compatible with Pangea-A-type reconstructions (e.g. Garfunkel, 2004; Smith, 

2006). However, we exclude consideration of Pangea-A type reconstructions which infer 

thousands of kms of relative displacement because of absence of definite supporting 

geological evidence (e.g. Muttoni et al. 2003)..

5.1 N Gondwana provenance 

Page 87 of 188

URL: https://mc.manuscriptcentral.com/tigr  E-mail: rjstern@utdallas.edu

International Geology Review

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

27

The Precambrian age populations (i.e. Edicaran and Tonian) from the Tauride 

units as a whole are effectively identical to those of the NE African-Arabian shield 

(Ustaömer et al. 2012, 2016, 2018; Zlatkin et al. 20134; Abbo et al. 2015; Gürsu et al. 

2017). Most of the new and pre-existing Lu-Hf isotopic data for Neoproterozoic zircons 

are also consistent with derivation from NE African-Arabia.,

Our U-Pb data for the Carboniferous sandstones of the matrix of the melange in 

the Konya Complex  melange matrix (part of the Afyon Zone) show close similarities 

with the sandstones from the eastern Tauride continental units (Aladağ Nappe) (Figs. 12, 

13). The Aladağ Nappe succession (Fig. 2 log a) is restored as part of the northern 

margin of the Tauride microcontinent in view of its stratigraphic similarities with the 

Tauride continental units as a whole (Tekeli 1980; Özgül 1976). Detrital zircons from a 

cobble in the basal conglomerate of the Carboniferous succession in the south-central 

Taurides (Karacahisar Dome) (Fig. 1) have yielded a similar zircon age-distribution 

population (Abbo et al. 2015). In addition, Löwen et al. (2018b) report a Devonian 

zircon population has very recently been reported from the Konya Complex (Löwen et 

al. 2018, 2019).

The source rocks of both the Tauride and the Anatolide Carboniferous sandstones 

were predominantly Neoproterozoic, with sparse Palaeoproterozoic and Archean-aged 

zircons (Fig. 13). For the Anatolide continental unit, oOur Lu-Hf data indicate derivation 

from a combination of juvenile and evolved sources for the Anatolides. Some of the 

Neoproterozoic zircon populations in the Konya Melange sandstones have juvenile 

hafnium isotopic signatures, consistent with derivation from a juvenile source like the 

Arabian-Nubian shield (Robinson et al. 2016). The presence of strongly evolved 

Neoproterozoic zircons is suggestive of derivation from igneous sources formed by 

mixing of juvenile melts with older continental crust. the Pan-African orogenic belt in 
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NE Africa. Overall, the Neoproterozoic zircons are likely to have been derived from 

diverse sources within the NE Africa-Arabia. The Precambrian zircon populations of the 

Carboniferous Konya Complex and the Tauride Kasımlar and Üzümdere formations are 

effectively identical (Figs. 12, 13) indicating suggesting that the southerly provenance 

persisted for a very long time period.

The poorly dated Early Paleozoic (i.e., post-Precambrian/pre-Carboniferous) 

sedimentary cover of the Menderes Massif (Fig. 1) has U-Pb age populations and 

hafnium isotopic compositions (Zlatkin et al. 2013) that are similar to the Taurides and 

Anatolide continental units. The Menderes Massif has been correlated with the 

Anatolides (Ketin l964; Şengör and Yılmaz l981) implying that it represents a single 

crustal block, despite although it lackings the characteristic Anatolide high-pressure/low-

temperature metamorphism (Candan et al. 2010; Pourteou et al. 2013). Alternatively, it 

has been suggested that the Menderes Massif was separated from the Anatolide 

continental units (to the north) by a sedimentary basin during the Mesozoic (Porteau et 

al. 2016). In addition, the Menderes Massif is generally accepted to have been separated 

from the Tauride carbonate platform to the southwest (Bey Dağları) (Fig. 1) by an intra-

continental basin (Tavas basin) (Poisson 1977, 1984; Şenel et al. 1991; Collins and 

Robertson, 1998; Robertson et al. 2013). In our view, tThe Menderes Massif is best 

interpreted as being closely related, compositionally and paleogeographically, to the 

Tauride microcontinent continental unit (Özer et al. 2001; Robertson et al. 2012, 2103; 

Barrier et al. 2018).

Several factors support (or are consistent with) a dominantly Gondwana-related 

source for all of the Late Paleozoic-early Mesozoic sandstones discussed mentioned 

above, other than those of the Karaburun Melange and its cover succession (see below): 

1. The Carboniferous and Late Triassic sandstones are all dominated by Late 
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Precambrian zircons; 2. The relative abundance of Cambrian zircons in the Late Triassic 

Tauride cover succession (Üzümdere Formation) is suggestive of erosion of Cambrian 

volcanic rocks, as represented by the nearby  ( Sandıklı Porphyroids,), as exposed near 

Sandıklı (Fig. 1)  (Kröner and Şengör 1990; Gürsu and Göncüoğlu 2006, 2008). Surface 

uplift related to Triassic rifting of Neotethys liberated the granitic and schistose detritus 

that now resides occurs within the Triassic sandstones; 3. Granitic intrusions within the 

Tauride-related units, for example the Carboniferous meta-granitic rocks of the Afyon 

Zone (Candan et al. 2016; this study) represent a nearby source of Carboniferous grains 

within the Triassic sandstones; 4. Localised Early Triassic meta-granites in the Menderes 

Massif (Koralay et al. 2001;Akal et al. 2011; Ustaömer et al. 2016) are possible nearby 

sources for rare Early Triassic zircons, as which is also consistent with their slighly 

positive Hf(t) hafnium signatures as reported by Ustaömer et al. 2016 (their fig. 13); 5. 

The  small granite in the Karaburun Peninsula (Akal et al. 2011; Ustaömer et al. 2016a) 

could also be considered as a source for the rare Early Triassic zircons although this 

seems unlikely because the (Hf)t composition of the Karaburun granite is highly negative 

in contrast to the Menderes Triassic granite and the two Triassic detrital zircons.  .

The compositional homogeneity and commonly well-rounded texture of the 

Precambrian zircon grain populations in both the Tauride and Anatolide sandstones (Fig. 

3; see also supplementary material)   suggest that the erosional products of the source 

schistose basement were widely dispersed and well mixed in the shelf seas that prevailed 

along the bordering the north margin of Gondwana. These Gondwana-derived 

sandstones are well accumulated widely along the north-Gondwana margin, now 

represented by the shallow-marine sandstones of mainly Ordovician-Carboniferous age 

within the Taurides continental unit (e.g. Geyikd Dağ) and related allochthonous units 

(e.g. Bolkar and Hadim Nappes) (Özgül, 1976; Mackintosh and Robertson, 2012; 
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Wehrmann et al. 2010). Some of these sandstones are likely to could have been derived 

directly from local basement highs within in the Tauride crust (e.g. Sandıiklı Massif) 

(Özgül, 1976; Mackintosh and Robertson, 2012). The distal continental margin 

(northerly) crust of pre-Jurassic age is largely concealed by the Late Cretaceous-Early 

Cenozoic southward emplacement of allochthonous continental margin units (e.g., 

Bozkır, Bolkar and Hadim nappes) and ophiolite-related units. Also, the distal 

(southward) edge of the Tauride crust is largely concealed by the northward 

emplacement of the Antalya Complex (Antalya Nappes) in SW Turkey, including both 

continental margin and ophiolite-related units. One possibility is that 

Small zircon populations of Cambrian, Ordovician, Permian age and also isolated 

instances of Devonian, Carboniferous and Triassic zircons in the Tauride Triassic 

sandstones indicate magmatic events of these ages somewhere along the north margin of 

Gondwana, although potential source igneous rocks are poorly known (MTA 2002).  

Tthe Cambrian and Ordovician zircons couldan be explained by pulsed extension of the 

northern margin of Gondwana, prior to final break- up during the Triassic. On the other 

hand, Tthe Carboniferous zircons may relate to subsequent subduction-related 

magmatism, as locally documented in the Afyon Zone (Candan et al. 2016). (Konya 

Complex) and the Taurides  (e.g. Sultan Dağ) (Göncüoğlu et al. 2007; Mackintosh and 

Robertson 2009; Robertson and Ustaömer, 2011).

The Tauride Paleozoic shelf -successions were uplifted and locally eroded to 

produce large volumes of sandstones during the Triassic rifting of Neotethys. From the 

Late Permian onwards, the Tauride microcontinent became progressively isolated from 

Gondwana. Rifting during the late Permian produced shallow, localised marine basins 

and highs, whereas deep basins formed by Early-Middle Triassic time, followed by 

regional continental break-up during the Late Triassic-Early Jurassic to form the S 
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Neotethys (Gutnic et al. 1979; Robertson and Dixon  l984; Garfunkel 2004; Robertson et 

al. 2012, 2013; Barrier et al. 2018). The zircons in the Middle-Late Triassic sandstones 

were, therefore, derived from the Precambrian basement of the Tauride continental unit 

directly or, more probably, from the its Paleozoic cover of the rifted Tauride crustal unit 

rather than directly from Gondwana.

5.2 Provenance of Carboniferous zircons

Cambrian, Ordovician, Devonian (minor) and Carboniferous ages are recorded in 

the Late Triassic Kasımlar and Üzümdere Formations (Figs. 6, 7). As noted above, 

pPotential source rocks, for example, felsic igneous rocks are locally exposed in locally 

the Anatolide continental units, including the Cambrian felsic Sandıklı Porphyroids 

(Gürsu and Göncüoğlu 2005, 2006) and both Ordovician granites (Okay et al. 2008; 

Özbey et al. 2013a,b) and Carboniferous granites (Candan et al. 2016; this study).   

    The provenance of the Karaburun Melange and Konya Complex sandstones 

differs from that of the Tauride Carboniferous units. Devonian zircon populations are 

reported from occur in some samples in the Karaburun Melange (Löwen et al. 20178 a) 

and also in from the Konya Complex (Löwen et al. 2018, 2019 b). Devonian-aged zircon 

cores are also recorded in one sample of Carboniferous Anatolide granites analysed by 

us (sample TM.17.35) (Fig. 11). The Triassic cover sandstones in the Karaburun 

Peninsula also contain a prominent Devonian-Carboniferous zircon population (Löwen 

et al. 20178 a)(Figs. 8d, 12). In contrast, Devonian zircons are absent from the Eeastern 

Tauride Carboniferous sandstones,; whereas conversely, Tonian and Stenian zircons are 

not recorded in the Karaburun Melange. Also, Paleoproterozoic zircons (c. 2 Ga) are 

more abundant in the Karaburun Melange sandstones compared to both the Konya 

Complex and the eastern Eastern Tauride (Aladağ Nappe) sandstones. A clastic source 
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other than NE Africa alone, therefore, seems to be needed for both the Anatolide and 

Karaburun Melange Carboniferous sandstones.

The Carboniferous and Triassic sandstones have marked similarities suggesting 

some degree of common provenance, especially the prominent Ediacaran population 

(Fig. 6). Cryogenian and Tonian-Stenian populations occur in all samples, except for the 

Karaburun melange sandstone that lacks the 1.1-0.9 Ga zircon population (Fig. 12). 1.1-

0.9 Ga zircons do exist in the overlying Late Triassic Güvercinlik Formation. However, 

Neoproterozoic zircon populations are subordinate in the Güvercinlik Formation 

compared to the Tauride Triassic sandstones (Figs. 6, 12).  Also, the Paleoproterozoic 

population (ca. 2 Ga) in the Karaburun Melange Triassic cover succession is 

enrichedhanced compared to that in the Tauride Triassic sandstones (Figs. 12, 13). The 

Carboniferous zircon population is similarly enhanced enriched in the Late Triassic 

Karaburun Melange cover sandstones compared to the corresponding Late Triassic 

Tauride sandstones Tauride in which only a few grains of this age range occur.  This All 

of the above evidence points tosuggests that a specific, probably localised, provenance is 

required for the Karaburun Melange that is not completely shared by any of the other 

units discussed above. Similarly, a local provenance seems possible for the Permian-

Triassic zircons in the Konya Complex (e.g. Kadınhanı volcanics). Below, we evaluate 

the wider region for suitable source units.

Below, we evaluate the wider region for suitable source units:

In northern Turkey, the Pontide crustal unit broadly represents the evolving 

southerly active continental margin of Eurasia, at least during Late Paleozoic to mid-

Cenozoic time (Fig. 1). Here, we highlight several lithology and age distributions that 

may shed light on the provenance of the crustal units farther south. 
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Within the Pontides crustal unit, the Sakarya Zone (Fig. 1) includes meta-clastic 

rocks that are dominated by Precambrian zircons of NE Gondwana-Arabia affinities, 

similar to the Carboniferous sandstones of both the Anatolides and Taurides crustal units 

(P.A. Ustaömer et al. 2012a; Ustaömer et al. 2010, 2013). Carboniferous zircons in 

sandstones from the Aegean islands of Chios, Inousses and Psara, adjacent to the 

Karaburun Peninsula, have been interpreted to represent derivation from the Sakarya 

Zone, assuming that it then formed part of the S-Eurasian active continental margin 

(Meinhold et al. 2008, Meinhold and Frei 2008). Similarly, Löwen et al. (20178a) 

envisioned infer the presence of a large amount of arc-derived sand, which they see as 

having been derived from a continental margin arc within the Sakarya Zone. tThe Late 

Paleozoic Sakarya continental arc as the source of the Late Paleozoic zircons in the 

Karaburun melange sandstones were, therefore, sourced from the Eurasian active 

continental margin, effectively to the north in this interpretation. However, Ppotential 

source Carboniferous crustal units are also widely exposed in the Balkan region and in 

both central and western Europe, for example the Austro-Alpine and Armorican crustal 

units (Meinhold et al. 2010a, b).

On the other hand,Despite the published correlations with the S-Eurasia 

(Meinhold et al. 2010a, b; Lowen et al. 2017), a northerly (Eurasian) arc-related source 

should not necessarily  be assumed uncritically because, as noted above Carboniferous 

granitic plutonism also affected the Anatolide crustal continental unit in the Afyon 

zZone (Candan et al. 2016; this study) and could also exist elsewhere. Minor 

Carboniferous volcanism is also known from the northern part of the -Central Tauride 

Autochthon crustal unit (MTA 2002, Göncüoğlu et al. 2007; Mackintosh and Robertson 

2009) and also in the Tauride-related Çataloturan nappe (Aladağ Nappes) in the Eastern 
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Taurides (Göncüoğlu et al. 2007) although the tectonic affinities of these units remain 

debatable. One possible explanation for the Carboniferous magmatism in the Afyon 

Zone is that the host crustal unit was part of the S-Eurasian margin until it rifted and 

drifted southwards to amalgamate with the Tauride continental unit during late Triassic 

time (Stampfli, 2000; Stampfli et al. 2001; Eren et al.  2004). This model has been tested 

extensively by recent fieldwork, however, this has not confirmed the existence of an 

oceanic suture (Paleotethyan) between the Anatolide and Tauride continental units 

(Mackintosh and Robertson, 2012).

An alternative approach is to determine whether the isotopic data from the 

Carboniferous granites of the Afyon Zone are similar to the isotopic data fron the 

Carboniferous granites of the Sakarya Zone.  

The available zircon Hf isotopic data for the two Carboniferous granite 

assemblages of the Sakarya Zone are compared with those from the Carboniferous 

granites of the Afyon Zone in Figure 14. The Lu-Hf isotopic compositions of the 

Carboniferous zircons in of the Anatolide and Tauride sandstones are also plotted. The 

green dashed line in the figure, corresponding to ca. -5 Hf(t), separates Sakarya crustal 

unit granites above from the Afyon Zone granites below. The Carboniferous detrital 

zircons plot in the Afyon Zone granite field, consistent with this as a source for 

sandstones.  Another potential source would be now-eroded surface volcanic 

equivalents. 

In summary, it is possible that the voluminous Carboniferous arc-derived detritus 

within the Tauride and Karaburun Triassic sandstones could have a relatively southerly, 

Gondwana-related provenance. This would remove the requirement to infer sources from 

both Gondwana and Eurasia within the Carboniferous clastic sediments, right down to 
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the level of , which could explain the intimate mixing of Carboniferous and Gondwana-

derived zircons within individual turbidite beds.

5.3. Provenance of Devonian zircons

Devonian zircons form the most prominent population in the Karaburun Melange 

sandstones and are also present in the overlying Güvercinlik Formation (Löwen et al. 

20178a; this study) (Fig. 12). A  small cluster of Devonian zircons (n=5) also exists in 

the Kasımlar Formation. Carboniferous sandstones of the Konya Complex (Anatolides) 

also contain Devonian zircons (Löwen et al. 20178a) unlike the Tauride Carboniferous 

sandstones (as so far reported). Also, Devonian inherited zircons are common in the 

Carboniferous meta-granites of the Afyon Zone (Candan et al. 2016; this study) (Fig. 

11). Assuming a local source for the Devonian zircons,By implication, undiscovered 

Devonian zircon-bearing granitic plutons are likely to exist withined the unexposed (or 

simply unexplored) deep-level crust of the Afyon Zone.  Such crust could also be buried 

beneath the Tauride or Anatolide thrust sheets or be eroded. However, the abundance of 

Devonian zircons in the Karaburun Melange are so abundant as to suggest a provenance 

in the vicinity (i.e. Aegean Turkey) or possibly from farther north, northwest or 

westpoints to a major westerly source.

The Sakarya crustal unit in the NW Turkey west locally includes Devonian 

granites (Okay et al. 1996; Aysal et al. 2012; Sunal et al. 2012), as in the Biga Peninsula 

(Fig. 1), which was can therefore be considered as a possible source of the Devonian 

zircons in the Karaburun Melange. However, the late Carboniferous sandstones of the 

Karaburun Peninsula have dissimilar different εHf(t) values (Fig. 15). The zircons in the 

Devonian granites define a tight cluster of with εHf(t) values ranging from −8.5 to −7.1, 

other than for one with an εHf(t) value of −4.5. In contrast, the Devonian detrital zircons in 
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the late Carboniferous sandstones of the Karaburun Peninsula exhibit εHf(t) values 

ranging from −2.1 to +5.4. 61% of the data are superchondritic (Fig. 15). Also, the 

metasedimentary country rocks of the Sakarya Zone granites have zircon populations 

indicative of a NE African provenance (P.A. Ustaömer et al. 2012a; Ustaömer et al. 

2016a), unlike the Karaburun Melange that has a provenance similar to NW Africa. 

Where exposed, the dated zircon populations in southern Turkey are all of NE African 

type (Menderes Massif; Zlatkin et al. 2013); Karacahisar Massif (Abbo et al. 2015), 

Bitlis Massif-E Taurides (P.A. Ustaomer et al. 2012b). In contrast, the provenance of the 

Karaburun Melange Carboniferous sandstones is characterised by Ediacaran-Cryogenian 

and Palaeoproterozoic (ca. 2 Ga) zircons, with an absence of Tonian-Stenian zircons, 

that are typical of a NW African source (Henderson et al. 20165). Direct supply of 

zircons from the Devonian granites of the Sakarya Zone to the Karaburun Melange 

(including together with the adjacent Greek islands) and the Konya Complex is, 

therefore, seems unlikely.

Rare Looking farther northwest and west, Devonian orthogneisses and dykes 

occur within the Vertiskos Tterrane of the Serbo-Macedonian Massif (Greece), 

representing a late, but volumetrically minor, phase of magmatism after the 

emplacement of widespread, Silurian arc-type magmatic rockssm (Himmerkus et al. 

2009), although these appear to be volumetrically minor. Hf isotopic data are not 

available for these Devonian intrusions but derivation of Devonian zircons from the 

Vertiscos terrane is unlikely because Silurian zircon are not recorded in the Karaburun 

Melange sandstone. Devonian zircon populations are also present in sandstones of the 

Aegean region (Keay and Lister, 2002, Meinhold et al. 2010a, b; Zlatkin et al. 2018) 

although no source granitic rocks of this age have yet been reported, which is not 

surprising as it is largely submarine. Another possible source region for the Devonian 
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zircons is the Variscan granitic massifs of central Europethereabouts. Similar Devonian 

ages are reported from granitic intrusions in central Europe  The combined sedimentary 

and igneous age evidence instead points to a more westerly provenance for the Devonian 

zircons. The nearest known crustal units with similar Devonian zircon populations are 

including the Saxo-Thuringian (ca. 375 Ma), Teplá-Barrandian and Moldanubian units 

(Bohemian Massif) (Linnemann et al. 2004, 2007, 2014; Drost et al. 2011; Kosler et al. 

2014; Eckelmann et al. 2014; Dörr et al. 2017). However, more age and Hf isotopic data 

are needed to test these alternative sediment sources.

Assuming the Devonian zircons were sourced from a continental margin arc 

broadly to the west, within the Aegean region or central Europe, rather than fromto the 

west of the Sakarya continental unit farther north in Turkey, how could (e.g. Aegean 

and, or central Europe) how did they have reached the Karaburun Peninsula and the 

Konya Complex Afyon Zone (Afyon ZoneKonya Complex) during the late 

Carboniferous? A possible explanation is that Palaeotethys sutured in the west during the 

late Carboniferous, extending as far east as the Aegean region but remained, during the 

late Carboniferous, while remaining open farther east within what is now Anatolia 

(Zanchi et al. 2003; Okay et al. 2006; Robertson and Ustaömer (2009a, b; 2011) (Fig. 

16). In this interpretation, sediments were eroded from Devonian and, or Carboniferous 

crust in the west and were then flowed transported into the a surviving deep-marine 

Tethyan embayment to the east where they were mainly deposited by turbidity currents.  

Sands are known to be transported by turbidity currents up to ca. 2000 km in modern 

trench settings, for example in the Aleutians (Piper et al. 1973) and Peru-Chile trenches 

(Schweller et al. 1981). It is therefore plausible that deep-marine sands flowed generally 

eastwards from the by-then sutured Paleotethys in the Aegean region or father west, at 

least as far as the Konya Complex outcrop, (ca. 500 km east of the Karaburun 
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Peninsula). The presence of 0.8-1.1 Ga zircons characterises the NE Africa/Arabian-

Sahara provenance, whereas the absence of this age assemblage indicates a NW Africa 

provenance. Sands could have travelled eastwards along the northern margin of 

Gondwana from a region of NW African provenance (e.g. central Europe). The sands 

then passed over the submerged Anatolide continental unit (Afyon Zone), where they 

mixed with more locally derived sands of NE Africa/Arabian-Sahara provenance, as 

exposed in the Konya Complex.

In summary, the sandstone turbidites of the Karaburun and Konya melange matrices are 

dominated by a mixture of NE Gondwana, Carboniferous and Devonian continental arc-

derived detritus, with no requirement for clastic material to cross the remnant 

Paleotethys from the Sakarya continental arc to the north (Fig. 16).  

6. Conclusions

1. New U-Pb and Lu-Hf isotopic data for detrital zircons from southern Turkey 

exemplify challenges related to zircon provenance analysis within a complex 

orogenic belt made up of dispersed crustal units. Taking account of new and 

existing isotopic data and the regional tectonic setting lead to the following 

conclusions: 

2.1. Late Carboniferous sandstones of the eastern Taurides (Aladağ Nappe) and 

the Anatolides (Konya Complex) have very similar Precambrian zircon 

populations that are, interpreted to have been derived from NE Gondwana 

(NE Africa/Arabia).
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3.2.Carboniferous zircon populations, characteristic of the more northerly-

located Sakarya crustal unit of the Pontides (N Turkey), are absent from the 

Carboniferous Eastern Tauride and Anatolide (Konya Complex) sandstones. 

A, opposing the northerly, Variscan orogenic belt as a possible source is 

therefore unlikelyfor these units.

4.3.The Precambrian zircon populations of the Mid-Late Triassic Tauride 

sandstones were also derived from NE Gondwana. Small zircon populations 

of Cambrian, Ordovician and Carboniferous age in these sandstones, 

including Tauride and Anatolide crustal units, indicates the existence of 

previously poorly known magmatic events along the northern margin of 

represent pulsed rifting of the north-Gondwana margin.

5.4.The Carboniferous zircon populations of the Karaburun Melange 

(westernmost Aegean Turkey), and to a lesser extent those of the overlying 

Late Triassic sandstones include Carboniferous and Devonian-aged zircon 

populations that are absent from the Carboniferous and Triassic Taurides 

sandstones. This evidence points to a regionally distinct source for these 

sandstones.

6.5. Provenance interpretation is significantly aided by combining U-Pb and εHf(t) 

data for detrital zircons. For example, Hf(t) values of the Devonian zircon 

populations in the late Carboniferous sandstones of the Karaburun Melange 

are mainly positive. This contrasts with the subchondritic negative Hf(t) 

values of the Devonian granites which form a small part of the Sakarya 

continental crust margin arc in NW Turkey. These Devonian granites are 
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therefore unlikely to represent the source of the Devonian zircons in the 

Karaburun Peninsula and the Konya Complex melange. 

7.6.The Precambrian-aged zircon populations of the Carboniferous and Triassic 

sandstones of the Karaburun Peninsula are indicative of an ultimate NW 

African, Gondwanan source that differs from the Precambrian zircon 

populations of the Tauride and Anatolide continental units (i.e. Konya 

melange).

8.7.The abundance of Devonian zircons in the sandstone turbidites of the 

Carboniferous Karaburun Melange hints at a still unidentified source, 

probably within the submarine Aegean region. The nearest known confirmed 

source of Devonian granitic rocks with the appropriate detrital zircon 

populations and Lu-Hf isotopic signatures is the Variscan orogenlocated in 

the Variscan orogen of central European. Eastward long-distance orogen-

parallel sedimentary transport by turbidity currents is plausible. However, the 

presence of Devonian zircons within Aegean-region sandstones hints at a 

more local Devonian granitic source. 

8. The Devonian zircons reported from the upper ‘flysch’ unit of the Konya 

Melange could also have a relatively local origin with no requirement for 

mixing of material, down to the scale of single turbidites, from opposing 

Gondwanan and Eurasian sources. 

9. In the our proposed tectonic model, Paleotethys sutured from the Atlantic to 

the Aegean region to form the Variscan orogenic belt during the 

Carboniferous, whereas some Paleotethyan oceanic crust remained in an 

eastward-widening embayment farther east.   DAs a result, during the late 
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Carboniferous detritus sand of mainly Precambrian, Carboniferous and 

locally Devonian age was transported both northwards and eastwards, 

generally within by turbidity currentses. Westerly and more easterly derived 

zircons variably mixed to produce the composite age assemblages, as 

recorded in the Konya Melange.

10. Interpretation of terranes created by microplate amalgamation is likely to be 

complex and cannot rely on the existence of simple end member age 

distributions to infer provenance.
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Figure captions

Figure 1: Simplified tectonic map of southern Turkey showing the locations of the 

samples studied and the logs inon Fig. 2 (MTA, 2002). The tectonic subdivisions of the 

metamorphic Anatolide continental units to the northN and the non-metamorphic 

Tauride crustal blocks units to the southS are indicated. The Anatolide continental unit s 

includeing the Tavşanlı Zone and the Afyon Zones that experienced HP/LT 

metamorphism during Late Cretaceous and Palaeocene times, respectively. The 

Menderes Massif to the west records orogenic events during the Ediacaran-Cambrian 

and Eocene-Recent periods. The Tauride continental units includes autochthonous 

successions, including ( Bey Dağları, Geyik Dağ, Akseki-Anamas and Belemedik), as 

shown in blue, and also fron overlying thrust sheets including the Lycian Nappes in the 
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west, the Beyşehir-Hoyran-Hadim Nappes in the centre, the Aladağ Nappes in the east 

and the Antalya and Alanya tectonic units the south of the region.  Abbreviations: SP 

Sandıklı Porphyroid; BHHN Beyşehir-Hoyran-Hadim Nappes; Y Yahyalı; BG Beyşehir 

Lake; EG Eğirdir Lake. Inset: the wider distribution of suture zones  throughout Turkey 

extending into Iran, Armenia, Georgia and the Russian Federation.

Figure 2: Stratigraphic logs of the successions sampled in the Tauride Autochthon 

continental unit and overlying allochthonous units. The sample locations and their 

stratigraphic position are indicated by red arrows. Sources of information: Aladağ 

Nappe: Tekeli et al. (1984), Özgül (1976), Ayhan and Lengeranlı (1986); Afyon Zone 

(Konya Region):  Robertson and Ustaömer (2011); Karaburun Peninsula: Robertson and 

Ustaömer (2009a,b), Çapkınoğlu and Bilgin (2006), Erdoğan et al. (1990); Bey Dağları 

(Tauride Autochthon): Poisson (1984), Şenel 1996; Akseki (Tauride Autochthon): 

Monod (1977).

Figure 3: Selected cathodoluminescence images of detrital zircons from metasandstones 

from of the Konya Complex (, Afyon Zone), Central Taurides. The circles marked on the 

zircons show the locations of the spots analysed;, whereas the numbers within the circles 

indicate the name of the individual spots. SThe scale bars= are 20 μm in panel a. 

206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. Errors are at 

1 level. 

Figure 4: Age versus Th/U diagram for detrital zircons from all of the sandstones 

studieddiscussed in the paper. Th/U=3.7 indicates the average Th/U ratios of zircons 

from mafic igneous source rocks; Th/U=0.93 indicates the average Th/U ratios of 

zircons from intermediate composition igneous source rocks; Th/U=0.59 indicates the 

average Th/U ratios of zircons from felsic igneous source rocks (Xiang et al. 2011).
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Figure 5: Concordia (left) and density-kernel density estimates plot (right) for the  

metasandstones analysed during this work. a, b Köşkdere Formation; c, d Konya 

Complex; e, f Karaburun Melange. The numbers indicate the peak ages in Ma.  

Figure 6: Pie charts showing different age spectra of the detrital zircons in the 

Carboniferous (left) and Triassic (right) sandstones analysed during this work.

Figure 7: Concordia plots for Triassic sandstones analysed during this work. a, b 

Kasımlar Formation; c Üzümdere Formation, d Güvercinlik Formation.

Figure 8:  Histogram and kernel density estimate plots for Triassic sandstones analysed 

during this work. a, b Kasımlar Formation; c Üzümdere Formation, d Güvercinlik 

Formation. The numbers indicate peak ages in Ma.  

Figure 9: Age versus Hf(t) plots of Triassic sandstones analysed during this work from 

from. the a-b Kasımlar Formation (a, b); c the Üzümdere Formation (c) and dthe 

Güvercinlik Formation (d). Curves are kernel density estimates for each of the samples. 

Arrow shows the crustal evolution path. DM Depleted Mantle, CHUR Chondritic 

Uniform Reservoir, ANS Arabian-Nubian Shield (Robinson et al. 2014).

Figure 10:  Age versus Hf(t) plots of Carboniferous sandstones analysed during this 

work from athe Konya Complex (a) and b Karaburun Melange (b). Arrow shows the 

crustal evolution path. See the caption of Figure 9 for the abbreviations.

Figure 11: Age versus Hf(t) plots of Carboniferous meta-granites of the Afyon Zone 

analysed during this work. The red dashed lines represent crustal evolution paths of 

TDM =1.3 and 2.1 Ga with 176Lu/177Hf=0.0013. See the caption for to Figure 9 for 

abbreviations.
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Figure 12:  Normalised probability plot of for all of the samples analysed in during this 

study ranging infor the age range from 0-1200 Ma. See text for explanation.

Figure 13: Cumulative probability plot of all the samples analysed in this study. The 

diagram shows that the sandstones from the Karaburun Peninsula (K.13.102 and 

K.13.104) are different in the ages of prominent zircon populations  fromin the 

remainder of the samples from all of the other areas and units considered in this paper 

(both new and published data)in terms of the age of the prominent zircon populations.. 

Common to all of the samples is the rarity or absence of Early to Mid- Mesoproterozoic 

zircons (horizontal lines between 1.1 to 1.6 Ga) and the abundance of the 

Neoproterozoic zircons. The samples from the Anatolide and Tauride crustalcontinental 

blocks units (excluding the two samples from the Karaburun Peninsula) indicate a 

similar provenance as for the Precambrian zircons, irrespective of depositional age. Late 

Palaeozoic zircons in these sandstones appear in the Late Triassic sandstones and reach a 

maximum of 15% of the whole data set.

Figure 14: U-Pb age versus Hf(t) of Carboniferous granites from the Sakarya continental 

margin arc and the Afyon Zone. All of the Carboniferous detrital zircons in the 

Carboniferous and Triassic sandstones from the Anatolides and Tauride continental 

unitss are plotted for comparison. Data from the Sakarya Zone are from Ustaömer et al. 

2016 (KK.09.04) and our unpublished data (K.12.111); Karslı et al. 2016 (CM21, 

CS10). See text for explanation.

Figure 15: U-Pb age versus Hf(t) of: 1) Devonian metagranite from the Sakarya 

continental margin arc and 2) Devonian detrital zircons in the Late Carboniferous 

sandstone of the Karaburun Melange. The Devonian metagranite exhibits a tight cluster 

of Hf(t) values from -8.5 to -7.1, with corresponding Hf model ages of  1.5-1.4 Ga 
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(Ustaömer et al. 2016). In contrast, the Devonian detrital zircons in the Karaburun 

Melange sandstone differ significantly, with Hf(t) values straddling the CHUR line and 

Hf model ages of <1.1 Ga. Several other Devonian metagranites in of the Sakarya 

continental margin arc (Pontides) exhibit Nd(401-389) values of -9 to -8 with corresponding 

Nd model ages of 1.9-1.8 Ga (Aysal et al. 2012).  

Figure 16: Palaeogeographic sketch map showing the inferred tectonic setting of the 

Aegean region and central and northern Turkey during the late Carboniferous (c. 310 

Ma). Siliciclastic sediments were shed from the Anatolide and Tauride crustal 

continental units in the south and east, whereas in the west Devonian zircon-rich sand 

are sediment is inferred to have been come derived from the adjacent Aegean region or 

from the the Armorican Terrane Assemblage of the Variscan terranes in central 

Europeorogen in the west. The solid arrow indicates the inferred sedimentary transport 

direction

Electronic supplement

Supplementary Table 1: GPS coordinates of the samples analysed. 

Supplementary Table 2: Summary of U-Pb and Lu-Hf data for Carboniferous 

sandstones.

Supplementary Table 3: Summary of U-Pb and Lu-Hf data for Triassic sandstones.

Supplementary Table 4: Uranium-lead analytical data.

Supplementary Table 5: Lutetium-hafnium analytical data.

Supplementary figure captions
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Supplementary Figure 1: Geological map of the Aladağ region, Eastern Tauride 

continental unit, showing the location of the uUpper Carboniferous quartzite sample (S3) 

analysed for zircon U-Pb analysis. Thise map is a small part of a larger map that was, 

produced during the first author's joint field work with Esen Arpat and Necdet Özgül 

(both at Geomar) in 2008. Satellite image of the area was also used during the mapping.   

Supplementary Figure 2: Selected cathodoluminescence images of detrital zircons 

from the uUpper Carboniferous quartzite of the Köşkdere Formation, Siyah Aladağ 

Nappe, Eastern Tauride continental units. The open circles on the zircons show the 

locations of the spots analysed;, whereas the numbers within the circles indicate the 

name of the individual spots;, and the red numbers above the zircons refer to the name of 

the zircon crystals. The ages obtained from the metamorphic zircon growths are 

indicated by the blue numbers and those from the igneous zircons by the black numbers. 

206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. Errors are at 

1. The scale bars are 20 μm.

Supplementary Figure 3: Simplified geological map of the Karacahisar-Seydişehir 

area, central Tauride continental unit, showing the sample locations. None of the 

samples collected from the Cambro-Ordovician Seydişehir Formation yielded usable any 

zircons. Zircons from the samples 75 and 78 taken from the Kasımlar Formation were 

analysed for U-Pb-Hf isotopic analysis. Map modified after (Şenel 1997).  

Supplementary Figure 4: Selected cathodoluminescence images of detrital zircons of 

from sandstone sample K.12.75 from of the Late Triassic Kasımlar Formation, Tauride 

continental unitAutochthon. The open circles on the zircons show the locations of the 

spots analysed;, whereas the numbers within the circles indicate the name of the 
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individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 

Ga. Errors are at 1 level.

Supplementary Figure 5: Selected cathodoluminescence images of detrital zircons of 

from sandstone sample K.12.78 from of the Late Triassic Kasımlar Formation, Tauride 

Acontinental unitutochthon. The open circles on the zircons show the locations of the 

spots analysed;, whereas the numbers within the circles indicate the name of the 

individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 

Ga. Errors are at 1 level.

Supplementary Figure 6: Simplified geological map of the Üzümdere area, Tauride 

continental unit, showing the location of the sandstone sample (K.13.77) analysed. Map 

was re-drawn after Monod (1977) and Toker et al. (1993).   

Supplementary Figure 7: Selected cathodoluminescence images of detrital zircons of 

from sandstone from of the Late Triassic Üzümdere Formation, Tauride continental 

unitAutochthon. The open circles on the zircons show the locations of the spots 

analysed;, whereas the numbers within the circles indicate the name of the individual 

spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. Errors 

are at 1 level.

Supplementary Figure 8: Geological map of the Sızma-Ladik area of Konya, showing 

the location of the meta-sandstone sample (K.13.75) analysed from the Konya Complex. 

See Robertson and Ustaömer (2009a) for data sources.

Supplementary Figure 9: Selected cathodoluminescence images of detrital zircons 

from metasandstone from of the Konya Complex, Afyon Zone, cCentral Anatolide 

continental unitTaurides. The open circles on the zircons show the locations of the spots 
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analysed;, whereas the numbers within the circles indicate the name of the individual 

spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. Errors 

are at 1 level.

Supplementary Figure 10: Simplified geological map of the Karaburun Peninsula, 

showing the locations of the samples (K.13.102 and K.13.104) analysed in during this 

study. See Robertson and Ustaömer (2009b) for the data sources. 

Supplementary Figure 11: Selected cathodoluminescence images of detrital zircons of 

sandstone from the Karaburun Melange. The open circles on the zircons show the 

locations of the spots analysed;, whereas the numbers within the circles indicate the 

name of the individual spots. 206Pb/238U ages are used for <1Ga and 206Pb/207Pb ages are 

used for >1 Ga. Errors are at 1 level.

Supplementary Figure 12:  Selected cathodoluminescence images of detrital zircons of 

sandstone sample from the Late Triassic Güvercinlik Formation (Tauride continental 

unit). The open circles on the zircons show the locations of the spots analysed;, whereas 

the numbers within the circles indicate the name of the individual spots. 206Pb/238U ages 

are used for <1Ga and 206Pb/207Pb ages are used for >1 Ga. Errors are at 1 level.

Supplementary Figure 13: Simplified geological map of the Simav-Alaçam area (after 

Candan et al. 2016), showing the locations of the meta-granite samples from the Afyon 

Zone, Anatolide continental unit  (TM.17.33, TM.17.34 and TM.17.35) analysed in this 

study. 

Supplementary Table 1: Uranium-lead analytical data.

Supplementary Table 2: Lutetium-hafnium analytical data.

Supplementary Table 3: GPS coordinates of the samples analysed. 
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Table 2: Summary of U-Pb and Lu-Hf data for Carboniferous sandstones.

Table 3: Summary of U-Pb and Lu-Hf data for Triassic sandstones.
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Number of spots

No of concordant results

Age range (Ma)

Maximum age of deposition (Ma) 
(Youngest Graphical Peak) 558 505 384

Konya Complex                            K.13.75

2637-443

141

0

Köşkdere Formation                            S3

98

3396-334
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U-Pb

Lu-Hf

687-561 544-497 1029-876 667-592 1077-923 880-779 1020-889 816-673 648-603 333-301 2094-1943 629-585

611 530 980 632, 598 1059, 936 813 973, 915 683 635 314 1985 591

-15.7 to +9.9 -11.2 to +5.8 -7.6 to +12.3 -22.6 to +8.9 -22.5 to +9.5 -9.9 to +11.4 -19.5 to +11.5 -14.3 to +10.5 -22.8 to +5.3 -10.0 to +1.2 -14.6 to +5.1 -15.2 to +11.2

63 10 85 45 56 56 35 63 43 7 13 31

2.01-1.74 2.54-2.49 0.48-0.45 2.72-2.46 2.03-1.97 0.48-0.45 0.58-0.53 1.95-1.87 2.53-2.44 0.93-0.9 0.76-0.73 0.50-0.46

1.79, 1,9, 2.0 2.51 0.45 2.66, 2.47 1.99 0.45 0.55 1.89 2.49 0.92 0.75 0.48

-15.1 to +2.0 +0.7 to +4.1 -5.5 to -5.2 -11.9 to +6.6 -11.7 to +7.1 -20.8 to -2.5 -22.8 to +4.0 -11.2 to +2.1 -10.2 to +4.4 -17.9 to -0.9 -2.6 to +9.6 -12.3 to -0.7

3241-267

272

LATE TRIASSIC

     Formation Name            Sample 
Number

Age

                     Üzümdere Formation                
K.13.77

101

90

90

Number of spots

No of concordant results

Age range (Ma)

% of zircons with positive Hf(t)

Prominent Populations (Ma)

eHf (t)

Maximum age of deposition (Ma)

Peak Ages (Ma)

246

Güvercinlik Formation                 K.13.104

111 111 113
K.12.75 K.12.78

Kasımlar Formation 

2727-281

108 93

2884-239

Peak Ages (Ga)

eHf (t)

Small clusters (Ga)

79

80

2840-301

304

9398

283
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S3 Ko�kdere Formation

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A01 S3-9d1 1681 48 8 0.22 0.3 0.1537 2.3 1.481 3.7 0.06991 2.9 0.63 922 20 923 23 926 59 100
A02 S3-9d2 1370 34 6 0.18 0.2 0.1595 2.3 1.571 4.1 0.07146 3.5 0.55 954 20 959 26 971 71 98
A03 S3-9d3 390 21 2 0.62 0.0 0.08932 3.8 0.7846 7.2 0.06371 6 0.52 552 20 588 33 732 130 75
A04 S3-9a1 875 25 4 0.14 0.4 0.1511 2.7 1.422 4.2 0.06825 3.2 0.64 907 23 898 25 876 66 104
A05 S3-9a2 1685 43 7 0.17 0.2 0.1538 2.2 1.458 4.0 0.06876 3.3 0.56 922 19 913 24 891 68 103
A06 S3-9b 81 4.7 0.5 0.00 2.5 0.1237 6.4 0.949 12.4 0.05564 11 0.52 752 46 678 63 438 236 172
A07 S3-9c1 1946 85 10 0.20 0.3 0.1069 2.1 0.9064 3.8 0.06147 3.1 0.56 655 13 655 18 656 67 100
A08 S3-9c2 10904 638 57 0.03 0.2 0.09546 2.0 0.7722 3.1 0.05867 2.4 0.65 588 11 581 14 555 52 106
A09 S3-11d1 1541 39 8 0.40 b.d. 0.1753 2.5 1.808 3.2 0.07480 2.1 0.77 1041 24 1048 21 1063 41 98
A10 S3-11d2 3131 116 23 3.07 0.0 0.1392 3.4 1.500 4.0 0.07817 2.1 0.85 840 27 930 25 1151 42 73
A11 S3-11c3 341 16 2 0.00 0.5 0.1098 3.7 0.8563 7.3 0.05657 6.3 0.51 671 24 628 35 475 140 141
A12 S3-11c1 3868 109 17 0.05 0.0 0.1587 2.7 1.531 3.6 0.06995 2.4 0.74 950 24 943 23 927 50 102
A13 S3-11c2 7952 232 47 0.42 0.0 0.1617 2.4 1.590 2.9 0.0713 1.7 0.82 966 21 966 18 966 34 100
A14 S3-11a1 9405 52 23 0.26 0.1 0.3714 2.4 7.062 2.9 0.1379 1.7 0.81 2036 41 2119 26 2201 29 92
A15 S3-11a2 23069 585 63 0.01 0.1 0.1139 4.5 1.298 5.1 0.08260 2.4 0.88 696 30 845 30 1260 48 55
A16 S3-13c1 819 52 6 0.37 b.d. 0.09682 2.3 0.797 6.7 0.05970 6.3 0.34 596 13 595 31 593 137 101
A17 S3-13c2 3139 183 20 0.16 0.4 0.1065 1.8 0.8461 3.1 0.05764 2.6 0.56 652 11 622 15 516 57 126
A18 S3-13c3 1057 67 8 0.31 b.d. 0.09760 2.3 0.8062 3.8 0.05991 3.0 0.61 600 13 600 17 600 65 100
A19 S3-13b2 4552 129 28 0.50 0.0 0.1670 1.9 1.664 2.8 0.07227 2.1 0.67 995 17 995 18 993 43 100
A20 S3-13b1 3462 101 19 0.43 0.1 0.1548 2.1 1.533 3.8 0.07182 3.2 0.55 928 18 944 24 981 64 95
A21 S3-13a2 1705 69 9 0.13 b.d. 0.1260 2.9 1.119 3.8 0.06441 2.5 0.75 765 21 763 21 755 53 101
A22 S3-13a1 3435 128 17 0.13 0.0 0.13 1.9 1.174 2.7 0.06551 2.0 0.68 788 14 789 15 791 42 100
A23 S3-15d1 2561 75 13 0.25 0.0 0.1554 2.4 1.531 3.5 0.07145 2.6 0.67 931 21 943 22 970 53 96
A25 S3-15c1 2309 109 13 0.16 b.d. 0.1108 2.2 0.9585 4.1 0.06274 3.4 0.53 677 14 683 20 700 73 97
A26 S3-15c3 2235 109 12 0.11 0.1 0.1110 2.4 0.9600 3.9 0.06271 3.1 0.61 679 15 683 19 698 65 97
A27 S3-15c2 3705 205 25 0.15 b.d. 0.1174 2.6 1.031 3.6 0.06368 2.5 0.72 716 17 719 19 731 53 98
A28 S3-15b2 4593 347 30 0.06 0.2 0.08989 2.3 0.7253 3.8 0.05852 3.0 0.60 555 12 554 16 549 66 101
A29 S3-15b1 13836 226 45 0.02 0.0 0.2052 2.9 3.109 3.5 0.1099 1.9 0.83 1203 32 1435 27 1797 35 67
A30 S3-15a3 91 9 2 1.29 b.d. 0.1049 5.4 0.8769 7.8 0.06064 5.6 0.69 643 33 639 38 626 121 103
A31 S3-15a1 2232 134 15 0.22 0.1 0.1029 2.4 0.8683 3.9 0.06119 3.0 0.62 631 14 635 18 646 65 98
A32 S3-15a2 909 57 6 0.18 0.4 0.1064 2.4 0.8984 6.7 0.06122 6.3 0.35 652 15 651 33 647 135 101
A33 S3-17a1 2642 94 17 0.22 0.1 0.1608 2.5 1.598 3.8 0.07207 2.8 0.66 961 22 969 24 988 57 97
A34 S3-17a2 3549 111 21 0.22 0.0 0.1764 3.4 1.817 4.2 0.07472 2.5 0.80 1047 33 1052 28 1061 51 99
A35 S3-17a3 3584 139 26 0.25 0.0 0.1676 2.6 1.638 3.9 0.07089 2.9 0.67 999 24 985 25 954 59 105
A36 S3-17b1 56096 284 163 0.19 0.5 0.4953 2.0 11.68 2.5 0.1711 1.5 0.81 2594 43 2579 24 2568 25 101
A37 S3-17b2 21914 99 57 0.50 0.8 0.4053 3.8 9.362 4.4 0.1675 2.3 0.86 2193 70 2374 41 2533 38 87
A38 S3-17c1 721 21 4 0.38 0.5 0.1667 3.0 1.666 3.9 0.07245 2.4 0.78 994 28 996 25 999 49 100
A39 S3-17c2 1300 40 10 0.53 b.d. 0.1785 2.3 1.826 3.7 0.07418 2.9 0.62 1059 23 1055 25 1046 59 101
A41 S3-19a1 8236 331 55 0.31 0.0 0.1541 2.4 1.580 3.2 0.07437 2.1 0.76 924 21 962 20 1052 42 88
A42 S3-19a2 10916 459 74 0.14 0.0 0.1652 5.4 1.665 5.6 0.0731 1.5 0.96 985 49 995 36 1017 30 97
A43 S3-19b1 3777 241 28 0.15 b.d. 0.1123 3.4 1.011 4.9 0.06529 3.5 0.70 686 22 709 25 784 73 88
A44 S3-19b2 10693 546 89 0.17 0.0 0.1661 1.8 1.691 2.7 0.07388 2.0 0.68 990 17 1005 17 1038 40 95
A45 S3-19c2 4803 332 36 0.01 0.0 0.1162 2.0 0.9965 3.2 0.06219 2.4 0.63 709 13 702 16 681 52 104
A46 S3-19c1 1362 36 9 0.89 0.1 0.2165 3.1 2.955 8.5 0.09903 7.9 0.36 1263 35 1396 66 1606 147 79
A47 S3-19d2 17318 245 86 0.20 b.d. 0.3193 2.4 4.784 2.8 0.1087 1.4 0.86 1786 38 1782 24 1777 26 101
A48 S3-19d1 17389 281 90 0.14 0.4 0.3001 2.9 4.488 3.6 0.1085 2.1 0.81 1692 43 1729 30 1774 38 95
A49 S3-21a1 3267 305 27 0.00 0.0 0.09603 1.7 0.7805 3.3 0.05894 2.8 0.52 591 10 586 15 565 61 105
A50 S3-21a3 2840 243 24 0.00 0.0 0.1091 2.0 0.9237 3.6 0.06142 3.0 0.54 667 12 664 18 654 65 102
A51 S3-21a2 2767 242 22 0.00 0.0 0.09883 2.6 0.8092 3.7 0.05938 2.7 0.70 608 15 602 17 581 58 105
A52 S3-21b2 1632 137 13 0.13 0.1 0.09610 2.3 0.8248 4.6 0.06225 4.0 0.50 592 13 611 21 683 85 87
A53 S3-21b1 1947 173 16 0.12 0.4 0.09374 2.3 0.7826 5.3 0.06055 4.7 0.44 578 13 587 24 623 101 93
A54 S3-21b3 844 91 9 0.10 b.d. 0.09563 2.9 0.7726 7.6 0.05860 7.0 0.39 589 17 581 34 552 152 107
A55 S3-21b4 1763 185 17 0.12 0.1 0.09003 2.3 0.7368 4.1 0.05935 3.4 0.55 556 12 561 18 580 75 96
B01 S3-21d1 4920 100 18 0.24 0.0 0.1597 2.7 1.580 4.0 0.07174 2.9 0.69 955 24 962 25 978 59 98
B02 S3-21d2 3855 140 14 0.04 0.0 0.1049 2.1 0.8973 3.5 0.06202 2.8 0.61 643 13 650 17 675 59 95
B03 S3-21c1 702 4 2 0.38 0.7 0.3427 3.3 5.694 4.2 0.1205 2.5 0.80 1900 55 1930 37 1963 45 97
B04 S3-21c2 1123 7 3 0.44 0.2 0.3309 3.5 5.434 4.0 0.1191 2.0 0.87 1843 56 1890 35 1943 36 95
B05 S3-23b2 6631 202 30 0.54 0.2 0.1178 2.2 1.129 3.3 0.06947 2.4 0.67 718 15 767 18 913 50 79
B06 S3-23b1 7100 197 33 0.50 0.1 0.1348 2.3 1.302 3.3 0.07006 2.4 0.68 815 17 847 19 930 50 88
B07 S3-23b3 1517 56 6 0.15 b.d. 0.1045 4.1 0.8742 5.9 0.06068 4.3 0.69 641 25 638 28 628 92 102
B09 S3-23c 3829 93 16 0.26 0.0 0.154 2.2 1.48 2.8 0.06967 1.8 0.79 923 19 922 17 919 36 101
B10 S3-23d2 5682 285 27 0.01 0.1 0.1029 1.9 0.8570 2.9 0.06040 2.2 0.67 631 12 628 14 618 47 102
B11 S3-23d1 1756 52 8 0.21 b.d. 0.1368 2.7 1.332 4.4 0.07061 3.5 0.61 827 21 860 26 946 71 87
B12 S3-25c1 31713 89 55 0.32 b.d. 0.5036 1.7 12.47 3.0 0.1795 2.5 0.57 2629 38 2640 29 2649 41 99
B13 S3-25c2 30589 88 52 0.36 0.1 0.4742 2.1 11.72 2.4 0.1792 1.1 0.90 2502 44 2582 23 2645 18 95
B14 S3-25c3 15316 47 28 0.22 b.d. 0.5030 2.1 12.26 2.4 0.1767 1.2 0.86 2627 45 2624 23 2622 20 100
B15 S3-25d4 2027 58 7 0.01 0.1 0.1326 2.3 1.198 4.1 0.06552 3.3 0.58 803 18 800 23 791 70 102
B16 S3-25d2 2252 58 8 0.01 0.0 0.1519 2.7 1.483 3.9 0.07079 2.9 0.69 912 23 923 24 951 58 96
B17 S3-25d1 1578 46 6 0.04 0.1 0.1343 2.7 1.226 5.0 0.06621 4.2 0.53 812 20 812 28 813 88 100
B18 S3-25a1 2435 79 13 0.37 0.0 0.1319 3.5 1.205 4.5 0.06629 2.9 0.77 799 26 803 25 816 60 98
B19 S3-25a2 3670 124 17 0.22 b.d. 0.1261 2.8 1.141 3.9 0.06562 2.7 0.73 766 20 773 21 794 56 96
B20 S3-25b1 5546 21 16 0.85 b.d. 0.4790 1.8 11.07 2.7 0.1675 2.1 0.64 2523 37 2529 26 2533 35 100
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B21 S3-25b2 4969 18 12 0.58 b.d. 0.4624 2.9 10.59 3.6 0.1661 2.1 0.81 2450 60 2488 34 2519 36 97
B22 S3-27c 31440 257 85 0.15 0.4 0.3110 1.9 4.637 2.3 0.1081 1.3 0.83 1746 29 1756 19 1768 23 99
B23 S3-27d2 1517 50 7 0.11 0.2 0.1342 2.1 1.203 4.5 0.06505 4.0 0.46 812 16 802 26 776 85 105
B24 S3-27a3 4965 167 18 0.05 0.1 0.1124 2.7 1.027 3.2 0.06628 1.7 0.85 686 18 717 17 815 35 84
B25 S3-27a1 6573 166 30 0.11 0.0 0.1775 2.0 1.806 2.8 0.07382 2.0 0.72 1053 20 1048 19 1036 40 102
B26 S3-27b2 2084 94 9 0.14 0.1 0.09411 2.9 0.7645 4.7 0.05892 3.7 0.61 580 16 577 21 564 81 103
B27 S3-27b1 1315 61 11 1.01 0.0 0.1045 3.0 0.9182 4.9 0.06372 3.8 0.61 641 18 661 24 732 81 87
B28 S3-29d 50466 177 100 0.12 0.2 0.5143 1.8 12.27 2.2 0.1730 1.2 0.82 2675 40 2625 21 2587 21 103
B29 S3-29c 6793 26 15 0.39 b.d. 0.4618 2.7 10.36 3.4 0.1627 2.0 0.80 2447 55 2467 32 2484 34 99
B30 S3-29b 5320 105 17 0.32 0.0 0.1594 2.1 1.557 2.9 0.07085 1.9 0.74 953 19 953 18 953 39 100
B31 S3-29a 7215 167 38 0.46 0.1 0.1703 3.6 1.747 3.9 0.0744 1.5 0.92 1014 34 1026 25 1052 31 96
B32 S3-31a 537 24 3 0.00 b.d. 0.1281 3.9 1.149 8.0 0.06506 7.0 0.48 777 29 777 45 776 148 100
B33 S3-31b 1736 54 8 0.22 0.3 0.1415 2.1 1.353 4.7 0.06937 4.3 0.44 853 16 869 28 910 88 94
B34 S3-31c 11236 590 52 0.14 0.0 0.09311 2.6 0.8272 3.7 0.06443 2.6 0.72 574 14 612 17 756 54 76
B35 S3-31d 5860 1810 158 0.02 0.0 0.0941 2.3 0.7639 3.0 0.05888 1.9 0.78 580 13 576 13 563 40 103
B36 S3-33d1 520 172 22 0.65 b.d. 0.0912 2.8 0.7248 6.7 0.05764 6.1 0.41 563 15 554 29 516 135 109
B37 S3-33d2 1070 292 29 0.20 b.d. 0.09161 3.4 0.7596 6.3 0.06014 5.3 0.54 565 19 574 28 609 115 93
B38 S3-33c 1292 252 39 0.31 b.d. 0.1315 2.7 1.190 5.1 0.06561 4.2 0.54 796 21 796 28 794 89 100
B39 S3-33b1 3518 878 96 0.14 0.1 0.1088 2.1 0.9183 3.7 0.06119 3.0 0.57 666 13 661 18 646 65 103
B40 S3-33b3 2462 804 78 0.23 0.0 0.09869 2.8 0.9226 4.3 0.06780 3.3 0.64 607 16 664 21 862 69 70
B41 S3-33a1 4468 1725 174 0.17 0.0 0.09539 2.4 0.7913 3.6 0.06017 2.7 0.66 587 13 592 16 610 58 96
B44 S3-35b1 969 292 40 0.12 b.d. 0.1327 2.8 1.194 6.1 0.06524 5.4 0.46 803 21 798 34 782 114 103
B45 S3-35c1 1695 786 124 0.75 0.0 0.09774 3.1 0.8167 4.5 0.06060 3.3 0.68 601 18 606 21 625 72 96
B46 S3-35c2 1305 776 81 0.16 b.d. 0.1010 2.9 0.8544 5.2 0.06134 4.3 0.56 620 17 627 25 651 93 95
B47 S3-35d 1208 541 83 0.33 b.d. 0.1319 2.5 1.196 4.2 0.06576 3.4 0.59 799 19 799 24 799 71 100
B48 S3-37a1 1002 679 80 0.22 b.d. 0.1073 2.6 0.9243 5.5 0.06248 4.9 0.46 657 16 665 27 691 104 95
B49 S3-37a2 875 660 74 0.20 b.d. 0.1027 2.9 0.8627 5.5 0.0609 4.7 0.53 630 18 632 26 636 101 99
B50 S3-37b1 2815 2422 264 0.12 0.2 0.1071 2.0 0.8955 3.8 0.06062 3.2 0.54 656 13 649 18 626 69 105
B51 S3-37b2 1494 1830 179 0.13 0.1 0.09593 1.9 0.7740 4.4 0.05852 4.0 0.44 590 11 582 20 549 87 107
B52 S3-37c1 772 1047 115 0.16 0.3 0.1059 2.8 0.8806 6.3 0.0603 5.6 0.45 649 17 641 30 614 122 106
B53 S3-37d1 3443 7330 951 0.23 b.d. 0.1178 2.1 1.028 3.8 0.06327 3.2 0.55 718 14 718 20 717 68 100
B54 S3-37d2 3459 15992 1880 0.17 0.2 0.1129 2.8 0.9602 4.2 0.06166 3.1 0.67 690 18 683 21 662 67 104
B55 S3-39d 14969 ##### -61821 0.12 0.0 0.1652 3.3 1.689 3.6 0.07416 1.4 0.92 985 30 1004 23 1046 28 94
C01 S3-39c1 4072 254 25 0.09 0.2 0.09979 2.0 0.8233 3.2 0.05984 2.5 0.62 613 12 610 15 598 55 103
C02 S3-39c2 2126 103 10 0.11 0.1 0.09766 2.4 0.8014 4.0 0.05952 3.2 0.60 601 14 598 18 586 70 102
C03 S3-39b1 5289 278 26 0.00 0.0 0.1025 2.2 0.8591 3.6 0.06076 2.9 0.60 629 13 630 17 631 62 100
C04 S3-39b2 4392 175 18 0.00 0.1 0.111 1.7 0.9437 3.0 0.06166 2.5 0.56 678 11 675 15 663 54 102
C05 S3-39a1 17959 121 47 0.20 0.2 0.3422 2.0 5.52 2.3 0.1170 1.3 0.84 1897 33 1904 20 1911 23 99
C06 S3-41a1 7177 43 21 0.43 0.3 0.3835 1.9 6.606 2.7 0.1249 1.8 0.72 2093 35 2060 24 2028 33 103
C07 S3-41a2 32638 264 92 0.04 0.3 0.3494 1.8 5.766 2.4 0.1197 1.5 0.78 1932 31 1941 21 1952 26 99
C08 S3-41b 2355 58 12 0.19 1.0 0.1849 1.8 1.724 4.4 0.06762 4.1 0.41 1094 18 1018 29 857 84 128
C09 S3-41d1 1186 49 7 0.17 b.d. 0.1297 2.1 1.188 5.0 0.06640 4.5 0.43 786 16 795 28 819 94 96
C10 S3-41d2 829 29 4 0.13 0.5 0.1221 2.8 1.121 8.6 0.06656 8.1 0.33 743 20 763 47 824 169 90
C11 S3-41c1 4502 35 13 0.16 0.6 0.3347 2.7 5.511 4.2 0.1194 3.2 0.65 1861 45 1902 37 1948 58 96
C12 S3-43c1 15710 48 39 0.81 0.0 0.5071 1.7 12.46 1.9 0.1782 0.9 0.87 2644 37 2640 18 2636 16 100
C13 S3-43c2 3527 12 8 0.40 0.3 0.4973 2.3 12.71 3.6 0.1853 2.8 0.65 2602 50 2658 35 2701 45 96
C14 S3-43d 2132 55 10 0.24 0.0 0.1703 1.9 1.717 4.2 0.07312 3.8 0.45 1014 18 1015 28 1017 77 100
C15 S3-43a 1004 51 5 0.22 0.8 0.09723 2.4 0.6839 7.6 0.05101 7.2 0.31 598 14 529 32 241 165 248
C16 S3-43b 1660 65 9 0.32 0.0 0.1383 1.9 1.317 4.8 0.06909 4.5 0.38 835 15 853 28 901 92 93
C17 S3-45b 4411 105 21 0.30 0.0 0.1725 2.5 1.762 3.2 0.07407 2.0 0.78 1026 23 1032 21 1044 40 98
C18 S3-45a 12797 93 36 0.42 0.0 0.3305 2.2 6.299 2.7 0.1382 1.6 0.81 1841 35 2018 24 2205 28 83
C19 S3-45d 742 45 4 0.25 0.3 0.08176 2.7 0.7052 5.7 0.06256 5.0 0.48 507 13 542 24 693 106 73
C20 S3-45c 13997 380 66 0.19 0.0 0.1648 2.2 1.724 2.6 0.07588 1.5 0.82 983 20 1018 17 1092 30 90
C21 S3-47c 3849 175 19 0.14 0.1 0.1081 2.2 0.9191 3.2 0.06167 2.3 0.69 662 14 662 16 663 50 100
C22 S3-47d 1549 43 6 0.03 0.2 0.1464 2.7 1.440 5.4 0.07133 4.7 0.49 881 22 906 33 967 95 91
C23 S3-47a1 9831 520 47 0.05 0.2 0.09412 3.2 0.8665 4.5 0.06677 3.2 0.71 580 18 634 22 831 67 70
C24 S3-47a2 1354 86 8 0.30 0.1 0.07967 2.3 0.6582 4.5 0.05992 3.9 0.52 494 11 514 18 601 84 82
C25 S3-47b2 795 45 4 0.32 0.0 0.07957 3.0 0.6879 6.6 0.06270 5.9 0.45 494 14 532 28 698 126 71
C26 S3-49a 2590 149 17 0.30 0.0 0.1038 1.8 0.8731 4.3 0.06101 3.9 0.42 637 11 637 20 640 83 100
C28 S3-51a1 552 20 3 0.18 0.2 0.1324 2.6 1.204 5.7 0.06592 5.1 0.46 802 20 802 32 804 106 100
C29 S3-51a2 1582 51 8 0.38 0.0 0.1355 2.0 1.247 4.2 0.06677 3.7 0.48 819 16 822 24 831 77 99
C30 S3-51b 2377 116 12 0.64 0.0 0.08564 2.4 0.8366 4.6 0.07085 3.9 0.52 530 12 617 22 953 80 56
C31 S3-53a2 1095 56 5 0.08 0.4 0.09393 2.4 0.7846 6.5 0.06059 6.0 0.37 579 13 588 29 625 129 93
C32 S3-53a1 4609 55 15 0.41 0.2 0.2149 2.2 3.032 3.2 0.1023 2.4 0.67 1255 25 1416 25 1667 44 75
C34 S3-55a2 9463 117 33 0.08 0.5 0.2776 2.57 3.878 5.0 0.1013 4.3 0.51 1579 36 1609 41 1648 80 96
C35 S3-55b1 44568 177 84 0.03 b.d. 0.4623 1.6 10.39 2.3 0.1630 1.6 0.70 2450 33 2470 21 2487 28 98
C36 S3-55b2 10490 41 27 0.49 b.d. 0.4621 2.2 10.49 5.6 0.1646 5.2 0.39 2449 45 2479 53 2503 87 98
C37 S3-57b 1028 34 5 0.20 0.0 0.1464 2.1 1.507 5.1 0.07466 4.6 0.41 881 17 933 32 1059 94 83
C38 S3-57a1 5565 16 12 0.63 0.5 0.5169 1.78 12.53 3.6 0.1758 3.1 0.49 2686 39 2645 35 2614 52 103

Felix g 2686 53 5 1.02 0.22 0.08039 6.2 0.6371 6.5 0.05748 1.4 0.52 460 290 500 26 510 31 90
91500 g 6925 50 9 0.41 0.30 0.17937 1.7 1.8558 1.8 0.07504 1.6 0.57 1064 17 1065 12 1070 32 99

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 

Spot size = 20 μm; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the reference zircon. 
207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U uncertainty.
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b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100
g Accuracy and reproducibilty was checked by repeated analyses (n = 10) of reference zircon Felix and 91500; data given as mean with 2 standard deviation uncertainties

Konya Complex
grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.

(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A06 K.13.75 8231 238 26.1 0.91 0.0 0.09568 1.6 0.7898 2.1 0.05987 1.4 0.76 589 9 591 9 599 29 98
A07 1524 43 5.7 1.55 0.3 0.1048 2 0.8892 4.6 0.06152 4.2 0.43 643 12 646 22 657 89 98
A08 1827 53 7.3 2.20 b.d. 0.09735 1.8 0.8176 4.1 0.06091 3.7 0.44 599 10 607 19 636 79 94
A09 4188 93 14.4 1.34 0.0 0.1274 1.7 1.145 3 0.06515 2.5 0.55 773 12 775 16 779 52 99
A10 12376 176 33.8 0.96 0.1 0.1684 1.4 1.698 2 0.07313 1.4 0.72 1004 13 1008 13 1017 28 99
A11 4717 102 16.3 1.34 0.0 0.1317 1.6 1.207 2.6 0.06651 2.1 0.61 797 12 804 15 822 43 97
A12 2341 55 6.9 0.60 b.d. 0.1181 1.7 1.055 4.2 0.06482 3.9 0.40 719 11 731 22 769 81 94
A13 5397 103 14.4 0.62 0.4 0.1313 1.6 1.192 2.4 0.06583 1.8 0.65 795 12 797 13 801 39 99
A14 3510 17 6.6 1.11 b.d. 0.3155 1.8 4.741 2.5 0.109 1.7 0.72 1768 28 1775 21 1782 31 99
A15 12937 206 31.0 0.38 0.1 0.1498 1.6 1.490 1.9 0.07212 1.1 0.82 900 13 926 12 989 23 91
A16 14476 472 39.2 0.88 1.5 0.07117 2 0.5534 4.3 0.0564 3.8 0.47 443 9 447 16 468 84 95
A17 5692 99 16.1 0.78 b.d. 0.1475 1.5 1.409 2 0.0693 1.3 0.77 887 13 893 12 908 26 98
A18 3394 93 9.2 0.46 0.6 0.09614 1.6 0.7773 3.8 0.05864 3.4 0.43 592 9 584 17 554 74 107
A19 33201 326 41.9 0.40 15 0.09873 1.9 0.7976 6.7 0.05859 6.4 0.28 607 11 595 31 552 140 110
A20 1584 33 5.8 1.72 0.2 0.1273 1.8 1.164 3.5 0.06632 3 0.52 772 13 784 19 817 63 95
A21 5604 202 17.5 0.59 0.6 0.08141 1.5 0.6438 2.7 0.05736 2.2 0.56 505 7 505 11 505 49 100
A22 12372 118 19.7 1.59 10 0.1128 2.2 0.9638 9.5 0.06194 9.2 0.23 689 14 685 48 672 197 103
A23 5039 93 14.5 1.00 0.1 0.1328 1.6 1.205 2.4 0.06576 1.8 0.65 804 12 803 14 799 38 101
A24 25572 401 76.9 1.04 0.0 0.1692 1.4 1.687 1.7 0.07231 0.87 0.86 1008 13 1004 11 995 18 101
A25 7781 203 28.6 1.87 0.7 0.0994 1.9 0.8246 4.1 0.06017 3.6 0.46 611 11 611 19 610 78 100
A26 103908 464 162.0 0.16 2.5 0.3424 1.9 5.847 2.7 0.1239 1.9 0.70 1898 31 1953 24 2013 34 94
A27 14958 264 42.4 1.12 0.5 0.1355 1.3 1.215 2.8 0.06503 2.4 0.48 819 10 807 16 775 51 106
A28 8926 281 24.3 0.04 0.8 0.09292 1.8 0.7559 2.5 0.059 1.8 0.70 573 10 572 11 567 39 101
A29 3872 127 21.2 0.66 b.d. 0.1528 1.7 1.524 2.5 0.07232 1.8 0.68 917 14 940 15 995 37 92
A30 4167 232 26.6 0.82 0.0 0.1035 1.7 0.8668 2.7 0.06072 2 0.65 635 10 634 13 629 44 101
A31 2067 154 11.5 0.26 0.6 0.07548 1.6 0.5943 2.9 0.05711 2.3 0.57 469 7 474 11 496 52 95
A39 7683 217 26.0 1.23 0.4 0.1005 1.5 0.8348 3.2 0.06026 2.9 0.46 617 9 616 15 613 62 101
A40 17244 327 45.7 0.55 0.2 0.1333 1.4 1.221 1.9 0.06645 1.3 0.74 806 10 810 10 820 26 98
A41 3534 69 10.2 0.76 0.1 0.1342 1.5 1.224 3.1 0.06612 2.6 0.50 812 12 812 17 810 55 100
A42 54479 174 74.8 0.65 0.1 0.3836 1.5 7.341 2 0.1388 1.3 0.74 2093 26 2154 18 2212 23 95
A43 7100 194 24.7 1.45 0.2 0.1027 1.5 0.8694 2.4 0.06138 1.8 0.64 630 9 635 11 653 39 97
A44 47435 97 70.9 2.58 0.0 0.4882 1.6 11.22 1.8 0.1667 0.85 0.88 2563 34 2541 17 2524 14 102
A45 3777 109 12.4 1.07 0.3 0.09775 1.6 0.8123 2.7 0.06027 2.1 0.61 601 9 604 12 613 46 98
A46 5392 76 16.7 1.55 0.3 0.1741 1.6 1.772 2.6 0.07383 2.1 0.62 1035 16 1035 17 1037 42 100
A47 7127 203 34.0 1.15 0.3 0.1523 1.4 1.483 3.1 0.07062 2.7 0.46 914 12 924 19 947 56 97
A48 5678 100 15.1 0.48 0.2 0.1458 1.5 1.350 2.6 0.06712 2.1 0.57 877 12 867 15 842 44 104
A49 38366 178 62.1 0.45 0.0 0.3294 1.4 5.350 1.7 0.1178 0.82 0.87 1835 23 1877 14 1923 15 95
A50 12972 356 48.3 1.95 0.6 0.09938 1.4 0.8357 3 0.06099 2.7 0.47 611 8 617 14 639 58 96
A51 13045 210 37.7 1.16 0.5 0.1511 1.6 1.439 2.5 0.06907 1.9 0.65 907 14 905 15 901 39 101
A52 16319 391 49.3 0.25 b.d. 0.1299 1.5 1.171 1.9 0.06534 1.2 0.78 787 11 787 10 785 25 100
A55 77218 330 123.6 0.62 0.2 0.345 1.4 5.752 1.6 0.1209 0.7 0.90 1911 24 1939 14 1970 13 97
A56 14474 356 44.2 1.29 1.0 0.09661 1.8 0.7851 3.6 0.05894 3.1 0.51 595 10 588 16 565 67 105
A57 7357 179 24.7 1.50 0.8 0.1101 1.4 0.9425 2.6 0.06207 2.2 0.53 674 9 674 13 676 48 100
A58 34207 85 47.6 1.31 b.d. 0.4449 1.4 10.10 1.8 0.1647 1.2 0.78 2372 28 2444 17 2504 20 95
A59 5307 136 15.5 0.71 0.2 0.1036 1.4 0.852 2.5 0.05964 2 0.58 636 9 626 12 590 44 108
A60 8239 168 24.0 0.73 b.d. 0.1307 1.5 1.204 2 0.06678 1.3 0.77 792 11 802 11 831 26 95
A61 7107 138 23.5 1.53 b.d. 0.1349 1.8 1.229 2.2 0.06605 1.4 0.80 816 14 814 13 808 28 101
A63 8685 231 26.8 1.06 3.0 0.1011 1.5 0.8545 5.9 0.06133 5.7 0.26 621 9 627 28 651 122 95
A64 14891 205 40.6 1.01 0.2 0.1713 1.6 1.706 2.2 0.07222 1.5 0.73 1019 15 1011 14 992 31 103
A65 10458 151 24.8 1.01 3.1 0.1352 1.4 1.231 3.6 0.06602 3.3 0.39 818 11 815 20 807 69 101
A66 7883 79 11.1 0.50 10.2 0.1109 1.9 1.054 8.3 0.06897 8 0.23 678 12 731 44 898 166 76
A72 6192 199 24.0 1.46 0.2 0.09411 1.7 0.7591 2.4 0.0585 1.6 0.73 580 10 573 10 549 36 106
A73 7339 108 19.0 1.15 3.0 0.1465 1.6 1.386 4.9 0.0686 4.7 0.32 881 13 883 30 887 97 99
A74 11451 215 39.6 1.68 0.1 0.1443 1.4 1.345 2.1 0.06762 1.5 0.68 869 12 865 12 857 32 101
A75 10934 215 40.6 2.09 0.1 0.1392 1.4 1.283 2.1 0.06684 1.6 0.66 840 11 838 12 833 33 101
A76 8309 241 28.1 0.23 b.d. 0.1191 1.4 1.052 2 0.06402 1.5 0.69 726 10 730 11 742 31 98
A77 71091 541 214.6 0.49 3.9 0.3264 12 6.625 13 0.1472 3.5 0.96 1821 197 2063 119 2313 60 79
A79 17263 425 46.5 0.39 0.2 0.1089 1.4 0.9394 1.9 0.06257 1.3 0.74 666 9 673 9 694 27 96
A80 4684 107 12.7 0.21 0.3 0.1228 1.6 1.086 2.7 0.06414 2.1 0.61 747 11 747 14 746 44 100
A81 27670 140 47.8 0.80 0.1 0.3015 2.5 4.492 2.8 0.1081 1.2 0.90 1699 38 1729 23 1767 22 96
A83 1826 40 5.5 0.84 0.9 0.1239 1.9 1.101 2.9 0.06443 2.2 0.66 753 14 754 15 756 46 100
A85 20552 1284 104.0 0.08 0.2 0.08644 1.5 0.715 2.2 0.05999 1.5 0.69 534 8 548 9 603 34 89
A86 3912 123 10.9 0.37 0.4 0.08687 1.9 0.6966 2.4 0.05816 1.5 0.78 537 10 537 10 536 33 100
A87 147879 421 168.3 0.32 0.1 0.3752 1.5 8.081 1.7 0.1562 0.82 0.87 2054 26 2240 15 2415 14 85
A88 10711 52 22.3 1.58 0.7 0.3208 1.7 5.100 2.9 0.1153 2.3 0.61 1794 27 1836 24 1885 41 95
A89 80061 340 165.5 2.00 0.3 0.3532 1.5 5.912 1.9 0.1214 1 0.83 1950 26 1963 16 1977 19 99
A90 18945 290 53.2 0.97 0.0 0.1621 1.5 1.686 2 0.07541 1.4 0.72 969 13 1003 13 1079 28 90

A091 5778 116 19.3 1.43 0.1 0.1332 1.6 1.212 2.2 0.06597 1.6 0.71 806 12 806 13 805 33 100
A92 49555 110 62.0 0.84 b.d. 0.4773 1.4 11.02 1.6 0.1675 0.78 0.87 2516 29 2525 15 2533 13 99
A93 11045 314 34.1 0.62 0.1 0.1023 1.6 0.8539 1.9 0.06053 1.1 0.83 628 10 627 9 623 23 101

Page 168 of 188

URL: https://mc.manuscriptcentral.com/tigr  E-mail: rjstern@utdallas.edu

International Geology Review

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

A94 22550 46 25.3 0.89 0.1 0.4569 1.5 11.36 1.8 0.1803 1 0.84 2426 31 2553 17 2655 17 91
A95 8243 175 24.3 0.71 0.1 0.1295 1.4 1.155 2.2 0.06469 1.6 0.65 785 10 780 12 764 35 103
A96 123168 301 156.8 0.50 b.d. 0.4706 1.3 10.40 1.5 0.1603 0.61 0.91 2486 27 2471 14 2459 10 101
A97 64270 149 86.5 0.96 0.0 0.4834 1.5 10.85 1.6 0.1628 0.64 0.92 2542 31 2510 15 2485 11 102
A98 2354 33 6.4 1.08 0.6 0.1634 1.7 1.604 3.1 0.0712 2.5 0.57 975 16 972 19 963 52 101

A100 3564 74 9.8 0.40 0.2 0.1312 1.8 1.195 3 0.06608 2.4 0.60 795 14 798 17 809 50 98
A101 720 21 2.3 0.86 0.0 0.09621 1.9 0.8152 6.4 0.06145 6.1 0.30 592 11 605 30 655 131 90
A107 7831 42 17.7 2.03 0.1 0.2967 1.7 4.528 2.4 0.1107 1.8 0.68 1675 25 1736 21 1811 32 93
A108 3644 102 9.9 0.10 0.1 0.1026 1.5 0.8691 3 0.06144 2.5 0.51 630 9 635 14 655 55 96
A109 10034 284 31.7 0.76 0.3 0.1017 1.6 0.8436 2.4 0.06015 1.8 0.65 624 9 621 11 609 40 103
A110 13694 362 49.0 1.96 0.4 0.1013 1.6 0.8478 2.4 0.06067 1.8 0.65 622 9 623 11 628 40 99
A111 4624 124 13.8 0.50 0.3 0.1071 1.4 0.888 2.6 0.06011 2.2 0.55 656 9 645 13 607 48 108
A112 9023 251 26.2 0.55 0.2 0.09977 1.6 0.8363 2.2 0.06079 1.5 0.72 613 9 617 10 632 33 97
A113 41985 84 52.4 1.04 0.1 0.5081 1.6 12.49 1.8 0.1783 0.79 0.90 2648 35 2642 17 2637 13 100
A114 6419 174 21.0 0.96 0.2 0.1061 1.4 0.8962 2.3 0.06126 1.9 0.60 650 9 650 11 648 40 100
A115 3305 61 12.2 1.69 b.d. 0.1578 1.7 1.518 2.8 0.06976 2.2 0.61 945 15 938 17 921 46 103
A116 9304 196 32.9 1.55 0.1 0.1336 1.5 1.206 2.3 0.06547 1.7 0.67 809 12 803 13 789 36 102
A117 7245 219 27.2 1.61 0.3 0.09493 1.5 0.7769 1.9 0.05935 1.2 0.79 585 8 584 8 580 26 101
A118 3975 166 24.7 0.64 0.5 0.1359 1.8 1.24 4.3 0.06616 3.9 0.42 821 14 819 24 811 81 101
A119 1702 53 7.4 2.32 0.6 0.09443 2 0.7518 2.9 0.05775 2.1 0.69 582 11 569 13 520 47 112
A120 9858 140 23.6 0.55 b.d. 0.1603 1.5 1.617 2.2 0.07317 1.6 0.68 959 13 977 14 1019 32 94
A121 42525 661 125.2 1.19 0.3 0.1591 1.8 1.559 2.1 0.07108 1.1 0.84 952 16 954 13 960 23 99
A122 43977 1372 115.2 0.07 0.5 0.08984 1.4 0.7286 1.8 0.05882 1.1 0.79 555 8 556 8 560 24 99
A123 36545 135 53.7 0.41 0.2 0.3748 1.4 6.53 1.7 0.1264 0.84 0.86 2052 26 2050 15 2048 15 100
A124 58651 462 104.2 0.11 0.5 0.227 1.4 3.113 1.7 0.0995 1 0.80 1319 17 1436 14 1615 19 82
A125 7030 171 19.4 0.52 0.4 0.1087 1.5 0.9693 2.8 0.06468 2.3 0.55 665 10 688 14 764 49 87
A126 15048 220 42.7 1.19 0.2 0.163 1.5 1.633 2.2 0.07265 1.6 0.69 974 14 983 14 1004 32 97
A127 3128 74 8.5 0.22 0.2 0.1174 1.6 1.029 2.9 0.06353 2.4 0.56 716 11 718 15 726 51 99
A128 1382 29 4.0 1.01 b.d. 0.1235 2 1.178 4.1 0.06919 3.6 0.48 751 14 791 23 904 75 83
A129 59309 129 84.4 1.86 0.0 0.4796 1.6 11.19 1.8 0.1693 0.86 0.88 2525 34 2539 17 2551 14 99
A130 1668 34 4.6 0.48 0.1 0.131 1.8 1.181 3.3 0.06539 2.8 0.56 794 14 792 18 787 58 101
A131 11044 337 36.3 1.03 0.2 0.09337 1.4 0.7639 2.5 0.05934 2.1 0.57 575 8 576 11 580 45 99
A133 30140 427 80.0 0.63 0.1 0.1769 1.5 1.800 1.7 0.0738 0.91 0.85 1050 14 1045 11 1036 18 101
A134 9758 368 67.8 0.60 b.d. 0.1691 3.1 1.685 3.5 0.07227 1.6 0.89 1007 29 1003 22 994 32 101
A135 20193 738 70.2 0.78 0.9 0.085 1.4 0.6913 2.8 0.05899 2.4 0.49 526 7 534 12 567 53 93
A136 3082 84 8.1 0.04 0.2 0.1035 1.5 0.8765 2.8 0.0614 2.4 0.53 635 9 639 14 653 52 97
A32 2343 132 12.2 0.20 2.0 0.09047 3.2 0.6283 22 0.05037 22 0.15 558 17 495 90 212 506 263
A53 6754 288 12.8 0.18 11 0.03525 11 0.2234 14 0.04596 9.3 0.75 223 23 205 27
A62 8706 65 10.2 2.14 16.2 0.0788 2.8 0.8379 12 0.07712 12 0.24 489 13 618 57 1124 231 43
A82 13774 469 24.5 0.19 0.1 0.05366 4.7 0.4623 4.9 0.06248 1.5 0.95 337 15 386 16 691 33 49
A84 15602 1400 61.6 0.19 0.1 0.04504 3.8 0.3966 4.2 0.06387 1.6 0.92 284 11 339 12 737 34 39

A132 32378 1297 66.4 0.61 0.7 0.04618 1.6 0.3774 2.4 0.05927 1.8 0.68 291 5 325 7 577 38 50

Felix g 7816 600 76.5 2.87 0.31 0.08115 2.3 0.6438 4.4 0.05754 3.1 0.57 503.0 11.3 504.6 17.5 512 68 99
Ples. g 9451 1185 60 0.14 0.22 0.05360 1.8 0.3961 3.2 0.05359 1.9 0.68 337 6 339 9 354 42 95
91500 g 11681 70 13 0.46 0.20 0.1774 1.3 1.8341 2.1 0.07500 1.5 0.66 1053 12 1058 14 1068 30 99

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100

Karaburun Melange
grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.

(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A662 K.13.102 43200 1269 71.3 0.49 1.5 0.05323 1.4 0.3852 2.3 0.05249 1.7 0.64 334 5 331 6 307 40 109
A663 727549 479 370.5 0.41 b.d. 0.6302 1.3 21.84 1.5 0.2514 0.56 0.92 3150 33 3177 14 3193 9 99
A664 3785 105 7.9 0.33 0.2 0.07215 1.5 0.5632 2.8 0.05661 2.4 0.53 449 6 454 10 476 52 94
A665 7101 126 12.6 0.27 0.1 0.09731 1.4 0.8028 4.0 0.05984 3.7 0.35 599 8 598 18 598 81 100
A666 36241 83 34.2 0.33 b.d. 0.3788 1.5 6.829 1.8 0.1308 1.1 0.80 2071 26 2090 16 2108 19 98
A672 292960 303 187.7 0.51 0.1 0.5097 1.7 12.6 1.8 0.1793 0.6 0.94 2655 36 2650 17 2647 10 100
A673 36262 96 37.4 0.47 0.2 0.339 1.4 5.402 1.6 0.1156 0.9 0.84 1882 22 1885 14 1889 16 100
A674 12728 201 25.7 0.68 0.1 0.1077 1.4 0.9394 1.8 0.06327 1.2 0.74 659 8 673 9 717 26 92
A675 26950 831 56.0 0.37 0.4 0.06539 2.9 0.5 3.5 0.05546 1.9 0.84 408 12 412 12 431 43 95
A676 94884 108 70.0 0.65 0.1 0.5146 1.5 12.71 1.6 0.1792 0.61 0.93 2676 33 2659 15 2645 10 101
A677 57883 62 36.9 0.25 b.d. 0.5279 1.6 13.75 1.8 0.189 0.79 0.90 2733 36 2733 17 2733 13 100
A678 38535 76 33.1 0.28 0.1 0.4 1.4 7.459 1.7 0.1353 0.88 0.85 2169 27 2168 15 2167 15 100
A679 7760 233 16.9 0.57 0.1 0.06321 1.4 0.4822 2.3 0.05532 1.8 0.62 395 5 400 8 425 40 93
A680 10097 97 11.8 0.82 0.3 0.1048 1.3 0.8784 3.5 0.0608 3.2 0.39 642 8 640 17 632 69 102
A681 11479 340 20.7 0.19 0.3 0.06075 1.4 0.459 4.0 0.05479 3.7 0.37 380 5 384 13 404 82 94
A682 23147 710 67.9 0.32 0.0 0.09716 1.5 0.7944 2.0 0.0593 1.3 0.77 598 9 594 9 578 28 103
A683 16874 443 45.4 0.46 3.8 0.09939 1.8 0.8148 3.8 0.05945 3.3 0.47 611 10 605 17 584 72 105
A684 4172 36 3.4 0.34 0.2 0.0909 1.6 0.7466 3.1 0.05957 2.7 0.50 561 8 566 13 588 58 95
A685 11682 217 22.7 0.59 0.2 0.08901 1.5 0.7187 2.2 0.05856 1.6 0.67 550 8 550 9 551 35 100

Spot size = 33 and 50 μm, respectively; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the 
reference zircon. 207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U 
uncertainty.

g Accuracy and reproducibilty was checked by repeated analyses (n = 13) of reference zircon Plesovice, Felix and 91500; data given as mean with 2 standard deviation uncertainties
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A686 23876 50 22.5 0.50 1.3 0.3835 1.5 7.114 2.2 0.1345 1.6 0.70 2092 27 2126 20 2158 27 97
A687 5860 74 10.5 0.50 0.1 0.1277 1.4 1.144 2.7 0.06499 2.3 0.52 775 10 775 15 774 48 100
A688 5145 96 11.5 0.90 1.8 0.09309 1.5 0.7751 3.2 0.06039 2.8 0.46 574 8 583 14 618 61 93
A689 20110 115 27.9 0.60 0.1 0.2031 1.8 2.306 2.5 0.08235 1.8 0.71 1192 19 1214 18 1254 35 95
A690 9556 49 5.9 0.74 4.0 0.09175 1.5 0.7572 3.4 0.05985 3.1 0.42 566 8 572 15 598 67 95
A691 13269 392 26.5 0.32 0.1 0.06444 1.5 0.4847 2.1 0.05456 1.6 0.68 403 6 401 7 394 35 102
A692 67794 149 -7.6 0.29 1.4 -0.09114 4.0 -2.006 5.7 0.1596 4 0.71 -616 -26 ###### #### 2452 68 -25
A693 18727 295 28.4 0.16 1.7 0.09489 1.5 0.7696 2.5 0.05883 1.9 0.62 584 9 580 11 561 42 104
A694 3378 25 3.4 1.29 0.4 0.09134 1.5 0.8075 3.2 0.06412 2.9 0.46 563 8 601 15 745 61 76
A695 33724 2059 56.8 0.64 1.8 0.02272 3.5 0.1718 4.2 0.05484 2.3 0.84 145 5 161 6 406 51 36
A696 3842 63 6.7 0.55 0.7 0.09196 1.6 0.7686 3.4 0.06061 3 0.46 567 9 579 15 626 65 91
A697 660507 1597 772.6 0.01 8.2 0.4739 3.8 11.4 4.7 0.1744 2.8 0.81 2501 79 2556 45 2600 46 96
A698 6750 109 12.9 0.49 0.2 0.1046 1.5 0.8961 2.5 0.06213 2 0.60 641 9 650 12 679 42 95
A699 19420 561 36.6 0.34 0.7 0.06174 1.4 0.4676 2.4 0.05493 2 0.56 386 5 390 8 410 45 94
A700 20535 604 41.9 0.48 0.1 0.06234 1.4 0.4699 1.9 0.05466 1.2 0.76 390 5 391 6 399 27 98
A701 672367 564 484.1 0.69 0.1 0.6623 1.5 26.11 1.7 0.2859 0.65 0.92 3276 39 3351 16 3396 10 96
A707 26203 771 79.3 0.59 0.0 0.09708 1.4 0.8398 1.8 0.06274 1.1 0.77 597 8 619 8 699 24 85
A708 132667 182 90.6 0.22 0.0 0.4578 1.4 10.03 1.5 0.1589 0.61 0.92 2430 28 2438 14 2444 10 99
A709 22366 677 35.4 0.63 0.0 0.044 1.9 0.4165 2.5 0.06864 1.6 0.77 278 5 354 8 888 33 31
A710 244218 290 152.1 0.28 1.1 0.4757 1.3 11.73 1.5 0.1788 0.72 0.88 2509 28 2583 14 2641 12 95
A711 6548 81 5.1 0.37 1.6 0.05808 1.6 0.4347 3.5 0.05428 3.2 0.44 364 6 367 11 383 71 95
A712 6676 108 13.0 0.59 0.3 0.1024 1.4 0.856 2.7 0.0606 2.3 0.53 629 9 628 13 625 50 101
A713 164973 426 168.2 0.48 0.0 0.3446 1.4 5.541 1.5 0.1166 0.57 0.92 1909 22 1907 13 1905 10 100
A714 37597 104 38.8 0.39 0.3 0.3323 1.7 5.417 2.0 0.1182 1.2 0.82 1850 27 1888 18 1929 21 96
A715 16736 318 30.6 0.30 0.2 0.09219 1.5 0.7508 2.0 0.05907 1.4 0.72 568 8 569 9 570 31 100
A716 13487 409 26.1 0.26 0.3 0.06211 1.4 0.4646 2.2 0.05425 1.6 0.66 388 5 387 7 381 37 102
A717 58512 913 146.5 1.51 0.0 0.1244 1.6 1.185 2.2 0.06913 1.6 0.70 756 11 794 12 903 33 84
A718 11130 140 19.1 0.35 0.1 0.128 1.5 1.173 2.3 0.06644 1.8 0.64 777 11 788 13 820 37 95
A719 13143 248 27.1 0.61 0.1 0.09406 1.4 0.7714 1.9 0.05948 1.3 0.74 579 8 581 9 585 28 99
A720 11485 256 20.5 0.12 0.1 0.08291 1.4 0.6603 2.0 0.05776 1.5 0.68 513 7 515 8 521 33 99
A721 13743 83 18.6 0.25 b.d. 0.215 1.5 2.484 2.3 0.08382 1.8 0.65 1255 17 1268 17 1288 35 97
A722 4383 127 8.7 0.38 0.1 0.06357 1.4 0.4842 2.4 0.05524 2 0.57 397 5 401 8 422 44 94
A723 13505 101 11.8 0.54 0.1 0.1027 1.3 0.8771 1.8 0.06195 1.2 0.74 630 8 639 9 672 26 94
A724 29458 976 60.2 0.26 0.7 0.06036 2.1 0.4555 2.5 0.05474 1.3 0.85 378 8 381 8 401 29 94
A725 17247 534 36.5 0.40 0.5 0.06335 1.6 0.4696 3.7 0.05377 3.3 0.44 396 6 391 12 361 76 110
A726 12004 237 27.5 0.84 b.d. 0.09208 1.4 0.7686 2.6 0.06054 2.2 0.53 568 7 579 11 623 47 91
A727 24560 754 51.1 0.38 0.2 0.0631 1.4 0.474 1.9 0.05448 1.3 0.72 394 5 394 6 391 30 101
A728 14549 430 28.2 0.33 0.4 0.06262 1.5 0.4744 3.3 0.05494 3 0.44 392 6 394 11 410 67 96
A729 46494 119 50.1 0.60 0.1 0.35 1.6 5.691 1.8 0.1179 1 0.84 1935 26 1930 16 1925 18 101
A730 190763 212 137.2 0.66 b.d. 0.5141 1.5 12.76 1.6 0.1799 0.57 0.94 2674 34 2662 16 2652 9 101
A731 85462 87 56.4 0.44 b.d. 0.5383 1.4 14.41 1.5 0.1942 0.63 0.91 2776 31 2777 15 2778 10 100
A732 45222 846 73.7 0.05 0.2 0.09276 1.4 0.7598 1.9 0.0594 1.3 0.74 572 8 574 8 582 28 98
A733 27303 55 23.8 0.33 b.d. 0.3902 1.4 7.334 1.9 0.1363 1.2 0.76 2124 26 2153 17 2181 21 97
A734 54111 1217 100.8 0.44 0.7 0.07861 1.6 0.639 1.9 0.05896 1.1 0.83 488 8 502 8 565 23 86
A735 8301 254 15.9 0.20 0.2 0.06262 1.5 0.4686 2.3 0.05427 1.8 0.64 392 6 390 8 382 41 102
A736 19661 75 23.9 0.50 1.5 0.2712 1.5 3.63 2.4 0.09706 1.8 0.64 1547 21 1556 19 1568 34 99
A737 77837 155 79.9 0.78 b.d. 0.4063 1.4 7.645 1.5 0.1365 0.68 0.90 2198 26 2190 14 2183 12 101
A738 30163 550 62.9 0.87 0.0 0.09522 1.9 0.8375 2.1 0.06379 0.96 0.89 586 11 618 10 735 20 80
A739 103790 206 99.5 0.66 b.d. 0.3925 1.4 7.368 1.6 0.1361 0.73 0.89 2134 26 2157 14 2179 13 98
A740 25697 173 35.5 0.25 b.d. 0.1973 1.5 2.176 1.9 0.08002 1.2 0.79 1161 16 1174 14 1197 23 97
A741 20001 608 39.2 0.29 0.4 0.06257 1.4 0.475 2.5 0.05506 2.1 0.57 391 5 395 8 415 46 94
A742 67561 163 67.2 0.57 0.0 0.3459 1.4 6.007 1.6 0.1259 0.77 0.87 1915 23 1977 14 2042 14 94
A743 27653 132 58.9 0.84 0.5 0.3379 1.6 5.607 2.1 0.1203 1.2 0.80 1877 27 1917 18 1961 22 96
A744 12869 392 29.5 0.68 0.2 0.06281 1.4 0.4708 2.3 0.05437 1.8 0.63 393 6 392 7 386 40 102
A745 80465 80 39.8 1.10 0.0 0.3561 1.3 6.33 1.6 0.1289 0.77 0.87 1964 23 2023 14 2083 14 94
A751 114831 267 113.2 0.48 b.d. 0.3663 1.4 6.259 1.5 0.1239 0.67 0.90 2012 24 2013 14 2013 12 100
A752 47609 119 52.1 0.59 0.2 0.3716 1.6 6.542 1.8 0.1277 0.86 0.88 2037 28 2052 16 2066 15 99
A753 17903 40 15.3 0.32 0.7 0.3399 1.9 5.828 2.5 0.1244 1.6 0.78 1886 32 1951 22 2020 28 93
A754 4349 123 7.9 0.28 0.4 0.0616 1.4 0.4625 2.8 0.05445 2.4 0.51 385 5 386 9 390 53 99
A755 6126 183 12.3 0.34 0.2 0.06347 1.5 0.4785 2.4 0.05468 1.9 0.61 397 6 397 8 399 42 99
A756 15884 465 31.2 0.37 b.d. 0.06313 1.3 0.4772 2.0 0.05482 1.4 0.69 395 5 396 6 405 32 97
A757 13503 394 25.3 0.15 0.2 0.06552 1.4 0.4953 1.8 0.05483 1.2 0.75 409 5 409 6 405 27 101
A758 11141 323 21.8 0.32 0.2 0.06465 1.5 0.4903 2.1 0.055 1.4 0.72 404 6 405 7 412 32 98
A759 48352 102 48.5 0.70 b.d. 0.3851 1.4 6.971 1.6 0.1313 0.81 0.86 2100 25 2108 14 2115 14 99
A760 166195 514 184.9 0.16 0.2 0.3522 1.6 5.82 1.7 0.1199 0.61 0.93 1945 27 1949 15 1954 11 100
A761 109978 589 127.8 0.23 0.0 0.2075 1.5 3.991 1.7 0.1395 0.8 0.88 1216 16 1632 14 2220 14 55
A762 55315 275 57.1 0.17 0.3 0.199 1.3 2.7 1.8 0.09841 1.2 0.75 1170 14 1329 13 1594 22 73
A763 12686 389 24.7 0.22 0.3 0.06288 1.4 0.4697 2.0 0.05417 1.4 0.70 393 5 391 6 378 32 104
A764 5688 33 4.0 0.24 0.3 0.1192 1.5 1.055 2.7 0.06421 2.2 0.55 726 10 731 14 748 47 97
A765 235029 753 266.8 0.11 b.d. 0.3539 1.4 5.644 1.6 0.1156 0.82 0.87 1953 24 1923 14 1890 15 103
A766 7772 225 16.0 0.47 0.3 0.06364 1.4 0.4733 2.5 0.05394 2 0.57 398 5 393 8 369 46 108
A767 64618 33 21.7 0.79 0.0 0.5059 1.4 12.65 1.7 0.1813 0.86 0.86 2639 31 2654 16 2665 14 99
A768 51593 73 30.0 0.99 0.4 0.3293 1.4 5.423 1.7 0.1194 0.97 0.82 1835 22 1888 15 1948 17 94
A769 5673 88 10.3 0.80 1.3 0.09225 1.4 0.7458 4.2 0.05863 3.9 0.34 569 8 566 18 554 86 103
A770 110171 246 99.7 0.23 0.0 0.379 1.4 6.673 1.6 0.1277 0.72 0.89 2072 25 2069 14 2067 13 100
A771 21615 689 47.2 0.41 0.3 0.06445 1.5 0.5 2.1 0.05627 1.4 0.72 403 6 412 7 463 32 87
A772 14811 303 30.4 0.48 0.1 0.09034 1.4 0.7321 1.9 0.05877 1.2 0.75 558 8 558 8 559 27 100
A773 137168 284 125.7 0.43 0.1 0.3925 1.7 7.255 1.8 0.134 0.59 0.95 2135 31 2143 16 2152 10 99
A774 63633 148 73.6 0.95 0.1 0.3733 1.4 6.402 1.6 0.1244 0.86 0.85 2045 24 2032 14 2020 15 101
A775 32049 1058 74.2 0.30 0.0 0.06946 1.6 0.5825 2.2 0.06082 1.5 0.73 433 7 466 8 633 32 68
A776 6414 199 13.8 0.38 0.2 0.0649 1.4 0.4844 2.7 0.05413 2.3 0.53 405 6 401 9 377 51 108
A777 22752 707 47.7 0.60 0.0 0.06133 1.4 0.4602 1.9 0.05442 1.2 0.77 384 5 384 6 389 27 99
A778 20090 637 43.1 0.38 0.1 0.06299 1.5 0.4724 2.1 0.05439 1.4 0.71 394 6 393 7 387 32 102
A779 22522 463 38.6 0.28 0.3 0.07938 1.4 0.6334 1.9 0.05787 1.3 0.74 492 7 498 8 525 28 94
A780 64599 316 104.1 0.18 b.d. 0.3261 2.3 4.823 4.4 0.1073 3.7 0.53 1819 36 1789 37 1754 68 104
A781 9308 129 8.9 0.43 0.1 0.06362 1.3 0.4822 2.1 0.05496 1.7 0.62 398 5 400 7 411 38 97
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A782 25235 696 49.9 0.61 0.2 0.06276 1.5 0.4884 2.1 0.05644 1.4 0.73 392 6 404 7 470 31 84
A783 47693 851 95.5 1.07 0.1 0.08299 1.5 0.7885 2.0 0.06891 1.4 0.73 514 7 590 9 896 29 57
A784 70179 152 63.3 0.25 0.0 0.3885 1.4 6.995 1.7 0.1306 0.86 0.85 2116 25 2111 15 2106 15 100
A785 8952 257 17.1 0.29 0.6 0.06369 1.6 0.4831 2.1 0.055 1.4 0.74 398 6 400 7 412 32 97
A786 17585 543 35.5 0.31 0.1 0.06247 1.4 0.4686 2.0 0.05441 1.4 0.72 391 5 390 6 388 31 101
A787 3119 91 6.4 0.42 0.3 0.0644 1.5 0.4845 2.6 0.05457 2.1 0.60 402 6 401 9 395 46 102

BB g 18314 746 66.3 0.11 0.09 0.09203 1.9 0.7496 2.6 0.05907 1.4 0.82 568 10 568 11 570 30 100
Ples. g 18680 1443 75 0.08 0.76 0.05401 1.7 0.3963 2.1 0.05322 1.0 0.80 339 5 339 6 338 23 100
91500 g 25044 71 14 0.45 1.01 0.1807 1.4 1.8462 3.4 0.07412 2.6 0.46 1070 13 1062 22 1044 53 103

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100
g Accuracy and reproducibilty was checked by repeated analyses (n = 30) of reference zircon Plesovice, BB and 91500; data given as mean with 2 standard deviation uncertainties

Uzumdere Formation

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A188 K.13.77 6370 115 19.4 0.70 b.d. 0.1547 1.7 1.5340 2.2 0.07189 1.4 0.76 927 14 944 14 983 29 94
A189 6700 147 23.5 1.05 b.d. 0.1369 1.7 1.252 2 0.06637 1.2 0.81 827 13 825 12 818 25 101
A190 12815 14 8.5 1.27 0.1 0.4729 1.8 10.62 2.3 0.1628 1.4 0.80 2496 38 2490 22 2485 23 100
A191 6882 180 20.7 0.57 0.4 0.1096 1.6 0.9363 2.1 0.06198 1.3 0.78 670 10 671 10 673 27 100
A192 5971 227 22.3 0.84 0.2 0.0878 1.6 0.7051 2.1 0.05824 1.4 0.77 543 9 542 9 539 30 101
A193 8344 45 20.1 1.97 0.6 0.3118 1.8 4.57 2.2 0.1063 1.3 0.81 1750 27 1744 18 1737 24 101
A199 1054 16 1.4 0.40 0.3 0.08573 2 0.688 3.3 0.0582 2.6 0.60 530 10 532 14 537 57 99
A200 5275 40 7.5 1.44 0.1 0.1455 1.8 1.416 2.7 0.07061 2 0.65 876 15 896 16 946 42 93
A201 8174 186 27.8 1.00 0.1 0.1283 1.6 1.177 2.1 0.06656 1.3 0.79 778 12 790 11 824 26 94
A202 4329 134 16.8 2.22 1.8 0.08584 1.9 0.6893 3.6 0.05824 3.1 0.51 531 9 532 15 539 68 99
A203 4820 180 23.8 2.36 0.0 0.09093 1.7 0.7499 2.4 0.05982 1.7 0.70 561 9 568 11 597 37 94
A204 3477 131 14.1 1.43 0.5 0.08579 1.7 0.691 4.1 0.05842 3.7 0.42 531 9 533 17 546 82 97
A205 7117 270 26.6 1.80 0.6 0.0727 1.7 0.5626 3.3 0.05613 2.8 0.51 452 7 453 12 457 63 99
A206 6495 181 29.6 1.05 0.0 0.1514 2.5 1.419 3 0.06797 1.6 0.84 909 21 897 18 868 33 105
A207 9818 189 35.6 1.95 0.1 0.1386 1.6 1.268 2.2 0.06634 1.5 0.73 837 13 831 13 817 32 102
A208 5005 188 17.5 0.72 0.2 0.08609 1.7 0.6956 2.7 0.05861 2.1 0.62 532 9 536 11 553 47 96
A209 9114 139 17.2 0.80 6.2 0.1004 1.9 0.8423 4.9 0.06088 4.5 0.40 616 11 620 23 635 96 97
A210 1820 25 3.2 2.32 1.3 0.0876 1.8 0.7077 2.8 0.05859 2.1 0.65 541 9 543 12 552 46 98
A211 5146 71 6.5 0.54 1.4 0.088 1.7 0.7204 3.2 0.05937 2.7 0.54 544 9 551 14 581 58 94
A212 7397 271 22.2 0.66 1.1 0.07711 1.8 0.6072 3.3 0.05711 2.8 0.54 479 8 482 13 496 61 97
A213 3103 41 4.8 0.96 0.2 0.1028 1.8 0.8605 3 0.06068 2.4 0.60 631 11 630 14 628 52 100
A214 7666 292 32.8 2.59 0.9 0.07332 1.8 0.5751 3.7 0.05689 3.2 0.49 456 8 461 14 487 70 94
A215 5672 204 29.8 3.54 0.7 0.08573 1.7 0.6845 3.2 0.05791 2.8 0.51 530 8 529 13 526 61 101
A216 17028 39 28.3 2.40 1.5 0.4791 1.7 11.1 2.5 0.168 1.8 0.69 2523 36 2531 24 2538 31 99
A217 24326 24 13.4 0.75 0.8 0.4706 1.9 10.71 2.8 0.165 2.1 0.67 2486 39 2498 27 2508 35 99
A218 37766 261 71.4 0.70 1.0 0.2412 1.7 3.266 2.2 0.09819 1.3 0.79 1393 21 1473 17 1590 25 88
A219 2079 27 3.0 0.66 0.5 0.102 2 0.8666 4.9 0.06161 4.5 0.41 626 12 634 24 660 96 95
A220 11940 172 35.0 1.43 0.0 0.1725 1.8 1.747 2.1 0.07344 1.1 0.84 1026 17 1026 14 1026 23 100
A221 5005 351 16.1 0.50 0.6 0.04403 1.7 0.3138 2.7 0.05169 2.2 0.62 278 5 277 7 272 50 102
A222 14681 543 45.6 0.39 0.1 0.08385 1.6 0.6791 2.2 0.05874 1.5 0.73 519 8 526 9 558 33 93
A223 29230 106 51.2 1.15 1.4 0.3891 1.8 7.132 2.6 0.1329 1.9 0.69 2119 32 2128 23 2137 33 99
A224 4012 145 17.3 2.06 0.3 0.08381 1.9 0.6682 2.5 0.05783 1.7 0.73 519 9 520 10 523 38 99
A225 15664 419 37.2 0.11 0.9 0.09352 1.6 0.7606 3.2 0.05898 2.8 0.50 576 9 574 14 566 61 102
A226 42548 213 82.0 0.88 0.4 0.3322 1.7 5.163 1.9 0.1127 0.93 0.87 1849 27 1847 16 1844 17 100
A227 17639 109 37.2 1.60 0.0 0.2921 2.1 4.49 2.4 0.1115 1.1 0.89 1652 31 1729 20 1824 20 91
A228 4974 321 15.4 0.48 0.3 0.04627 1.8 0.3333 2.5 0.05224 1.8 0.70 292 5 292 6 296 41 98
A229 24301 567 65.5 0.95 0.6 0.09935 1.8 0.8276 2.2 0.06041 1.3 0.82 611 11 612 10 618 27 99
A230 22796 632 75.3 0.87 0.2 0.1077 1.6 0.9098 1.8 0.06127 0.88 0.88 659 10 657 9 649 19 102
A231 7890 158 22.6 0.81 1.2 0.1268 1.7 1.136 2.8 0.06497 2.2 0.62 770 13 771 15 773 47 100
A232 6233 226 20.6 0.58 0.4 0.08573 1.8 0.6839 2.8 0.05786 2.2 0.63 530 9 529 12 524 48 101
A233 61816 272 95.2 0.23 0.0 0.3429 1.6 5.824 1.8 0.1232 0.83 0.89 1900 27 1950 16 2003 15 95
A234 4490 104 14.3 1.30 0.5 0.1081 2 0.9274 3 0.0622 2.2 0.67 662 13 666 15 681 47 97
A235 3979 130 17.4 1.94 0.0 0.1004 1.6 0.8577 2.7 0.06195 2.1 0.61 617 10 629 13 672 45 92
A236 10861 44 18.4 0.93 1.4 0.3471 1.8 5.674 2.7 0.1185 2 0.68 1921 30 1927 23 1934 35 99
A237 6378 238 21.9 0.82 0.3 0.08259 1.7 0.6545 2.5 0.05748 1.8 0.69 512 9 511 10 510 40 100
A243 6078 107 20.4 1.24 b.d. 0.159 1.8 1.561 3 0.07121 2.3 0.62 951 16 955 19 963 47 99
A244 12745 351 35.5 0.46 0.5 0.09802 1.7 0.8002 2.4 0.05921 1.7 0.71 603 10 597 11 575 37 105
A245 4890 335 14.8 0.41 0.2 0.04355 1.8 0.3135 2.5 0.05222 1.8 0.70 275 5 277 6 295 41 93
A246 7325 225 25.9 0.98 0.4 0.09876 1.6 0.815 2.9 0.05986 2.4 0.56 607 9 605 13 598 52 101
A247 9510 148 25.9 0.54 0.1 0.1658 1.7 1.644 2.1 0.07191 1.3 0.79 989 16 987 14 983 26 101
A248 5225 31 5.5 0.62 b.d. 0.1622 1.8 1.668 2.5 0.07459 1.7 0.72 969 16 996 16 1058 35 92
A249 2548 37 3.8 1.43 0.5 0.09099 1.7 0.7596 2.8 0.06055 2.2 0.59 561 9 574 12 623 48 90
A250 6205 237 21.4 0.64 0.1 0.0842 1.6 0.6823 2 0.05877 1.2 0.78 521 8 528 8 559 27 93

Spot size = 33 and 50 μm, respectively; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the 
reference zircon. 207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U 
uncertainty.
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A251 131453 475 178.8 0.64 0.1 0.3344 1.8 7.058 2 0.1531 0.94 0.88 1860 29 2119 18 2381 16 78
A252 178976 396 231.3 0.34 b.d. 0.5266 1.6 16.13 1.8 0.2222 0.72 0.91 2727 36 2885 17 2997 12 91
A253 6093 190 19.2 0.51 0.1 0.09631 1.8 0.7978 2.7 0.06008 2 0.66 593 10 596 12 606 44 98
A254 4864 104 14.5 0.57 0.3 0.1315 1.9 1.188 3.3 0.06552 2.6 0.59 797 15 795 18 791 55 101
A255 8491 170 24.3 0.44 0.0 0.1391 1.7 1.311 2.5 0.06839 1.8 0.67 839 13 851 14 880 38 95
A256 3715 118 14.0 1.11 b.d. 0.1005 1.7 0.847 2.6 0.06112 2 0.64 617 10 623 12 644 43 96
A257 23395 64 38.4 1.62 0.0 0.4674 1.7 10.67 2 0.1656 1 0.85 2472 34 2495 18 2513 17 98
A258 10580 326 33.0 0.62 0.0 0.09597 1.7 0.8024 2.5 0.06064 1.8 0.70 591 10 598 11 626 38 94
A259 5414 199 27.3 2.50 2.1 0.09393 4.2 0.7727 5.7 0.05966 3.9 0.73 579 23 581 26 591 84 98
A260 118122 646 204.8 0.29 0.1 0.3185 1.7 5.197 1.9 0.1183 0.79 0.91 1782 26 1852 16 1931 14 92
A261 94853 554 178.7 0.05 0.1 0.3312 1.9 5.236 2.1 0.1147 0.84 0.91 1844 30 1858 18 1874 15 98
A262 4156 152 18.8 2.85 1.0 0.08022 1.7 0.632 3.8 0.05714 3.4 0.45 497 8 497 15 497 75 100
A263 418657 1402 923.2 1.41 2.2 0.5744 1.7 20.52 1.9 0.2591 0.91 0.88 2926 39 3116 19 3241 14 90
A264 94391 342 130.2 0.25 0.3 0.3675 1.6 6.827 1.8 0.1347 0.85 0.89 2018 28 2089 16 2160 15 93
A265 7454 285 24.6 1.08 1.0 0.07662 1.8 0.591 2.6 0.05594 1.9 0.69 476 8 471 10 450 42 106
A266 23770 1209 67.7 1.33 0.8 0.04704 1.7 0.342 2.5 0.05273 1.8 0.70 296 5 299 6 317 40 93
A267 9022 337 26.9 1.07 0.0 0.07279 1.6 0.5919 2.1 0.05898 1.3 0.80 453 7 472 8 566 27 80
A268 7988 288 41.5 3.78 0.0 0.08137 1.6 0.6591 2.3 0.05875 1.6 0.72 504 8 514 9 558 34 90
A269 2582 18 3.3 0.83 0.3 0.166 1.9 1.663 3.3 0.07263 2.6 0.58 990 17 994 21 1004 54 99
A270 1926 13 2.2 0.42 0.1 0.1583 1.8 1.629 3.6 0.07465 3.2 0.50 947 16 982 23 1059 63 89
A271 11087 431 37.1 0.56 0.0 0.08252 1.6 0.6619 2 0.05818 1.1 0.84 511 8 516 8 536 23 95
A272 2904 28 4.1 0.71 0.3 0.1371 1.7 1.287 4 0.06808 3.6 0.42 828 13 840 23 871 75 95
A273 20889 545 64.1 0.91 0.4 0.1047 1.7 0.8831 2.3 0.06116 1.5 0.76 642 11 643 11 645 32 100
A274 7374 260 29.6 1.90 0.4 0.08536 1.6 0.6933 3 0.05891 2.5 0.55 528 8 535 12 564 54 94
A276 8884 145 24.4 0.52 0.2 0.1599 1.7 1.564 2.3 0.07096 1.5 0.76 956 15 956 14 956 30 100
A277 128555 1042 315.5 1.08 0.2 0.2837 1.7 4.496 1.9 0.1149 0.88 0.88 1610 24 1730 16 1879 16 86
A278 10690 233 26.2 1.05 1.0 0.1008 1.7 0.8354 3.3 0.06009 2.8 0.53 619 10 617 15 607 60 102
A279 16417 259 42.5 1.03 0.0 0.1531 1.7 1.48 2.1 0.07011 1.2 0.82 918 15 922 13 931 24 99
A280 2240 36 7.2 0.67 0.1 0.1673 1.7 1.66 3 0.07188 2.5 0.58 997 16 993 19 982 50 102
A281 3880 63 13.0 1.49 0.5 0.1638 1.9 1.618 3.2 0.07165 2.5 0.60 978 17 977 20 976 52 100
A282 8972 152 25.6 0.60 0.2 0.1572 1.6 1.545 2.3 0.07125 1.5 0.73 941 14 948 14 965 32 98
A289 2122 74 9.8 2.25 0.3 0.09433 1.9 0.7687 3 0.0591 2.4 0.62 581 10 579 13 571 52 102
A290 12685 596 48.5 0.12 0.4 0.08696 1.8 0.7121 2.8 0.05939 2.2 0.64 538 9 546 12 581 47 92
A291 21469 824 77.6 0.99 0.5 0.08779 1.8 0.7039 3.4 0.05815 2.8 0.55 542 10 541 14 535 62 101
A292 8065 247 26.5 0.71 0.2 0.09961 1.7 0.828 2.3 0.06029 1.6 0.74 612 10 613 11 614 34 100
A293 3841 111 14.4 1.39 0.0 0.103 1.7 0.8783 2.8 0.06182 2.2 0.60 632 10 640 13 668 48 95
A294 23990 572 69.7 0.71 0.4 0.1125 1.7 0.9641 2.4 0.06215 1.8 0.69 687 11 685 12 679 38 101
A296 28025 115 62.2 2.33 0.2 0.3645 1.7 6.22 2.4 0.1238 1.6 0.73 2004 30 2007 21 2011 29 100
A297 58945 308 98.2 0.63 0.4 0.2935 1.6 4.444 1.9 0.1098 0.92 0.87 1659 24 1721 16 1796 17 92
A298 10009 502 22.8 0.64 1.7 0.04234 1.7 0.304 3.3 0.05208 2.8 0.50 267 4 270 8 289 65 92
A300 3652 138 12.0 0.65 0.4 0.08067 1.7 0.6443 2.5 0.05792 1.8 0.68 500 8 505 10 527 40 95
A301 5132 149 16.2 0.78 0.3 0.09674 1.7 0.8009 2.4 0.06004 1.7 0.70 595 10 597 11 605 37 98
A302 15670 233 45.5 0.77 0.0 0.1773 1.6 1.798 2 0.07354 1.2 0.82 1052 16 1045 13 1029 24 102
A303 15652 84 32.1 1.04 0.4 0.3143 1.9 4.725 3.4 0.109 2.8 0.57 1762 29 1772 29 1783 50 99
A275 16122 627 51.9 1.83 0.5 0.06858 1.8 0.7142 3 0.07553 2.4 0.59 428 7 547 13 1083 48 39
A288 82715 572 133.3 1.22 0.7 0.1895 1.9 2.944 2.2 0.1127 1.1 0.86 1119 19 1393 17 1843 20 61
A295 90880 877 130.7 1.03 2.1 0.1201 1.9 2.142 2.9 0.1294 2.2 0.66 731 13 1163 20 2090 38 35
A299 5080 167 21.0 2.43 b.d. 0.0878 1.7 0.8367 3 0.06911 2.5 0.55 543 9 617 14 902 52 60

Felix g 7816 600 76.5 2.87 0.31 0.08115 2.3 0.6438 4.4 0.05754 3.1 0.57 503 11 505 17 512 68 99
Ples. g 4606 553 28 0.15 0.89 0.05361 2.0 0.3938 2.4 0.05328 2.3 0.56 337 7 337 7 341 52 99
91500 g 12259 78 14 0.47 0.35 0.1783 2.3 1.8315 2.4 0.07450 1.0 0.74 1058 22 1057 16 1055 21 100

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100

Kasimlar Formation

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A915 K.12.75 10667 92 17.6 0.40 0.5 0.1755 1.5 1.814 3.0 0.07497 2.6 0.52 1042 15 1051 20 1068 52 98
A916 10831 362 23.2 0.39 0.3 0.05918 1.4 0.4425 2.2 0.05424 1.7 0.63 371 5 372 7 381 38 97
A917 7939 296 16.5 0.39 0.4 0.05143 1.5 0.3756 2.5 0.05296 2 0.60 323 5 324 7 327 45 99
A918 2630 47 5.6 0.82 0.6 0.09191 1.7 0.7489 4.0 0.0591 3.6 0.42 567 9 568 17 571 78 99
A919 4899 49 8.8 0.57 0.8 0.1561 1.4 1.507 3.0 0.07004 2.7 0.46 935 12 933 19 929 55 101
A920 11888 146 25.2 0.94 0.2 0.1327 1.4 1.222 2.0 0.06678 1.5 0.68 803 11 811 11 831 31 97
A921 17057 443 34.7 0.38 0.1 0.07301 1.4 0.5719 1.9 0.05681 1.3 0.75 454 6 459 7 484 28 94
A922 10375 371 22.3 0.13 0.3 0.06182 1.6 0.4754 2.5 0.05577 1.9 0.64 387 6 395 8 443 43 87
A923 5217 43 8.4 0.61 1.2 0.1606 1.5 1.578 2.9 0.07124 2.5 0.52 960 14 961 18 964 51 100
A924 16783 289 36.3 0.61 0.2 0.1072 1.4 0.8977 2.1 0.06074 1.6 0.64 656 8 651 10 630 35 104
A925 19894 847 42.8 0.25 0.0 0.04983 1.3 0.3654 1.8 0.05318 1.2 0.75 313 4 316 5 336 26 93

Spot size = 33 and 50 μm, respectively; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the 
reference zircon. 207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U 
uncertainty.

g Accuracy and reproducibilty was checked by repeated analyses (n = 13) of reference zircon Plesovice, Felix and 91500; data given as mean with 2 standard deviation uncertainties
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A926 2617 39 4.9 0.44 0.5 0.1143 1.6 1.022 4.2 0.06489 3.9 0.38 697 11 715 22 771 82 91
A927 10720 446 22.8 0.35 0.6 0.04756 1.8 0.342 2.9 0.05215 2.3 0.62 300 5 299 7 292 51 103
A933 3996 49 9.3 1.08 0.1 0.1408 1.5 1.299 2.6 0.06689 2.2 0.57 849 12 845 15 834 45 102
A934 16914 289 34.2 0.55 0.1 0.1027 1.4 0.8616 2.0 0.06083 1.5 0.69 630 8 631 10 633 32 100
A935 3154 25 6.0 1.03 0.7 0.1743 1.5 1.806 3.7 0.07514 3.4 0.41 1036 15 1048 25 1072 68 97
A936 7997 87 13.2 0.43 0.8 0.1368 1.5 1.296 2.3 0.06869 1.8 0.64 827 12 844 14 889 37 93
A937 18417 224 31.2 0.24 b.d. 0.1367 1.4 1.263 2.2 0.067 1.7 0.62 826 11 829 13 838 36 99
A938 278330 350 198.6 0.31 0.0 0.4996 1.4 12.49 1.5 0.1813 0.53 0.93 2612 30 2642 14 2665 9 98
A939 35879 697 77.5 0.52 0.1 0.09799 1.5 0.8118 1.8 0.06008 1.1 0.80 603 8 603 8 607 23 99
A940 29848 534 57.6 0.40 b.d. 0.09924 1.4 0.8429 1.9 0.0616 1.3 0.73 610 8 621 9 660 28 92
A941 100252 112 68.8 0.40 0.0 0.5207 1.4 13.52 1.6 0.1882 0.73 0.89 2702 31 2716 15 2727 12 99
A942 198516 333 173.2 0.62 b.d. 0.4143 1.4 9.193 1.6 0.1609 0.6 0.92 2235 27 2357 14 2465 10 91
A943 5588 99 10.3 0.51 0.4 0.0922 1.4 0.7491 4.2 0.05893 3.9 0.34 569 8 568 18 565 85 101
A944 20865 225 34.5 0.24 0.0 0.1494 1.5 1.434 2.0 0.06964 1.4 0.72 897 12 903 12 918 29 98
A945 36731 103 46.8 0.87 b.d. 0.3494 1.4 5.594 1.7 0.1161 0.93 0.83 1932 23 1915 14 1897 17 102
A946 13208 126 22.0 0.38 0.5 0.1607 1.5 1.604 2.5 0.07236 2 0.59 961 13 972 16 996 41 96
A947 23052 362 39.7 0.20 0.0 0.1087 1.5 0.9373 1.7 0.06255 0.95 0.84 665 9 671 9 693 20 96
A948 19790 302 33.9 0.26 0.1 0.1089 1.4 0.9544 1.8 0.06357 1.2 0.76 666 9 680 9 727 24 92
A949 7720 99 15.0 0.53 b.d. 0.1324 1.7 1.226 3.8 0.06716 3.3 0.45 802 13 813 21 843 70 95
A950 10208 269 19.6 0.16 0.1 0.07381 1.4 0.5675 2.2 0.05576 1.6 0.67 459 6 456 8 443 36 104
A951 3122 139 6.9 0.40 0.6 0.04582 1.5 0.3304 3.7 0.05229 3.4 0.40 289 4 290 9 298 77 97
A952 88854 99 60.0 0.43 0.0 0.5102 1.4 13.22 1.6 0.1879 0.74 0.88 2657 30 2695 15 2724 12 98
A953 75341 192 90.1 0.83 0.0 0.3672 1.6 6.252 1.8 0.1235 0.91 0.86 2016 27 2012 16 2007 16 100
A954 4307 56 9.3 0.85 0.0 0.1321 1.4 1.238 2.5 0.06797 2.1 0.56 800 11 818 14 868 43 92
A955 10828 180 20.5 0.38 0.2 0.1053 1.5 0.8921 2.4 0.06146 1.8 0.63 645 9 648 11 656 39 98
A956 6323 74 12.8 0.67 0.0 0.1437 1.4 1.383 2.0 0.06982 1.4 0.72 865 11 882 12 923 28 94
A957 18989 314 33.2 0.12 0.0 0.109 1.4 0.9404 1.8 0.06258 1.1 0.80 667 9 673 9 694 23 96
A958 20121 205 33.7 0.32 0.0 0.154 1.4 1.563 1.7 0.07363 1.1 0.79 923 12 956 11 1031 21 90
A959 123896 185 98.8 0.40 b.d. 0.4628 1.4 10.32 1.5 0.1617 0.56 0.93 2452 29 2464 14 2473 9 99
A960 10872 270 21.2 0.34 0.1 0.07362 1.4 0.5997 2.1 0.05908 1.5 0.69 458 6 477 8 570 33 80
A961 6865 221 29.7 0.35 0.0 0.134 2.5 1.206 3.3 0.06526 2.2 0.75 811 19 803 19 783 47 104
A962 103599 123 72.8 0.39 b.d. 0.5111 1.4 12.8 1.5 0.1816 0.56 0.92 2661 30 2665 14 2668 9 100
A963 10971 130 19.7 0.35 0.2 0.1423 1.5 1.315 3.2 0.06704 2.8 0.48 858 12 852 18 839 58 102
A964 218267 325 172.7 0.22 0.2 0.4867 1.3 11.21 1.6 0.167 0.92 0.83 2556 28 2540 15 2528 15 101
A965 26052 446 44.7 0.12 b.d. 0.1032 1.5 0.8839 1.9 0.06214 1.3 0.74 633 9 643 9 679 28 93
A966 131703 168 94.0 0.36 b.d. 0.4833 1.4 12.08 1.6 0.1813 0.63 0.91 2542 30 2611 15 2665 10 95
A967 5223 122 10.4 0.30 b.d. 0.08132 1.4 0.6582 2.3 0.0587 1.8 0.63 504 7 514 9 556 39 91
A968 26044 454 48.8 0.30 0.0 0.1029 1.4 0.8851 1.6 0.06238 0.87 0.84 631 8 644 8 687 19 92
A969 7850 158 18.2 0.89 0.3 0.08733 1.4 0.7043 2.0 0.05849 1.4 0.72 540 7 541 8 548 30 98
A970 177114 210 114.5 0.16 0.0 0.5018 1.5 12.6 1.6 0.1822 0.57 0.93 2621 31 2651 15 2673 9 98
A971 4880 49 9.3 0.65 b.d. 0.1616 1.5 1.627 2.3 0.073 1.8 0.64 966 14 981 15 1014 36 95
A972 12200 487 31.2 0.68 0.1 0.05366 1.5 0.393 2.8 0.05312 2.3 0.53 337 5 337 8 334 53 101
A973 7660 134 15.5 0.48 0.4 0.1048 1.5 0.8921 3.1 0.06176 2.7 0.48 642 9 647 15 666 57 96
A974 37488 50 36.3 1.16 b.d. 0.4975 1.4 11.79 1.7 0.1719 0.94 0.83 2603 30 2588 16 2576 16 101
A975 43223 797 76.3 0.56 0.5 0.08156 1.8 0.6788 2.3 0.06036 1.3 0.81 505 9 526 9 617 29 82
A976 10941 237 20.7 0.26 b.d. 0.08539 1.4 0.7011 2.9 0.05955 2.6 0.47 528 7 539 12 587 56 90
A977 11075 287 21.9 0.19 0.1 0.07693 1.5 0.6069 2.0 0.05722 1.3 0.75 478 7 482 8 500 29 96
A978 22209 545 36.3 0.06 0.8 0.06934 1.5 0.551 2.2 0.05763 1.7 0.66 432 6 446 8 516 37 84
A979 16740 294 31.4 0.26 0.0 0.1038 1.4 0.8954 1.8 0.06258 1.2 0.76 637 8 649 9 694 25 92
A980 3937 51 6.4 0.29 0.3 0.1193 1.7 1.08 2.9 0.06563 2.3 0.60 727 12 744 15 795 49 91
A981 6669 236 14.2 0.35 0.2 0.05626 1.6 0.4246 2.2 0.05473 1.6 0.71 353 5 359 7 401 35 88
A982 4785 214 10.1 0.38 1.0 0.04335 1.4 0.314 3.4 0.05254 3.1 0.41 274 4 277 8 309 70 88
A988 8374 79 14.1 0.50 1.0 0.1566 1.4 1.539 2.4 0.07125 2 0.58 938 12 946 15 965 40 97
A989 31389 465 74.7 0.94 0.1 0.1247 1.4 1.123 1.7 0.06532 0.92 0.84 758 10 765 9 785 19 97
A990 5548 67 10.3 0.49 b.d. 0.135 1.5 1.255 2.4 0.06744 1.9 0.61 816 11 826 14 851 40 96
A991 3336 176 8.9 0.55 0.4 0.04489 1.5 0.3226 2.9 0.05213 2.4 0.54 283 4 284 7 291 55 97
A992 34403 300 54.6 0.28 0.1 0.1739 1.4 1.773 1.7 0.07394 1 0.81 1034 13 1036 11 1040 21 99
A993 103070 145 85.3 0.60 0.0 0.4759 1.5 10.83 1.6 0.165 0.63 0.92 2510 31 2509 15 2508 11 100
A994 21746 199 38.9 0.55 0.0 0.1692 1.4 1.717 2.0 0.07363 1.4 0.71 1008 13 1015 13 1031 28 98
A995 22682 199 42.1 0.71 0.0 0.173 1.5 1.746 2.1 0.07317 1.5 0.70 1029 14 1026 14 1019 30 101
A996 41644 803 78.0 0.19 0.0 0.0977 1.4 0.8194 1.6 0.06083 0.83 0.86 601 8 608 7 633 18 95
A997 8860 362 19.3 0.29 0.1 0.05149 1.4 0.3772 2.1 0.05313 1.5 0.69 324 5 325 6 334 34 97
A998 172106 205 127.5 0.49 0.0 0.5162 1.4 12.98 1.5 0.1824 0.59 0.92 2683 30 2678 14 2674 10 100
A999 16704 303 23.0 0.08 2.9 0.07473 1.5 0.5915 3.0 0.0574 2.6 0.49 465 7 472 11 507 58 92
A1000 91570 248 90.6 0.44 0.2 0.3151 1.4 5.254 1.6 0.1209 0.72 0.89 1766 22 1861 13 1970 13 90
A1001 16247 402 28.1 0.05 0.1 0.07435 1.4 0.5859 2.5 0.05715 2 0.56 462 6 468 9 497 45 93
A1002 27807 271 59.1 0.73 b.d. 0.1803 1.5 1.85 1.7 0.07443 0.87 0.86 1069 14 1064 11 1053 17 101
A1003 13611 541 30.0 0.32 0.0 0.05325 1.4 0.3948 1.8 0.05377 1.2 0.74 334 4 338 5 361 28 93
A1004 11644 446 21.1 0.29 0.8 0.04463 1.5 0.3222 2.5 0.05236 2 0.61 281 4 284 6 301 45 93
A1005 179760 518 188.0 0.10 0.1 0.3584 1.3 6.037 1.6 0.1222 0.86 0.84 1974 23 1981 14 1988 15 99
A1006 42627 769 77.2 0.27 0.0 0.09631 1.4 0.8146 1.5 0.06134 0.69 0.89 593 8 605 7 651 15 91
A1007 8233 125 14.9 0.28 0.1 0.1147 1.5 1.001 5.0 0.06331 4.7 0.29 700 10 704 25 719 101 97
A1008 46140 807 83.0 0.17 0.0 0.1038 1.4 0.8858 1.7 0.06189 1 0.80 637 8 644 8 670 22 95
A1009 13527 359 25.8 0.25 b.d. 0.07021 1.4 0.5702 2.6 0.0589 2.2 0.53 437 6 458 10 564 49 78
A1010 5868 97 13.2 1.00 0.6 0.1013 1.7 0.8365 3.8 0.05988 3.3 0.46 622 10 617 18 599 72 104
A1011 7733 142 16.6 0.67 0.5 0.0967 1.5 0.7981 2.6 0.05986 2.1 0.58 595 9 596 12 598 46 99
A1012 289518 367 276.2 1.34 b.d. 0.5 1.4 12.19 1.5 0.1768 0.54 0.93 2614 29 2619 14 2623 9 100
A1013 5979 103 10.5 0.14 0.1 0.1038 1.5 0.873 2.5 0.06102 2.1 0.58 636 9 637 12 640 45 99
A1014 4878 82 29.2 1.33 0.7 0.3399 2.4 5.477 3.2 0.1169 2.1 0.76 1886 40 1897 28 1909 37 99
A1015 59782 179 83.8 1.16 0.1 0.3285 1.4 5.196 1.6 0.1147 0.75 0.88 1831 22 1852 14 1876 13 98
A1016 13009 252 24.3 0.16 0.2 0.09769 1.5 0.8004 2.0 0.05942 1.3 0.75 601 8 597 9 583 28 103
A1017 35967 413 61.7 0.35 0.1 0.1396 1.4 1.307 1.8 0.06791 1.2 0.75 842 11 849 11 866 25 97
A1018 9357 166 21.6 0.77 0.3 0.1047 1.4 0.879 2.0 0.06086 1.5 0.68 642 8 640 10 634 32 101
A1019 6025 55 11.3 0.74 0.3 0.1658 1.6 1.637 2.7 0.07164 2.2 0.59 989 14 985 17 976 44 101
A1020 161997 410 156.7 0.30 0.0 0.35 1.3 6.021 1.5 0.1248 0.62 0.91 1935 22 1979 13 2026 11 96
A1021 19446 369 38.0 0.35 0.2 0.09617 1.4 0.797 1.9 0.06011 1.3 0.72 592 8 595 9 607 29 97
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A1022 17924 305 31.7 0.27 0.3 0.09867 1.4 0.8215 2.1 0.06038 1.5 0.68 607 8 609 10 617 33 98
A1023 12916 120 21.6 0.36 0.2 0.1665 1.4 1.66 2.1 0.07232 1.5 0.68 993 13 993 13 995 31 100
A1024 4539 161 10.0 0.38 0.3 0.05786 1.5 0.4372 2.6 0.05481 2.1 0.57 363 5 368 8 404 47 90
A1025 17960 727 38.4 0.28 0.3 0.05096 1.4 0.3741 1.9 0.05325 1.3 0.72 320 4 323 5 339 30 94
A1026 12372 336 23.9 0.11 0.2 0.07377 1.4 0.5688 1.9 0.05593 1.2 0.74 459 6 457 7 449 28 102
A1027 16775 187 32.9 0.69 0.0 0.1462 1.4 1.386 1.9 0.06875 1.2 0.75 880 12 883 11 891 26 99
A1028 31672 419 62.6 0.59 b.d. 0.1284 1.4 1.184 1.8 0.0669 1.2 0.76 779 10 793 10 835 25 93
A1029 6260 108 12.8 0.51 0.2 0.1056 1.4 0.9001 2.6 0.0618 2.2 0.54 647 9 652 13 667 47 97
A1030 17880 401 65.5 1.94 0.0 0.08868 1.4 0.7531 1.7 0.0616 1 0.79 548 7 570 8 660 22 83
A1031 4629 82 11.0 0.94 0.2 0.103 1.6 0.8722 3.0 0.06143 2.5 0.53 632 9 637 14 654 54 97
A1032 56105 660 108.8 0.66 0.0 0.1347 1.4 1.265 1.6 0.06815 0.73 0.89 814 11 830 9 873 15 93
A1033 41168 441 68.9 0.21 b.d. 0.1543 1.3 1.49 1.5 0.07001 0.69 0.89 925 12 926 9 929 14 100
A1034 16404 156 29.5 0.25 b.d. 0.1825 1.4 1.895 1.6 0.07531 0.89 0.84 1080 14 1079 11 1077 18 100
A1035 39208 100 48.5 0.98 0.0 0.3588 1.4 6.052 1.7 0.1223 0.86 0.85 1977 24 1983 14 1990 15 99

BB g 18314 746 66.3 0.11 0.09 0.09203 1.9 0.7496 2.6 0.05907 1.4 0.82 568 10 568 11 570 30 100
Ples. g 18680 1443 75 0.08 0.76 0.05401 1.7 0.3963 2.1 0.05322 1.0 0.80 339 5 339 6 338 23 100
91500 g 25044 71 14 0.45 1.01 0.1807 1.4 1.8462 3.4 0.07412 2.6 0.46 1070 13 1062 22 1044 53 103

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100
g Accuracy and reproducibilty was checked by repeated analyses (n = 30) of reference zircon Plesovice, BB and 91500; data given as mean with 2 standard deviation uncertainties

Kasimlar Formation

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A292 K.12.78 3110 106 12.2 1.65 0.2 0.0884 1.6 0.7199 3.6 0.05906 3.3 0.44 546 8 551 16 569 71 96
A293 8868 204 30.0 1.32 0.3 0.1207 1.6 1.065 2.3 0.06403 1.8 0.66 734 11 736 12 742 37 99
A294 7912 232 26.7 1.10 0.1 0.09803 1.5 0.8257 2.3 0.06109 1.7 0.65 603 9 611 11 642 37 94
A295 1846 88 9.1 0.68 2.7 0.09173 2.3 0.7458 4.1 0.05896 3.3 0.57 566 13 566 18 566 72 100
A296 115719 278 138.5 0.16 0.2 0.4771 1.4 11.00 1.6 0.1672 0.71 0.90 2515 30 2523 15 2530 12 99
A297 5813 157 18.1 0.80 0.0 0.1043 1.4 0.8858 2.3 0.06162 1.8 0.62 639 9 644 11 661 39 97
A298 4355 117 13.9 0.89 0.4 0.1053 1.6 0.8748 3.6 0.06024 3.3 0.44 646 10 638 17 612 71 105
A299 2913 76 9.9 0.92 b.d. 0.1150 1.7 1.012 3.4 0.06383 2.9 0.50 702 11 710 17 736 62 95
A300 10483 136 22.1 1.02 0.4 0.1403 1.6 1.284 2.4 0.06638 1.7 0.68 846 13 839 14 818 36 103
A301 12658 345 36.7 0.37 0.2 0.1058 1.4 0.8984 2 0.0616 1.4 0.70 648 9 651 10 660 31 98
A302 1934 163 6.9 0.54 0.2 0.04086 1.6 0.2901 4.9 0.0515 4.6 0.32 258 4 259 11 263 107 98
A303 4662 134 18.8 2.14 0.8 0.09879 1.5 0.8069 4 0.05923 3.7 0.38 607 9 601 18 576 80 106
A304 190375 316 197.7 0.75 0.0 0.5204 1.4 14.51 1.5 0.2022 0.62 0.92 2701 31 2784 15 2844 10 95
A305 48181 89 55.9 0.86 b.d. 0.5232 1.4 13.70 1.8 0.1899 1 0.81 2713 31 2729 17 2742 17 99
A306 4371 197 14.2 0.55 0.2 0.06908 1.5 0.5349 3.1 0.05616 2.7 0.48 431 6 435 11 459 61 94
A307 11747 355 39.1 0.85 0.2 0.09921 1.4 0.8162 2.3 0.05967 1.8 0.61 610 8 606 11 591 40 103
A308 5163 149 14.7 0.54 0.9 0.09249 1.5 0.7506 3.2 0.05886 2.9 0.46 570 8 569 14 562 62 101
A309 10687 208 29.5 0.55 0.3 0.1347 1.4 1.244 2.1 0.06696 1.6 0.67 815 11 821 12 837 33 97
A310 6555 201 19.5 0.50 0.4 0.09374 1.5 0.7736 2.5 0.05985 1.9 0.62 578 8 582 11 598 42 97
A311 7200 112 18.9 0.43 0.4 0.1643 1.7 1.614 3.1 0.07125 2.7 0.53 981 15 976 20 965 54 102
A312 3336 103 14.1 2.41 1.1 0.09429 1.6 0.7727 4.3 0.05944 4 0.37 581 9 581 19 583 86 100
A313 1219 23 3.3 0.69 0.8 0.1328 1.9 1.217 5.8 0.06648 5.5 0.32 804 14 809 33 822 115 98
A314 175679 1395 157.5 1.51 20.1 0.05851 3.1 0.4438 7.6 0.05501 7 0.41 367 11 373 24 413 155 89
A315 10943 195 14.7 0.64 17.0 0.05513 2.4 0.4424 12 0.05819 11 0.20 346 8 372 37 537 248 64
A316 4699 168 16.0 1.06 0.4 0.08099 1.6 0.6385 3.1 0.05718 2.6 0.53 502 8 501 12 498 58 101
A317 5913 83 22.4 2.95 0.7 0.1706 1.7 1.677 3.6 0.07128 3.2 0.46 1016 16 1000 23 966 65 105
A318 3224 50 8.3 0.69 0.3 0.1498 1.6 1.482 3.1 0.07174 2.7 0.52 900 14 923 19 979 55 92
A319 4424 290 15.5 0.68 0.2 0.04992 1.5 0.3711 3.3 0.05393 3 0.44 314 4 321 9 368 67 85
A320 47270 93 65.2 1.92 0.1 0.4964 1.4 12.71 1.7 0.1857 0.94 0.84 2598 31 2659 16 2705 15 96
A321 14160 482 43.4 0.52 0.4 0.08581 1.4 0.6911 2.4 0.05841 2 0.58 531 7 533 10 545 43 97
A322 43754 111 62.1 0.94 b.d. 0.4729 1.7 10.64 1.8 0.1633 0.8 0.90 2496 35 2493 17 2490 13 100
A323 12661 289 33.5 0.44 1.4 0.1111 1.5 0.961 3 0.06273 2.5 0.51 679 10 684 15 699 54 97
A324 2319 92 8.7 1.25 0.6 0.07457 1.8 0.5786 3.3 0.05627 2.7 0.56 464 8 464 12 463 60 100
A325 20070 568 72.3 1.34 0.1 0.1045 1.4 0.8892 2.2 0.0617 1.7 0.64 641 9 646 11 664 36 97
A326 7341 107 20.3 0.91 0.2 0.1673 1.5 1.705 2.7 0.07392 2.3 0.55 997 14 1010 18 1039 46 96
A327 5427 113 17.4 1.01 0.1 0.1350 1.5 1.250 2.5 0.06717 2.1 0.58 816 11 823 14 843 43 97
A333 1432 78 3.7 0.81 4.3 0.04097 1.9 0.3011 7.1 0.05329 6.9 0.27 259 5 267 17 341 156 76
A334 6241 159 16.9 0.10 0.2 0.1119 1.4 0.9664 2.4 0.06266 1.9 0.60 684 9 687 12 697 41 98
A335 4668 104 17.6 2.13 0.7 0.1169 1.7 0.9943 4.1 0.06167 3.7 0.41 713 11 701 21 663 79 108
A336 7415 172 22.2 0.53 0.1 0.1244 1.6 1.100 2.1 0.06414 1.5 0.73 756 11 754 11 746 31 101
A337 4570 119 14.7 0.83 0.4 0.1116 1.5 0.9796 2.9 0.06366 2.5 0.50 682 10 693 15 730 53 93
A338 33982 563 120.9 1.90 11.7 0.1627 1.8 1.664 13 0.07419 13 0.14 972 16 995 86 1047 260 93
A339 38236 100 54.9 1.17 0.3 0.4382 1.8 9.614 2 0.1591 1.1 0.86 2343 35 2399 19 2446 18 96
A340 2745 189 10.5 0.76 0.0 0.0514 1.5 0.375 3.9 0.05292 3.6 0.39 323 5 323 11 325 82 99
A341 1628 42 4.9 1.00 0.4 0.1009 2.1 0.842 3.7 0.06054 3 0.56 620 12 620 17 623 66 99
A342 69899 178 90.2 0.69 0.0 0.4443 1.4 10.14 1.6 0.1655 0.84 0.86 2370 28 2447 15 2513 14 94

Spot size = 33 and 50 μm, respectively; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the 
reference zircon. 207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U 
uncertainty.
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A343 27278 131 60.0 1.96 0.0 0.3339 1.3 5.319 1.6 0.1155 0.92 0.82 1857 22 1872 14 1888 17 98
A344 3978 88 11.8 0.60 0.2 0.1266 1.6 1.137 2.8 0.06516 2.3 0.55 768 11 771 15 780 49 99
A345 3442 100 14.1 2.34 0.1 0.09836 1.5 0.8309 3.2 0.06127 2.8 0.47 605 9 614 15 649 61 93
A346 53516 253 96.8 1.22 2.0 0.3054 1.5 4.838 2.3 0.1149 1.8 0.63 1718 22 1791 20 1878 33 91
A347 3867 223 14.0 0.69 0.3 0.05873 1.5 0.4305 3.4 0.05317 3 0.44 368 5 364 10 336 69 109
A348 5237 109 17.1 1.13 0.1 0.1346 1.5 1.221 2.7 0.06582 2.3 0.55 814 12 810 15 801 48 102
A349 19179 92 33.1 0.66 0.0 0.3276 1.5 5.227 1.9 0.1157 1.3 0.76 1827 24 1857 17 1891 23 97
A350 6823 234 21.4 0.71 b.d. 0.08726 1.6 0.7404 2.5 0.06154 1.9 0.66 539 9 563 11 658 40 82
A351 36831 627 100.5 0.66 0.1 0.1496 1.4 1.451 1.7 0.07033 1.1 0.78 899 11 910 10 938 22 96
A352 3799 73 11.3 0.41 0.1 0.1514 1.8 1.435 3.3 0.06877 2.8 0.55 909 15 904 20 892 57 102
A353 7280 240 22.8 0.63 0.9 0.08909 1.5 0.7105 2.8 0.05784 2.4 0.53 550 8 545 12 524 52 105
A354 50591 854 145.7 0.68 0.2 0.1592 1.4 1.551 1.9 0.07068 1.3 0.73 952 12 951 12 948 26 100
A355 14887 226 53.3 2.11 0.2 0.1713 1.4 1.704 2.2 0.07213 1.7 0.65 1019 13 1010 14 990 34 103
A356 6672 192 17.8 0.38 0.1 0.09218 1.5 0.7580 2.3 0.05964 1.7 0.66 568 8 573 10 591 38 96
A357 252335 415 253.2 0.53 0.0 0.5306 1.3 15.16 1.4 0.2072 0.58 0.91 2744 29 2825 14 2884 9 95
A358 4992 137 15.4 0.46 0.3 0.1098 1.4 0.9083 2.7 0.05997 2.4 0.49 672 9 656 13 603 52 111
A359 1572 49 6.0 1.43 0.3 0.09803 1.9 0.8066 4 0.05967 3.5 0.48 603 11 601 18 592 75 102
A360 8118 114 21.6 0.67 0.3 0.1765 1.5 1.776 2.4 0.07298 1.9 0.61 1048 14 1037 16 1013 38 103
A361 4363 206 15.1 0.49 0.6 0.07243 1.5 0.5606 2.6 0.05614 2.1 0.58 451 7 452 9 458 47 98
A362 5813 22 10.2 1.09 0.5 0.3810 1.6 6.489 2.6 0.1235 2.1 0.62 2081 29 2044 24 2008 37 104
A363 35165 76 63.5 3.62 0.5 0.4788 1.4 11.37 2 0.1722 1.4 0.71 2522 29 2554 19 2579 23 98
A364 100157 402 147.2 0.61 0.4 0.3293 1.6 5.951 2 0.1311 1.1 0.81 1835 26 1969 17 2113 20 87
A365 5978 84 24.7 3.86 0.0 0.1657 1.5 1.714 2.4 0.07503 1.9 0.63 988 14 1014 15 1069 37 92
A366 2720 237 11.3 1.48 0.5 0.03842 1.7 0.2707 3.7 0.05111 3.3 0.46 243 4 243 8 246 75 99
A367 12931 194 34.1 0.92 1.0 0.1544 1.4 1.453 2.9 0.06827 2.6 0.48 925 12 911 18 877 53 106
A368 1973 91 6.1 0.58 0.7 0.06436 1.7 0.4997 4.7 0.05631 4.4 0.35 402 7 411 16 464 98 87
A369 5352 207 19.6 0.98 0.1 0.08274 1.5 0.657 2.7 0.05759 2.2 0.56 512 7 513 11 514 49 100
A370 14983 506 61.2 1.03 1.9 0.1100 1.5 0.9703 3.7 0.06396 3.4 0.39 673 9 689 19 740 72 91
A371 30655 502 95.6 1.33 0.3 0.1578 1.4 1.537 2.1 0.07063 1.6 0.64 945 12 945 13 947 33 100
A372 155 93 9.5 0.85 0.8 0.08868 8.5 0.7088 9.3 0.05797 3.8 0.91 548 45 544 40 529 83 104
A373 7739 112 26.9 2.30 0.7 0.1674 1.5 1.633 3.1 0.07074 2.7 0.49 998 14 983 20 950 56 105
A374 21801 58 35.9 2.18 0.1 0.4377 1.6 9.57 1.8 0.1586 0.9 0.87 2340 31 2394 17 2441 15 96
A375 61736 160 84.9 1.55 0.0 0.3942 1.6 8.808 1.8 0.162 0.89 0.87 2142 29 2318 17 2477 15 86
A376 6871 203 23.4 0.93 0.3 0.1024 1.4 0.848 2.8 0.06004 2.5 0.50 629 9 624 13 605 53 104
A377 43495 988 127.5 0.42 0.0 0.1283 1.6 1.168 1.8 0.06603 0.82 0.89 778 11 786 10 807 17 96
A378 7709 114 20.3 0.59 0.2 0.1687 1.7 1.703 2.4 0.07321 1.7 0.71 1005 16 1010 16 1020 34 99
A379 96356 465 172.9 0.67 0.6 0.3354 1.6 5.358 2 0.1159 1.2 0.81 1864 26 1878 17 1893 21 98
A380 28292 231 60.2 0.53 0.1 0.2452 1.4 3.204 1.8 0.09478 1.1 0.79 1413 18 1458 14 1524 21 93
A381 4753 136 15.5 0.85 0.5 0.1028 1.5 0.8452 2.9 0.05965 2.5 0.51 631 9 622 13 591 54 107
A382 19653 331 55.4 0.66 0.1 0.1554 1.4 1.518 1.8 0.07088 1.1 0.79 931 12 938 11 954 23 98
A388 24980 450 79.6 0.76 b.d. 0.1626 1.4 1.585 1.6 0.07068 0.85 0.85 971 13 964 10 948 17 102
A389 47413 244 92.7 1.26 3.0 0.3092 1.7 4.686 2.9 0.1099 2.4 0.57 1737 25 1765 25 1798 44 97
A390 2303 65 8.0 1.24 1.2 0.1016 1.6 0.8181 5.3 0.05841 5 0.31 624 10 607 25 545 110 114
A391 11049 168 34.2 1.46 0.0 0.1621 1.5 1.661 2 0.07433 1.3 0.75 969 13 994 13 1050 26 92
A392 7924 125 19.8 0.19 0.3 0.1626 1.5 1.591 2.4 0.07095 1.8 0.64 971 14 967 15 956 37 102
A393 57799 570 73.7 0.27 3.1 0.1168 1.9 1.935 3.2 0.1201 2.5 0.60 712 13 1093 21 1958 45 36
A394 11487 309 36.4 0.37 0.1 0.1182 1.4 1.032 2.3 0.06334 1.8 0.62 720 10 720 12 720 38 100
A395 42870 173 82.8 1.64 0.3 0.3631 1.3 6.148 1.6 0.1228 0.87 0.84 1997 23 1997 14 1997 15 100
A396 73121 208 88.9 0.45 0.3 0.3875 1.4 8.902 1.6 0.1666 0.72 0.89 2111 26 2328 15 2524 12 84
A397 10835 305 31.4 0.30 0.2 0.1043 1.4 0.8829 2 0.06137 1.5 0.68 640 8 643 10 652 32 98
A398 4125 135 13.4 0.84 1.3 0.08896 1.6 0.7015 4.2 0.05719 3.9 0.38 549 8 540 18 499 86 110
A399 20832 190 46.8 0.67 0.2 0.2271 1.4 2.737 2 0.08738 1.4 0.70 1319 17 1338 15 1369 27 96
A400 221610 587 273.2 0.26 0.0 0.4411 1.3 9.929 1.5 0.1632 0.62 0.91 2356 27 2428 14 2489 10 95
A401 56297 1054 121.0 0.63 1.2 0.1015 2.3 0.9165 3.1 0.06551 2.1 0.75 623 14 661 15 791 43 79
A402 7407 108 22.0 1.20 0.5 0.1703 1.5 1.692 2.7 0.07206 2.3 0.55 1014 14 1005 18 988 46 103
A403 15170 221 37.8 0.82 0.0 0.1541 1.6 1.618 2.1 0.07618 1.3 0.78 924 14 977 13 1100 26 84
A404 14981 196 45.3 1.52 0.3 0.1854 1.5 1.945 2.5 0.0761 2.1 0.58 1096 15 1097 17 1098 41 100
A405 15543 462 47.3 0.36 0.3 0.1023 1.7 0.8465 2.2 0.06003 1.4 0.78 628 10 623 10 605 29 104
A406 30607 137 71.1 2.22 0.3 0.3658 1.4 5.974 1.9 0.1184 1.3 0.73 2010 25 1972 17 1933 24 104
A407 4199 81 11.7 0.66 0.3 0.1341 1.5 1.227 4.1 0.06639 3.8 0.37 811 12 813 23 819 79 99
A408 139931 513 282.5 0.39 0.7 0.5105 1.6 12.73 2.8 0.1808 2.3 0.56 2659 34 2660 27 2660 39 100
A409 8955 124 25.7 1.20 0.0 0.1729 1.5 1.804 2.3 0.07565 1.7 0.67 1028 15 1047 15 1086 34 95
A410 7330 111 19.0 0.42 0.3 0.1664 1.5 1.649 2.4 0.07183 1.9 0.63 992 14 989 15 981 38 101
A411 64305 312 114.2 0.78 0.0 0.3269 1.3 5.396 1.5 0.1197 0.73 0.88 1824 21 1884 13 1952 13 93
A412 5209 470 20.7 1.12 0.4 0.03771 1.4 0.2629 3.5 0.05057 3.2 0.41 239 3 237 7 221 73 108

Felix g 7816 600 76.5 2.87 0.31 0.08115 2.3 0.6438 4.4 0.05754 3.1 0.57 503.0 11.3 504.6 17.5 512 68 99
Ples. g 9451 1185 60 0.14 0.22 0.05360 1.8 0.3961 3.2 0.05359 1.9 0.68 337 6 339 9 354 42 95
91500 g 11681 70 13 0.46 0.20 0.1774 1.3 1.8341 2.1 0.07500 1.5 0.66 1053 12 1058 14 1068 30 99

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100

Guvercinlik Formation

g Accuracy and reproducibilty was checked by repeated analyses (n = 13) of reference zircon Plesovice, Felix and 91500; data given as mean with 2 standard deviation uncertainties

Spot size = 33 and 50 μm, respectively; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the 

reference zircon. 207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U 
uncertainty.
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grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A1177 K.13.104 298594 638 246.9 1.09 b.d. 0.2692 2.1 6.487 2.2 0.1748 0.86 0.92 1537 28 2044 20 2604 14 59
A1178 26878 351 47.5 0.12 1.9 0.1242 1.7 2.135 2.2 0.1247 1.3 0.80 755 12 1160 15 2025 24 37
A1179 37115 56 29.1 0.31 b.d. 0.4603 1.5 10.44 1.7 0.1644 0.71 0.90 2441 31 2474 16 2502 12 98
A1180 8138 207 17.6 0.43 0.2 0.07839 1.4 0.6262 3.5 0.05794 3.1 0.41 487 7 494 14 527 69 92
A1181 20816 665 33.7 0.22 2.7 0.04838 1.6 0.3504 4.5 0.05253 4.2 0.36 305 5 305 12 308 95 99
A1182 5208 224 11.9 0.40 0.2 0.0491 1.6 0.3565 2.5 0.05267 1.9 0.63 309 5 310 7 314 44 98
A1183 8146 365 18.7 0.35 0.1 0.048 1.6 0.3493 2.5 0.05278 1.9 0.64 302 5 304 6 319 43 95
A1184 119254 268 108.0 0.19 0.1 0.3843 1.5 6.872 1.6 0.1297 0.65 0.91 2096 26 2095 14 2094 11 100
A1185 22831 793 40.5 0.27 1.5 0.04786 1.5 0.3469 3.1 0.05257 2.7 0.49 301 4 302 8 310 62 97
A1186 20296 388 34.0 0.67 2.1 0.0751 1.5 0.5809 3.1 0.0561 2.7 0.48 467 7 465 12 456 60 102
A1187 18721 327 32.3 0.05 0.1 0.1052 1.5 0.8915 1.9 0.06145 1.1 0.80 645 9 647 9 655 24 98
A1188 7537 260 17.0 0.44 0.7 0.05897 1.5 0.4462 2.8 0.05487 2.3 0.54 369 5 375 9 407 52 91
A1189 18147 369 37.1 0.31 0.2 0.0953 2.1 0.7798 2.5 0.05935 1.4 0.84 587 12 585 11 580 30 101
A1190 3124 104 7.1 0.35 0.0 0.06407 1.5 0.5049 2.8 0.05715 2.3 0.55 400 6 415 10 498 52 80
A1191 23058 346 35.2 0.21 2.5 0.0957 1.5 0.8039 2.4 0.06093 1.9 0.60 589 8 599 11 637 41 93
A1192 30462 78 30.9 0.41 0.1 0.3523 1.5 5.975 1.7 0.123 0.84 0.87 1945 25 1972 15 2000 15 97
A1193 41925 106 37.7 0.08 0.0 0.3535 1.7 6.211 1.9 0.1274 0.78 0.91 1951 29 2006 17 2063 14 95
A1194 17819 361 40.7 0.49 0.1 0.1004 1.8 0.8414 2.2 0.06078 1.2 0.83 617 11 620 10 632 26 98
A1195 12509 437 27.6 0.37 0.0 0.05864 1.5 0.4504 2.0 0.05571 1.4 0.73 367 5 378 6 441 30 83
A1196 104524 378 99.3 0.28 0.0 0.2417 1.4 4.082 1.6 0.1225 0.69 0.90 1396 18 1651 13 1992 12 70
A1197 17215 469 32.1 0.07 b.d. 0.07242 1.5 0.5808 1.8 0.05817 0.97 0.84 451 6 465 7 536 21 84
A1198 48098 158 21.3 0.24 39.7 0.05348 3.6 0.4244 14.4 0.05756 14 0.25 336 12 359 45 513 307 65
A1199 18800 403 35.1 0.11 0.1 0.09008 1.5 0.7287 1.9 0.05867 1.1 0.82 556 8 556 8 555 24 100
A1206 93232 251 96.1 0.32 0.0 0.3611 1.5 6.085 1.6 0.1222 0.61 0.92 1987 26 1988 14 1989 11 100
A1207 2092 82 4.4 0.29 0.6 0.0507 1.7 0.385 5.0 0.05508 4.7 0.34 319 5 331 14 415 104 77
A1208 2617 55 5.5 0.54 0.5 0.0864 1.6 0.7351 3.7 0.06171 3.3 0.43 534 8 560 16 664 72 80
A1209 6734 99 13.2 0.64 b.d. 0.1114 1.7 1.027 2.2 0.06687 1.4 0.75 681 11 718 11 834 30 82
A1210 63675 158 70.4 0.53 0.1 0.3793 1.7 6.7 1.9 0.1281 0.82 0.90 2073 30 2073 17 2072 14 100
A1211 14338 157 27.2 0.57 0.0 0.1508 1.5 1.451 1.9 0.06981 1.2 0.79 905 12 910 11 923 24 98
A1212 1901 35 4.6 0.95 b.d. 0.1005 1.7 0.8664 3.0 0.06251 2.5 0.55 617 10 634 14 692 54 89
A1213 6879 49 9.7 0.09 0.0 0.2085 1.5 2.502 2.2 0.08701 1.6 0.68 1221 16 1273 16 1361 30 90
A1214 5159 213 11.7 0.38 0.1 0.05037 1.6 0.3683 3.1 0.05303 2.6 0.53 317 5 318 8 330 59 96
A1215 9669 194 13.3 0.41 5.8 0.05698 1.7 0.4244 4.1 0.05403 3.8 0.40 357 6 359 13 372 85 96
A1216 11659 39 13.5 0.45 0.8 0.2996 1.6 4.586 2.2 0.111 1.5 0.73 1689 23 1747 18 1816 27 93
A1217 18066 713 37.8 0.26 0.4 0.05143 1.7 0.3781 2.1 0.05332 1.3 0.79 323 5 326 6 342 30 94
A1218 158126 216 114.4 0.14 0.0 0.4966 1.4 11.99 1.5 0.1751 0.55 0.93 2599 31 2604 15 2607 9 100
A1219 10080 418 22.9 0.28 0.1 0.05299 1.6 0.3873 2.0 0.05302 1.3 0.77 333 5 332 6 330 30 101
A1220 2659 83 4.2 0.75 3.3 0.03733 1.8 0.3425 4.9 0.06655 4.6 0.37 236 4 299 13 824 95 29
A1221 21334 62 24.9 0.51 b.d. 0.3438 1.5 5.647 2.3 0.1191 1.7 0.65 1905 24 1923 20 1943 31 98
A1222 29558 259 51.5 0.51 0.1 0.1755 1.5 1.799 1.8 0.07437 0.96 0.84 1042 14 1045 12 1051 19 99
A1223 15572 316 35.1 0.61 0.0 0.09496 1.6 0.7886 2.0 0.06023 1.3 0.78 585 9 590 9 612 27 96
A1224 122693 330 126.3 0.26 0.0 0.3559 1.5 6.028 1.6 0.1229 0.64 0.92 1963 25 1980 14 1998 11 98
A1225 12570 176 22.7 0.26 0.2 0.1244 1.5 1.119 2.0 0.06527 1.3 0.76 756 11 763 11 783 28 96
A1226 6655 117 12.3 0.26 0.0 0.1027 1.5 0.8917 2.3 0.06296 1.7 0.68 630 9 647 11 707 35 89
A1227 4347 95 10.3 0.64 b.d. 0.0904 1.6 0.7537 2.5 0.06047 2 0.62 558 8 570 11 620 42 90
A1228 1841 100 4.9 0.85 0.7 0.03894 2.0 0.2869 5.3 0.05342 4.8 0.39 246 5 256 12 347 110 71
A1229 3329 146 7.6 0.31 0.1 0.05002 1.5 0.3638 3.3 0.05275 2.9 0.46 315 5 315 9 318 67 99
A1230 16621 397 32.4 0.21 0.1 0.08106 1.7 0.6537 2.1 0.05849 1.2 0.83 502 8 511 8 548 25 92
A1231 156933 692 205.8 0.17 0.3 0.2894 1.5 4.748 1.7 0.119 0.65 0.92 1639 22 1776 14 1941 12 84
A1232 11881 452 25.4 0.33 0.1 0.05348 1.9 0.4059 2.3 0.05505 1.4 0.80 336 6 346 7 414 31 81
A1238 20024 399 45.6 0.64 0.1 0.09634 1.6 0.7921 2.0 0.05963 1.3 0.78 593 9 592 9 590 27 100
A1239 8568 173 18.0 0.41 0.1 0.09588 1.6 0.7956 2.1 0.06018 1.4 0.73 590 9 594 10 610 31 97
A1240 2405 46 6.1 1.06 0.0 0.09897 1.6 0.8775 3.2 0.0643 2.8 0.50 608 9 640 16 752 59 81
A1241 176467 252 137.7 0.42 0.1 0.4676 1.4 11.21 1.5 0.1738 0.57 0.93 2473 29 2541 14 2595 10 95
A1242 47862 167 57.1 0.41 0.1 0.3064 1.5 4.755 1.7 0.1125 0.73 0.90 1723 23 1777 14 1841 13 94
A1243 110420 298 117.9 0.34 0.0 0.3638 1.5 6.189 1.6 0.1234 0.58 0.93 2000 25 2003 14 2006 10 100
A1244 24944 373 48.9 0.40 0.1 0.1206 1.5 1.065 1.8 0.06405 1 0.83 734 10 736 10 743 22 99
A1245 4948 167 10.9 0.31 b.d. 0.06287 1.5 0.4874 2.3 0.05623 1.7 0.66 393 6 403 8 461 38 85
A1246 2729 110 6.1 0.45 0.2 0.05037 1.5 0.3902 3.4 0.05619 3 0.45 317 5 335 10 460 67 69
A1247 17702 597 39.6 0.20 0.0 0.06683 1.5 0.5102 1.8 0.05537 0.99 0.83 417 6 419 6 427 22 98
A1248 9659 239 18.5 0.23 0.0 0.07639 1.6 0.6131 2.1 0.05821 1.4 0.75 475 7 486 8 538 30 88
A1249 3553 73 4.9 0.28 5.1 0.05904 1.7 0.4366 4.9 0.05364 4.6 0.35 370 6 368 15 356 104 104
A1250 95929 271 106.1 0.47 0.0 0.3404 1.4 5.645 1.6 0.1203 0.68 0.90 1889 24 1923 14 1960 12 96
A1251 68365 316 90.6 0.22 0.0 0.277 1.6 4.525 1.8 0.1185 0.92 0.86 1576 22 1735 15 1933 16 82
A1252 16715 158 30.9 0.77 4.9 0.1625 1.7 1.628 3.9 0.07265 3.5 0.45 971 16 981 25 1004 70 97
A1253 23469 460 49.1 0.40 0.1 0.09844 1.4 0.821 1.9 0.06049 1.2 0.76 605 8 609 9 621 27 97
A1254 12971 255 18.8 0.29 4.3 0.06543 1.5 0.4962 3.5 0.055 3.2 0.43 409 6 409 12 412 71 99
A1255 11472 220 29.5 1.05 0.1 0.09988 1.5 0.8344 2.0 0.06059 1.3 0.77 614 9 616 9 625 28 98
A1256 15737 582 28.6 0.27 1.8 0.04595 1.4 0.3437 2.6 0.05424 2.2 0.55 290 4 300 7 381 50 76
A1257 10984 164 21.3 0.33 0.2 0.1229 1.9 1.096 2.4 0.06467 1.5 0.77 747 13 751 13 764 32 98
A1258 6331 122 13.3 0.51 0.1 0.09583 1.5 0.8034 2.4 0.0608 1.9 0.61 590 8 599 11 632 41 93
A1259 47269 66 37.5 0.63 1.5 0.4465 1.5 11.07 1.7 0.1798 0.95 0.84 2380 29 2529 16 2651 16 90
A1260 25002 240 51.0 1.07 b.d. 0.1552 1.4 1.568 1.8 0.07323 1.1 0.80 930 12 957 11 1020 22 91
A1261 10710 129 20.2 0.53 0.0 0.1365 1.6 1.388 2.4 0.07374 1.8 0.67 825 13 884 15 1034 37 80
A1262 4400 174 11.6 0.68 0.1 0.05631 1.5 0.4171 2.7 0.05372 2.3 0.55 353 5 354 8 359 51 98
A1263 11752 110 21.1 0.47 0.1 0.1709 1.5 1.724 1.8 0.07315 1.1 0.81 1017 14 1017 12 1018 22 100
A1264 3926 80 7.9 0.43 0.5 0.08889 1.6 0.7319 2.6 0.05971 2 0.60 549 8 558 11 593 44 93
A1265 4117 90 8.9 0.53 0.3 0.08742 1.6 0.7168 2.5 0.05947 1.9 0.64 540 8 549 11 584 42 92
A1266 20902 826 46.0 0.34 0.6 0.05212 1.5 0.3851 2.1 0.05359 1.5 0.70 328 5 331 6 354 34 93
A1272 82863 235 93.4 0.39 0.1 0.3559 1.5 5.949 1.7 0.1212 0.73 0.90 1963 26 1968 15 1974 13 99
A1273 26820 61 27.9 0.54 0.2 0.381 1.6 7.055 1.9 0.1343 1.1 0.83 2081 29 2118 17 2155 19 97
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A1274 20072 545 44.8 0.30 0.2 0.07943 1.5 0.6217 1.9 0.05677 1.2 0.78 493 7 491 7 483 26 102
A1275 21313 550 41.5 0.21 0.0 0.07735 1.5 0.626 1.7 0.05869 0.91 0.85 480 7 494 7 556 20 86
A1276 20482 842 47.9 0.28 0.1 0.05537 1.6 0.4066 1.9 0.05326 1 0.84 347 5 346 5 340 23 102
A1277 6097 273 14.2 0.34 0.1 0.04957 1.5 0.3624 2.6 0.05302 2.1 0.59 312 5 314 7 330 47 95
A1278 2407 45 4.6 0.19 0.3 0.1024 1.7 0.8622 3.5 0.06106 3.1 0.49 629 10 631 17 641 66 98
A1279 328322 451 115.0 0.56 56.8 0.04268 9.1 0.2877 12.6 0.04888 8.7 0.72 269 24 257 29 142 204 189
A1280 3446 60 7.8 0.71 0.5 0.1074 1.7 0.9156 3.2 0.06181 2.7 0.52 658 10 660 16 668 59 99
A1281 9572 180 19.0 0.36 0.2 0.09855 1.6 0.8289 2.4 0.06101 1.9 0.65 606 9 613 11 639 40 95
A1282 17043 714 35.9 0.25 0.8 0.04919 1.5 0.3539 2.1 0.05218 1.5 0.72 310 5 308 6 293 33 105
A1283 8173 579 30.6 0.23 2.4 0.05035 1.6 0.3642 3.2 0.05246 2.8 0.50 317 5 315 9 306 64 104
A1284 73519 87 54.3 0.37 0.2 0.537 1.5 14.15 1.6 0.1911 0.65 0.92 2771 34 2760 16 2752 11 101
A1285 140830 155 103.5 0.60 0.1 0.5302 1.5 14.74 1.6 0.2016 0.62 0.92 2742 33 2799 15 2840 10 97
A1286 4391 190 9.9 0.31 0.4 0.0504 1.6 0.3652 3.1 0.05255 2.7 0.52 317 5 316 9 309 60 102
A1287 25848 67 32.4 1.09 1.4 0.3437 1.6 5.754 2.4 0.1214 1.8 0.67 1905 26 1939 21 1977 31 96
A1288 17185 729 39.7 0.34 0.2 0.05187 1.5 0.3771 2.0 0.05273 1.3 0.74 326 5 325 6 317 30 103
A1289 25017 270 43.1 0.30 0.1 0.1536 1.6 1.481 1.9 0.06993 0.98 0.86 921 14 923 12 926 20 99
A1290 6434 65 11.5 0.50 0.8 0.1542 1.7 1.472 3.1 0.0692 2.7 0.53 925 14 919 19 905 55 102
A1291 13420 267 24.3 0.02 0.1 0.09801 1.5 0.8097 2.0 0.05992 1.4 0.74 603 9 602 9 601 29 100
A1292 21303 212 33.0 0.10 0.0 0.1613 1.7 1.624 2.0 0.07306 1 0.86 964 16 980 13 1016 21 95
A1293 20540 692 44.5 0.25 0.2 0.06349 1.5 0.4726 1.8 0.05398 1.1 0.79 397 6 393 6 370 25 107
A1294 9358 132 18.7 0.51 0.4 0.1252 1.6 1.133 2.5 0.06565 1.9 0.63 760 11 769 13 795 40 96
A1295 5450 113 10.8 0.27 0.2 0.09344 1.6 0.7885 2.7 0.0612 2.2 0.59 576 9 590 12 646 47 89
A1296 7498 136 15.4 0.44 0.5 0.1019 1.5 0.8533 2.3 0.06072 1.8 0.66 626 9 626 11 629 38 99
A1297 161402 420 164.5 0.34 0.2 0.3543 1.6 6.082 1.7 0.1245 0.65 0.93 1955 27 1988 15 2022 11 97
A1298 5631 249 13.2 0.42 0.3 0.04835 1.7 0.3512 2.6 0.05268 2 0.64 304 5 306 7 315 46 97
A1299 5926 233 12.3 0.56 0.0 0.04667 1.5 0.3574 2.4 0.05555 1.8 0.64 294 4 310 6 434 41 68
A1300 48589 451 82.5 0.36 b.d. 0.1725 1.6 1.778 1.8 0.07475 0.89 0.88 1026 15 1037 12 1062 18 97
A1301 7034 89 12.5 0.28 0.1 0.1368 1.5 1.284 2.3 0.06807 1.7 0.68 827 12 839 13 871 35 95
A1307 17473 272 28.6 1.08 4.8 0.07538 1.6 0.5891 5.0 0.05668 4.8 0.32 468 7 470 19 479 105 98
A1308 106398 313 108.9 0.10 0.1 0.345 1.5 5.688 1.6 0.1196 0.76 0.89 1911 24 1930 14 1950 14 98
A1309 149960 428 160.7 0.26 0.1 0.352 1.5 5.887 1.6 0.1213 0.59 0.93 1944 25 1959 14 1975 11 98
A1310 2649 7 4.5 2.26 0.0 0.3528 1.8 6.032 2.8 0.124 2 0.67 1948 31 1981 24 2015 36 97

Griedel g 51614 605 15.8 1.95 57.52 0.00412 8.1 0.0274 26.2 0.04809 20.6 0.32 26 2 27 7
Ples. g 10456 734 37 0.13 0.13 0.05393 1.5 0.3959 1.6 0.05324 1.3 0.68 339 5 339 5 339 30 100
91500 g 25044 71 14 0.45 1.01 0.1807 1.4 1.8462 3.4 0.07412 2.6 0.46 1070 13 1062 22 1044 53 103

aWithin run background-corrected mean 207Pb signal in cps (counts per second). 
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.
d corrected for background, within-run Pb/U fractionation (in case of 206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and 
subsequently normalised to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using 207Pb/206Pb/(238U/206Pb*1/137.88) 
e rho is the 206Pb/238U/207Pb/235U error correlation coefficient.
f degree of concordance =  206Pb/238U age / 207Pb/206Pb age x 100

META-GRANITES

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2s 207Pbd ±2s 207Pbd ±2s rhoe 206Pb ±2s 207Pb ±2s 207Pb ±2s conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A141 TM.17.33 9908 375 20 0.55 7.1 0.05241 1.6 0.4952 5.8 0.06854 5.6 0.27 329 5 408 20 884 116 37
A142 3782 387 19 0.35 0.0 0.0494 1.2 0.3605 2.7 0.05295 2.4 0.45 311 4 313 7 326 55 95
A143 4871 455 23 0.28 0.0 0.05102 1.3 0.4005 2.5 0.05694 2.2 0.51 321 4 342 7 489 48 66
A144 2969 301 15 0.46 0.0 0.05106 1.3 0.3707 2.5 0.05267 2.1 0.53 321 4 320 7 314 48 102
A145 5367 551 26 0.33 0.0 0.04875 1.3 0.3537 2.3 0.05263 1.9 0.55 307 4 307 6 312 43 98
A151 12699 1265 61 0.13 0.0 0.0494 1.2 0.3657 1.8 0.05371 1.3 0.68 311 4 316 5 358 30 87
A152 5198 531 27 0.47 0.0 0.05102 1.2 0.3716 2.4 0.05285 2 0.52 321 4 321 6 322 46 100
A153 3934 372 18 0.36 0.0 0.0483 2.3 0.3491 3.3 0.05244 2.3 0.70 304 7 304 9 304 53 100
A154 3647 393 19 0.37 0.0 0.04861 1.3 0.3443 2.3 0.0514 1.9 0.56 306 4 300 6 258 43 119
A155 4479 393 20 0.32 0.3 0.05072 1.3 0.3696 3.1 0.05286 2.8 0.42 319 4 319 9 322 64 99
A156 3950 193 9 0.40 0.2 0.04888 1.9 0.3535 3.8 0.05246 3.3 0.50 308 6 307 10 305 75 101
A157 2451 259 13 0.62 0.0 0.04979 1.4 0.362 3.6 0.05275 3.4 0.38 313 4 314 10 317 76 99
A158 10366 1084 53 0.17 0.0 0.04969 1.2 0.361 1.6 0.0527 1 0.76 313 4 313 4 315 24 99
A159 12890 1343 66 0.26 0.0 0.05002 1.2 0.3681 1.7 0.05338 1.2 0.71 315 4 318 5 344 27 91
A160 4963 500 25 0.57 0.0 0.05119 1.2 0.3712 2.2 0.0526 1.8 0.56 322 4 321 6 311 42 103
A161 14735 1524 80 0.20 0.0 0.05355 1.3 0.3896 1.8 0.05278 1.2 0.73 336 4 334 5 319 27 106
A162 4254 453 22 0.40 0.0 0.04875 1.2 0.3493 2.1 0.05197 1.8 0.56 307 4 304 6 284 41 108
A163 5268 517 25 0.34 0.0 0.05003 1.3 0.3613 2.6 0.05239 2.3 0.48 315 4 313 7 302 52 104
A164 1632 164 8 0.41 b.d. 0.04968 1.3 0.3599 2.9 0.05256 2.6 0.46 313 4 312 8 309 58 101
A165 6190 650 33 0.47 0.0 0.05193 1.2 0.3767 2.2 0.05262 1.9 0.55 326 4 325 6 312 42 105
A166 8974 955 46 0.39 0.0 0.04947 1.2 0.3599 1.9 0.05278 1.4 0.66 311 4 312 5 319 32 98
A167 3240 353 17 0.40 0.0 0.04964 1.2 0.3641 2.6 0.05321 2.3 0.46 312 4 315 7 337 53 93
A168 2874 297 15 0.57 0.0 0.05067 1.3 0.3649 2.9 0.05224 2.5 0.46 319 4 316 8 295 58 108
A169 2667 285 14 0.60 0.0 0.04906 1.5 0.3526 3.2 0.05215 2.9 0.45 309 4 307 9 291 66 106
A170 5128 541 25 0.38 0.0 0.04782 1.2 0.3437 2.0 0.05215 1.6 0.61 301 4 300 5 291 36 103
A171 5584 536 26 0.57 0.0 0.04982 1.4 0.3592 2.3 0.0523 1.7 0.64 313 4 312 6 298 40 105
A172 7047 751 37 0.10 0.0 0.04977 1.3 0.3651 1.7 0.05322 1.2 0.74 313 4 316 5 338 26 93
A173 18176 1803 96 0.58 0.0 0.05391 2.0 0.3958 2.4 0.05327 1.2 0.86 338 7 339 7 340 27 100
A174 2991 299 15 0.28 0.0 0.04979 1.3 0.3657 3.2 0.05329 2.9 0.40 313 4 316 9 340 66 92

g Accuracy and reproducibilty was checked by repeated analyses (n = 7) of reference zircon Plesovice, Griedel and 91500; data given as mean with 2 standard deviation uncertainties

Spot size = 33 and 50 μm, respectively; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility (2 SD) of the 
reference zircon. 207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U 
uncertainty.
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A175 26680 3116 146 0.28 0.1 0.04764 1.2 0.3469 1.5 0.05283 0.96 0.78 300 4 302 4 321 22 93
A176 5920 458 29 0.41 0.0 0.06407 1.2 0.491 2.3 0.0556 2 0.52 400 5 406 8 436 45 92
A177 4368 469 23 0.32 0.0 0.04985 1.3 0.3661 2.6 0.05328 2.3 0.49 314 4 317 7 340 51 92
A178 5381 515 24 0.33 0.4 0.04772 1.4 0.3414 1.9 0.0519 1.3 0.72 300 4 298 5 280 30 107
A179 2593 274 14 0.42 0.0 0.05051 1.4 0.3677 2.8 0.05282 2.4 0.49 318 4 318 8 320 56 99
A180 9444 1006 50 0.18 0.0 0.05089 2.4 0.3699 3.1 0.05273 1.9 0.79 320 8 320 8 317 43 101
A181 9507 1033 51 0.27 0.0 0.04999 1.2 0.3622 1.7 0.05256 1.3 0.69 314 4 314 5 309 29 102
A182 6193 673 33 0.22 0.0 0.04968 1.7 0.3618 2.2 0.05283 1.5 0.75 313 5 314 6 321 34 97
A183 4123 448 22 0.41 0.0 0.04991 1.3 0.3636 2.7 0.05284 2.3 0.50 314 4 315 7 321 53 98
A184 9804 1045 53 0.25 0.0 0.05146 1.2 0.3809 1.9 0.0537 1.5 0.64 324 4 328 5 358 33 90
A185 3634 387 19 0.57 0.0 0.0489 1.2 0.3547 2.5 0.05263 2.1 0.50 308 4 308 7 312 49 99
A186 2771 299 15 0.48 0.0 0.04954 1.4 0.3627 2.6 0.05312 2.2 0.52 312 4 314 7 333 51 94

BB-16 g 8991 623 55.9 0.25 0.00 0.0913 2.8 0.7463615 2.6 0.05929 1.6 0.82 563 15 566.1 11.4 576.9 34.2 97.7
Ples. g 8536 1109 55.4 0.09 0.00 0.0534 3.6 0.3937154 4.1 0.05351 1.5 0.81 335 12 337.1 11.6 350.0 34.7 96.0
91500 g 11140 142 26.7 0.35 1.51 0.17992 2.0 1.8447 2.0 0.07439 2.0 0.79 1066 20 1061.5 13 1051.4 39.1 99.1

a Within run background-corrected mean 207Pb signal in cps (counts per second).
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.

 e rho is the  206Pb/238U /207Pb/235U error correlation coefficient.

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2� 207Pbd ±2� 207Pbd ±2� rhoe 206Pb ±2� 207Pb ±2� 207Pb ±2� conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A548 TM.17.34 3029 214 11 0.90 0.00 0.05061 0.9 0.3659 3.1 0.05245 2.9 0.30 318 3 317 8 304 66 105
A554 18197 1321 61 0.20 0.00 0.04698 0.9 0.3404 1.3 0.05256 0.93 0.70 296 3 297 3 309 21 96
A555 10795 728 38 0.18 0.00 0.05313 0.8 0.3854 1.3 0.05262 1.1 0.59 334 3 331 4 312 24 107
A556 9324 631 32 0.28 0.00 0.05099 0.8 0.3753 1.7 0.0534 1.5 0.46 321 2 324 5 345 33 93
A557 4941 354 18 0.80 0.00 0.05025 0.7 0.3714 2.2 0.05363 2.1 0.33 316 2 321 6 355 47 89
A558 3695 262 13 0.60 0.00 0.05067 0.8 0.3661 2.4 0.05241 2.3 0.32 319 2 317 7 303 52 105
A559 3300 238 11 0.66 0.01 0.04899 0.9 0.3591 2.6 0.05318 2.5 0.33 308 3 312 7 336 56 92
A560 3493 255 13 0.34 0.00 0.05094 0.8 0.367 1.9 0.05227 1.7 0.45 320 3 317 5 296 38 108
A561 4679 335 16 0.55 0.00 0.04861 0.8 0.3526 1.8 0.05263 1.5 0.47 306 2 307 5 312 35 98
A562 2142 153 7 0.52 0.00 0.04974 1.0 0.3667 2.7 0.05349 2.5 0.36 313 3 317 7 349 57 90
A563 7003 462 23 0.26 0.01 0.04996 0.7 0.3627 1.8 0.05267 1.6 0.39 314 2 314 5 314 37 100
A564 3481 229 12 0.41 0.00 0.05136 1.3 0.3788 2.5 0.05351 2.2 0.52 323 4 326 7 350 49 92
A565 4268 332 17 0.77 0.00 0.05095 0.9 0.3668 2.4 0.05223 2.3 0.38 320 3 317 7 295 52 109
A566 2707 173 9 0.32 0.05 0.05208 0.9 0.3852 2.3 0.05366 2.1 0.40 327 3 331 7 356 48 92
A567 2680 187 9 0.76 0.00 0.04954 0.8 0.3602 2.6 0.05275 2.5 0.29 312 2 312 7 318 58 98
A568 3886 279 14 0.67 0.00 0.04981 0.9 0.3591 2.4 0.0523 2.2 0.38 313 3 312 6 298 50 105
A569 6241 456 22 0.53 0.00 0.0493 0.9 0.3537 1.9 0.05206 1.6 0.48 310 3 308 5 287 37 108
A570 8977 632 31 0.22 0.00 0.05035 0.9 0.3629 2.0 0.05229 1.7 0.47 317 3 314 5 298 39 106
A571 4707 321 16 0.31 0.01 0.05014 0.9 0.3627 1.9 0.05248 1.7 0.45 315 3 314 5 306 39 103
A572 5127 346 18 0.34 0.04 0.05137 0.9 0.3781 2.3 0.05339 2.1 0.38 323 3 326 6 345 48 94
A573 4002 319 16 0.38 0.00 0.05204 0.8 0.3781 2.2 0.05271 2.1 0.35 327 2 326 6 316 47 104
A574 10499 722 37 0.29 0.00 0.05168 2.3 0.373 2.8 0.05237 1.7 0.81 325 7 322 8 301 38 108
A575 4006 280 14 0.32 b.d. 0.04965 0.8 0.3648 2.0 0.0533 1.8 0.41 312 3 316 5 341 41 92
A576 2213 157 8 0.47 b.d. 0.05082 0.9 0.3722 2.4 0.05312 2.2 0.37 320 3 321 7 333 51 96
A577 2523 188 9 0.68 0.00 0.05024 0.9 0.3639 3.1 0.05255 3 0.28 316 3 315 9 309 69 102
A578 11764 408 21 0.15 0.83 0.05332 1.4 0.3934 2.0 0.05353 1.4 0.70 335 5 337 6 351 32 95
A579 15222 1152 55 0.17 0.00 0.04888 0.8 0.3589 1.5 0.05327 1.2 0.54 308 2 311 4 340 28 91
A580 10698 765 37 0.30 0.00 0.04875 0.8 0.355 1.4 0.05284 1.1 0.60 307 3 309 4 321 26 96
A581 6040 426 21 0.34 0.00 0.05099 0.7 0.3681 1.9 0.05237 1.8 0.35 321 2 318 5 301 40 106
A582 11123 798 39 0.34 0.00 0.05024 0.7 0.3656 1.6 0.05279 1.4 0.48 316 2 316 4 319 31 99
A583 155192 108
A584 8213 178 22 1.09 0.00 0.1256 0.9 1.15 1.7 0.06638 1.5 0.54 763 7 777 9 818 31 93
A585 2851 205 10 0.85 0.00 0.049 1.0 0.3533 2.6 0.05232 2.4 0.37 308 3 307 7 299 56 103
A586 2928 207 10 0.49 0.00 0.05125 0.8 0.3714 2.3 0.05257 2.2 0.33 322 2 321 6 310 50 104
A587 5351 388 19 0.60 0.00 0.0501 0.8 0.3615 2.4 0.05235 2.2 0.35 315 3 313 6 300 51 105
A588 5238 372 18 0.28 0.00 0.05037 0.7 0.3689 2.1 0.05312 1.9 0.35 317 2 319 6 333 44 95
A589 7024 455 23 0.25 0.02 0.05144 0.8 0.3797 1.8 0.05355 1.7 0.43 323 2 327 5 351 37 92
A590 8655 640 30 0.24 0.00 0.04844 1.0 0.3462 2.0 0.05184 1.7 0.52 305 3 302 5 278 38 110
A591 2847 207 10 0.35 1.17 0.04874 0.9 0.3502 3.8 0.05212 3.7 0.23 307 3 305 10 290 84 106
A592 1602 111 6 0.67 0.01 0.0517 1.1 0.3705 3.6 0.05199 3.4 0.31 325 4 320 10 284 78 114
A593 4169 299 15 0.55 0.00 0.05047 0.9 0.3662 2.3 0.05265 2.1 0.39 317 3 317 6 313 48 101
A594 3380 244 12 0.25 0.01 0.0501 0.7 0.3572 2.4 0.05172 2.2 0.31 315 2 310 6 272 51 116

BB-16 g 9506 295 26.9 0.30 0.00 0.0913 1.2 0.7438154 2.5 0.05912 1.8 0.61 563 6 564.6 11.0 570.7 39.6 98.8
Ples. g 8662 502 25.3 0.09 0.01 0.0537 3.3 0.3939231 3.8 0.05321 1.3 0.63 337 11 337.2 10.8 336.9 30.5 100.3
91500 g 10236 56 10.4 0.32 1.78 0.18002 2.2 1.8702 2.0 0.07536 1.5 0.53 1067 22 1070.5 13 1077.6 29.3 99.0

    Spot size = 30 μm; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility 2 SD) of the reference zircon. 
207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U uncertainty.

 d corrected for background, within-run Pb/U fractionation (in case of  206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and  subsequently normalised 
to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using  207Pb /206Pb/(238U/206Pb*1/137.88).
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a Within run background-corrected mean 207Pb signal in cps (counts per second).
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.

 e rho is the  206Pb/238U /207Pb/235U error correlation coefficient.

grain 207Pba Ub Pbb Thb 206Pbcc 206Pbd ±2s 207Pbd ±2s 207Pbd ±2s rhoe 206Pb ±2s 207Pb ±2s 207Pb ±2s conc.
(cps) (ppm) (ppm) U (%) 238U (%) 235U (%) 206Pb (%) 238U (Ma) 235U (Ma) 206Pb (Ma) (%)

A157 TM.17.35 18576 329 35 0.39 0.2 0.1088 0.9 0.9399 1.7 0.0627 1.5 0.54 666 6 673 9 697 31 95
A158 5605 245 12 0.15 1.6 0.05141 1.2 0.3711 2.1 0.05236 1.7 0.58 323 4 320 6 300 39 108
A159 26581 1294 65 0.10 0.0 0.05138 1.0 0.3723 1.3 0.05257 0.89 0.73 323 3 321 4 310 20 104
A160 6985 205 15 0.28 0.3 0.07323 1.0 0.5734 1.7 0.05681 1.4 0.60 456 5 460 6 484 31 94
A161 17870 855 42 0.06 0.0 0.04969 0.9 0.3623 1.5 0.05289 1.1 0.62 313 3 314 4 323 26 97
A162 3616 82 8 0.96 0.0 0.09881 1.1 0.8213 2.1 0.0603 1.8 0.52 607 6 609 10 614 39 99
A163 24174 996 59 0.03 0.1 0.06024 0.9 0.4481 1.4 0.05396 1.1 0.63 377 3 376 4 369 24 102
A164 16055 47 15 0.79 0.0 0.3083 3.5 6.636 3.8 0.1562 1.6 0.91 1732 53 2064 34 2414 27 72
A165 9241 461 23 0.29 0.0 0.05008 1.3 0.3687 2.6 0.05341 2.3 0.48 315 4 319 7 346 52 91
A166 4284 106 9 0.64 0.3 0.08638 1.5 0.7069 3.3 0.05937 2.9 0.45 534 8 543 14 580 64 92
A167 10889 496 25 0.01 0.1 0.05209 0.9 0.3831 1.8 0.05335 1.5 0.52 327 3 329 5 343 34 95
A168 28584 1412 80 0.01 0.0 0.05762 0.9 0.4237 1.2 0.05335 0.83 0.74 361 3 359 4 343 19 105
A169 4275 205 10 0.38 0.0 0.05036 1.0 0.3663 2.0 0.05276 1.7 0.53 317 3 317 5 318 39 100
A170 20017 446 43 0.55 0.0 0.09747 1.1 0.8105 1.6 0.06032 1.1 0.71 600 6 603 7 615 24 98
A171 29695 1346 72 0.01 0.1 0.05479 0.9 0.3997 1.4 0.05293 1.1 0.63 344 3 341 4 325 24 106
A172 5688 140 14 0.60 0.0 0.09873 1.2 0.8098 4.6 0.0595 4.4 0.27 607 7 602 21 585 95 104
A173 9175 293 21 0.21 b.d. 0.07363 0.9 0.5694 1.4 0.0561 1.1 0.65 458 4 458 5 456 24 100
A174 42699 1090 88 0.30 0.1 0.08187 1.0 0.6623 1.5 0.05869 1.1 0.66 507 5 516 6 555 24 91
A175 194616 196 122 0.44 0.1 0.5429 1.0 17.69 1.2 0.2364 0.6 0.87 2796 23 2973 11 3095 9 90
A176 95352 169 81 0.49 0.5 0.4409 0.9 10.18 1.1 0.1675 0.67 0.80 2355 18 2451 11 2533 11 93
A177 9320 432 21 0.18 0.0 0.05007 1.0 0.3658 1.7 0.05299 1.4 0.59 315 3 317 5 328 31 96
A178 6529 298 16 0.15 b.d. 0.05301 0.9 0.3923 1.6 0.05368 1.3 0.58 333 3 336 4 357 28 93
A179 13878 651 36 0.44 0.0 0.05582 1.0 0.4134 2.0 0.05373 1.7 0.52 350 4 351 6 359 38 97
A180 21774 765 47 0.23 8.2 0.0625 1.0 0.4768 6.4 0.05535 6.4 0.16 391 4 396 21 426 142 92
A181 8638 195 19 0.67 1.2 0.0997 1.3 0.8251 3.8 0.06004 3.6 0.35 613 8 611 17 604 77 101
A182 12480 602 31 0.41 0.0 0.05305 1.1 0.3853 1.7 0.0527 1.3 0.64 333 4 331 5 315 31 106
A183 51122 817 99 0.46 0.2 0.122 1.2 1.107 1.4 0.06579 0.75 0.84 742 8 757 7 799 16 93
A184 18164 360 35 0.41 b.d. 0.09801 0.9 0.8036 1.4 0.05948 1 0.67 603 5 599 6 584 22 103
A185 2679 135 7 0.69 0.0 0.05155 1.0 0.3719 2.4 0.05233 2.2 0.42 324 3 321 7 299 49 108
A186 16515 517 30 0.24 1.2 0.05954 0.8 0.4473 2.0 0.05451 1.9 0.41 373 3 375 6 391 42 95
A187 12871 386 24 0.14 0.7 0.0625 1.2 0.4691 2.3 0.05445 2 0.50 391 4 391 8 389 45 100
A188 12290 240 24 0.39 0.1 0.1016 0.9 0.843 1.5 0.06022 1.2 0.60 624 5 621 7 611 26 102
A189 15940 302 28 0.31 0.3 0.09234 1.5 0.7565 2.2 0.05943 1.7 0.66 569 8 572 10 582 36 98
A190 3916 165 9 0.13 0.3 0.05471 1.7 0.4083 2.6 0.05414 2 0.63 343 6 348 8 376 46 91
A191 26900 867 81 0.51 0.1 0.09476 2.2 0.7683 2.4 0.05882 0.93 0.92 584 12 579 10 560 20 104
A192 16632 354 36 0.96 0.0 0.1024 0.9 0.8575 1.6 0.06077 1.3 0.56 628 5 629 8 631 29 100
A193 20324 380 39 0.45 0.0 0.1046 1.1 0.8878 1.5 0.06155 1 0.74 642 7 645 7 658 22 97
A199 44965 2123 112 0.01 b.d. 0.05352 1.0 0.3921 1.2 0.05314 0.67 0.82 336 3 336 3 334 15 101
A200 3427 163 9 0.35 0.2 0.05294 1.1 0.3826 2.9 0.05243 2.7 0.39 333 4 329 8 303 61 110
A201 9023 277 14 0.86 0.0 0.05081 1.2 0.3748 1.9 0.05352 1.6 0.60 319 4 323 5 350 35 91
A202 35866 792 70 0.06 0.0 0.089 1.0 0.7363 1.3 0.06002 0.91 0.73 550 5 560 6 604 20 91

BB-16 g 12562 302 27.7 0.29 0.01 0.0909 1.6 0.7388769 1.8 0.05897 0.7 0.57 561 9 561.7 7.9 565.1 16.0 99.3
Ples. g 11154 501 25.3 0.08 0.05 0.0538 1.2 0.3954769 1.4 0.05335 0.8 0.58 338 4 338.4 4.1 343.2 17.2 98.4
91500 g 25512 62 20.2 0.33 3.59 0.17943 2.0 1.8525 2.4 0.07491 1.4 0.51 1064 19 1064.3 16 1065.4 27.9 99.9

a Within run background-corrected mean 207Pb signal in cps (counts per second).
b U and Pb content and Th/U ratio were calculated relative to GJ-1 reference zircon.
c percentage of the common Pb on the 206Pb. b.d. = below dectection limit.

 e rho is the  206Pb/238U /207Pb/235U error correlation coefficient.

    Spot size = 30 μm; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility 2 SD) of the reference zircon. 
207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U uncertainty.

 d corrected for background, within-run Pb/U fractionation (in case of  206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and  subsequently normalised 
to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using  207Pb /206Pb/(238U/206Pb*1/137.88).

    Spot size = 30 μm; depth of crater ~15μm.  206Pb/238U error is the quadratic additions of the within run precision (2 SE) and the external reproducibility 2 SD) of the reference zircon. 
207Pb/206Pb error propagation (207Pb signal dependent) following Gerdes & Zeh (2009). 207Pb/235U error is the quadratic addition of the 207Pb/206Pb and 206Pb/238U uncertainty.

 d corrected for background, within-run Pb/U fractionation (in case of  206Pb/238U) and common Pb using Stacy and Kramers (1975) model Pb composition and  subsequently normalised 
to GJ-1 (ID-TIMS value/measured value); 207Pb/235U calculated using  207Pb /206Pb/(238U/206Pb*1/137.88).
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Table 2
LA-MC-ICPMS Lu-Hf isotope data of zircon from sample K.13.75 (Konya Complex)

176Yb/177Hf a ±2� 176Lu/177Hf ±2� 178Hf/177Hf 180Hf/177Hf SigHf 
b 176Hf/177Hf ±2��c 176Hf/177Hf(t)

d �Hf(t) d ±2��c TDM 
e age f ±2�

(V) (Ga) (Ma)

seq1
K.13.75_seq1_6 0.0652 55 0.00166 10 1.46718 1.88663 10 0.282706 24 0.282687 10 0.9 0.69 591 9
K.13.75_seq1_7 0.0349 33 0.00099 8 1.46717 1.88676 13 0.282262 19 0.282250 -4 0.7 1.53 646 22
K.13.75_seq1_8 0.0434 36 0.00121 8 1.46711 1.88666 12 0.282249 19 0.282235 -6 0.7 1.57 607 19
K.13.75_seq1_9 0.0668 55 0.00182 11 1.46716 1.88641 13 0.281693 17 0.281667 -22 0.6 2.60 775 16
K.13.75_seq1_10 0.0406 35 0.00119 8 1.46712 1.88640 14 0.282370 16 0.282347 7 0.6 1.18 1017 28
K.13.75_seq1_11 0.0289 28 0.00076 6 1.46720 1.88683 12 0.282225 18 0.282214 -2 0.6 1.53 804 15
K.13.75_seq1_12 0.0217 18 0.00052 3 1.46719 1.88641 10 0.282505 23 0.282498 6 0.8 1.01 731 22
K.13.75_seq1_13 0.0375 33 0.00104 7 1.46726 1.88622 9 0.282521 27 0.282505 8 1.0 0.96 797 13
K.13.75_seq1_14 0.0154 13 0.00046 3 1.46715 1.88678 13 0.281429 28 0.281414 -8 1.0 2.67 1782 31
K.13.75_seq1_15 0.0215 18 0.00074 5 1.46715 1.88681 16 0.281505 25 0.281492 -25 0.9 2.87 926 12
K.13.75_seq1_16 0.0335 29 0.00094 6 1.46717 1.88658 15 0.282514 17 0.282506 0 0.6 1.11 447 16
K.13.75_seq1_17 0.0462 52 0.00126 12 1.46713 1.88671 12 0.282486 22 0.282465 9 0.8 1.00 893 12
K.13.75_seq1_18 0.0400 37 0.00101 7 1.46723 1.88657 11 0.282595 23 0.282584 6 0.8 0.90 584 17
K.13.75_seq1_19 0.0344 35 0.00088 7 1.46730 1.88627 10 0.282580 29 0.282570 6 1.0 0.92 595 31
K.13.75_seq1_20 0.0136 11 0.00041 3 1.46719 1.88666 9 0.281979 19 0.281973 -11 0.7 2.01 784 19
K.13.75_seq1_21 0.0294 38 0.00075 7 1.46722 1.88697 13 0.282557 19 0.282550 3 0.7 1.00 505 11
K.13.75_seq1_22 0.0306 26 0.00074 5 1.46719 1.88649 12 0.282406 20 0.282397 2 0.7 1.22 685 48
K.13.75_seq1_23 0.0424 36 0.00108 7 1.46716 1.88711 12 0.282006 20 0.281990 -10 0.7 1.97 803 14
K.13.75_seq1_24 0.0315 32 0.00086 7 1.46725 1.88657 13 0.281588 25 0.281572 -20 0.9 2.69 1004 11
K.13.75_seq1_25 0.0428 34 0.00115 7 1.46720 1.88683 13 0.282008 19 0.281995 -14 0.7 2.03 611 19
K.13.75_seq1_26 0.0204 43 0.00035 6 1.46719 1.88650 20 0.281438 22 0.281425 -3 0.8 2.54 2013 34
K.13.75_seq1_27 0.1223 113 0.00245 17 1.46716 1.88688 16 0.282562 28 0.282525 9 1.0 0.92 807 16
K.13.75_seq1_28 0.0314 118 0.00069 22 1.46722 1.88609 14 0.281876 19 0.281868 -20 0.7 2.29 572 11
K.13.75_seq1_29 0.0104 15 0.00030 4 1.46723 1.88680 13 0.281836 21 0.281831 -13 0.7 2.22 940 15
K.13.75_seq1_30 0.0208 25 0.00049 5 1.46720 1.88665 15 0.282171 17 0.282166 -8 0.6 1.70 634 13
K.13.75_seq1_31 0.0738 60 0.00197 12 1.46723 1.88632 14 0.282412 19 0.282395 -3 0.7 1.31 474 11
K.13.75_seq1_39 0.0261 43 0.00062 8 1.46718 1.88600 16 0.281807 27 0.281800 -21 0.9 2.41 616 15
K.13.75_seq1_40 0.0199 23 0.00062 7 1.46721 1.88706 13 0.282457 15 0.282448 6 0.5 1.07 810 10
K.13.75_seq1_41 0.0244 21 0.00065 5 1.46721 1.88645 13 0.282572 17 0.282562 10 0.6 0.84 812 17
K.13.75_seq1_42 0.0141 17 0.00033 3 1.46715 1.88644 14 0.281158 15 0.281144 -8 0.5 3.00 2212 23
K.13.75_seq1_43 0.0317 33 0.00077 6 1.46725 1.88669 12 0.282606 20 0.282596 8 0.7 0.85 635 11
K.13.75_seq1_44 0.0654 56 0.00161 11 1.46719 1.88635 9 0.281417 22 0.281339 6 0.8 2.47 2524 14
K.13.75_seq1_45 0.0340 28 0.00089 5 1.46721 1.88661 13 0.282282 18 0.282272 -5 0.6 1.50 604 12
K.13.75_seq1_46 0.0563 129 0.00130 22 1.46717 1.88640 13 0.281920 17 0.281894 -8 0.6 2.06 1037 42
K.13.75_seq1_47 0.0934 78 0.00253 17 1.46716 1.88620 11 0.282573 22 0.282529 12 0.8 0.86 924 19
K.13.75_seq1_48 0.0322 30 0.00088 6 1.46717 1.88700 12 0.282390 20 0.282375 5 0.7 1.19 867 15
K.13.75_seq1_49 0.0720 61 0.00202 13 1.46721 1.88678 14 0.281528 22 0.281454 -4 0.8 2.53 1923 15
K.13.75_seq1_50 0.0455 39 0.00120 8 1.46719 1.88617 12 0.282261 22 0.282247 -5 0.8 1.54 617 14
K.13.75_seq1_51 0.1315 186 0.00282 31 1.46721 1.88649 10 0.282394 27 0.282346 5 1.0 1.23 905 15
K.13.75_seq1_52 0.0592 71 0.00137 14 1.46724 1.88601 15 0.282561 18 0.282541 9 0.6 0.90 787 10
K.13.75_seq1_55 0.0282 25 0.00067 4 1.46714 1.88602 14 0.281524 17 0.281499 -1 0.6 2.42 1970 13
K.13.75_seq1_56 0.0928 75 0.00244 15 1.46719 1.88666 11 0.282553 22 0.282526 4 0.8 1.01 588 16
K.13.75_seq1_57 0.0304 26 0.00076 5 1.46721 1.88659 12 0.282086 18 0.282076 -10 0.6 1.85 674 13
K.13.75_seq1_58 0.0163 13 0.00039 2 1.46727 1.88680 11 0.281008 20 0.280989 -7 0.7 3.17 2504 20
K.13.75_seq1_59 0.0179 15 0.00046 3 1.46722 1.88676 12 0.282614 19 0.282609 8 0.7 0.83 626 12
K.13.75_seq1_60 0.0306 25 0.00079 5 1.46715 1.88645 10 0.282360 22 0.282348 2 0.8 1.27 802 11
K.13.75_seq1_61 0.0267 22 0.00072 5 1.46713 1.88663 12 0.281830 19 0.281819 -16 0.7 2.29 814 13
K.13.75_seq1_63 0.0827 77 0.00220 16 1.46719 1.88602 6 0.281978 32 0.281952 -15 1.1 2.11 627 28
K.13.75_seq1_64 0.0359 29 0.00108 7 1.46720 1.88661 12 0.281663 21 0.281642 -18 0.7 2.55 1011 14
K.13.75_seq1_65 0.0612 58 0.00154 12 1.46721 1.88683 10 0.282511 22 0.282487 8 0.8 0.99 815 20
K.13.75_seq1_72 0.0927 79 0.00234 15 1.46716 1.88670 10 0.282727 29 0.282701 10 1.0 0.67 573 10
K.13.75_seq1_73 0.1032 154 0.00216 29 1.46722 1.88605 10 0.282179 29 0.282143 -3 1.0 1.64 883 30
K.13.75_seq1_74 0.0386 31 0.00127 8 1.46720 1.88664 13 0.282387 20 0.282367 5 0.7 1.21 865 12
K.13.75_seq1_75 0.0570 48 0.00188 12 1.46717 1.88718 10 0.282379 18 0.282350 3 0.6 1.25 838 12
K.13.75_seq1_76 0.0520 65 0.00123 13 1.46716 1.88633 12 0.282380 24 0.282363 1 0.9 1.27 730 11
K.13.75_seq1_79 0.0228 33 0.00053 7 1.46720 1.88669 16 0.282264 16 0.282258 -4 0.6 1.50 673 9
K.13.75_seq1_80 0.0241 24 0.00061 6 1.46727 1.88645 11 0.282616 22 0.282607 10 0.8 0.78 747 14
K.13.75_seq1_81 0.0722 219 0.00154 43 1.46722 1.88620 11 0.281283 29 0.281231 -15 1.0 3.03 1767 22
K.13.75_seq1_83 0.0155 13 0.00043 3 1.46719 1.88632 8 0.282139 23 0.282133 -6 0.8 1.71 754 15
K.13.75_seq1_86 0.0131 12 0.00034 3 1.46720 1.88660 11 0.282593 21 0.282589 5 0.7 0.91 537 10
K.13.75_seq1_88 0.0115 9 0.00031 2 1.46721 1.88694 11 0.281350 19 0.281339 -9 0.7 2.77 1885 41
K.13.75_seq1_89 0.0346 48 0.00090 11 1.46723 1.88707 10 0.281410 25 0.281376 -5 0.9 2.66 1977 19
K.13.75_seq1_90 0.0299 25 0.00080 5 1.46723 1.88601 11 0.281882 21 0.281866 -8 0.8 2.09 1079 28
K.13.75_seq1_91 0.0482 50 0.00132 13 1.46719 1.88622 11 0.282157 26 0.282137 -5 0.9 1.68 806 13
K.13.75_seq1_92 0.0219 18 0.00056 4 1.46720 1.88671 10 0.281025 19 0.280998 -6 0.7 3.14 2533 13
K.13.75_seq1_93 0.0293 24 0.00078 5 1.46719 1.88656 13 0.281970 17 0.281961 -15 0.6 2.09 627 9
K.13.75_seq1_94 0.0323 30 0.00103 8 1.46719 1.88663 10 0.281125 18 0.281073 0 0.6 2.93 2655 17
K.13.75_seq1_95 0.0640 69 0.00186 16 1.46719 1.88667 10 0.282642 24 0.282615 11 0.8 0.75 780 12
K.13.75_seq1_96 0.0148 12 0.00038 2 1.46719 1.88667 14 0.281033 17 0.281016 -7 0.6 3.14 2459 10
K.13.75_seq1_97 0.0298 24 0.00075 5 1.46717 1.88662 11 0.281048 20 0.281013 -6 0.7 3.13 2485 11
K.13.75_seq1_98 0.0309 26 0.00091 6 1.46722 1.88663 10 0.281639 19 0.281622 -19 0.7 2.61 972 19
K.13.75_seq1_100 0.0160 14 0.00046 3 1.46717 1.88644 11 0.282513 18 0.282506 8 0.6 0.96 798 17
K.13.75_seq1_101 0.0122 10 0.00032 2 1.46716 1.88655 8 0.282297 22 0.282293 -4 0.8 1.46 605 30
K.13.75_seq1_107 0.0308 25 0.00076 5 1.46721 1.88690 10 0.281283 18 0.281257 -13 0.7 2.96 1811 32
K.13.75_seq1_108 0.0125 11 0.00036 2 1.46718 1.88662 12 0.281706 16 0.281702 -24 0.6 2.59 635 14
K.13.75_seq1_109 0.0681 182 0.00133 28 1.46717 1.88650 15 0.282296 22 0.282281 -4 0.8 1.48 621 11
K.13.75_seq1_110 0.0285 31 0.00057 6 1.46717 1.88641 13 0.282056 20 0.282049 -12 0.7 1.92 623 11
K.13.75_seq1_112 0.0304 24 0.00080 5 1.46717 1.88665 13 0.282576 19 0.282567 6 0.7 0.92 617 10
K.13.75_seq1_113 0.0340 39 0.00087 8 1.46718 1.88674 11 0.281005 20 0.280961 -5 0.7 3.16 2637 13
K.13.75_seq1_114 0.0201 17 0.00051 3 1.46722 1.88695 12 0.282181 17 0.282175 -7 0.6 1.67 650 11
K.13.75_seq1_115 0.0260 22 0.00067 4 1.46723 1.88673 9 0.282306 21 0.282294 4 0.7 1.32 938 17
K.13.75_seq1_116 0.0619 52 0.00170 12 1.46722 1.88651 9 0.282510 23 0.282484 7 0.8 1.00 803 13
K.13.75_seq1_117 0.0249 25 0.00059 5 1.46719 1.88666 11 0.282214 20 0.282207 -7 0.7 1.63 584 8
K.13.75_seq1_118 0.0228 21 0.00059 4 1.46723 1.88624 12 0.282497 22 0.282488 8 0.8 0.99 819 24
K.13.75_seq1_120 0.0194 19 0.00048 4 1.46720 1.88641 13 0.282157 23 0.282148 0 0.8 1.57 1019 32
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K.13.75_seq1_121 0.0794 129 0.00215 28 1.46721 1.88681 10 0.282240 25 0.282201 1 0.9 1.49 954 13
K.13.75_seq1_122 0.0151 13 0.00044 3 1.46719 1.88661 17 0.282461 17 0.282457 1 0.6 1.16 556 8
K.13.75_seq1_123 0.0497 46 0.00125 10 1.46724 1.88665 14 0.281472 17 0.281423 -2 0.6 2.53 2048 15
K.13.75_seq1_126 0.1159 106 0.00300 21 1.46723 1.88658 10 0.282232 25 0.282175 1 0.9 1.52 1004 32
K.13.75_seq1_127 0.0201 17 0.00054 3 1.46719 1.88689 10 0.282567 16 0.282560 8 0.6 0.89 718 15
K.13.75_seq1_129 0.0085 8 0.00019 1 1.46720 1.88651 9 0.281102 29 0.281093 -2 1.0 2.94 2551 14
K.13.75_seq1_130 0.0276 23 0.00086 5 1.46721 1.88688 14 0.282613 20 0.282601 11 0.7 0.78 792 18
K.13.75_seq1_131 0.0282 28 0.00075 6 1.46724 1.88615 13 0.282612 19 0.282604 6 0.7 0.86 576 11
K.13.75_seq1_133 0.0286 23 0.00074 5 1.46724 1.88659 14 0.282088 17 0.282073 -2 0.6 1.71 1036 18
K.13.75_seq1_134 0.0585 54 0.00178 15 1.46721 1.88614 12 0.282055 19 0.282021 -5 0.7 1.82 1003 22
K.13.75_seq1_135 0.0000 0 0.00000 0 0.00000 0.00000 0 0.000000 0 0.000000 0 0.0 0.00 534 12
K.13.75_seq1_136 0.0057 5 0.00013 1 1.46717 1.88597 12 0.281838 18 0.281836 -19 0.6 2.33 639 14

LA-MC-ICPMS Lu-Hf isotope data of zircon from sample K.13.102 (Karaburun Melange)
K.13.102_662 0.0600 57 0.00161 12 1.46717 1.88663 8 0.282360 21 0.282350 -8 0.8 1.46 334 5
K.13.102_663 0.0269 22 0.00080 5 1.46711 1.88674 8 0.280750 23 0.280701 -1 0.8 3.40 3193 9
K.13.102_664 0.0216 19 0.00060 5 1.46711 1.88590 7 0.282531 26 0.282526 1 0.9 1.07 449 7
K.13.102_665 0.0370 31 0.00106 7 1.46709 1.88656 8 0.282699 21 0.282687 10 0.8 0.69 599 9
K.13.102_672 0.0151 35 0.00038 9 1.46709 1.88669 10 0.281115 22 0.281096 0 0.8 2.89 2647 10
K.13.102_673 0.0208 17 0.00059 4 1.46714 1.88644 8 0.281479 21 0.281458 -4 0.7 2.53 1889 16
K.13.102_674 0.0443 36 0.00144 9 1.46710 1.88659 9 0.282659 21 0.282641 10 0.7 0.75 659 9
K.13.102_675 0.0542 63 0.00128 15 1.46716 1.88619 11 0.282599 41 0.282589 2 1.4 0.96 408 12
K.13.102_676 0.0164 14 0.00042 3 1.46711 1.88683 10 0.281141 25 0.281120 1 0.9 2.84 2645 10
K.13.102_677 0.0205 16 0.00059 4 1.46712 1.88658 9 0.281066 20 0.281035 0 0.7 2.97 2733 13
K.13.102_678 0.0577 47 0.00161 10 1.46711 1.88620 9 0.281670 27 0.281603 7 0.9 2.12 2167 15
K.13.102_679 0.0288 24 0.00085 5 1.46715 1.88723 9 0.282631 24 0.282624 3 0.9 0.90 395 6
K.13.102_680 0.0231 20 0.00072 5 1.46716 1.88693 10 0.282494 21 0.282486 4 0.7 1.07 642 9
K.13.102_681 0.0271 22 0.00073 5 1.46713 1.88686 9 0.282530 22 0.282525 -1 0.8 1.10 380 6
K.13.102_682 0.0408 41 0.00104 8 1.46712 1.88681 9 0.282555 20 0.282544 5 0.7 0.97 598 10
K.13.102_683 0.0407 39 0.00114 9 1.46711 1.88670 10 0.282520 25 0.282507 4 0.9 1.04 611 11
K.13.102_684 0.0318 26 0.00097 6 1.46715 1.88641 8 0.282658 23 0.282647 8 0.8 0.78 561 9
K.13.102_685 0.0358 31 0.00116 8 1.46719 1.88700 9 0.282375 20 0.282363 -3 0.7 1.35 550 8
K.13.102_687 0.0334 29 0.00102 7 1.46718 1.88638 8 0.282642 23 0.282627 12 0.8 0.73 775 11
K.13.102_688 0.0393 49 0.00114 13 1.46715 1.88671 9 0.282534 24 0.282521 3 0.8 1.03 574 9
K.13.102_689 0.0644 69 0.00179 16 1.46716 1.88704 8 0.282180 27 0.282137 5 0.9 1.49 1254 35
K.13.102_690 0.0194 18 0.00057 4 1.46714 1.88643 9 0.282266 22 0.282260 -6 0.8 1.54 566 9
K.13.102_691 0.0217 18 0.00075 5 1.46717 1.88668 8 0.282562 23 0.282556 1 0.8 1.03 403 6
K.13.102_692 0.0190 17 0.00054 4 1.46717 1.88628 7 0.281082 0 0.000000 0 0.0 0.00 2452 68
K.13.102_693 0.0166 13 0.00048 3 1.46714 1.88649 10 0.281910 24 0.281905 -18 0.9 2.22 584 9
K.13.102_694 0.0237 23 0.00068 5 1.46718 1.88641 8 0.281784 24 0.281777 -23 0.8 2.47 563 9
K.13.102_695 0.0482 48 0.00139 11 1.46715 1.88617 9 0.282610 0 0.000000 0 0.0 0.00 145 5
K.13.102_696 0.0208 18 0.00059 4 1.46720 1.88674 9 0.282658 23 0.282652 8 0.8 0.77 567 9
K.13.102_697 0.0497 49 0.00145 13 1.46713 1.88684 10 0.281002 27 0.280929 -7 1.0 3.24 2600 46
K.13.102_698 0.0151 12 0.00039 2 1.46713 1.88654 9 0.282329 24 0.282325 -2 0.9 1.38 641 10
K.13.102_699 0.0236 20 0.00069 5 1.46718 1.88701 10 0.282500 23 0.282495 -2 0.8 1.16 386 6
K.13.102_700 0.0279 23 0.00089 5 1.46717 1.88681 9 0.282534 27 0.282528 0 1.0 1.09 390 6
K.13.102_701 0.0620 55 0.00171 13 1.46720 1.88711 8 0.280712 24 0.280601 1 0.9 3.50 3396 10
K.13.102_707 0.0418 34 0.00125 8 1.46711 1.88686 9 0.282623 23 0.282609 7 0.8 0.84 597 9
K.13.102_708 0.0025 3 0.00003 0 1.46717 1.88666 10 0.281129 21 0.281127 -3 0.8 2.93 2444 10
K.13.102_709 0.0368 31 0.00109 8 1.46715 1.88656 9 0.282575 0 0.000000 0 0.0 0.00 278 6
K.13.102_710 0.0127 11 0.00033 2 1.46717 1.88615 11 0.280913 20 0.280896 -7 0.7 3.28 2641 12
K.13.102_711 0.0253 21 0.00073 5 1.46712 1.88614 8 0.282577 22 0.282572 1 0.8 1.01 364 6
K.13.102_712 0.0372 30 0.00107 7 1.46714 1.88640 9 0.282271 31 0.282259 -5 1.1 1.52 629 9
K.13.102_713 0.0571 46 0.00150 9 1.46718 1.88650 9 0.281534 26 0.281480 -3 0.9 2.48 1905 10
K.13.102_714 0.0460 37 0.00129 8 1.46717 1.88607 7 0.281845 31 0.281798 9 1.1 1.85 1929 21
K.13.102_715 0.0302 24 0.00082 5 1.46719 1.88706 10 0.282333 20 0.282324 -4 0.7 1.41 568 9
K.13.102_716 0.0370 32 0.00104 7 1.46715 1.88673 8 0.282677 22 0.282670 5 0.8 0.81 388 6
K.13.102_717 0.0363 30 0.00095 6 1.46713 1.88683 10 0.282323 28 0.282310 0 1.0 1.36 756 12
K.13.102_718 0.0203 17 0.00065 4 1.46718 1.88672 9 0.282077 19 0.282067 -8 0.7 1.83 777 12
K.13.102_720 0.0446 37 0.00132 8 1.46716 1.88623 8 0.282635 21 0.282622 6 0.7 0.85 513 8
K.13.102_721 0.0150 12 0.00040 2 1.46719 1.88676 10 0.282149 19 0.282139 6 0.7 1.47 1288 35
K.13.102_722 0.0229 19 0.00066 4 1.46722 1.88649 8 0.282504 24 0.282499 -1 0.9 1.14 397 6
K.13.102_723 0.0382 37 0.00122 10 1.46719 1.88637 11 0.282673 22 0.282659 10 0.8 0.73 630 9
K.13.102_724 0.0793 69 0.00180 14 1.46715 1.88633 13 0.282602 19 0.282589 1 0.7 0.98 378 8
K.13.102_725 0.0382 31 0.00115 7 1.46714 1.88672 10 0.282592 23 0.282583 2 0.8 0.98 396 7
K.13.102_726 0.0121 11 0.00034 2 1.46720 1.88656 11 0.282335 20 0.282331 -3 0.7 1.40 568 8
K.13.102_727 0.0293 31 0.00079 6 1.46714 1.88716 11 0.282580 31 0.282575 1 1.1 1.00 394 6
K.13.102_728 0.0329 27 0.00096 6 1.46721 1.88616 11 0.282520 21 0.282513 -1 0.8 1.12 392 6
K.13.102_729 0.0333 27 0.00090 6 1.46718 1.88666 9 0.281638 22 0.281605 2 0.8 2.23 1925 18
K.13.102_730 0.0477 44 0.00122 9 1.46717 1.88643 10 0.281168 20 0.281106 1 0.7 2.87 2652 9
K.13.102_731 0.0212 18 0.00057 4 1.46713 1.88685 10 0.280996 24 0.280965 -1 0.8 3.08 2778 10
K.13.102_732 0.0341 31 0.00096 7 1.46712 1.88642 12 0.282295 24 0.282285 -5 0.9 1.49 572 9
K.13.102_733 0.0130 11 0.00036 2 1.46715 1.88642 8 0.281529 21 0.281514 4 0.8 2.29 2181 21
K.13.102_734 0.0286 25 0.00078 5 1.46713 1.88605 9 0.282249 27 0.282242 -8 0.9 1.61 488 8
K.13.102_735 0.0332 27 0.00093 6 1.46713 1.88652 8 0.282498 23 0.282492 -2 0.8 1.16 392 6
K.13.102_736 0.0347 38 0.00096 10 1.46708 1.88624 8 0.281837 21 0.281808 1 0.8 1.99 1568 34
K.13.102_737 0.0498 41 0.00148 9 1.46708 1.88680 9 0.281562 22 0.281500 4 0.8 2.32 2183 12
K.13.102_738 0.0256 24 0.00083 6 1.46721 1.88694 9 0.282351 21 0.282341 -3 0.7 1.37 586 11
K.13.102_739 0.0089 7 0.00024 1 1.46718 1.88677 9 0.281526 17 0.281516 4 0.6 2.29 2179 13
K.13.102_740 0.0176 16 0.00051 4 1.46714 1.88678 9 0.282148 20 0.282136 4 0.7 1.51 1197 23
K.13.102_741 0.0458 43 0.00124 9 1.46718 1.88657 8 0.282700 22 0.282691 5 0.8 0.77 391 6
K.13.102_742 0.0276 29 0.00089 8 1.46710 1.88706 9 0.281535 21 0.281500 1 0.7 2.38 2042 14
K.13.102_744 0.0259 31 0.00072 7 1.46715 1.88697 9 0.282589 23 0.282584 2 0.8 0.98 393 6
K.13.102_745 0.0245 20 0.00071 4 1.46715 1.88649 8 0.281385 19 0.281357 -3 0.7 2.64 2083 14
K.13.102_751 0.0099 8 0.00027 2 1.46715 1.88677 8 0.281110 22 0.281100 -14 0.8 3.18 2013 12
K.13.102_754 0.0215 21 0.00069 6 1.46717 1.88649 8 0.282488 21 0.282483 -2 0.8 1.18 385 6
K.13.102_755 0.0338 27 0.00099 6 1.46722 1.88653 7 0.282516 28 0.282509 -1 1.0 1.12 397 6
K.13.102_756 0.0174 15 0.00059 4 1.46711 1.88678 9 0.282548 20 0.282544 0 0.7 1.06 395 6
K.13.102_757 0.0336 27 0.00095 6 1.46719 1.88637 7 0.282304 23 0.282297 -8 0.8 1.53 409 6
K.13.102_758 0.0288 26 0.00096 7 1.46714 1.88688 9 0.282519 24 0.282512 -1 0.8 1.11 404 6
K.13.102_759 0.0206 23 0.00065 6 1.46713 1.88708 9 0.281535 24 0.281509 3 0.9 2.33 2115 14
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K.13.102_761 0.0332 36 0.00088 7 1.46713 1.88620 9 0.281190 0 0.000000 0 0.0 0.00 2220 14
K.13.102_762 0.0164 14 0.00046 3 1.46713 1.88709 8 0.281177 23 0.281163 -22 0.8 3.23 1594 22
K.13.102_763 0.0307 26 0.00096 7 1.46714 1.88688 8 0.282551 25 0.282544 0 0.9 1.06 393 6
K.13.102_764 0.0137 11 0.00043 3 1.46706 1.88673 10 0.282583 21 0.282577 9 0.8 0.85 726 11
K.13.102_765 0.0303 30 0.00096 9 1.46721 1.88594 11 0.281836 32 0.281802 8 1.1 1.86 1890 15
K.13.102_767 0.0332 27 0.00091 6 1.46720 1.88650 8 0.281094 23 0.281048 -1 0.8 2.98 2665 14
K.13.102_768 0.0229 20 0.00062 4 1.46710 1.88668 8 0.281355 28 0.281332 -7 1.0 2.75 1948 17
K.13.102_769 0.0370 33 0.00106 7 1.46718 1.88642 7 0.282513 27 0.282502 3 0.9 1.07 569 9
K.13.102_770 0.0430 48 0.00108 9 1.46711 1.88640 9 0.281448 25 0.281406 -2 0.9 2.56 2067 13
K.13.102_771 0.0494 53 0.00129 13 1.46711 1.88663 9 0.282684 23 0.282674 5 0.8 0.80 403 6
K.13.102_772 0.0413 33 0.00112 7 1.46718 1.88661 8 0.282119 28 0.282108 -12 1.0 1.84 558 8
K.13.102_773 0.0373 33 0.00100 7 1.46717 1.88664 10 0.281602 20 0.281561 5 0.7 2.21 2152 10
K.13.102_774 0.0271 22 0.00068 4 1.46711 1.88675 8 0.281295 19 0.281269 -8 0.7 2.84 2020 15
K.13.102_775 0.0592 53 0.00152 10 1.46722 1.88630 9 0.282652 25 0.282639 4 0.9 0.85 433 7
K.13.102_776 0.0257 21 0.00069 4 1.46716 1.88670 9 0.282482 18 0.282477 -2 0.6 1.18 405 6
K.13.102_777 0.0378 33 0.00106 8 1.46715 1.88647 9 0.282628 20 0.282620 3 0.7 0.91 384 6
K.13.102_778 0.0293 24 0.00090 6 1.46717 1.88659 10 0.282558 23 0.282551 0 0.8 1.04 394 6
K.13.102_779 0.0325 29 0.00086 6 1.46717 1.88678 11 0.282200 20 0.282192 -10 0.7 1.70 492 8
K.13.102_780 0.0147 12 0.00036 2 1.46716 1.88669 12 0.281504 19 0.281493 -6 0.7 2.53 1754 68
K.13.102_781 0.0350 31 0.00101 7 1.46713 1.88657 7 0.282502 29 0.282495 -1 1.0 1.15 398 6
K.13.102_782 0.0348 29 0.00095 6 1.46718 1.88669 10 0.282641 22 0.282634 3 0.8 0.88 392 6
K.13.102_783 0.0719 58 0.00185 11 1.46723 1.88691 9 0.282179 0 0.000000 0 0.0 0.00 514 8
K.13.102_784 0.0357 31 0.00093 6 1.46718 1.88633 10 0.281572 24 0.281535 3 0.9 2.28 2106 15
K.13.102_785 0.0220 18 0.00060 4 1.46715 1.88654 10 0.282575 28 0.282570 1 1.0 1.00 398 7
K.13.102_786 0.0366 34 0.00099 8 1.46720 1.88658 10 0.282549 24 0.282541 0 0.8 1.06 391 6
K.13.102_787 0.0169 14 0.00044 3 1.46716 1.88616 9 0.282574 24 0.282571 1 0.8 1.00 402 7

LA-MC-ICPMS Lu-Hf isotope data of zircon from sample K.13.77 (Uzumdere Formation)
K.13.77_seq2_189 0.1009 82 0.00243 15 1.46716 1.88701 11 0.282545 23 0.282507 9 0.8 0.95 825 12
K.13.77_seq2_190 0.0092 7 0.00024 1 1.46717 1.88689 12 0.281219 18 0.281208 1 0.6 2.75 2485 23
K.13.77_seq2_191 0.0262 21 0.00070 4 1.46716 1.88686 14 0.281962 18 0.281953 -14 0.6 2.09 671 10
K.13.77_seq2_192 0.0421 35 0.00108 7 1.46722 1.88685 12 0.282362 22 0.282351 -3 0.8 1.37 542 9
K.13.77_seq2_193 0.0327 28 0.00078 5 1.46715 1.88681 14 0.281359 18 0.281333 -12 0.6 2.84 1737 24
K.13.77_seq2_199 0.0139 14 0.00032 2 1.46722 1.88675 11 0.282528 21 0.282525 3 0.7 1.04 532 14
K.13.77_seq2_200 0.0166 33 0.00043 8 1.46718 1.88721 14 0.282473 19 0.282466 9 0.7 1.00 896 16
K.13.77_seq2_201 0.0305 29 0.00081 6 1.46720 1.88680 12 0.281905 19 0.281893 -14 0.7 2.16 790 11
K.13.77_seq2_202 0.0493 41 0.00125 8 1.46713 1.88701 13 0.282344 21 0.282331 -4 0.7 1.42 532 15
K.13.77_seq2_203 0.0485 45 0.00119 9 1.46722 1.88665 13 0.282374 19 0.282362 -2 0.7 1.34 568 11
K.13.77_seq2_204 0.0543 44 0.00141 9 1.46715 1.88696 12 0.282373 22 0.282359 -3 0.8 1.36 533 17
K.13.77_seq2_206 0.0312 68 0.00056 9 1.46713 1.88707 14 0.282012 37 0.282002 -8 1.3 1.90 897 18
K.13.77_seq2_207 0.0527 43 0.00143 9 1.46717 1.88675 10 0.281785 20 0.281763 -18 0.7 2.39 831 13
K.13.77_seq2_208 0.0895 72 0.00234 14 1.46716 1.88652 17 0.282383 22 0.28236 -3 0.8 1.36 536 11
K.13.77_seq2_209 0.0000 0 0.00000 0 0.00000 0.00000 0 #SAYI/0! 0 0 0 0.0 0.00 620 23
K.13.77_seq2_210 0.0391 32 0.00104 6 1.46720 1.88697 12 0.282322 19 0.282311 -5 0.7 1.45 543 12
K.13.77_seq2_211 0.1120 96 0.00295 23 1.46718 1.88604 11 0.282327 22 0.282297 -5 0.8 1.47 551 14
K.13.77_seq2_212 0.1010 83 0.00284 21 1.46723 1.88603 14 0.282359 19 0.282334 -5 0.7 1.43 482 13
K.13.77_seq2_213 0.0497 44 0.00120 10 1.46718 1.88704 11 0.282458 20 0.282444 2 0.7 1.16 630 14
K.13.77_seq2_214 0.0923 78 0.00257 19 1.46714 1.88651 13 0.282362 20 0.28234 -5 0.7 1.43 461 14
K.13.77_seq2_215 0.0546 60 0.00135 12 1.46718 1.88609 9 0.282438 39 0.282425 -1 1.4 1.23 529 13
K.13.77_seq2_216 0.0186 15 0.00044 3 1.46722 1.88695 11 0.281277 21 0.281256 4 0.7 2.63 2538 31
K.13.77_seq2_217 0.0297 26 0.00078 6 1.46716 1.88681 12 0.281329 21 0.281291 4 0.8 2.57 2508 35
K.13.77_seq2_219 0.0314 33 0.00083 8 1.46723 1.88667 13 0.282641 25 0.282632 9 0.9 0.78 634 24
K.13.77_seq2_220 0.0431 40 0.00124 11 1.46712 1.88647 13 0.282408 18 0.282384 9 0.6 1.10 1026 23
K.13.77_seq2_222 0.0208 19 0.00044 3 1.46712 1.88677 11 0.28214 28 0.282136 -11 1.0 1.80 526 9
K.13.77_seq2_223 0.0233 22 0.00061 6 1.46715 1.88637 14 0.281309 19 0.281284 -5 0.7 2.76 2137 33
K.13.77_seq2_224 0.0526 54 0.00139 13 1.46721 1.88698 13 0.282355 17 0.282341 -4 0.6 1.40 520 10
K.13.77_seq2_225 0.0041 6 0.00006 1 1.46722 1.88690 17 0.28254 17 0.282539 4 0.6 0.99 574 14
K.13.77_seq2_226 0.0247 23 0.00058 4 1.46718 1.88688 15 0.281418 16 0.281398 -7 0.6 2.67 1844 17
K.13.77_seq2_227 0.0219 18 0.00060 4 1.46715 1.88678 14 0.281649 20 0.281629 0 0.7 2.23 1824 20
K.13.77_seq2_228 0.0491 45 0.00127 9 1.46716 1.88679 13 0.282415 20 0.282408 -7 0.7 1.36 292 6
K.13.77_seq2_229 0.0499 43 0.00131 9 1.46715 1.88674 14 0.282353 19 0.282338 -2 0.7 1.37 612 10
K.13.77_seq2_230 0.0978 82 0.00241 16 1.46721 1.88664 12 0.282602 18 0.282572 7 0.7 0.89 657 9
K.13.77_seq2_231 0.0304 25 0.00076 5 1.46722 1.88664 14 0.28216 20 0.282149 -5 0.7 1.67 771 15
K.13.77_seq2_232 0.1060 86 0.00283 18 1.46713 1.88642 16 0.282365 20 0.282337 -4 0.7 1.40 529 12
K.13.77_seq2_233 0.0310 25 0.00085 5 1.46721 1.88689 15 0.281464 18 0.281431 -3 0.6 2.54 2003 15
K.13.77_seq2_234 0.0575 49 0.00141 9 1.46719 1.88625 8 0.28194 21 0.281922 -16 0.7 2.15 666 15
K.13.77_seq2_235 0.0606 49 0.00149 9 1.46719 1.88684 14 0.282406 18 0.282388 0 0.6 1.26 629 13
K.13.77_seq2_236 0.0143 12 0.00035 2 1.46718 1.88692 14 0.281207 20 0.281194 -13 0.7 3.03 1934 35
K.13.77_seq2_237 0.0634 53 0.00174 11 1.46716 1.88714 14 0.282369 21 0.282352 -4 0.7 1.38 511 10
K.13.77_seq2_243 0.0634 51 0.00089 5 1.46723 1.88619 2 0.282449 182 0.282433 9 6.4 1.04 955 19
K.13.77_seq2_244 0.0350 31 0.00089 6 1.46716 1.88640 9 0.282544 24 0.282534 4 0.8 0.99 597 11
K.13.77_seq2_245 0.0422 35 0.00120 7 1.46719 1.88682 12 0.282465 22 0.282458 -5 0.8 1.27 277 6
K.13.77_seq2_246 0.0279 24 0.00074 6 1.46723 1.88679 13 0.28261 17 0.282601 7 0.6 0.86 605 13
K.13.77_seq2_247 0.0287 26 0.00069 5 1.46716 1.88646 13 0.282325 26 0.282312 5 0.9 1.26 987 14
K.13.77_seq2_248 0.0685 56 0.00177 12 1.46712 1.88696 9 0.282138 26 0.282103 0 0.9 1.64 1058 35
K.13.77_seq2_249 0.0378 31 0.00100 6 1.46717 1.88677 11 0.282512 22 0.282501 3 0.8 1.07 574 12
K.13.77_seq2_250 0.0712 57 0.00189 11 1.46716 1.88687 14 0.282341 18 0.282322 -5 0.6 1.43 528 8
K.13.77_seq2_252 0.0460 43 0.00112 8 1.46717 1.88681 16 0.281156 22 0.281092 9 0.8 2.73 2997 12
K.13.77_seq2_253 0.0209 17 0.00052 3 1.46717 1.88598 15 0.282429 17 0.282423 1 0.6 1.21 596 12
K.13.77_seq2_254 0.0432 36 0.00118 7 1.46720 1.88685 13 0.282575 22 0.282557 10 0.8 0.86 795 18
K.13.77_seq2_255 0.0280 23 0.00081 5 1.46716 1.88664 12 0.282472 22 0.282459 8 0.8 1.03 851 14
K.13.77_seq2_256 0.0024 3 0.00004 0 1.46716 1.88658 15 0.282375 15 0.282374 -1 0.5 1.29 623 12
K.13.77_seq2_257 0.0178 16 0.00046 3 1.46713 1.88694 13 0.281252 23 0.28123 2 0.8 2.69 2513 17
K.13.77_seq2_258 0.0057 5 0.00011 1 1.46722 1.88671 16 0.282322 17 0.282321 -3 0.6 1.41 598 11
K.13.77_seq2_259 0.0706 59 0.00181 12 1.46718 1.88683 15 0.28236 19 0.282341 -3 0.7 1.38 581 26
K.13.77_seq2_260 0.0195 16 0.00050 3 1.46715 1.88722 17 0.281626 17 0.281608 2 0.6 2.22 1931 14
K.13.77_seq2_261 0.0584 48 0.00159 10 1.46717 1.88662 17 0.281403 18 0.281346 -9 0.6 2.76 1874 15
K.13.77_seq2_262 0.0816 66 0.00216 14 1.46719 1.88703 14 0.28238 18 0.28236 -4 0.6 1.37 497 15
K.13.77_seq2_263 0.0717 103 0.00162 19 1.46715 1.88712 15 0.280739 31 0.280638 -2 1.1 3.50 3241 14
K.13.77_seq2_264 0.0493 61 0.00117 9 1.46722 1.88673 15 0.281492 37 0.281444 1 1.3 2.44 2160 15
K.13.77_seq2_265 0.1174 103 0.00301 20 1.46714 1.88696 12 0.282369 20 0.282342 -5 0.7 1.42 471 10
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K.13.77_seq2_266 0.1081 95 0.00283 18 1.46716 1.88592 8 0.282383 27 0.282367 -8 1.0 1.44 299 6
K.13.77_seq2_268 0.0452 38 0.00122 9 1.46718 1.88726 13 0.282358 16 0.282346 -4 0.6 1.39 514 9
K.13.77_seq2_269 0.0289 24 0.00077 5 1.46721 1.88679 11 0.282503 21 0.282489 12 0.7 0.90 1004 54
K.13.77_seq2_271 0.0865 95 0.00227 20 1.46722 1.88698 14 0.282364 16 0.282343 -4 0.6 1.40 516 8
K.13.77_seq2_272 0.0000 0 0.00000 0 0.00000 0.00000 0 #SAYI/0! 0 0 0 0.0 0.00 840 23
K.13.77_seq2_273 0.0590 90 0.00146 19 1.46714 1.88702 12 0.28254 21 0.282522 5 0.8 1.00 643 11
K.13.77_seq2_274 0.0623 51 0.00162 10 1.46718 1.88701 16 0.282377 17 0.28236 -3 0.6 1.36 535 12
K.13.77_seq2_275 0.0188 17 0.00055 4 1.46719 1.88665 13 0.28183 17 0.281819 -10 0.6 2.18 1083 48
K.13.77_seq2_276 0.0110 11 0.00028 2 1.46714 1.88683 16 0.282368 20 0.282363 6 0.7 1.17 956 14
K.13.77_seq2_278 0.0249 22 0.00073 6 1.46719 1.88613 11 0.282685 22 0.282677 10 0.8 0.70 617 15
K.13.77_seq2_279 0.0738 66 0.00178 13 1.46722 1.88651 12 0.282414 21 0.282383 6 0.7 1.15 922 13
K.13.77_seq2_280 0.0194 16 0.00061 4 1.46716 1.88692 17 0.282516 15 0.282504 12 0.5 0.88 993 19
K.13.77_seq2_281 0.0487 42 0.00130 9 1.46720 1.88673 12 0.282309 18 0.282285 4 0.6 1.32 977 20
K.13.77_seq2_282 0.0308 25 0.00081 5 1.46716 1.88661 10 0.282509 22 0.282495 11 0.8 0.92 948 14
K.13.77_seq2_289 0.0393 35 0.00101 8 1.46711 1.88678 12 0.282394 22 0.282383 -1 0.8 1.30 579 13
K.13.77_seq2_290 0.0603 51 0.00143 10 1.46719 1.88600 14 0.282325 21 0.28231 -5 0.8 1.45 546 12
K.13.77_seq2_291 0.0543 58 0.00141 11 1.46715 1.88705 15 0.282623 18 0.282609 6 0.6 0.87 541 14
K.13.77_seq2_292 0.0282 29 0.00062 5 1.46717 1.88719 14 0.282542 18 0.282535 5 0.6 0.98 613 11
K.13.77_seq2_293 0.0509 42 0.00126 8 1.46715 1.88698 11 0.282528 23 0.282513 5 0.8 1.02 640 13
K.13.77_seq2_294 0.0582 54 0.00140 10 1.46716 1.88683 18 0.282575 16 0.282557 7 0.6 0.91 685 12
K.13.77_seq2_296 0.0305 25 0.00077 5 1.46720 1.88704 10 0.281103 23 0.281074 -15 0.8 3.23 2011 29
K.13.77_seq2_297 0.0102 10 0.00023 2 1.46719 1.88675 14 0.281428 18 0.281421 -8 0.6 2.65 1796 17
K.13.77_seq2_298 0.0243 22 0.00067 6 1.46714 1.88667 13 0.282459 18 0.282455 -6 0.6 1.28 270 8
K.13.77_seq2_300 0.0894 79 0.00255 25 1.46713 1.88641 13 0.282306 34 0.282282 -7 1.2 1.52 505 10
K.13.77_seq2_301 0.0242 21 0.00064 4 1.46719 1.88708 13 0.282409 19 0.282401 0 0.7 1.25 597 11
K.13.77_seq2_302 0.0360 29 0.00093 6 1.46717 1.88660 15 0.282262 18 0.282244 4 0.6 1.38 1029 24
K.13.77_seq2_303 0.0263 22 0.00076 5 1.46721 1.88660 6 0.281681 28 0.281656 0 1.0 2.20 1783 50

LA-MC-ICPMS Lu-Hf isotope data of zircon from sample K.12.75 (Kasimlar Formation)
K.12.75_915 0.0179 16 0.00059 4 1.46712 1.88698 8 0.282336 26 0.282324 8 0.9 1.20 1068 52
K.12.75_916 0.0452 43 0.00127 9 1.46718 1.88697 7 0.282538 31 0.282529 -1 1.1 1.10 371 5
K.12.75_917 0.0554 49 0.00152 11 1.46713 1.88655 9 0.282481 26 0.282472 -4 0.9 1.23 323 5
K.12.75_918 0.0287 23 0.00085 5 1.46709 1.88644 8 0.28242 36 0.282411 -1 1.3 1.25 567 10
K.12.75_919 0.0282 26 0.00087 6 1.46717 1.88641 8 0.282006 32 0.281991 -7 1.1 1.91 935 14
K.12.75_920 0.0209 18 0.00059 4 1.46720 1.88674 9 0.282079 21 0.28207 -7 0.8 1.81 803 12
K.12.75_921 0.0376 31 0.00111 7 1.46716 1.88680 9 0.282334 22 0.282325 -6 0.8 1.46 454 7
K.12.75_922 0.0560 47 0.00147 9 1.46711 1.88635 11 0.282407 26 0.282396 -5 0.9 1.35 387 7
K.12.75_923 0.0194 16 0.00057 3 1.46716 1.88703 9 0.281552 22 0.281541 -23 0.8 2.77 960 15
K.12.75_924 0.0266 26 0.00065 5 1.46719 1.88671 10 0.282214 23 0.282206 -6 0.8 1.61 656 9
K.12.75_925 0.0295 24 0.00086 5 1.46720 1.88629 10 0.282442 24 0.282437 -5 0.8 1.30 313 5
K.12.75_926 0.0179 16 0.00049 4 1.46714 1.88691 9 0.282239 21 0.282233 -4 0.7 1.54 697 11
K.12.75_927 0.0461 38 0.00125 8 1.46714 1.88667 9 0.28243 25 0.282423 -6 0.9 1.33 300 6
K.12.75_933 0.0248 20 0.00070 4 1.46715 1.88640 8 0.282183 25 0.282172 -3 0.9 1.59 849 13
K.12.75_935 0.0168 20 0.00049 5 1.46722 1.88676 9 0.281925 22 0.281915 -7 0.8 2.00 1072 68
K.12.75_936 0.0207 20 0.00062 5 1.46718 1.88683 10 0.282478 24 0.282469 7 0.8 1.02 827 13
K.12.75_937 0.0140 11 0.00047 3 1.46715 1.88691 10 0.282491 25 0.282484 8 0.9 0.99 826 12
K.12.75_938 0.0321 27 0.00097 6 1.46716 1.88696 8 0.281167 22 0.281118 2 0.8 2.84 2665 9
K.12.75_939 0.0957 91 0.00232 17 1.46716 1.88667 8 0.282405 26 0.282379 -1 0.9 1.29 603 9
K.12.75_940 0.0215 18 0.00069 4 1.46717 1.88653 9 0.282652 21 0.282644 9 0.8 0.77 610 9
K.12.75_941 0.0302 25 0.00085 5 1.46710 1.88710 11 0.280971 32 0.280927 -4 1.1 3.18 2727 12
K.12.75_942 0.0293 42 0.00095 13 1.46720 1.88696 9 0.281319 24 0.281274 3 0.9 2.63 2465 10
K.12.75_943 0.0302 27 0.00083 6 1.46711 1.88660 9 0.282629 30 0.28262 7 1.1 0.84 569 9
K.12.75_944 0.0248 21 0.00074 5 1.46719 1.88666 10 0.281951 22 0.281938 -10 0.8 2.03 897 14
K.12.75_945 0.0287 24 0.00080 5 1.46713 1.88588 8 0.281498 28 0.281469 -4 1.0 2.51 1897 17
K.12.75_946 0.0379 30 0.00100 6 1.46706 1.88696 7 0.28197 21 0.281951 -8 0.7 1.98 961 15
K.12.75_947 0.0223 20 0.00057 4 1.46717 1.88655 12 0.28229 20 0.282283 -3 0.7 1.45 665 10
K.12.75_948 0.0864 185 0.00167 31 1.46717 1.88623 11 0.282373 48 0.282353 0 1.7 1.32 666 10
K.12.75_949 0.0261 21 0.00069 4 1.46712 1.88664 10 0.282327 24 0.282317 1 0.9 1.33 802 14
K.12.75_950 0.0643 54 0.00179 12 1.46715 1.88638 11 0.282378 21 0.282363 -5 0.7 1.38 459 7
K.12.75_951 0.0229 21 0.00060 5 1.46720 1.88669 8 0.282742 29 0.282739 5 1.0 0.72 289 5
K.12.75_952 0.0270 22 0.00073 5 1.46718 1.88668 9 0.280986 32 0.280948 -3 1.1 3.14 2724 12
K.12.75_953 0.0331 33 0.00092 6 1.46703 1.88682 10 0.281436 49 0.281401 -4 1.8 2.59 2007 16
K.12.75_954 0.0134 11 0.00038 2 1.46715 1.88663 6 0.282082 31 0.282076 -7 1.1 1.80 800 12
K.12.75_955 0.0297 27 0.00078 6 1.46715 1.88714 10 0.28262 26 0.28261 8 0.9 0.82 645 10
K.12.75_956 0.0491 40 0.00143 9 1.46715 1.88644 8 0.282226 26 0.282203 -1 0.9 1.53 865 13
K.12.75_957 0.0231 19 0.00067 4 1.46720 1.88678 12 0.28252 19 0.282512 5 0.7 1.01 667 10
K.12.75_958 0.0156 13 0.00049 3 1.46715 1.88674 10 0.281838 20 0.281828 -11 0.7 2.19 1031 21
K.12.75_959 0.0098 15 0.00026 4 1.46717 1.88625 8 0.281136 24 0.281124 -3 0.9 2.92 2473 9
K.12.75_960 0.0478 54 0.00135 13 1.46720 1.88579 7 0.282436 28 0.282425 -3 1.0 1.26 458 7
K.12.75_961 0.0423 39 0.00119 9 1.46721 1.88721 10 0.282402 19 0.282384 4 0.7 1.20 811 20
K.12.75_962 0.0301 26 0.00088 6 1.46721 1.88660 9 0.281299 44 0.281254 7 1.6 2.57 2668 9
K.12.75_963 0.0464 37 0.00126 8 1.46716 1.88663 9 0.282467 21 0.282447 7 0.7 1.05 858 13
K.12.75_964 0.0339 28 0.00090 6 1.46717 1.88672 8 0.281053 23 0.281009 -5 0.8 3.12 2528 15
K.12.75_965 0.0144 12 0.00036 2 1.46711 1.88677 13 0.282536 17 0.282532 5 0.6 0.98 633 10
K.12.75_966 0.0317 32 0.00097 8 1.46718 1.88670 8 0.281242 25 0.281193 4 0.9 2.69 2665 10
K.12.75_967 0.0323 26 0.00091 5 1.46711 1.88679 8 0.282391 26 0.282382 -3 0.9 1.33 504 8
K.12.75_968 0.0215 17 0.00060 4 1.46717 1.88674 10 0.282207 19 0.282199 -7 0.7 1.63 631 9
K.12.75_969 0.0212 23 0.00060 5 1.46720 1.88677 8 0.282309 24 0.282303 -5 0.9 1.47 540 8
K.12.75_970 0.0100 9 0.00028 2 1.46718 1.88652 10 0.280747 19 0.280732 -12 0.7 3.59 2673 9
K.12.75_971 0.0201 16 0.00056 3 1.46714 1.88660 9 0.282292 20 0.282281 5 0.7 1.31 1014 36
K.12.75_972 0.0625 52 0.00173 11 1.46714 1.88673 10 0.282491 21 0.28248 -3 0.7 1.20 337 5
K.12.75_973 0.0179 15 0.00050 3 1.46714 1.88697 9 0.282638 21 0.282632 9 0.8 0.78 642 10
K.12.75_974 0.0102 8 0.00029 2 1.46721 1.88689 10 0.281246 21 0.281232 4 0.8 2.66 2576 16
K.12.75_975 0.0304 25 0.00092 6 1.46713 1.88680 12 0.282352 20 0.282343 -4 0.7 1.40 505 9
K.12.75_976 0.0262 21 0.00074 5 1.46714 1.88692 10 0.282224 17 0.282217 -8 0.6 1.64 528 8
K.12.75_977 0.0426 40 0.00118 9 1.46707 1.88625 11 0.281907 62 0.281896 -21 2.2 2.28 478 7
K.12.75_978 0.0842 69 0.00231 15 1.46714 1.88625 12 0.282408 19 0.282389 -4 0.7 1.34 432 7
K.12.75_980 0.0325 26 0.00095 6 1.46717 1.88691 9 0.282605 21 0.282592 9 0.7 0.82 727 13
K.12.75_981 0.0331 64 0.00095 17 1.46716 1.88611 10 0.282613 32 0.282607 2 1.1 0.95 353 6
K.12.75_982 0.0381 32 0.00110 7 1.46713 1.88716 10 0.282438 21 0.282433 -6 0.8 1.32 274 4
K.12.75_988 0.0477 38 0.00137 8 1.46721 1.88625 6 0.282351 26 0.282327 5 0.9 1.25 938 14
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K.12.75_989 0.0717 58 0.00193 12 1.46719 1.88636 7 0.282291 30 0.282264 -2 1.1 1.45 758 11
K.12.75_990 0.0166 15 0.00050 3 1.46713 1.88618 9 0.282599 23 0.282591 11 0.8 0.78 816 12
K.12.75_991 0.0505 48 0.00129 11 1.46711 1.88663 8 0.282773 28 0.282766 6 1.0 0.67 283 5
K.12.75_992 0.0568 45 0.00150 9 1.46718 1.88669 11 0.282365 21 0.282336 7 0.7 1.19 1040 21
K.12.75_993 0.0251 22 0.00070 5 1.46715 1.88664 8 0.281045 27 0.281011 -6 0.9 3.12 2508 11
K.12.75_994 0.0549 44 0.00148 9 1.46714 1.88637 9 0.282249 21 0.28222 3 0.8 1.42 1031 28
K.12.75_995 0.0263 22 0.00074 5 1.46714 1.88620 10 0.281868 30 0.281854 -10 1.1 2.14 1019 30
K.12.75_996 0.0285 26 0.00084 6 1.46719 1.88678 11 0.282357 14 0.282348 -2 0.5 1.35 601 9
K.12.75_997 0.0375 31 0.00109 7 1.46711 1.88655 11 0.28242 21 0.282414 -6 0.7 1.34 324 5
K.12.75_998 0.0250 21 0.00086 5 1.46719 1.88682 9 0.281085 22 0.281041 -1 0.8 2.99 2674 10
K.12.75_999 0.0488 40 0.00143 9 1.46714 1.88683 11 0.282362 26 0.282349 -5 0.9 1.41 465 7
K.12.75_1000 0.0426 36 0.00116 7 1.46714 1.88668 10 0.281421 23 0.281377 -5 0.8 2.66 1970 13
K.12.75_1001 0.0551 45 0.00157 10 1.46719 1.88665 12 0.282436 16 0.282422 -3 0.6 1.27 462 7
K.12.75_1002 0.0882 86 0.00249 19 1.46714 1.88704 9 0.282435 22 0.282385 9 0.8 1.09 1053 17
K.12.75_1003 0.0349 28 0.00095 6 1.46718 1.88673 11 0.282448 18 0.282442 -5 0.6 1.28 334 5
K.12.75_1004 0.0607 51 0.00159 11 1.46702 1.88607 9 0.282448 33 0.282439 -6 1.2 1.31 281 5
K.12.75_1005 0.0364 30 0.00104 7 1.46720 1.88664 12 0.281404 16 0.281364 -5 0.6 2.67 1988 15
K.12.75_1006 0.1183 98 0.00284 18 1.46713 1.88657 9 0.282647 23 0.282616 7 0.8 0.83 593 9
K.12.75_1007 0.0284 23 0.00076 5 1.46717 1.88644 7 0.282547 40 0.282537 7 1.4 0.94 700 11
K.12.75_1008 0.0411 35 0.00099 6 1.46722 1.88634 8 0.282535 43 0.282523 5 1.5 1.00 637 9
K.12.75_1009 0.0311 26 0.00089 6 1.46715 1.88673 11 0.282344 21 0.282336 -6 0.7 1.44 437 7
K.12.75_1010 0.0310 28 0.00085 6 1.46718 1.88699 9 0.282267 26 0.282257 -5 0.9 1.52 622 11
K.12.75_1011 0.0363 45 0.00099 8 1.46721 1.88644 9 0.282353 34 0.282342 -2 1.2 1.37 595 9
K.12.75_1012 0.0490 44 0.00127 9 1.46710 1.88708 9 0.281043 37 0.280979 -4 1.3 3.13 2623 9
K.12.75_1013 0.0133 11 0.00040 2 1.46715 1.88655 8 0.282628 23 0.282623 8 0.8 0.80 636 10
K.12.75_1014 0.0242 25 0.00060 4 1.46718 1.88629 8 0.281787 28 0.281765 7 1.0 1.92 1909 37
K.12.75_1015 0.0446 42 0.00128 9 1.46702 1.88614 8 0.28163 36 0.281584 0 1.3 2.29 1876 13
K.12.75_1016 0.0347 37 0.00097 9 1.46715 1.88622 11 0.282482 27 0.282471 2 1.0 1.11 601 9
K.12.75_1017 0.0245 45 0.00072 11 1.46714 1.88606 10 0.282575 28 0.282564 11 1.0 0.83 842 12
K.12.75_1018 0.0829 68 0.00240 15 1.46713 1.88630 7 0.282035 24 0.282006 -13 0.8 2.00 642 9
K.12.75_1019 0.0252 21 0.00078 5 1.46720 1.88649 8 0.282346 25 0.282331 6 0.9 1.22 989 16
K.12.75_1021 0.0211 18 0.00061 4 1.46713 1.88627 11 0.282578 28 0.282571 6 1.0 0.92 592 9
K.12.75_1022 0.0244 22 0.00064 5 1.46713 1.88647 10 0.281948 19 0.28194 -16 0.7 2.14 607 9
K.12.75_1023 0.0268 22 0.00072 5 1.46721 1.88636 9 0.282065 19 0.282052 -4 0.7 1.77 993 15
K.12.75_1024 0.0439 42 0.00124 10 1.46717 1.88612 5 0.282815 77 0.282807 9 2.7 0.55 363 6
K.12.75_1025 0.0339 28 0.00092 6 1.46716 1.88606 11 0.282427 25 0.282421 -6 0.9 1.33 320 5
K.12.75_1026 0.0792 64 0.00229 14 1.46716 1.88678 13 0.282374 17 0.282355 -5 0.6 1.40 459 7
K.12.75_1027 0.0621 59 0.00179 13 1.46718 1.88680 9 0.282406 28 0.282376 5 1.0 1.18 880 13
K.12.75_1028 0.0672 54 0.00162 10 1.46720 1.88667 9 0.28204 19 0.282016 -10 0.7 1.93 779 11
K.12.75_1029 0.0117 10 0.00031 2 1.46715 1.88681 10 0.281743 23 0.28174 -23 0.8 2.51 647 10
K.12.75_1030 0.0651 57 0.00174 12 1.46707 1.88623 10 0.281954 23 0.281937 -18 0.8 2.17 548 8
K.12.75_1031 0.0191 17 0.00038 3 1.46716 1.88642 9 0.28193 30 0.281925 -16 1.1 2.16 632 10
K.12.75_1032 0.0748 64 0.00208 13 1.46713 1.88661 10 0.282484 32 0.282452 6 1.1 1.06 814 12
K.12.75_1033 0.0297 24 0.00085 5 1.46716 1.88675 13 0.282217 19 0.282203 0 0.7 1.50 925 13
K.12.75_1034 0.0298 24 0.00085 5 1.46704 1.88702 11 0.282342 23 0.282325 8 0.8 1.20 1077 18
K.12.75_1035 0.0281 23 0.00080 5 1.46711 1.88661 9 0.281218 16 0.281188 -12 0.6 3.02 1990 15

LA-MC-ICPMS Lu-Hf isotope data of zircon from sample K.12.78 (Kasimlar Formation)
K.12.78_seq1_292 0.0156 14 0.00045 3 1.46721 1.88654 9 0.281798 18 0.281794 -22.8 0.6 2.44 551 16
K.12.78_seq1_293 0.0248 26 0.00077 8 1.46727 1.88625 10 0.282318 25 0.282307 -0.5 0.9 1.38 736 12
K.12.78_seq1_294 0.0198 18 0.00058 4 1.46733 1.88662 4 0.282311 33 0.282304 -3.4 1.2 1.44 611 11
K.12.78_seq1_296 0.0104 9 0.00029 2 1.46727 1.88670 7 0.281071 27 0.281056 -3.7 1.0 3.02 2530 12
K.12.78_seq1_297 0.0796 86 0.00217 20 1.46718 1.88600 7 0.282701 39 0.282675 10.5 1.4 0.69 644 11
K.12.78_seq1_298 0.0142 12 0.00039 2 1.46724 1.88684 8 0.282534 26 0.282529 5.2 0.9 0.98 638 17
K.12.78_seq1_299 0.0457 44 0.00124 10 1.46724 1.88632 8 0.282570 24 0.282553 7.7 0.9 0.91 710 17
K.12.78_seq1_300 0.0216 23 0.00057 5 1.46720 1.88653 8 0.282486 23 0.282477 7.9 0.8 1.00 839 14
K.12.78_seq1_301 0.0610 50 0.00179 12 1.46728 1.88616 10 0.282641 27 0.282619 8.7 0.9 0.80 651 10
K.12.78_seq1_302 0.0335 39 0.00083 8 1.46720 1.88678 13 0.282617 16 0.282613 -0.3 0.6 0.98 259 11
K.12.78_seq1_303 0.0186 16 0.00047 3 1.46725 1.88642 9 0.282247 22 0.282242 -5.8 0.8 1.56 601 18
K.12.78_seq1_304 0.0493 43 0.00151 10 1.46716 1.88654 7 0.281060 24 0.280977 0.9 0.8 3.03 2844 10
K.12.78_seq1_305 0.0266 21 0.00072 4 1.46724 1.88644 8 0.280926 21 0.280888 -4.7 0.7 3.25 2742 17
K.12.78_seq1_306 0.0336 27 0.00096 6 1.46725 1.88681 10 0.282364 21 0.282356 -5.5 0.8 1.41 435 11
K.12.78_seq1_307 0.0154 13 0.00041 3 1.46721 1.88603 9 0.282305 24 0.282300 -3.6 0.9 1.45 606 11
K.12.78_seq1_308 0.0265 24 0.00073 5 1.46725 1.88671 8 0.282523 20 0.282515 3.1 0.7 1.04 569 14
K.12.78_seq1_309 0.0234 21 0.00060 4 1.46721 1.88673 9 0.282122 20 0.282113 -5.4 0.7 1.72 821 12
K.12.78_seq1_310 0.0164 13 0.00045 3 1.46723 1.88654 11 0.282452 20 0.282447 1.0 0.7 1.17 582 11
K.12.78_seq1_311 0.0191 16 0.00051 3 1.46725 1.88646 9 0.282066 29 0.282056 -3.9 1.0 1.77 976 20
K.12.78_seq1_312 0.0222 22 0.00057 5 1.46726 1.88660 8 0.282574 25 0.282568 5.3 0.9 0.93 581 19
K.12.78_seq1_313 0.0156 13 0.00042 3 1.46727 1.88620 7 0.281916 25 0.281910 -12.9 0.9 2.12 809 33
K.12.78_seq1_314 0.1439 148 0.00368 30 1.46733 1.88645 10 0.281865 29 0.281839 -25.2 1.0 2.42 373 24
K.12.78_seq1_316 0.0078 6 0.00022 1 1.46730 1.88621 9 0.282378 21 0.282376 -3.3 0.8 1.34 501 12
K.12.78_seq1_317 0.0442 37 0.00121 8 1.46719 1.88643 7 0.281852 22 0.281829 -11.4 0.8 2.20 1000 23
K.12.78_seq1_319 0.0407 33 0.00120 7 1.46725 1.88632 9 0.282453 22 0.282432 8.2 0.8 1.05 923 19
K.12.78_seq1_320 0.0173 15 0.00046 3 1.46727 1.88673 8 0.280834 25 0.280810 -8.3 0.9 3.42 2705 15
K.12.78_seq1_321 0.0317 26 0.00091 6 1.46722 1.88672 9 0.282569 23 0.282560 3.9 0.8 0.97 533 10
K.12.78_seq1_322 0.0144 12 0.00036 2 1.46723 1.88657 9 0.281326 25 0.281309 4.4 0.9 2.55 2490 13
K.12.78_seq1_323 0.0367 30 0.00099 6 1.46724 1.88638 10 0.282115 22 0.282102 -8.9 0.8 1.80 684 15
K.12.78_seq1_324 0.0265 23 0.00077 5 1.46714 1.88621 7 0.281690 22 0.281684 -28.6 0.8 2.68 464 12
K.12.78_seq1_325 0.0381 31 0.00098 6 1.46725 1.88658 11 0.282050 21 0.282038 -12.0 0.8 1.94 646 11
K.12.78_seq1_326 0.0400 33 0.00119 7 1.46719 1.88635 10 0.281600 30 0.281577 -19.5 1.1 2.67 1039 46
K.12.78_seq1_327 0.0383 31 0.00104 6 1.46719 1.88648 8 0.282322 23 0.282306 1.5 0.8 1.34 823 14
K.12.78_seq1_334 0.0111 9 0.00029 2 1.46723 1.88607 9 0.282546 27 0.282542 6.7 1.0 0.94 687 12
K.12.78_seq1_335 0.0649 119 0.00184 31 1.46723 1.88717 9 0.282524 24 0.282500 5.6 0.9 1.01 701 21
K.12.78_seq1_336 0.0147 12 0.00040 2 1.46722 1.88636 8 0.282491 24 0.282485 6.2 0.8 1.02 754 11
K.12.78_seq1_337 0.0262 27 0.00070 6 1.46726 1.88650 9 0.282304 23 0.282294 -1.9 0.8 1.42 693 15
K.12.78_seq1_339 0.0354 30 0.00107 7 1.46716 1.88623 7 0.281240 28 0.281190 -0.9 1.0 2.80 2446 18
K.12.78_seq1_340 0.0359 30 0.00103 6 1.46718 1.88657 9 0.282427 15 0.282421 -5.7 0.5 1.32 323 11
K.12.78_seq1_341 0.0321 26 0.00085 5 1.46716 1.88716 9 0.282292 25 0.282282 -3.9 0.9 1.47 620 17
K.12.78_seq1_342 0.0098 9 0.00030 2 1.46723 1.88654 10 0.280899 24 0.280885 -10.2 0.9 3.37 2513 14
K.12.78_seq1_343 0.0418 38 0.00118 8 1.46729 1.88669 8 0.281525 27 0.281483 -3.4 1.0 2.49 1888 17
K.12.78_seq1_344 0.0643 58 0.00166 12 1.46727 1.88617 7 0.282484 66 0.282460 5.8 2.3 1.06 771 15
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K.12.78_seq1_345 0.0315 26 0.00086 5 1.46726 1.88653 8 0.282103 24 0.282093 -10.8 0.9 1.84 614 15
K.12.78_seq1_346 0.0227 23 0.00066 5 1.46729 1.88698 9 0.281619 28 0.281596 0.3 1.0 2.27 1878 33
K.12.78_seq1_347 0.0245 21 0.00089 6 1.46721 1.88665 9 0.282914 16 0.282908 12.4 0.6 0.35 364 10
K.12.78_seq1_348 0.0351 29 0.00118 7 1.46722 1.88618 11 0.282597 17 0.282579 10.8 0.6 0.81 810 15
K.12.78_seq1_349 0.0178 15 0.00044 3 1.46719 1.88598 10 0.281296 50 0.281281 -10.5 1.8 2.88 1891 23
K.12.78_seq1_351 0.0450 39 0.00127 8 1.46721 1.88640 10 0.282518 19 0.282496 10.2 0.7 0.93 910 10
K.12.78_seq1_352 0.0389 36 0.00111 10 1.46725 1.88603 8 0.282536 34 0.282517 10.8 1.2 0.89 904 20
K.12.78_seq1_353 0.0341 38 0.00096 10 1.46717 1.88662 12 0.282435 18 0.282425 -0.6 0.6 1.23 545 12
K.12.78_seq1_354 0.0414 33 0.00116 7 1.46718 1.88643 10 0.282104 23 0.282083 -3.5 0.8 1.72 951 12
K.12.78_seq1_355 0.0351 40 0.00103 10 1.46718 1.88648 9 0.281801 20 0.281782 -12.9 0.7 2.28 1010 14
K.12.78_seq1_356 0.0358 35 0.00098 9 1.46719 1.88682 12 0.282417 20 0.282407 -0.6 0.7 1.25 573 10
K.12.78_seq1_357 0.0277 28 0.00077 6 1.46718 1.88676 7 0.280879 28 0.280836 -3.2 1.0 3.29 2884 9
K.12.78_seq1_359 0.0404 33 0.00111 7 1.46727 1.88632 10 0.282607 36 0.282594 6.7 1.3 0.87 601 18
K.12.78_seq1_360 0.0258 21 0.00078 5 1.46728 1.88626 8 0.282176 29 0.282161 0.6 1.0 1.54 1013 38
K.12.78_seq1_361 0.0198 16 0.00056 3 1.46721 1.88691 9 0.282630 24 0.282625 4.4 0.8 0.87 452 9
K.12.78_seq1_362 0.0151 12 0.00040 3 1.46728 1.88633 9 0.281266 33 0.281251 -8.9 1.2 2.89 2008 37
K.12.78_seq1_366 0.0455 40 0.00127 10 1.46718 1.88655 11 0.282691 21 0.282685 1.9 0.8 0.84 243 8
K.12.78_seq1_367 0.0431 40 0.00115 8 1.46728 1.88605 8 0.282040 31 0.282020 -6.7 1.1 1.86 911 18
K.12.78_seq1_369 0.0231 19 0.00063 4 1.46724 1.88640 10 0.281917 26 0.281911 -19.5 0.9 2.23 513 11
K.12.78_seq1_370 0.0341 31 0.00089 6 1.46721 1.88656 9 0.282405 21 0.282394 1.5 0.7 1.23 689 19
K.12.78_seq1_371 0.0184 17 0.00056 4 1.46722 1.88632 9 0.282257 24 0.282247 2.1 0.8 1.41 945 13
K.12.78_seq1_372 0.0170 16 0.00046 4 1.46719 1.88600 9 0.282059 20 0.282054 -13.7 0.7 1.95 544 40
K.12.78_seq1_373 0.0259 23 0.00074 5 1.46718 1.88640 9 0.281911 24 0.281897 -9.4 0.9 2.07 983 20
K.12.78_seq1_374 0.0340 27 0.00087 5 1.46717 1.88667 8 0.281069 25 0.281028 -6.8 0.9 3.12 2441 15
K.12.78_seq1_376 0.0491 42 0.00161 10 1.46720 1.88631 10 0.282570 25 0.282552 5.7 0.9 0.95 624 13
K.12.78_seq1_377 0.0358 36 0.00091 8 1.46722 1.88706 9 0.282445 25 0.282432 5.1 0.9 1.11 786 10
K.12.78_seq1_378 0.0557 45 0.00153 10 1.46727 1.88596 7 0.282493 35 0.282464 11.5 1.2 0.95 1020 34
K.12.78_seq1_379 0.0835 71 0.00203 14 1.46726 1.88714 12 0.281517 19 0.281444 -4.7 0.7 2.56 1893 21
K.12.78_seq1_380 0.0451 80 0.00131 26 1.46728 1.88626 10 0.281925 26 0.281887 2.6 0.9 1.86 1524 21
K.12.78_seq1_381 0.0318 26 0.00090 6 1.46721 1.88623 7 0.282305 26 0.282295 -3.5 0.9 1.45 622 13
K.12.78_seq1_382 0.0403 32 0.00108 7 1.46721 1.88601 9 0.282054 24 0.282035 -5.6 0.8 1.82 938 11
K.12.78_seq1_388 0.0569 62 0.00149 13 1.46727 1.88681 9 0.282084 27 0.282057 -4.2 1.0 1.77 964 10
K.12.78_seq1_389 0.0212 25 0.00065 6 1.46730 1.88614 9 0.281478 25 0.281456 -6.5 0.9 2.58 1798 44
K.12.78_seq1_392+ 0.0240 20 0.00072 5 1.46722 1.88662 11 0.281715 19 0.281702 -16.7 0.7 2.45 967 15
K.12.78_seq1_394 0.0273 22 0.00083 5 1.46721 1.88603 11 0.281422 23 0.281411 -32.6 0.8 3.11 720 12
K.12.78_seq1_395 0.0235 19 0.00069 4 1.46715 1.88658 8 0.281388 21 0.281361 -5.2 0.7 2.67 1997 15
K.12.78_seq1_397 0.0138 37 0.00035 10 1.46720 1.88595 12 0.281981 15 0.281977 -14.3 0.5 2.06 643 10
K.12.78_seq1_398 0.0241 19 0.00066 4 1.46729 1.88698 9 0.282564 24 0.282558 4.0 0.8 0.97 540 18
K.12.78_seq1_399 0.0388 32 0.00102 6 1.46718 1.88632 8 0.281861 25 0.281835 -2.9 0.9 2.03 1369 27
K.12.78_seq1_400 0.0194 16 0.00042 3 1.46726 1.88680 10 0.281226 21 0.281206 0.7 0.7 2.75 2489 10
K.12.78_seq1_402 0.0257 21 0.00069 4 1.46726 1.88661 9 0.281906 19 0.281893 -9.0 0.7 2.07 1005 18
K.12.78_seq1_404 0.0235 28 0.00062 6 1.46718 1.88649 9 0.281920 27 0.281907 -6.5 1.0 2.01 1098 41
K.12.78_seq1_405 0.0395 32 0.00121 7 1.46724 1.88639 12 0.282631 21 0.282617 8.0 0.7 0.82 623 10
K.12.78_seq1_406 0.0341 29 0.00098 6 1.46718 1.88617 6 0.281646 28 0.281610 2.1 1.0 2.22 1933 24
K.12.78_seq1_407 0.0556 49 0.00154 10 1.46727 1.88672 7 0.282515 23 0.282492 7.8 0.8 0.98 813 23
K.12.78_seq1_408 0.0337 27 0.00098 6 1.46732 1.88637 6 0.281089 38 0.281039 -1.2 1.4 3.00 2660 39
K.12.78_seq1_409 0.0600 60 0.00152 12 1.46718 1.88640 12 0.281825 28 0.281794 -10.7 1.0 2.23 1086 34
K.12.78_seq1_410 0.0161 19 0.00045 4 1.46721 1.88636 10 0.282342 23 0.282334 6.2 0.8 1.22 989 15
K.12.78_seq1_411 0.0195 16 0.00060 4 1.46722 1.88617 9 0.281245 20 0.281222 -11.2 0.7 2.97 1952 13
K.12.78_seq1_412 0.0561 48 0.00152 9 1.46728 1.88610 10 0.282724 23 0.282717 2.9 0.8 0.78 237 7

LA-MC-ICPMS Lu-Hf isotope data of zircon from sample K.13.104 (Guvercinlik Formation)
K13.104_1179 0.0009 1 0.00002 0 1.46718 1.88668 8 0.281205 25 0.281203 1 0.9 2.75 2502 12
K13.104_1180 0.0178 16 0.00054 4 1.46716 1.88681 8 0.282459 23 0.282454 -1 0.8 1.19 494 14
K13.104_1181 0.0238 20 0.00075 5 1.46717 1.88651 7 0.282433 26 0.282428 -6 0.9 1.32 305 12
K13.104_1182 0.0515 69 0.00138 15 1.46719 1.88653 7 0.282439 23 0.282431 -6 0.8 1.31 310 7
K13.104_1183 0.0395 38 0.00115 9 1.46714 1.88634 7 0.28246 26 0.282453 -5 0.9 1.27 304 6
K13.104_1184 0.0270 22 0.00086 5 1.46718 1.88657 6 0.281558 24 0.281523 3 0.9 2.31 2094 11
K13.104_1185 0.0268 22 0.00085 5 1.46719 1.88658 8 0.282394 26 0.282389 -7 0.9 1.39 302 8
K13.104_1186 0.0214 18 0.00071 5 1.46722 1.88654 7 0.282429 22 0.282422 -2 0.8 1.26 465 12
K13.104_1187 0.0192 17 0.00080 6 1.46726 1.88643 7 0.282561 25 0.282551 6 0.9 0.94 647 9
K13.104_1188 0.0348 36 0.00113 9 1.46717 1.88659 7 0.282661 24 0.282653 4 0.9 0.85 375 9
K13.104_1189 0.0284 24 0.00095 6 1.46719 1.88621 8 0.282229 23 0.282218 -7 0.8 1.61 585 11
K13.104_1191 0.0494 40 0.00175 11 1.46728 1.88645 5 0.282398 24 0.282379 -1 0.9 1.30 599 11
K13.104_1192 0.0171 20 0.00058 6 1.46715 1.88653 7 0.281304 21 0.281283 -8 0.7 2.83 2000 15
K13.104_1193 0.0094 14 0.00023 3 1.46717 1.88666 9 0.281617 23 0.281608 5 0.8 2.16 2063 14
K13.104_1194 0.0138 12 0.00040 3 1.46725 1.88657 8 0.282206 26 0.282201 -7 0.9 1.63 620 10
K13.104_1195 0.0347 29 0.00113 7 1.46721 1.88577 5 0.282525 23 0.282517 -1 0.8 1.12 378 6
K13.104_1206 0.0054 4 0.00014 1 1.46714 1.88671 9 0.281229 23 0.281224 -10 0.8 2.95 1989 11
K13.104_1210 0.0236 24 0.00069 6 1.46722 1.88670 8 0.28135 26 0.281323 -5 0.9 2.71 2072 14
K13.104_1211 0.0254 21 0.00074 5 1.46718 1.88652 9 0.282012 22 0.281999 -7 0.8 1.90 910 11
K13.104_1213 0.0265 22 0.00137 9 1.46714 1.88637 13 0.281725 23 0.28169 -8 0.8 2.31 1361 30
K13.104_1214 0.0246 29 0.00074 7 1.46716 1.88684 9 0.282448 22 0.282443 -5 0.8 1.28 318 8
K13.104_1215 0.0122 11 0.00043 3 1.46712 1.88725 6 0.282605 25 0.282602 2 0.9 0.96 359 13
K13.104_1216 0.0154 13 0.00046 3 1.46719 1.88666 7 0.281442 21 0.281426 -7 0.8 2.63 1816 27
K13.104_1218 0.0099 8 0.00031 2 1.46720 1.88661 10 0.280809 22 0.280793 -11 0.8 3.50 2607 9
K13.104_1219 0.0122 10 0.00042 3 1.46718 1.88663 10 0.282612 18 0.28261 1 0.6 0.95 332 6
K13.104_1221 0.0137 11 0.00041 3 1.46715 1.88658 8 0.281175 19 0.28116 -14 0.7 3.09 1943 31
K13.104_1222 0.0218 18 0.00074 4 1.46715 1.88643 9 0.282219 20 0.282205 3 0.7 1.44 1051 19
K13.104_1223 0.0290 23 0.00091 5 1.46725 1.88653 8 0.282489 23 0.282479 2 0.8 1.10 590 9
K13.104_1224 0.0257 21 0.00076 5 1.46720 1.88663 10 0.281432 19 0.281402 -4 0.7 2.59 1998 11
K13.104_1225 0.0382 40 0.00102 9 1.46706 1.88613 7 0.282251 24 0.282236 -2 0.8 1.51 763 11
K13.104_1229 0.0287 25 0.00090 6 1.46719 1.88671 8 0.282434 22 0.282429 -6 0.8 1.31 315 9
K13.104_1238 0.0177 16 0.00052 4 1.46715 1.88661 8 0.282347 21 0.282341 -2 0.7 1.37 592 9
K13.104_1239 0.0234 19 0.00069 4 1.46721 1.88657 8 0.282217 26 0.282209 -7 0.9 1.63 594 10
K13.104_1241 0.0290 23 0.00083 5 1.46719 1.88641 11 0.281033 22 0.280991 -4 0.8 3.12 2595 10
K13.104_1242 0.0203 16 0.00059 4 1.46716 1.88665 8 0.281219 25 0.281198 -15 0.9 3.06 1841 13
K13.104_1243 0.0080 11 0.00022 3 1.46722 1.88613 8 0.281234 21 0.281225 -10 0.8 2.94 2006 10
K13.104_1244 0.0353 30 0.00100 6 1.46726 1.88652 7 0.282259 27 0.282246 -3 0.9 1.50 736 10
K13.104_1247 0.0221 18 0.00068 4 1.46720 1.88658 9 0.282365 23 0.28236 -6 0.8 1.41 419 6
K13.104_1249 0.0194 17 0.00059 4 1.46719 1.88597 6 0.282478 25 0.282474 -3 0.9 1.20 368 15
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K13.104_1250 0.0223 18 0.00071 4 1.46718 1.88651 9 0.281318 24 0.281292 -9 0.8 2.83 1960 12
K13.104_1252 0.0521 48 0.00161 12 1.46720 1.88662 8 0.282298 20 0.282267 4 0.7 1.34 1004 70
K13.104_1253 0.0174 14 0.00054 3 1.46716 1.88644 9 0.282206 20 0.282199 -7 0.7 1.64 609 9
K13.104_1254 0.0370 30 0.00105 7 1.46709 1.88649 9 0.282439 25 0.282431 -3 0.9 1.27 409 12
K13.104_1255 0.0520 42 0.00162 10 1.46722 1.88649 8 0.282432 22 0.282413 1 0.8 1.22 616 9
K13.104_1257 0.0302 24 0.00099 6 1.46713 1.88645 8 0.282596 20 0.282582 10 0.7 0.83 751 13
K13.104_1258 0.0159 13 0.00048 3 1.46723 1.88635 8 0.282238 22 0.282232 -6 0.8 1.58 599 11
K13.104_1259 0.0233 24 0.00068 6 1.46723 1.88684 7 0.281089 26 0.281055 -1 0.9 2.97 2651 16
K13.104_1262 0.0416 36 0.00149 10 1.46718 1.88679 6 0.282882 26 0.282872 11 0.9 0.43 354 8
K13.104_1263 0.0171 14 0.00053 3 1.46716 1.88622 8 0.282051 24 0.282041 -4 0.9 1.78 1018 22
K13.104_1264 0.0348 33 0.00109 8 1.46718 1.88667 8 0.282762 23 0.282751 11 0.8 0.58 558 11
K13.104_1266 0.0283 23 0.00084 5 1.46722 1.88662 8 0.282413 24 0.282408 -6 0.8 1.35 331 6
K13.104_1272 0.0234 27 0.00068 7 1.46718 1.88658 10 0.281485 21 0.28146 -2 0.8 2.49 1974 13
K13.104_1273 0.0186 15 0.00060 4 1.46714 1.88642 8 0.281615 26 0.281591 7 0.9 2.15 2155 19
K13.104_1274 0.0384 32 0.00117 7 1.46720 1.88601 8 0.282392 25 0.282381 -3 0.9 1.34 491 7
K13.104_1276 0.0330 28 0.00102 7 1.46716 1.88655 9 0.282378 22 0.282371 -7 0.8 1.41 346 5
K13.104_1277 0.0221 18 0.00067 4 1.46717 1.88662 8 0.282409 22 0.282405 -6 0.8 1.36 314 7
K13.104_1278 0.0184 15 0.00055 4 1.46719 1.88682 7 0.282581 23 0.282574 7 0.8 0.90 631 17
K13.104_1280 0.0306 28 0.00086 6 1.46716 1.88670 8 0.282217 21 0.282206 -6 0.7 1.61 660 16
K13.104_1281 0.0321 26 0.00093 6 1.46714 1.88620 8 0.282574 25 0.282564 6 0.9 0.93 613 11
K13.104_1282 0.0419 36 0.00121 8 1.46717 1.88602 11 0.282457 25 0.28245 -5 0.9 1.27 308 6
K13.104_1284 0.0238 24 0.00078 7 1.46721 1.88663 8 0.281006 23 0.280965 -2 0.8 3.10 2752 11
K13.104_1285 0.0130 11 0.00040 3 1.46723 1.88658 8 0.280744 26 0.280722 -8 0.9 3.53 2840 10
K13.104_1286 0.0219 18 0.00068 4 1.46719 1.88671 9 0.282344 25 0.28234 -9 0.9 1.48 316 9
K13.104_1287 0.0284 24 0.00090 6 1.46717 1.88636 7 0.281324 23 0.28129 -8 0.8 2.82 1977 31
K13.104_1288 0.0332 27 0.00100 6 1.46716 1.88642 9 0.282414 22 0.282408 -6 0.8 1.35 325 6
K13.104_1289 0.0682 55 0.00202 12 1.46719 1.88652 10 0.282211 21 0.282176 -1 0.8 1.55 923 12
K13.104_1290 0.0485 43 0.00167 12 1.46723 1.88676 7 0.281726 26 0.281697 -18 0.9 2.48 919 19
K13.104_1291 0.0296 26 0.00090 6 1.46715 1.88645 10 0.282137 24 0.282127 -10 0.9 1.78 602 9
K13.104_1292 0.0050 5 0.00018 1 1.46720 1.88629 9 0.281689 21 0.281685 -16 0.7 2.47 1016 21
K13.104_1293 0.0249 20 0.00077 5 1.46723 1.88658 8 0.282373 22 0.282367 -6 0.8 1.40 393 6
K13.104_1294 0.0344 31 0.00090 6 1.46709 1.88651 6 0.282243 24 0.28223 -2 0.8 1.51 769 13
K13.104_1296 0.0159 13 0.00045 3 1.46720 1.88682 8 0.281967 23 0.281962 -15 0.8 2.09 626 11
K13.104_1297 0.0395 32 0.00128 8 1.46720 1.88670 8 0.281518 26 0.281468 -1 0.9 2.45 2022 11
K13.104_1298 0.0339 28 0.00106 6 1.46717 1.88673 7 0.282315 24 0.282309 -10 0.9 1.55 306 7
K13.104_1300 0.0396 32 0.00113 7 1.46720 1.88658 9 0.281756 22 0.281733 -13 0.8 2.36 1062 18
K13.104_1301 0.0145 12 0.00051 3 1.46719 1.88662 7 0.282561 22 0.282553 11 0.8 0.85 839 13
K13.104_1307 0.0234 19 0.00069 4 1.46715 1.88647 7 0.282146 25 0.28214 -12 0.9 1.81 470 19
K13.104_1308 0.0473 38 0.00149 9 1.46722 1.88666 10 0.281468 20 0.281412 -5 0.7 2.60 1950 14
K13.104_1309 0.0106 11 0.00033 3 1.46718 1.88650 8 0.281141 23 0.281129 -14 0.8 3.14 1975 11
K13.104_1310 0.0082 7 0.00025 1 1.46723 1.88656 8 0.281173 23 0.281163 -12 0.8 3.05 2015 36

Temora (n=26) 0.0379 352 0.00110 104 1.46719 1.88666 10 0.282691 31 0.282682 6 1.0 0.78 417 4
Plesovice (n=19) 0.0065 74 0.00013 18 1.46718 1.88673 13 0.282470 26 0.282470 -4 0.9 1.22 338 3
GJ-1 (n=57) 0.0086 11 0.00025 1 1.46720 1.88669 10 0.282013 23 0.282011 -14 0.8 2.01 606 6
JMC 475 (n=6) 1.46719 1.88669 11 0.282149 8

(b) Mean Hf signal in volt. 

(d) Initial 176Hf/177Hf and �Hf calculated using the apparent Pb-Pb age determined by LA-ICP-MS dating (see column f), and the CHUR parameters: 
176Lu/177Hf = 0.0336, and 176Hf/177Hf = 0.282785 (Bouvier et al ., 2008).

(f) apparent Pb-Pb age determined by LA-ICP-MS

LA-MC-ICPMS Lu-Hf isotope data of zircon from meta-granites

A141 TM.17.33 0.0340 30 0.00103 7 1.46736 1.88634 9 0.282366 34 0.282359 -7.7 1.2 1.59 329 5
A142 0.0317 26 0.00097 6 1.46732 1.88571 13 0.282402 21 0.282396 -6.8 0.8 1.52 311 4
A143 0.0406 36 0.00119 8 1.46729 1.88663 12 0.282452 22 0.282444 -4.9 0.8 1.43 321 4
A144 0.0278 24 0.00083 5 1.46734 1.88650 13 0.282398 20 0.282393 -6.7 0.7 1.53 321 4
A145 0.0334 27 0.00101 6 1.46726 1.88652 13 0.282418 21 0.282412 -6.4 0.7 1.49 307 4
A151 0.0466 39 0.00139 9 1.46728 1.88651 14 0.282384 17 0.282376 -7.5 0.6 1.56 311 4
A152 0.0394 33 0.00117 7 1.46731 1.88652 12 0.282399 19 0.282392 -6.8 0.7 1.53 321 4
A153 0.0500 45 0.00142 10 1.46731 1.88662 13 0.282424 26 0.282416 -6.3 0.9 1.49 304 7
A154 0.0266 22 0.00080 5 1.46723 1.88636 12 0.282425 19 0.282421 -6.1 0.7 1.48 306 4
A155 0.0238 21 0.00072 5 1.46729 1.88648 13 0.282427 16 0.282423 -5.7 0.6 1.47 319 4
A156 0.0097 13 0.00029 3 1.46722 1.88568 14 0.282095 25 0.282093 -17.6 0.9 2.11 308 6
A157 0.0444 36 0.00133 8 1.46725 1.88629 11 0.282412 21 0.282404 -6.5 0.7 1.51 313 4
A158 0.0182 27 0.00050 7 1.46726 1.88645 13 0.282393 21 0.282391 -7.0 0.7 1.53 313 4
A159 0.0401 36 0.00119 8 1.46727 1.88651 13 0.282405 19 0.282398 -6.7 0.7 1.52 315 4
A160 0.0501 54 0.00148 13 1.46720 1.88661 11 0.282387 18 0.282378 -7.2 0.6 1.55 322 4
A161 0.0467 45 0.00140 11 1.46725 1.88658 14 0.282416 23 0.282408 -5.9 0.8 1.49 336 4
A162 0.0300 25 0.00091 6 1.46724 1.88651 13 0.282423 21 0.282417 -6.2 0.7 1.48 307 4
A163 0.0290 31 0.00087 7 1.46729 1.88567 12 0.282206 26 0.282201 -13.7 0.9 1.90 315 4
A164 0.0306 25 0.00096 6 1.46731 1.88649 11 0.282390 19 0.282384 -7.2 0.7 1.55 313 4
A165 0.0524 58 0.00154 15 1.46729 1.88648 13 0.282384 19 0.282375 -7.3 0.7 1.56 326 4
A166 0.0352 32 0.00102 8 1.46730 1.88642 12 0.282409 19 0.282403 -6.6 0.7 1.51 311 4
A167 0.0233 22 0.00070 5 1.46730 1.88654 12 0.282423 25 0.282419 -6.0 0.9 1.48 312 4
A168 0.0286 25 0.00086 6 1.46726 1.88649 13 0.282399 19 0.282393 -6.8 0.7 1.53 319 4
A169 0.0457 38 0.00137 9 1.46725 1.88647 10 0.282399 23 0.282391 -7.1 0.8 1.53 309 4
A170 0.0384 37 0.00113 9 1.46731 1.88639 13 0.282386 20 0.282379 -7.7 0.7 1.56 301 4

Quoted uncertainties (absolute) relate to the last quoted figure. The effect of the inter-element fractionation on the Lu/Hf was estimated to be about 6 % or less based on 
analyses of the GJ-1 and Plesovi�e zircon. Accuracy and reproducibilty was checked by repeated analyses (n = 19 to 57) of reference zircon Temora, GJ-1 and Plesovi�e (data 
given as mean with 2 standard deviation uncertainties)

(c) Uncertainties are quadratic additions of the within-run precision and the daily reproducibility of the 40ppb-JMC475 solution. Uncertainties for the JMC475 quoted at 2SD (2 
standard deviation).

(e) two stage model age in billion years using the measured 176Lu/177Hf of each spot (first stage = age of zircon), a value of 0.0113 for the average continental crust (second 
stage), and a depleted mantle (DM) 176Lu/177Hf and 176Hf/177Hf of 0.0384 and 0.283165, respectively.

(a) 176Yb/177Hf = (176Yb/173Yb)true x (173Yb/177Hf)meas x (M173(Yb)/M177(Hf))
�(Hf), �(Hf) = ln(179Hf/177Hf true / 

179Hf/177Hfmeasured )/ ln (M179(Hf)/M177(Hf) ), M=mass of respective isotope. The 
176Lu/177Hf were calculated in a similar way by using the 175Lu/177Hf.  
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A171 0.0314 26 0.00101 7 1.46722 1.88569 12 0.282444 22 0.282438 -5.3 0.8 1.44 313 4
A172 0.0321 26 0.00102 6 1.46725 1.88650 14 0.282425 19 0.282419 -6.0 0.7 1.48 313 4
A173 0.0641 58 0.00185 13 1.46730 1.88574 13 0.282412 22 0.282401 -6.1 0.8 1.50 338 7
A174 0.0410 34 0.00126 8 1.46731 1.88661 13 0.282365 21 0.282357 -8.2 0.8 1.60 313 4
A175 0.0682 55 0.00206 13 1.46750 1.88600 13 0.282347 20 0.282335 -9.2 0.7 1.65 300 4
A176 0.0396 37 0.00114 9 1.46728 1.88642 15 0.282414 18 0.282406 -4.5 0.6 1.47 400 5
A177 0.0450 38 0.00131 8 1.46731 1.88659 14 0.282398 23 0.282391 -7.0 0.8 1.53 314 4
A178 0.0316 29 0.00092 6 1.46728 1.88633 11 0.282421 24 0.282416 -6.4 0.9 1.49 300 4
A179 0.0328 27 0.00096 6 1.46730 1.88645 12 0.282389 18 0.282383 -7.1 0.6 1.54 318 4
A180 0.0348 83 0.00102 23 1.46741 1.88660 15 0.282284 67 0.282278 -10.8 2.4 1.75 320 8
A181 0.0367 30 0.00110 7 1.46731 1.88651 14 0.282422 20 0.282415 -6.1 0.7 1.49 314 4
A182 0.0542 44 0.00161 10 1.46730 1.88640 13 0.282430 21 0.282420 -6.0 0.7 1.48 313 5
A183 0.0296 24 0.00087 5 1.46729 1.88645 14 0.282421 22 0.282416 -6.1 0.8 1.48 314 4
A184 0.0397 32 0.00115 7 1.46732 1.88646 17 0.282415 18 0.282408 -6.2 0.6 1.50 324 4
A185 0.0300 24 0.00087 5 1.46724 1.88648 12 0.282418 19 0.282413 -6.3 0.7 1.49 308 4
A186 0.0250 20 0.00075 5 1.46724 1.88662 12 0.282440 23 0.282435 -5.4 0.8 1.45 312 4

A548 TM.17.34 0.0248 26 0.00074 6 1.46730 1.88643 10 0.282401 22 0.282396 -6.7 0.8 1.52 318 3
A554 0.0588 48 0.00175 11 1.46733 1.88650 14 0.282413 18 0.282403 -6.9 0.6 1.52 296 3
A555 0.0514 49 0.00157 12 1.46730 1.88643 14 0.282411 21 0.282402 -6.1 0.7 1.50 334 3
A556 0.0452 39 0.00134 9 1.46737 1.88640 14 0.282403 22 0.282395 -6.7 0.8 1.52 321 2
A557 0.0282 27 0.00086 7 1.46746 1.88609 9 0.282325 28 0.282320 -9.4 1.0 1.67 316 2
A558 0.0578 54 0.00165 13 1.46728 1.88647 11 0.282402 24 0.282392 -6.8 0.8 1.53 319 2
A559 0.0346 28 0.00100 6 1.46733 1.88624 12 0.282399 21 0.282393 -7.0 0.8 1.53 308 3
A560 0.0441 37 0.00135 9 1.46725 1.88660 12 0.282394 20 0.282386 -7.0 0.7 1.54 320 3
A561 0.0347 30 0.00103 7 1.46734 1.88625 10 0.282394 24 0.282388 -7.2 0.9 1.54 306 2
A562 0.0329 29 0.00105 8 1.46732 1.88643 10 0.282367 26 0.282360 -8.1 0.9 1.59 313 3
A563 0.0450 40 0.00134 10 1.46736 1.88639 14 0.282452 20 0.282444 -5.1 0.7 1.43 314 2
A564 0.0747 106 0.00222 28 1.46736 1.88630 13 0.282408 23 0.282394 -6.6 0.8 1.52 323 4
A565 0.0349 34 0.00102 8 1.46724 1.88652 13 0.282371 33 0.282365 -7.7 1.2 1.58 320 3
A566 0.0352 39 0.00105 9 1.46751 1.88615 13 0.282349 26 0.282343 -8.4 0.9 1.62 327 3
A567 0.0436 40 0.00127 9 1.46730 1.88661 12 0.282398 19 0.282390 -7.0 0.7 1.53 312 2
A568 0.0334 30 0.00098 7 1.46742 1.88649 12 0.282369 28 0.282363 -8.0 1.0 1.59 313 3
A569 0.0447 37 0.00130 8 1.46733 1.88646 12 0.282371 22 0.282363 -8.0 0.8 1.59 310 3
A570 0.0343 29 0.00099 7 1.46727 1.88649 13 0.282501 20 0.282495 -3.2 0.7 1.33 317 3
A571 0.0513 62 0.00148 15 1.46732 1.88620 13 0.282439 21 0.282430 -5.5 0.8 1.46 315 3
A572 0.0560 59 0.00166 15 1.46734 1.88641 14 0.282392 21 0.282382 -7.1 0.7 1.55 323 3
A573 0.0355 30 0.00108 7 1.46733 1.88637 13 0.282369 22 0.282362 -7.7 0.8 1.58 327 2
A574 0.0504 70 0.00154 18 1.46730 1.88652 13 0.282403 20 0.282393 -6.6 0.7 1.52 325 7
A575 0.0356 30 0.00104 7 1.46736 1.88613 11 0.282341 26 0.282335 -9.0 0.9 1.64 312 3
A576 0.0511 50 0.00150 13 1.46731 1.88634 10 0.282398 23 0.282389 -6.9 0.8 1.53 320 3
A577 0.0243 27 0.00072 7 1.46729 1.88654 10 0.282344 24 0.282340 -8.7 0.9 1.63 316 3
A578 0.0370 30 0.00119 8 1.46735 1.88613 11 0.282448 23 0.282441 -4.7 0.8 1.43 335 5
A579 0.0422 42 0.00128 11 1.46737 1.88624 13 0.282365 19 0.282357 -8.3 0.7 1.60 308 2
A580 0.0441 37 0.00130 8 1.46731 1.88633 15 0.282406 21 0.282398 -6.9 0.7 1.52 307 3
A581 0.0297 25 0.00088 6 1.46730 1.88626 13 0.282413 19 0.282408 -6.2 0.7 1.50 321 2
A582 0.0369 30 0.00113 7 1.46732 1.88621 12 0.282414 23 0.282407 -6.3 0.8 1.50 316 2
A583 0.0200 16 0.00063 4 1.46727 1.88649 13 0.282393 21 0.282393 -13.9 0.7 1.65 0 0
A584 0.0226 20 0.00072 5 1.46727 1.88659 13 0.282324 18 0.282314 0.4 0.6 1.50 763 7
A585 0.0342 40 0.00101 10 1.46722 1.88597 13 0.282428 26 0.282422 -6.0 0.9 1.47 308 3
A586 0.0210 17 0.00063 4 1.46730 1.88638 13 0.282404 25 0.282400 -6.4 0.9 1.51 322 2
A587 0.0607 53 0.00176 12 1.46725 1.88629 11 0.282454 24 0.282443 -5.1 0.9 1.43 315 3
A588 0.0358 35 0.00107 9 1.46729 1.88628 13 0.282413 21 0.282406 -6.3 0.7 1.50 317 2
A589 0.0310 25 0.00092 6 1.46729 1.88629 15 0.282403 18 0.282397 -6.5 0.6 1.52 323 2
A590 0.0221 23 0.00067 6 1.46732 1.88628 14 0.282503 19 0.282499 -3.3 0.7 1.33 305 3
A591 0.0396 37 0.00117 9 1.46728 1.88651 15 0.282430 20 0.282424 -6.0 0.7 1.47 307 3
A592 0.0355 38 0.00102 10 1.46728 1.88658 13 0.282355 19 0.282349 -8.2 0.7 1.61 325 4
A593 0.0396 41 0.00117 11 1.46733 1.88640 14 0.282402 21 0.282395 -6.7 0.7 1.52 317 3
A594 0.0290 24 0.00088 6 1.46737 1.88626 13 0.282363 21 0.282358 -8.1 0.7 1.60 315 2

A157 TM.17.35 0.0317 35 0.00093 8 1.46720 1.88686 12 0.282274 22 0.282262 -3.6 0.8 1.64 666 6
A158 0.0258 21 0.00081 5 1.46724 1.88675 14 0.282325 21 0.282320 -9.3 0.8 1.67 323 4
A159 0.0573 47 0.00153 10 1.46710 1.88684 15 0.282396 18 0.282387 -6.9 0.7 1.54 323 3
A160 0.0268 27 0.00090 7 1.46719 1.88691 12 0.282229 24 0.282221 -9.8 0.9 1.80 456 5
A161 0.0207 19 0.00057 4 1.46715 1.88684 15 0.282428 21 0.282424 -5.8 0.7 1.47 313 3
A162 0.0136 12 0.00040 3 1.46715 1.88686 11 0.282299 20 0.282295 -3.8 0.7 1.60 607 6
A163 0.0476 42 0.00137 10 1.46718 1.88704 18 0.282451 20 0.282441 -3.8 0.7 1.41 377 3
A164 0.0103 9 0.00030 2 1.46718 1.88706 13 0.281272 27 0.281258 0.8 1.0 2.83 2414 27
A165 0.0416 33 0.00130 8 1.46721 1.88696 12 0.282439 23 0.282432 -5.5 0.8 1.45 315 4
A166 0.0437 35 0.00129 8 1.46710 1.88687 10 0.282443 22 0.282430 -0.6 0.8 1.37 534 8
A167 0.0342 29 0.00111 7 1.46723 1.88654 15 0.282436 19 0.282429 -5.3 0.7 1.45 327 3
A168 0.0332 27 0.00098 6 1.46717 1.88672 19 0.282399 17 0.282392 -5.9 0.6 1.51 361 3
A169 0.0388 31 0.00123 8 1.46719 1.88684 14 0.282367 17 0.282360 -8.0 0.6 1.59 317 3
A170 0.0265 21 0.00081 5 1.46707 1.88709 10 0.282351 27 0.282342 -2.3 0.9 1.51 600 6
A171 0.0327 27 0.00099 6 1.46727 1.88660 18 0.282360 19 0.282354 -7.6 0.7 1.59 344 3
A172 0.0420 37 0.00120 8 1.46720 1.88698 14 0.282316 20 0.282302 -3.5 0.7 1.59 607 7
A173 0.0581 47 0.00169 10 1.46719 1.88679 14 0.282363 17 0.282348 -5.3 0.6 1.56 458 4
A174 0.0420 40 0.00114 8 1.46724 1.88655 18 0.282242 25 0.282232 -8.3 0.9 1.76 507 5
A175 0.0280 23 0.00088 6 1.46716 1.88671 13 0.281002 27 0.280950 5.8 1.0 3.11 3095 9
A176 0.0124 10 0.00036 2 1.46720 1.88682 14 0.281195 29 0.281178 0.7 1.0 2.93 2533 11
A177 0.0265 22 0.00077 5 1.46715 1.88674 14 0.282426 24 0.282421 -5.9 0.8 1.47 315 3
A178 0.0261 26 0.00085 8 1.46715 1.88689 16 0.282422 24 0.282417 -5.6 0.8 1.47 333 3
A179 0.0263 36 0.00080 9 1.46718 1.88674 12 0.282493 22 0.282487 -2.7 0.8 1.33 350 4
A180 0.0633 67 0.00186 16 1.46716 1.88694 14 0.282409 20 0.282395 -5.1 0.7 1.49 391 4
A181 0.0316 51 0.00091 14 1.46713 1.88702 11 0.282300 24 0.282290 -3.8 0.9 1.61 613 8
A182 0.0273 22 0.00079 5 1.46711 1.88691 15 0.282429 19 0.282424 -5.3 0.7 1.46 333 4
A183 0.0281 27 0.00087 7 1.46713 1.88666 14 0.282192 19 0.282180 -4.8 0.7 1.77 742 8
A184 0.0266 22 0.00098 6 1.46712 1.88670 11 0.282668 20 0.282657 8.9 0.7 0.90 603 5
A185 0.0120 12 0.00030 2 1.46717 1.88678 12 0.282393 24 0.282391 -6.7 0.9 1.53 324 3
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A186 0.0374 34 0.00109 8 1.46721 1.88674 14 0.282398 19 0.282391 -5.7 0.7 1.51 373 3
A187 0.0458 42 0.00133 10 1.46716 1.88675 13 0.282528 21 0.282518 -0.7 0.8 1.26 391 4
A188 0.0141 12 0.00040 3 1.46710 1.88676 14 0.282558 21 0.282553 5.7 0.8 1.09 624 5
A189 0.0369 67 0.00105 18 1.46725 1.88656 16 0.282118 30 0.282107 -11.3 1.0 1.98 569 8
A190 0.0326 31 0.00097 8 1.46728 1.88652 14 0.282380 19 0.282374 -6.9 0.7 1.55 343 6
A191 0.0419 39 0.00126 9 1.46716 1.88679 19 0.282417 21 0.282403 -0.5 0.7 1.40 584 12
A192 0.0214 18 0.00067 4 1.46716 1.88652 13 0.282101 18 0.282093 -10.5 0.6 1.98 628 5
A193 0.0437 37 0.00129 9 1.46720 1.88693 11 0.282452 29 0.282437 2.0 1.0 1.31 642 7
A199 0.0552 45 0.00163 10 1.46716 1.88672 19 0.282263 17 0.282252 -11.4 0.6 1.79 336 3
A200 0.0168 14 0.00052 3 1.46716 1.88687 13 0.282223 24 0.282220 -12.6 0.9 1.85 333 4
A201 0.0528 46 0.00157 11 1.46717 1.88691 10 0.282380 23 0.282370 -7.6 0.8 1.57 319 4
A202 0.0174 17 0.00055 4 1.46730 1.88650 14 0.282384 23 0.282379 -2.1 0.8 1.46 550 5

Temora (n=21) 0.0312 213 0.00097 60 1.46740 1.88622 12 0.282657 34 0.282649 4.5 1.2 0.99 338 3
GJ-1 (n=22) 0.0078 1 0.00025 0 1.46732 1.88646 9 0.282017 24 0.282014 -13.8 0.8 2.14 606 6

JMC 475 (n=6) 1.46718 1.88669 11 0.282135 8

Quoted uncertainties (absolute) relate to the last quoted figure. The effect of the inter-element fractionation on the Lu/Hf was estimated to be about 6 % or less based on 
analyses of the GJ-1 and Plesovi�e zircon. Accuracy and reproducibilty was checked by repeated analyses (n = 30 and 20, respectively) of reference zircon GJ-1 and Plesovi�e 
(data given as mean with 2 standard deviation uncertainties)

(a) 176Yb/177Hf = (176Yb/173Yb)true x (173Yb/177Hf)meas x (M173(Yb)/M177(Hf))
�(Hf), �(Hf) = ln(179Hf/177Hf true / 

179Hf/177Hfmeasured )/ ln (M179(Hf)/M177(Hf) ), M=mass of respective isotope. The 
176Lu/177Hf were calculated in a similar way by using the 175Lu/177Hf and �(Yb).  

(c) Uncertainties are quadratic additions of the within-run precision and the daily reproducibility of the 40ppb-JMC475 solution. Uncertainties for the JMC475 quoted at 2SD (2 
standard deviation).

(e) two stage model age in billion years using the measured 176Lu/177Lu of each spot (first stage = age of zircon), a value of 0.0113 for the average continental crust (second 
stage), and a juvenile crust (NC) 176Lu/177Lu and 176Hf/177Hf of 0.0384 and 0.28314, respectively.

(b) Mean Hf signal in volt. 

(d) Initial 176Hf/177Hf and �Hf calculated using the apparent Pb-Pb age determined by LA-ICP-MS dating (see column f), and the CHUR parameters: 
176Lu/177Hf = 0.0336, and 176Hf/177Hf = 0.282785 (Bouvier et al ., 2008).

(f) apparent Pb-Pb age determined by LA-ICP-MS
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