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Introduction

Sr isotopes have been established in archaeology as a powerful tracing tool of past human mobility (e.g. [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Frei | Tracing the dynamic life story of a Bronze Age Female[END_REF][START_REF] Montgomery | Passports from the past: Investigating human dispersals using strontium isotope analysis of tooth enamel[END_REF]. The radioactive decay of 87 Rb to 87 Sr results in a large range in the ratio of radiogenic strontium-87 ( 87 Sr) and stable strontium-86 ( 86 Sr) in Earth's surface environment (e.g. [START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF][START_REF] Tommasini | Strontium Isotopes in Biological Material: A Key Tool for the Geographic Traceability of Foods and Humans Beings[END_REF]. This range can be utilised as a base for provenancing human remains, by comparing their respective 87 Sr/ 86 Sr values with the 87 Sr/ 86 Sr background of the area they were unearthed from or are suspected to originate from.

Sr is released into the surface environment via weathering of bedrock and soils and is taken up by plants from pore waters, surface run-off and groundwater [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Price | The Characterization of Biologically Available Strontium Isotope Ratios for the Study of Prehistoric Migration[END_REF]. Humans ingest Sr via their diet, sourcing most of their Sr from drinking water and plant-based foods [START_REF] Coelho | Recent developments and trends in the application of strontium and its isotopes in biological related fields[END_REF][START_REF] Rose | Dietary exposure to metals and other elements in the 2006 UK Total Diet Study and some trends over the last 30 years[END_REF] and fix it within their skeleton where it replaces calcium [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Montgomery | Passports from the past: Investigating human dispersals using strontium isotope analysis of tooth enamel[END_REF]. 87 Sr/ 86 Sr ratios do not fractionate significantly along that pathway [START_REF] Flockhart | Experimental evidence shows no fractionation of strontium isotopes (87Sr/86Sr) among soil, plants, and herbivores: implications for tracking wildlife and forensic science[END_REF], allowing a direct comparison between human 87 Sr/ 86 Sr values and the proportion of Sr accessible for uptake by flora and fauna (bioavailable Sr) in suspected areas of origin to trace individual mobility.

In recent years there has been an increase in 87 Sr/ 86 Sr data across many parts of Europe, including Greece, defining the ranges in 87 Sr/ 86 Sr composition characteristic for these areas (Sr isotope baseline). However, to date no comprehensive bioavailable Sr isotope baselines exist for Greece as a whole, as most studies defining bioavailable 87 Sr/ 86 Sr baselines focus on single sites or contexts. This results in a spotty geographical coverage, in particular in central and northern Greece. Further, no consensus exists on how to establish a reliable 87 Sr/ 86 Sr isotope baseline for human mobility studies [START_REF] Grimstead | Why a Standardization of Strontium Isotope Baseline Environmental Data Is Needed and Recommendations for Methodology[END_REF].

Bioavailable Sr in the surface environment of a given target area is sourced from a range of endogenous and exogenous sources. Endogenous Sr is generally sourced from the weathering of minerals within bedrock and soils. The occurrence of a variety of minerals with drastically different Rb/Sr ratios and with variable formation ages, in combination with significantly different susceptibilities towards weathering, impart a complex release pattern of rock and soil hosted Sr to the mobile strontium fractions which are readily bioavailable [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF]. Exogenous Sr sources include dry and wet atmospheric depositions as well as anthropogenic contamination, which can add a foreign Sr signal to a surface environment [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Frei | The geographic distribution of Sr isotopes from surface waters and soil extracts over the island of Bornholm (Denmark) -A base for provenance studies in archaeology and agriculture[END_REF]. Hence, a wide range in proxies has been used to best mimic and characterise bioavailable Sr fractions and their respective isotopic compositions, to define bioavailable 87 Sr/ 86 Sr reference baselines in Greece. These include modern environmental samples (e.g. [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Vaiglova | Of cattle and feasts: Multi-isotope investigation of animal husbandry and communal feasting at Neolithic Makriyalos, northern Greece[END_REF], faunal remains (e.g. [START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF][START_REF] Whelton | Strontium isotope evidence for human mobility in the Neolithic of northern Greece[END_REF] and human archaeological bones (e.g. [START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF][START_REF] Triantaphyllou | Exploring mobility patterns and biological affinities in the Southern Aegean: First Insights from Early Bronze Age Eastern Crete[END_REF]. The choice of proxy is usually tailored to the aim of the study, and are often limited by the availability of respective proxy materials.

In the present study we present 87 Sr/ 86 Sr values and Sr concentrations for different modern environmental proxies (plants, soils, surface waters and spring waters) from Central Greece and for the cultural layers of two Bronze Age sites from central and southern Greece (Kirrha and Ayios Vasileios). The aim of the study is to contribute to our understanding of modern environmental proxies and their usefulness for characterising bioavailable Sr isotope signatures that can serve to constrain the distribution of bioavailable 87 Sr/ 86 Sr in Greece. We therefore address two issues: 1) We contribute to the discussion centred around proxy suitability by presenting 87 Sr/ 86 Sr values from different environmental proxies from Central Greece. In doing this, we also fill in the gap in bioavailable 87 Sr/ 86 Sr data in this region. 2) We define the first extensive bioavailable Sr isotope baselines for the different geographical regions and surface lithologies of Greece by combining our Sr data with previously published bioavailable 87 Sr/ 86 Sr data and evaluate them through comparison with the 87 Sr/ 86 Sr data from the cultural layers of Kirrha and Ayios Vasileios.

Background

Geology of Greece

As a result of strong tectono-metamorphic and orogenic activity, Greece is characterised by a complex relief and geology. Large parts of the country are mountainous with notable mountain ranges, such as the Rhodope mountain range, which forms the border between Greece and Bulgaria, and the Pindos mountain range, which stretches from the northwest of the country to the southeast extending across the Peloponnese and many Aegean islands, such as Crete. The geology of Greece is divided into distinct geotectonic units comprised of nine tectono-stratigraphic terranes [START_REF] Papanikolaou | ΓΕΩΛΟΓΙΑ ΤΗΣ ΕΛΛΑΔΑΣ[END_REF][START_REF] Papanikolaou | Tectonostratigraphic models of the Alpine terranes and subduction history of the Hellenides[END_REF]. However, in many parts of the country these units are not always lithologically reflected by the respective outcrop patterns of the rocks pertaining to these units as they are covered by post-Alpine, mainly Quaternary erosional sediment deposits.

Figure 1 shows a simplified geological map of Greece, which assembles the different surface lithologies found in Greece into five groups: 1) The Cenozoic, Mesozoic and Palaeozoic volcanic rocks, ophiolites and Cenozoic intrusives (referred to as 'igneous outcrops' in the following); 2) the Cenozoic sediments; 3) the Palaeozoic sediments, Mesozoic and Palaeozoic metamorphic rocks and Palaeozoic and Precambrian intrusives (referred to as 'Palaeozoic outcrops' in the following); 4) the Mesozoic sediments; and 5) the Precambrian sediments and Precambrian metamorphic rocks groups (referred to as 'Precambrian outcrops' in the following). Most of Greece is covered by Cenozoic and Mesozoic sediments. The Cenozoic sediments are mainly clastic sediments, such as flysch and conglomerates, while the Mesozoic sediments are predominantly carbonates (BGR, 2020;[START_REF] Egdi | Contribution of Saharan dust to Mediterranean soils assessed by sequential extraction and Pb and Sr isotopes[END_REF]. The northeast of Greece is characterised by extensive Palaeozoic and Precambrian rock outcrops, which also extend south east into to the Peloponnese and the Aegean islands. The most common outcrops found within these areas are dominated by phyllites, shists and gneisses (BGR, 2020;[START_REF] Egdi | Contribution of Saharan dust to Mediterranean soils assessed by sequential extraction and Pb and Sr isotopes[END_REF]. Igneous outcrops are mainly found on the Aegean islands and in the north of Greece and are dominated by a range of plutonic and volcanic rocks (BGR, 2020).

The study area in Central Greece is dominated by Cenozoic and Mesozoic sediments (Figure 1). These are commonly flysch sediments and limestones, respectively (BGR, 2020). Small ophiolite complexes are further found within the north of the study area (BGR, 2020;[START_REF] Egdi | Contribution of Saharan dust to Mediterranean soils assessed by sequential extraction and Pb and Sr isotopes[END_REF].

2.2. Available 87 Sr/ 86 Sr baseline data for Greece Most studies utilising Sr isotopes in Greece focused on defining the local Sr isotope baseline of a limited target area, resulting in an uneven coverage with many parts of the country, in particular northern and central Greece, underrepresented (Figure 2). This study partially remedies this by adding 25 additional sample sits to the centre of mainland Greece. The methods used to procure 87 Sr/ 86 Sr baseline data varied significantly depending on the aim of the respective studies. Provenance studies of objects or building materials, such as glass or marble, generally use bulk rock 87 Sr/ 86 Sr values to characterise the signature range of a suspected area of origin. Human mobility studies on the other hand rely on the bioavailable 87 Sr/ 86 Sr fraction characterising a suspected target area, which can differ considerably from the areas bulk 87 Sr/ 86 Sr signature. The bioavailable signature can be determined using a range of materials, such as modern and archaeological animal remains, or modern environmental archives. In the following paragraphs we give an overview over the available 87 Sr/ 86 Sr data for Greece.

Archaeological mobility studies

Despite the long and rich history of Greece, only a handful of archaeological mobility studies utilising bioavailable Sr isotopes have been conducted for Greece thus far, with most of them focusing on a single context with a limited geographical range. The geographically most extensive archaeological study was conducted by [START_REF] Prevedorou | The Role of Kin Relations and Residential Mobility During the Transition from Final Neolithic to Early Bronze Age in Attica, Greece[END_REF], who presented bioavailable 87 Sr/ 86 Sr data for 42 different locations, most of which were located on the Aegean islands and the eastern mainland. The study used modern proxies (water, snail shells and faunal remains) reporting a total range in 87 Sr/ 86 Sr ratios of 0.70684 to 0.71068.

Another geographically extensive study focused mainly on the Aegean, but also some parts of the Greek mainland and Crete was conducted by [START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF]and references therein). The study determined the compositional range of bioavailable 87 Sr/ 86 Sr ratios using archaeological and modern animal skeletal tissue (e.g. snail shells or pig teeth) and archaeological human bone and recorded for 26 sampling sites a total range in bioavailable 87 Sr/ 86 Sr ratios from of 0.78154 to 0.71187. Additionally, 87 Sr/ 86 Sr data of archaeological human bone and dentine is available for two Bronze Age archaeological sites in western Crete (Kephala Petras and Livari-Skiadi), which suggest a narrow bioavailable range with 87 Sr/ 86 Sr values from 0.70878 to 0.70907 [START_REF] Triantaphyllou | Exploring mobility patterns and biological affinities in the Southern Aegean: First Insights from Early Bronze Age Eastern Crete[END_REF]. On the Peloponnese, a study on Neanderthal humanoid mobility returned 87 Sr/ 86 Sr values between 0.7086 and 0.7094 for animal dentine found in Lakonis Cave [START_REF] Richards | Strontium isotope evidence of Neanderthal mobility at the site of Lakonis, Greece using laserablation PIMMS[END_REF] and the range in bioavailable 87 Sr/ 86 Sr values around the ancient city of Stymphalos was constrained as 0.7075 to 0.71012 using the teeth of archaeological sheep/goats and pigs [START_REF] Leslie | Residential Mobility in the Rural Greek Past: A Strontium Isotope Investigation[END_REF]. For the prehistoric Sarakenos Cave in Central Greece, a range in bioavailable 87 Sr/ 86 Sr values from 0.70820 to 0.70926 was determined using local plant samples [START_REF] Wang | Strontium isotopic evidence for the provenance of occupants and subsistence of Sarakenos Cave in prehistoric Greece[END_REF]. In a study on mobility during the Iron Age a range in bioavailable 87 Sr/ 86 Sr between 0.7078 and 0.7103 for three archaeological sites in south-eastern Thessaly based on modern snail shells and plant samples was reported [START_REF] Panagiotopoulou | Detecting Mobility in Early Iron Age Thessaly by Strontium Isotope Analysis[END_REF]. In another study on animal husbandry practices, measurements of modern animal remains and plants along the southern border of Thessaly returned 87 Sr/ 86 Sr values between 0.70812 and 0.70938 [START_REF] Bishop | Mobile animal management in the Mediterranean: Investigating Hellenistic (323-31 BCE) husbandry practices in Thessaly, Greece using δ13C, δ18O, and 87Sr/86Sr recorded from sheep and goat tooth enamel[END_REF]. Finally, [START_REF] Whelton | Strontium isotope evidence for human mobility in the Neolithic of northern Greece[END_REF] and [START_REF] Vaiglova | Of cattle and feasts: Multi-isotope investigation of animal husbandry and communal feasting at Neolithic Makriyalos, northern Greece[END_REF] investigated seven archaeological settlements in south-western Macedonia constraining the range of bioavailable Sr isotope compositions of the area to values between 0.70822 -0.71148 using faunal teeth and vegetation samples. 2.2.2. Other published 87 Sr/ 86 Sr data Due to the versatile application of bioavailable Sr isotopes as a provenance tool in food authenticity studies, as well as in archaeological and forensic sciences, recent investigations have increasingly focussed on defining large scale regional baselines over case specific local baselines. These studies provide additional bioavailable 87 Sr/ 86 Sr data, also for Greece. In a recent study, plant, water and soil leachate 87 Sr/ 86 Sr data from 52 sites across the Peloponnese peninsula were presented, and these data define a total range in bioavailable 87 Sr/ 86 Sr values between 0.70779 and 0.72370 [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF]. Soil leachate data is also available from a Europe-wide study investigating grazing and agricultural soils conducted by Hoogewerff et al. (2019). These authors reported bioavailable 87 Sr/ 86 Sr values between 0.70710 and 0.71992 for 46 soils across Greece. Finally, [START_REF] Voerkelius | Strontium isotopic signatures of natural mineral waters, the reference to a simple geological map and its potential for authentication of food[END_REF] analysed spring waters from across Europe, including 13 from Greece. Data in this particular study define a 87 Sr/ 86 Sr value range from 0.70782 to 0.70946.

Figure 2 also includes bulk rock 87 Sr/ 86 Sr data from geochemical and material provenance studies conducted in Greece. Bulk 87 Sr/ 86 Sr values of the bedrock of an area are commonly inadequate to trace biological material (e.g. [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF]. However, as weathering of the bedrocks is generally a major source contributing to the bioavailable Sr composition of an area (e.g. [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Montgomery | Passports from the past: Investigating human dispersals using strontium isotope analysis of tooth enamel[END_REF], bulk rock 87 Sr/ 86 Sr data can give valuable insight into the regional source end-members. Therefore, we included such data sets herein. Most bulk rock 87 Sr/ 86 Sr signatures reported for Greece were conducted to constrain the provenance of building materials. To provenance gypsum, [START_REF] Gale | The sources of Mycenaean gypsum[END_REF] investigated gypsum deposits from Crete, the Peloponnese and western Greece, whose average 87 Sr/ 86 Sr composition ranges between 0.70752 and 0.70886. Marble quarries from the Aegean islands, the Peloponnese and Attica are characterised by average 87 Sr/ 86 Sr compositions between 0.70710 and 0.70822 [START_REF] Brilli | New data of 87Sr/86Sr ratio in classical marble: an initial database for marble provenance determination[END_REF][START_REF] Gärtner | Strontium-, carbon-and oxygen-isotope compositions of marbles from the Cycladic blueschist belt, Greece[END_REF]. For Eubeoa, a geochemical study further reported an average marble and limestone 87 Sr/ 86 Sr composition of 0.70776 and 0.70734, respectively [START_REF] Tremba | Strontium-isotope composition in the Tethys Sea, Euboea, Greece[END_REF]. The average 87 Sr/ 86 Sr signatures of calc-alkaline lavas on the islands of Santorini and Milos were determined as 0.70504 and 0.70600, respectively [START_REF] Barton | Sr isotope and trace element evidence for the role of continental crust in calc-alkaline volcanism on Santorini and Milos, Aegean Sea, Greece[END_REF], and hydrothermally altered basaltic rocks of the Pindos ophiolites yielded an average 87 Sr/ 86 Sr composition of 0.70534 as determined by [START_REF] Valsami-Jones | Controls on the Sr and Nd isotopic compositions of hydrothermally altered rocks from the Pindos Ophiolite, Greece[END_REF].

Archaeological sites

The archaeological sites of Kirrha and Ayios Vasileios are two Bronze Age settlements in Greece (Figure 1).

Both sites are of special significance to the understanding of social dynamics in the so called "transitional" period from Middle to Late Bronze Age on the Greek mainland. The changing burial customs observed in both sites reflect a vibrant discourse between the past, present and future, well in accordance with the changing social landscape of this seminal period at the dawn of the Mycenaean civilization (Lagia et al., 2016;Moutafi and Voutsaki, 2016). Hence, Kirrha and Ayiso Vasileios are ideal sites to investigate the connection between individual mobility and changing traditions and were thus included to evaluate the applicability of the baselines calculated for Greece herein for future mobility studies. A detailed description of both sites is given in Supplement S1.

Material and Methods

Material and sampling

A total of 82 environmental samples (water, plants and soils) were collected from 25 sites across Central Greece to constrain bioavailable Sr isotope ranges of an otherwise largely unexplored area of Greece's mainland (Table 1). The sites were distributed evenly between the Cenozoic (12 sites) and Mesozoic sediments (13 sites) encompassing the study areas' surface lithology. Wherever possible, pristine, unfarmed locations were preferred. Our site classification into 'natural' and 'agricultural' is based on the land use of the sites' immediate surroundings (Supplement S2). Natural sites refer to pristine, undisturbed locations, such as forests or national parks and were commonly found in mountainous terrane. The agricultural sites refer to orchards, pastures and grasslands, while crop fields were excluded due to the intense fertiliser use common for such fields. Agricultural areas usually dominated the flat terranes, plains and river valleys.

For logistical purposes, sites from which all three proxies (water, plants and soils) could be sampled within a ~250m radius were preferred. Water was preferably sampled from running surface water bodies (river and streams). In dry areas where no significant surface water was present, spring water was collected instead from local fountains located up to 7km from the sampling sites to supplement our dataset. To determine a site's average bioavailable Sr isotope composition, three soils and plants were sampled within a ~250m radius at each location. Soil samples correspond to topsoils taken 5-10cm below the soil surface. The depth was chosen to avoid the organic surface layer. For the plant samples, shrubs or small trees within close proximity of the soil locations were chosen. Plants of up to 3m in height were sampled to ensure a root system that samples large parts of the soil profile, but is minimal influenced by the organic surface layer or deep groundwater. The sampled species depended on the availability and included inter alia sage, maple and olive (Supplement S2). Leaves were taken from different heights of the shrubs to ensure a homogenised, representative sample.

Besides the modern environmental samples, soil samples were taken from the cultural layers of Kirrha and Ayios Vasileios. Care was taken to choose samples from different areas of the two cemeteries and from different types of graves. The samples were always taken rather deep in the grave, and collected at the stratigraphic level of the skeletons, around or inside bones. A more detailed description of the sampled graves is given in Supplement S3.

Sample preparation

To remove any particulate matter, the water samples were filtered using 0.45µm syringe filters. From each sample, 5ml were pipetted into pre-cleaned Teflon beakers. The aliquots were spiked with a 84 Sr enriched tracer to determine the Sr concentration via isotope dilution (ID) and subsequently dried down on a hot plate at 100°C overnight The sampled leaves were cleaned with moist KIMTECH wipes to remove any dust and were then air-dried.

The air-dried samples were subsequently crushed using an agate mortar. For every sample site, a composite plant sample consisting of ~33mg plant material from each of its three subsamples (resulting in ~100mg combined plant material form the site) were weighed into pre-cleaned ceramic crucibles. The samples were placed in a laboratory muffle furnace and incinerated at 750°C for 5h. Once cooled, the samples were transferred with ~2ml ultra-clean (Milli-Q 18MΩ restivity) water (MQ) into pre-cleaned Teflon beakers. Next, the samples were dried down on a hot plate at 100°C before being further digested using 1ml concentrated HNO3. After being dried down again, the samples were re-dissolved in 2ml 3M HNO3 and placed into an ultrasonic bath for ~10min. Finally, 1ml aliquots were removed from the samples, spiked with an adequate amount of 84 Sr enriched tracer, and dried down again.

The air-dried modern soil samples were carefully ground using an agate mortar. For the preparation of composite leachates of modern soil samples, 0.33g of each of the three subsamples taken at one site were weighed into a 15ml test tube, which amounted to a total soil sample amount of ~1g. The archaeological soil samples were sieved and ground. For the leachates 1g of soil from each of the cultural layer samples was weighed into 15ml test tubes. The samples were then reacted with 5ml of a 1M ammonium nitrate (NH4NO3) solution in an overhead-shaker for 2h and left to settle for 1h. Next, the samples were centrifuged and 0.5ml aliquots were pipetted into pre-cleaned Teflon beakers. The aliquots were spiked with a 84 Sr enriched tracer and dried down on a hot plate at 100°C. This extraction procedure follows in large parts the methods applied in the Europe-wide soil-based bioavailable strontium isotope survey, which was performed as part of the Geochemical Mapping of Agricultural and Grazing Land Soil (GEMAS) framework program (Hoogewerff et al., 2019).

Sr separation and thermal ionisation mass spectrometry (TIMS)

The Sr separation procedure followed in large parts the method introduced by [START_REF] Frei | The geographic distribution of strontium isotopes in Danish surface waters -A base for provenance studies in archaeology, hydrology and agriculture[END_REF]. 1ml pipette tips were mounted with pressed-in filters that were pre-cleaned in 6M HCl to be used as disposable extraction columns. The columns were charged with 200 µl pre-cleaned SrSpec™ resin (50-100 mesh; Eichrome Inc./Tristchem) and conditioned with 3M HNO3. The dried down water, soil leachate and plant residues were re-dissolved in a few drops of 3M HNO3 and loaded onto the columns. To separate Sr, the column matrices were rinsed with ~10ml 3M HNO3 before Sr could be collected using ~2ml MQ. The collected solutions were dried down on a hot plate at 120°C overnight. Finally, the samples were loaded onto previously outgassed 99.98% single Re filaments using 2.5µl of a Ta2O5-H3PO4-HF activator solution to prepare them for TIMS measurements.

The Sr isotopic compositions and concentrations were determined at the Department of Geoscience and Natural Resource Management (IGN) at the University of Copenhagen using a VG Sector 54 IT mass spectrometer equipped with eight Faraday detectors. The samples were analysed in dynamic multicollector runs with analysing intensities ≥1V for 88 Sr and analysing temperatures between 1300-1350 °C.

Repeated analyses of loads of SRM 987 Sr standard yielded a 87 Sr/ 86 Sr ratio of 0.710238 ± 0.000020 (n = 7, 2σ), which is slightly lower than the published value for SRM 987 value of 0.710245 [START_REF] Thirlwall | Long-term reproducibility of multicollector Sr and Nd isotope ratio analysis[END_REF]. The measured sample 87 Sr/ 86 Sr values were corrected accordingly for this offset. Recorded within-run precisions (2SE) of individual runs were consistently <0.0025% (Table 1+2). Procedural Sr blank amounts were generally <60pg and blank 87 Sr/ 86 Sr values varied between 0.7095 and 0.7122. These blank Sr contributions are insignificant when considering the large amounts of Sr processed in the samples (typically ≥200ng), so that no blank corrections were performed.

Results

Bioavailable Sr isotope composition and concentration range of Central Greece

The Sr concentrations and 87 Sr/ 86 Sr values of the waters, plants and soil leachates are given in Table 1. The 87 Sr/ 86 Sr values span a comparatively narrow range from 0.70768 to 0.71021, with the minimum and maximum value observed for two soil leachates, respectively. The soil leachates define an average bioavailable 87 Sr/ 86 Sr composition of 0.70855 ± 0.00060 (n = 25, 1σ), with bioavailable Sr concentrations (relative to dry unleached bulk soil) between 3.5mg/kg and 34mg/kg. The plant samples record a similar range in bioavailable 87 Sr/ 86 Sr values between 0.70770 and 0.71016 with an average 87 Sr/ 86 Sr value of 0.70861 ± 0.00055 (n = 25, 1σ). The plant Sr concentrations recorded values up to 110mg/kg, but range typically from 2.5mg/kg to 26mg/kg.

The analysed surface and spring water 87 Sr/ 86 Sr values range from 0.70769 to 0.70995 with average values of 0.70831 ± 0.00053 (n = 15, 1σ) and 0.70835 ± 0.00031 (n = 17, 1σ), respectively. The surface water Sr concentrations vary between 0.06mg/l and 0.56mg/l and the spring water Sr concentrations between 0.05mg/l and 0.64mg/l. The 87 Sr/ 86 Sr data reported here encompasses and slightly extends the range in previously published 87 Sr/ 86 Sr values (0.70798 -0.70916) for the study area (Hoogewerff et al., 2019;[START_REF] Voerkelius | Strontium isotopic signatures of natural mineral waters, the reference to a simple geological map and its potential for authentication of food[END_REF].

Distribution patterns and proxy variation

In order to study the inter-and intra-site specific proxy variation and to see whether the regional distribution in bioavailable 87 Sr/ 86 Sr reflects the surface lithology of our study area, we plotted the Sr isotope compositions of the different environmental proxies sorted by sample site and surface lithology (Figure 3). The grouping of the different sample sites based on their surface lithology reveals similar 87 Sr/ 86 Sr ranges for both Cenozoic and Mesozoic sediments with average bioavailable 87 Sr/ 86 Sr values of 0.70844 ± 0.00051 (n = 39, 1σ) and 0.70852 ± 0.00052 (n = 43, 1σ), respectively. Using Tukey's outlier test, which defines outliers as values that exceed more than 1.5 times the interquartile range from the quartiles [START_REF] Tukey | Exploratory data analysis, Addison-Wesley series in behavioral science[END_REF], the surface water, plant and soil leachate 87 Sr/ 86 Sr values of site CG22 are identified as statistical outliers, suggesting that our data might overestimate the bioavailable 87 Sr/ 86 Sr range typical for Mesozoic sediments to some extent.

Samples from areas dominated by Mesozoic and Cenozoic sediments are both characterised by fairly homogeneous 87 Sr/ 86 Sr values with a maximum variation between 87 Sr/ 86 Sr values of 0.0024 (Figure 3). This is in agreement with previously published multi-proxy 87 Sr/ 86 Sr data from the Peloponnese and Cyprus. In both locations inter-site proxy variation consistently <0.002 between plants, soil leachates and waters were reported for areas characterised by sedimentary units [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Ladegaard-Pedersen | A strontium isotope baseline of Cyprus. Assessing the use of soil leachates, plants, groundwater and surface water as proxies for the local range of bioavailable strontium isotope composition[END_REF].

In the current study, the surface and spring water 87 Sr/ 86 Sr values vary generally by less than <0.0014, while the plants and soil leachates are characterised by maximum offsets of ~0.002. The different proxies from one site generally yielded 87 Sr/ 86 Sr values within 0.0015 of each other for both the data from sites within Mesozoic and Cenozoic sediment dominated areas. The lowest intra-proxy variations are observed between the plants and soil leachates (≤ 0.0005) and the largest (0.002) between the soil leachate and spring water samples of site CG22, which is located near the village of Kyrtoni (Figure 1).

Cultural layers of Kirrha and Ayos Vasileios

The Sr concentrations and 87 Sr/ 86 Sr values of the leached archaeological soils from the cultural layers of Kirrha and Ayos Vasileios are listed in Table 2. The cultural layers of Kirrha returned a very narrow range in 87 Sr/ 86 Sr values from 0.70848 to 0.70856 with an average value of 0.70854 ± 0.00004 (n = 7, 1σ). The leached Sr concentrations (relative to dry unleached bulk soil) define a narrow range in bioavailable mobile Sr between 13.5mg/kg and 16.6mg/kg.

The cultural layers from Ayos Vasileios returned slightly higher and more variable bioavailable 87 Sr/ 86 Sr values (0.70864 -0.70901) with an average value of 0.70883 ± 0.00015 (n = 4, 1σ) and leached Sr concentrations (relative to dry unleached bulk soil) between 2.3mg/kg and 4.3mg/kg.

Discussion

Sources of bioavailable Sr on Central Greece

Bioavailable Sr can be sourced from endogenous sources, such as rocks and soils reflecting local geological background, as well as exogenous inputs, like atmospheric deposition and anthropogenic activities (e.g. [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF][START_REF] Frei | The geographic distribution of Sr isotopes from surface waters and soil extracts over the island of Bornholm (Denmark) -A base for provenance studies in archaeology and agriculture[END_REF]. The bioavailable Sr fraction of Central Greece is likely a result of mixed Sr from several sources. To safely include the water, plant and soil leachate 87 Sr/ 86 Sr signatures as baseline values for mobility studies, it is important to understand the processes and sources controlling their bioavailable Sr composition. Similarly, when investigating human mobility in archaeological studies, it is also essential to understand which bioavailable Sr sources are the ones that are most relevant to the human diet. Here, the concentrations of the different Sr sources play a significant role (e.g. [START_REF] Frei | The link between surface water and groundwater-based drinking water -strontium isotope spatial distribution patterns and their relationships to Danish sediments[END_REF].

To determine the potential endmembers controlling the bioavailable 87 Sr/ 86 Sr composition of Central Greece we created mixing diagrams plotting the 87 Sr/ 86 Sr values of our investigated proxies against their respective Sr concentration (Figure 4). These diagrams reveal that the environmental proxies sampled from areas characterised by Cenozoic and Mesozoic sediments span a similar array, suggesting similar or even overlapping Sr sources for bedrock associations. Further, Figure 4 shows no clear correlation between the Sr concentrations and 87 Sr/ 86 Sr values of either proxy, which suggests that the bioavailable Sr signatures of Central Greece are determined by multiple (at least three) Sr sources. The Sr data of the different proxies appear to converge to a Sr-rich (low 1/Sr), unradiogenic Sr end-member. This Sr source is likely inherent in the local bedrock, which is dominated by typically unradiogenic, Sr-rich Mesozoic carbonates and Cenozoic sediments with clastic carbonate components (BGR, 2020;[START_REF] Egdi | Contribution of Saharan dust to Mediterranean soils assessed by sequential extraction and Pb and Sr isotopes[END_REF]. This is in good agreement with previously published studies that identified carbonates (e.g. limestones and dolomites) as a dominant endogenous source of bioavailable Sr in various parts of the world [START_REF] Frei | The geographic distribution of strontium isotopes in Danish surface waters -A base for provenance studies in archaeology, hydrology and agriculture[END_REF][START_REF] Frei | The link between surface water and groundwater-based drinking water -strontium isotope spatial distribution patterns and their relationships to Danish sediments[END_REF][START_REF] Liu | Chemical and strontium isotopic characteristics of the rivers around the Badain Jaran Desert, northwest China: implication of river solute origin and chemical weathering[END_REF][START_REF] Liu | Elemental and strontium isotopic geochemistry of the soil profiles developed on limestone and sandstone in karstic terrain on Yunnan-Guizhou Plateau, China: Implications for chemical weathering and parent materials[END_REF][START_REF] Ryan | 87 Sr/ 86 Sr and trace element mapping of geosphere-hydrosphere-biosphere interactions: A case study in Ireland[END_REF][START_REF] Zhang | Hydro-Geochemical and Sr Isotope Characteristics of the Yalong River Basin, Eastern Tibetan Plateau: Implications for Chemical Weathering and Controlling Factors[END_REF], and also in Greece [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF].

In some parts of Central Greece, rare outcrops of Mesozoic igneous rocks occur (BGR, 2020; EGDI, 2019).

These potentially constitute another endogenous source of Sr for these areas. Contribution of Sr from igneous (grantoid) rocks to the respective bioavailable fractions could hypothetically explain the anomalously high 87 Sr/ 86 Sr values measured for the soil leachate, plant and surface water sample of site CG22. However, the rocks present in areas that we categorize as 'igneous rocks' in Central Greece are mostly pertaining to ophiolitic sequences, which are expected to be characterised by unradiogenic bioavailable 87 Sr/ 86 Sr signatures of ~0.704, values typical for oceanic basalts [START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF][START_REF] Tommasini | Strontium Isotopes in Biological Material: A Key Tool for the Geographic Traceability of Foods and Humans Beings[END_REF], rendering them an unlikely source for the anomalously high 87 Sr/ 86 Sr values of CG22. Further, analyses from sample site CG18, which is characterised by similar bedrocks as site CG22, diverge in Sr isotope compositions from the latter site. The proxies from this site returned 87 Sr/ 86 Sr values that are similar to those of Mesozoic carbonates, suggesting that the surrounding surface sediments contribute most of the bioavailable Sr to CG18, likely through localised atmospheric and riverine transport. This was also suggested by [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF], who found no significant Sr contributions from igneous rocks to the surface environment of the Peloponnese, but instead recorded 87 Sr/ 86 Sr values typical for the nearest surface outcrop at sites characterised by igneous outcrops. Depending on the composition and mass of such local additions they would result in distinctly different Sr signatures, which could explain the different 87 Sr/ 86 Sr values measured at CG18 and CG22. However, they are unlikely to significantly alter the Sr isotope compositions of areas dominated by Sr-rich surface outcrops, such as the carbonates and carbonatederived clastic sediments found on Central Greece.

While the observed scatter in 87 Sr/ 86 Sr values in Figure 4 is likely mainly due to variable contributions from Mesozoic and Cenozoic sediments, the large scatter in Sr concentrations suggests the presence of one or more additional endmembers of low Sr concentration. In some areas, seawater-derived Sr has been identified as an important source of bioavailable Sr to the surface environment of areas exposed to the sea [START_REF] Evans | Spatial variations in biosphere 87Sr/86Sr in Britain[END_REF][START_REF] Frei | The geographic distribution of Sr isotopes from surface waters and soil extracts over the island of Bornholm (Denmark) -A base for provenance studies in archaeology and agriculture[END_REF][START_REF] Ryan | 87 Sr/ 86 Sr and trace element mapping of geosphere-hydrosphere-biosphere interactions: A case study in Ireland[END_REF][START_REF] Whipkey | The importance of sea spray to the cation budget of a coastal Hawaiian soil: a strontium isotope approach[END_REF]. Marine salts are characterised by the Sr isotope composition that modern seawater has today ( 87 Sr/ 86 Sr = 0.7092; [START_REF] Burke | Variation of seawater 87Sr/86Sr throughout Phanerozoic time[END_REF][START_REF] Mcarthur | Strontium Isotope Stratigraphy: LOWESS Version 3: Best Fit to the Marine Sr-Isotope Curve for 0-509 Ma and Accompanying Look-up Table for Deriving Numerical Age[END_REF]) and these can be added to the surface environment directly through seaspray and/or rain [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF][START_REF] Evans | Spatial variations in biosphere 87Sr/86Sr in Britain[END_REF][START_REF] Montgomery | Passports from the past: Investigating human dispersals using strontium isotope analysis of tooth enamel[END_REF]. A rainwater sample taken on the Peloponnese recorded a 87 Sr/ 86 Sr value of 0.70892 [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF]. While this one value likely underestimates the regional and seasonal variance expected for rainwater, it was chosen as the best possible representative for our study area due to a lack of other data. The rainwater in this area has a 87 Sr/ 86 Sr value very similar to that of modern seawater suggesting that marine salts likely dominate the Sr composition of rainwater with other aerosols, such as dust or biogenic material, playing a minor role. The addition of Sr via sea-spray and rainfall to the endogenous carbonate-sourced Sr likely accounts for the large scatter in Sr concentration observed in Figure 4 as seawater and rain are characterised by comparatively low Sr concentrations (0.0001 µg/l -383µg/l; [START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF][START_REF] Tommasini | Strontium Isotopes in Biological Material: A Key Tool for the Geographic Traceability of Foods and Humans Beings[END_REF]. Its effect, if there is one, would be a pure dilution of the endogenous bioavailable Sr with little or no effect on its isotope compositions.

Besides the wet deposition of rain and sea-spray, the dry deposition of local and foreign dust may contribute to the composition of the Greek surface environment [START_REF] Vasilatou | Long Term Flux of Saharan Dust to the Aegean Sea around the Attica Region, Greece[END_REF]. Foreign dust can originate from as far away as the Sahara Desert (e.g. [START_REF] Goudie | Saharan dust storms: nature and consequences[END_REF]. Dust from this part of the world is yet another potential exogenous source of Sr, and is characterised by variable 87 Sr/ 86 Sr signatures of 0.712 to 0.740 (Erel and Torrent, 2010;[START_REF] Grousset | SAHARAN WIND REGIMES TRACED BY THE Sr-Nd ISOTOPIC COMPOSITION OF SUBTROPICAL ATLANTIC SEDIMENTS: LAST GLACIAL MAXIMUM vs TODAY[END_REF][START_REF] Grousset | Tracing dust sources and transport patterns using Sr, Nd and Pb isotopes[END_REF].

The Sr contribution from Saharan dust to the surface environment of Central Greece is likely highly variable and dependant on factors such as wind direction and relief. However, considering that the investigated proxies generally returned unradiogenic bioavailable 87 Sr/ 86 Sr values herein (≤0.71), the potential contribution of Sr derived from Saharan dust appears to play a minor role in determining the bioavailable 87 Sr/ 86 Sr composition of Central Greece.

Finally, when trying to reconstruct past human mobility using a 87 Sr/ 86 Sr baseline based on modern environmental samples, it is important to account for potential anthropogenic Sr contamination from agriculture and industry. Fertilisers, for example, have been shown to influence the 87 Sr/ 86 Sr composition of waters and soils in some cases [START_REF] Bentley | Strontium Isotopes from the Earth to the Archaeological Skeleton: A Review[END_REF]and references therein) and different types of fertilisers can introduce a wide range of Sr isotope signatures (0.705 -0.711; [START_REF] Hosono | Impact of fertilizer on a small watershed of Lake Biwa: Use of sulfur and strontium isotopes in environmental diagnosis[END_REF][START_REF] Zieliński | Sr isotope tracing of multiple water sources in a complex river system, Noteć River, central Poland[END_REF].

The amounts and types of fertiliser used in Central Greece are not documented making it difficult to account for their potential contribution. Hence, we designed our sampling campaign to concentrate on sample locations on unfarmed, pristine land to limit fertiliser contamination. These sites appeared to be unaltered by human activity, however, a previous anthropogenic use and potential contamination cannot be completely excluded. Further, to achieve good geographical coverage, seven sites were sampled within agricultural areas (Supplement S2). Five of these are located within 10km of pristine, non-agricultural sites, enabling us to better assess the difference in Sr isotope signatures and Sr concentrations between natural and agricultural sites. (Table 3). The surface and spring water samples generally returned higher Sr concentrations for the agricultural sites, which might be due to the addition of anthropogenic Sr. However, the same trend could not be observed for the soil and samples. Further, the offset in water 87 Sr/ 86 Sr values between natural and agricultural sites is generally ≤0.00013, suggesting that any anthropogenic Sr added at the sampled agricultural sites did not significantly alter the pristine bioavailable 87 Sr/ 86 Sr composition. The plants and soil leachates record 87 Sr/ 86 Sr offsets of up to ~0.001 between natural and agricultural sites, with the largest offset recorded for the plant samples of site CG01 and CG02. The pristine location, CG01, is located right beside the coast and returned a plant 87 Sr/ 86 Sr value similar to modern seawater. This suggests that the offset between the plant and soil leachate values of CG01 and CG02 are more likely due to the addition of seawater-derived Sr to CG01 than to fertiliser use at CG02. The soil and plant leachate 87 Sr/ 86 Sr values of the remaining pristine-agricultural site pairs are characterised by offsets ≤0.0006. While this might be partially due to anthropogenic contamination, it could also be due to differences in the sites natural setting. This is supported by the comparatively large offset in the plant and soil 87 Sr/ 86 Sr signatures of two pristine sites (CG17 and CG18) only 4km apart, which demonstrate that natural variations in 87 Sr/ 86 Sr of up to 0.001 can occur in the study area over short distances. Differences in a sites setting that could contribute to these variations include but are not limited to local soil compositional differences, such as varying amounts of soil carbonates, differences in species-specific nutrient requirements as well as inhomogeneous contribution from exogenous Sr sources. 5.2. Differences in proxy 87 Sr/ 86 Sr signatures Modern environmental samples have been increasingly used to determine bioavailable Sr isotope baselines for archaeological mobility studies (e.g. [START_REF] Evans | Spatial variations in biosphere 87Sr/86Sr in Britain[END_REF][START_REF] Evans | Defining 'local signature' in terms of Sr isotope composition using a tenth-to twelfth-century Anglo-Saxon population living on a Jurassic clay-carbonate terrain, Rutland, UK[END_REF]Frei andFrei, 2011, 2013;Ladegaard-Pedersen et al., 2019, in press;[START_REF] Montgomery | Passports from the past: Investigating human dispersals using strontium isotope analysis of tooth enamel[END_REF]. Different environmental proxies characterise the Sr isotope composition of different parts of the surface environment. Surface and spring water samples reflect the average bioavailable 87 Sr/ 86 Sr signature of their catchment area, which can vary greatly depending on the geological background, hydrological properties and size of the catchment. Also, spring waters are likely dependent on the lithologies that predominate in their aquifers, as recently shown by a study of well drinking waters in Denmark [START_REF] Frei | The link between surface water and groundwater-based drinking water -strontium isotope spatial distribution patterns and their relationships to Danish sediments[END_REF]. Plant and soil samples on the other hand are point samples, which represent the bioavailable 87 Sr/ 86 Sr values at the immediate sample location.

Further, water follows conservative mixing rules, while the Sr cycle within the soil-root system is rendered more complex by biological processes. Hence, the question about which environmental proxy is most suitable to create a reference baseline for bioavailable Sr for ancient mobility studies has been increasingly debated [START_REF] Evans | Defining 'local signature' in terms of Sr isotope composition using a tenth-to twelfth-century Anglo-Saxon population living on a Jurassic clay-carbonate terrain, Rutland, UK[END_REF][START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF]Frei andFrei, 2011, 2013;Ladegaard-Pedersen et al., 2019, in press;[START_REF] Maurer | Bioavailable 87Sr/86Sr in different environmental samples -Effects of anthropogenic contamination and implications for isoscapes in past migration studies[END_REF][START_REF] Ryan | 87 Sr/ 86 Sr and trace element mapping of geosphere-hydrosphere-biosphere interactions: A case study in Ireland[END_REF]. Figure 5 shows the pairwise correlation of our investigated proxies (surface water, spring water, plants and soil leachates) to better understand and asses the differences in their respective 87 Sr/ 86 Sr values.

Plants vs soil leachates

Most of the investigated plant and soil leachate 87 Sr/ 86 Sr values fall along the 1:1 line of Figure 5a revealing a strong positive correlation (R 2 = 0.768). No clear divisive trend between the samples from Cenozoic and Mesozoic sediment-dominated areas can be observed. Both sets of samples are characterised by a largely overlapping range in 87 Sr/ 86 Sr values, by similar offsets in either direction compared to the 1:1 line, as well as by high positive inter-correlations (R 2 ≥ 0.69). The close relationship between plant and soil leachate 87 Sr/ 86 Sr values is likely due to an isotopically homogeneous soil profile, considering that a wide variety of plant species with different rooting depth were sampled. This is supported by previous studies, which reported a similarly close relationship between soil leachates and different plant species in specific areas [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Ladegaard-Pedersen | A strontium isotope baseline of Cyprus. Assessing the use of soil leachates, plants, groundwater and surface water as proxies for the local range of bioavailable strontium isotope composition[END_REF][START_REF] Nakano | Strontium isotope constraint on the provenance of basic cations in soil water and stream water in the Kawakami volcanic watershed, central Japan[END_REF].

Plants/Soil leachates vs surface waters

The plant vs surface waters plot (Figure 5b) looks similar to the soil leachate vs surface water plot (Figure 5d). However, while the plant 87 Sr/ 86 Sr values show a good correlation towards the surface water 87 Sr/ 86 Sr values (R 2 = 0.542), the soil leachates 87 Sr/ 86 Sr values are only weakly correlated (R 2 = 0.253). The plant and soil leachate 87 Sr/ 86 Sr values are generally equal or greater compared to their respective surface water 87 Sr/ 86 Sr values. This is particularly the case for the plant samples, where all but one location (CG09) recorded a plant 87 Sr/ 86 Sr value lower than the respective surface water 87 Sr/ 86 Sr value. The generally lower surface water 87 Sr/ 86 Sr values, compared to the plants and soil leachates suggest a higher influence of unradiogenic carbonate Sr on the surface waters than on the plants and soils. This can be explained by the fact that the plant and soil leachates are point samples, whereas the surface waters reflect the average Sr compositions of larger catchment areas. Considering the high abundance of Sr-rich carbonates in Central Greece, the sampled surface waters likely picked up carbonate-sourced Sr within their catchment areas and transported this averaged out Sr isotope signature to the respective sampling sites, resulting in the observed offsets between surface water and plant/soil leachate 87 Sr/ 86 Sr values at the investigated sites.

When comparing the surface water 87 Sr/ 86 Sr values of samples from within areas dominated by Cenozoicand Mesozoic sediments, they appear to be characterised by different trends compared to the plant and soil/leachate values (Figure 5b+d). While the surface water 87 Sr/ 86 Sr values from areas characterised by Mesozoic sediments tend to increase with increasing plant 87 Sr/ 86 Sr signatures (R 2 = 0.819) and soil leachate 87 Sr/ 86 Sr values (R 2 = 0.568), the surface water 87 Sr/ 86 Sr values from areas with Cenozoic sediments define a cluster around 87 Sr/ 86 Sr ~0.708 with no apparent correlation with respective plant/soil leachate values. A 87 Sr/ 86 Sr signature of ~0.708 is very similar to seawater values present during the Cenozoic, which was likely incorporated in limestones and other carbonate sediments deposited during this period [START_REF] Mcarthur | Strontium Isotope Stratigraphy: LOWESS Version 3: Best Fit to the Marine Sr-Isotope Curve for 0-509 Ma and Accompanying Look-up Table for Deriving Numerical Age[END_REF]. Hence, the surface waters from areas dominated by Cenozoic sediments likely receive a more pronounced Sr isotope signal from the weathering of these respective carbonates, which is then transported by creeks and rivers to the sampling sites.

Surface waters vs spring waters

Due to the arid conditions in Central Greece, surface waters could not be sampled at all sites. As a recent study on the Peloponnese suggested that spring waters might serve as a substitute to surface waters in dry regions [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF], we supplemented our water sample set with spring waters located within close proximity to sites without surface water. Further, additional spring water samples were taken close to seven sites with surface water in order to better assess the suitability of spring waters as a surface water substitute. While five of these sites fall on or close to the 1:1 line in the surface water vs spring water plot, two sites (CG14 & CG22) yield values which are significantly offset from each other (Figure 5f). These explain the resulting poor correlation (R 2 = 0.101) between surface and spring waters. The observed difference between the spring water 87 Sr/ 86 Sr value and surface water 87 Sr/ 86 Sr value for site CG22 could be purely geographic as the spring water location is located ~6km away from the surface water site. However, in case of site CG14 where a discrepancy between surface and spring water 87 Sr/ 86 Sr signature also exists, the respective spring water sample was taken less than 1km away from the surface water collection site. This suggests that significant differences in surface and spring water 87 Sr/ 86 Sr signatures can occur over relatively short distances, which are likely caused by geological and hydrological differences between local aquifers and catchment areas. The rather homogeneous spring water 87 Sr/ 86 Sr signatures are possibly also the result of Sr from carbonate dominated aquifers as discussed above for the surface water samples from areas characterized by Cenozoic sediments. This is further supported by the relatively elevated Sr concentrations that are ≥0.2mg/kg for many of the spring and surface waters. It appears that local differences between sample sites, such as geological background and/or proximity to coastlines, are captured in the plant/soil leachate 87 Sr/ 86 Sr signatures, but not so much in the spring waters, where we expect an averaging out of local 87 Sr/ 86 Sr signatures to happen in the respective aquifers at depth. Unlike the surface waters, this averaging effect is also seen for spring waters sampled from areas characterised by Mesozoic sediments.

Proxy evaluation

The range in intra-site proxy variation and different degrees of correlation between our investigated proxies demonstrate the need for comprehensive multi-proxy investigation to properly assess the bioavailable Sr isotope composition of an area (Figure 3+5, Table 1). When trying to construct a suitable reference baseline for human mobility studies, it is paramount to understand the impact of potential local food and dietary sources. Humans derive Sr mainly through drinking water and plant-based foods as the Sr concentrations of animal-based foods are comparatively low [START_REF] Coelho | Recent developments and trends in the application of strontium and its isotopes in biological related fields[END_REF][START_REF] Rose | Dietary exposure to metals and other elements in the 2006 UK Total Diet Study and some trends over the last 30 years[END_REF]. Hence, plants and water samples are the obvious choice for constructing Sr isotope baselines to trace human mobility. Soil leachates on the other hand have been suggested to be less suitable as they were found to be quite variable on the regional scale and quite inconsistent with plant data on the local scale [START_REF] Maurer | Bioavailable 87Sr/86Sr in different environmental samples -Effects of anthropogenic contamination and implications for isoscapes in past migration studies[END_REF]. However, considering the close relationship between plant 87 Sr/ 86 Sr values and soil leachate 87 Sr/ 86 Sr values observed in this and previous studies [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Ladegaard-Pedersen | A strontium isotope baseline of Cyprus. Assessing the use of soil leachates, plants, groundwater and surface water as proxies for the local range of bioavailable strontium isotope composition[END_REF], we nevertheless consider soil leachates as a suitable reference substitute for the Sr sourced from plant-based food.

The spring waters sampled in this study correlate poorly with the other investigated proxies including the surface waters. Hence, they are likely not a good substitute for surface waters in Central Greece as they commonly diverge from the 87 Sr/ 86 Sr signature of the surface environment. On the other hand, a study from Denmark reported a good agreement in Sr isotope signatures between major surface water archives and well drinking waters [START_REF] Frei | The link between surface water and groundwater-based drinking water -strontium isotope spatial distribution patterns and their relationships to Danish sediments[END_REF], emphasising that the applicability of spring waters as a surface 87 Sr/ 86 Sr proxy is dependent on the regional setting. While spring waters might not reflect bioavailable 87 Sr/ 86 Sr values typical for the surface environment of Central Greece it is important to remember that in such an arid area surface water resources might have been a limited source for human drinking water due to their scarcity. Hence, spring water 87 Sr/ 86 Sr data might still be relevant for inclusion in baseline characterisation as waters from springs were likely preferably consumed by ancient humans living in deserted areas, as they do today.

Defining bioavailable 87 Sr/ 86 Sr baselines for Greece

In order to conduct meaningful investigations of ancient human mobility, it is imperative to define robust bioavailable Sr isotope baselines of suspected areas of origin. As discussed in section 2.2, quite a bit of bioavailable Sr baseline data has been published for Greece over the last years [START_REF] Bishop | Mobile animal management in the Mediterranean: Investigating Hellenistic (323-31 BCE) husbandry practices in Thessaly, Greece using δ13C, δ18O, and 87Sr/86Sr recorded from sheep and goat tooth enamel[END_REF][START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF]Hoogewerff et al., 2019;[START_REF] Leslie | Residential Mobility in the Rural Greek Past: A Strontium Isotope Investigation[END_REF][START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF][START_REF] Nafplioti | Mycenaean" political domination of Knossos following the Late Minoan IB destructions on Crete: negative evidence from strontium isotope ratio analysis (87Sr/86Sr)[END_REF][START_REF] Panagiotopoulou | Detecting Mobility in Early Iron Age Thessaly by Strontium Isotope Analysis[END_REF][START_REF] Richards | Strontium isotope evidence of Neanderthal mobility at the site of Lakonis, Greece using laserablation PIMMS[END_REF][START_REF] Triantaphyllou | Exploring mobility patterns and biological affinities in the Southern Aegean: First Insights from Early Bronze Age Eastern Crete[END_REF][START_REF] Vaiglova | Of cattle and feasts: Multi-isotope investigation of animal husbandry and communal feasting at Neolithic Makriyalos, northern Greece[END_REF][START_REF] Voerkelius | Strontium isotopic signatures of natural mineral waters, the reference to a simple geological map and its potential for authentication of food[END_REF][START_REF] Wang | Strontium isotopic evidence for the provenance of occupants and subsistence of Sarakenos Cave in prehistoric Greece[END_REF][START_REF] Whelton | Strontium isotope evidence for human mobility in the Neolithic of northern Greece[END_REF]. However, no comprehensive bioavailable Sr baselines exist for Greece as a whole to this date. Further, most of the above cited studies focused strongly on the Sr isotope signatures of individuals, and are not dedicated to establishing robust baselines against which the human signatures can be compared to. In the following, we attempt to remedy this by combining our bioavailable Sr isotope data from Central Greece with the already published baseline data.

We provide Sr bioavailable baselines for the different administrative regions of Greece, suitable to enable respective regional provenance investigations. Further, we present bioavailable Sr baselines for the main surface lithologies found in Greece, as the modern administrative regions are likely not representative of ancient Greece and as bioavailable 87 Sr/ 86 Sr signatures in Greece have been shown to heavily depend on the surface lithology [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF]. The baselines were established using baseline data that are representative of bioavailable fractions only, excluding previously published bulk rock data. The proxies used include bones of archaeological humans, faunal remains, modern faunal samples as well as modern environmental samples (Supplement S4). The different proxy types all have the possibility to be biased away from the 87 Sr/ 86 Sr isotope signature of the human diet. The modern environmental samples could be influenced by modern day human activity, while both archaeological and modern human and faunal remains could potentially reflect migration in themselves. However, as in this study, the cited publications took caution to account for potential biases in their baseline 87 Sr/ 86 Sr data, so that we consider the different proxy data reliable. In cases where one site is characterised by several 87 Sr/ 86 Sr values from one or several proxies (e.g. [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Panagiotopoulou | Detecting Mobility in Early Iron Age Thessaly by Strontium Isotope Analysis[END_REF][START_REF] Vaiglova | Of cattle and feasts: Multi-isotope investigation of animal husbandry and communal feasting at Neolithic Makriyalos, northern Greece[END_REF], their average 87 Sr/ 86 Sr value was calculated to characterise the respective site. This was done to ensure that every site was equally weighed when calculating our bioavailable Sr isotope baselines. Finally, as many studies did not include GPS coordinates for their sampling sites (e.g. [START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF][START_REF] Panagiotopoulou | Detecting Mobility in Early Iron Age Thessaly by Strontium Isotope Analysis[END_REF][START_REF] Whelton | Strontium isotope evidence for human mobility in the Neolithic of northern Greece[END_REF], their coordinates had to be approximated based on the information provided by the respective studies. This introduces some degree of uncertainty to the grouping of the samples based on their respective region and surface geology.

When establishing reference baselines for a region for the purpose of mobility studies it is common to define the baselines as the average bioavailable 87 Sr/ 86 Sr signature of that region ± its single (x̅ ± σ) or double standard deviation (x̅ ± 2σ). We calculated both, but will in the following focus on the baselines defined by their double standard deviations to ensure a broader, more conservative applicability of our baselines (Figure 6). For regions and surface lithologies, which are characterised by less than five sampling sites, no baselines were calculated. Finally, it is important to note, that our baselines are meant as a first attempt to better characterise the bioavailable Sr isotope composition of the Greek surface environment to provide future mobility studies with a better understanding of the range in bioavailable 87 Sr/ 86 Sr values.

They should be regarded as a starting point for futures sampling campaigns. Certainly, depending on the target area and goal of such studies, additional sampling is necessary to achieve a higher spatial resolution. 5.3.1. Geographical distribution of bioavailable 87 Sr/ 86 Sr signatures Of the 13 administrative regions of Greece (Central Macedonia and Athos were considered as one, due to the small size of the latter), bioavailable Sr isotope baselines could be defined for ten of them (Figure 6a).

The resulting baselines show a wide range in bioavailable 87 Sr/ 86 Sr values, with the narrowest baseline observed for West Greece and the highest variability observed for West Macedonia.

The bioavailable Sr isotope baseline of West Greece is tentatively calculated as 0.70832 ± 0.00049 (x̅ ± 2σ; n=17) encompassing all published Sr data for West Greece but one soil sample (Hoogewerff et al., 2019).

However, the offset between this soil leachate 87 Sr/ 86 Sr value and the upper baseline range is <0.00003, rendering the baseline a decent fit for assessing the regional bioavailable 87 Sr/ 86 Sr signature of West Greece.

Crete is characterised by a similarly narrow bioavailable Sr baseline range of 0.70888 ± 0.00054 (x̅ ± 2σ; n=17). One spring water from Crete yielded a 87 Sr/ 86 Sr value ~0.002 lower than the lower baseline range [START_REF] Voerkelius | Strontium isotopic signatures of natural mineral waters, the reference to a simple geological map and its potential for authentication of food[END_REF], suggesting that the calculated baseline underestimates the total range in 87 Sr/ 86 Sr found on Crete. As also seen in this study, spring waters can record a distinctly different 87 Sr/ 86 Sr signature than surface waters or other surface proxies as they might tap deeper aquifers that sit in lithologically different strata. Hence, additional sampling of spring water might be necessary for future mobility studies on Crete, if the archaeological context provides evidence of water usage from wells.

The 87 Sr/ 86 Sr baseline of Central Greece completely encompasses the baseline ranges of West Greece and Crete with a range in bioavailable Sr of 0.70862 ± 0.00092 (x̅ ± 2σ; n=42). Despite the wider baseline range, four sites in Central Greece returned 87 Sr/ 86 Sr values up to 0.00016 higher than the upper baseline range.

Two of these sites were soils sampled from Palaeozoic outcrops on the island Euboea (Hoogewerff et al., 2019), which are expected to be characterised by more radiogenic 87 Sr/ 86 Sr values. Hence, the elevated 87 Sr/ 86 Sr values of these sites are likely due to natural variation in the surface lithology. The other two sites are located both on Mesozoic sediments, suggesting that their elevated 87 Sr/ 86 Sr value compared to the calculated baseline might not be caused by the surface lithology of the site (This study; [START_REF] Prevedorou | The Role of Kin Relations and Residential Mobility During the Transition from Final Neolithic to Early Bronze Age in Attica, Greece[END_REF].

One of these sites is CG22 from this study. As the anomalously high bioavailable 87 Sr/ 86 Sr values measured at this site are likely the result of natural variations in Sr input, the calculated baseline for Western Greece might slightly underestimate the total range in bioavailable 87 Sr/ 86 Sr typical for Central Greece.

The region of Central Macedonia and Athos is characterised by a bioavailable 87 Sr/ 86 Sr baseline of 0.70960 ± 0.00122 (x̅ ± 2σ; n=12). For one agricultural soil in Central Macedonia, a positive offset of ~0.0001 compared to the upper baseline range was reported (Hoogewerff et al., 2019). This could be due to anthropogenic contamination in the agricultural soil, but is more likely the result of the highly variable surface lithology in Central Macedonia, as the soil is developed on Precambrian outcrops.

The 87 Sr/ 86 Sr baselines of the Peloponnese and West Macedonia, which are calculated as 0.70936 ± 0.00617 (x̅ ± 2σ; n=62) and 0.71033 ± 0.00780 (x̅ ± 2σ; n=8), respectively. On the Peloponnese four sites and in West Macedonia one site returned 87 Sr/ 86 Sr values significantly above their respective upper baseline range with offsets of up to ~0.008 [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF]Hoogewerff et al., 2019). These sites are all located within areas characterised by Palaeozoic or Precambrian outcrops, suggesting that these outlier-like values are due to natural variations within the surface lithology. Further, due to the high variability in 87 Sr/ 86 Sr values observed in both regions, their calculated baselines are characterised by very wide ranges. These might seem unsuitable for investigating mobility within Greece as they encompass the 87 Sr/ 86 Sr isotope signatures of all the other regions. Hence, when investigating mobility within the Peloponnese or West Macedonia it might be appropriate to redefine their respective baselines using only their single standard deviation or to define regionally smaller baselines within the Peloponnese or West Macedonia.

The 87 Sr/ 86 Sr data from Attica and the South Aegean define rather narrow Sr bioavailable baseline ranges of 0.70859 ± 0.00066 (x̅ ± 2σ; n=10) and 0.70889 ± 0.00083 (x̅ ± 2σ; n=28), respectively. On the other hand, Thessaly and the North Aegean are characterised by a slightly wider baseline ranges in bioavailable 87 Sr/ 86 Sr values of 0.70870 ± 0.00113 (x̅ ± 2σ; n=11) and 0.70925 ± 0.00201 (x̅ ± 2σ; n=8), respectively. All four baselines encompass all of the 87 Sr/ 86 Sr data published for their respective regions to date, suggesting that the baselines are a good approximation of the range in 87 Sr/ 86 Sr values typical for Attica, the North and South Aegean and Thessaly. Considering the complex surface lithology of northern Greece (Figure 1), such sampling site densities are likely insufficient to adequately capture the complete variability in Sr isotope compositions. Hence, additional sampling should be conducted in these regions in order to better characterise their bioavailable baseline 87 Sr/ 86 Sr range. Future mobility studies without the means to conduct additional sampling in these areas could alternatively use the statistical, bioavailable 87 Sr/ 86 Sr ranges based on the surface lithology of Greece, which will be discussed in the following. 5.3.2. Bioavailable 87 Sr/ 86 Sr signatures and the geological background Environmental proxy data grouped into the five main surface lithology groups found in Greece returned distinctly different statistical Sr isotopic signatures (Figure 6b). The areas characterised by Cenozoic and Mesozoic sediments are characterised by unradiogenic, narrowly defined bioavailable 87 Sr/ 86 Sr ranges, which is in good agreement with previously reported Sr isotope baseline data from other Mediterranean regions [START_REF] Cavazzuti | Flows of people in villages and large centres in Bronze Age Italy through strontium and oxygen isotopes[END_REF][START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Ladegaard-Pedersen | A strontium isotope baseline of Cyprus. Assessing the use of soil leachates, plants, groundwater and surface water as proxies for the local range of bioavailable strontium isotope composition[END_REF]. Locations within igneous outcrops returned a bioavailable Sr isotope range similar to that of the Cenozoic and Mesozoic sediments with a rather unradiogenic average 87 Sr/ 86 Sr value and a narrow baseline range. The bioavailable 87 Sr/ 86 Sr signature ranges of the areas dominated by Palaeozoic and Precambrian rock outcrops on the other hand are defined by more radiogenic 87 Sr/ 86 Sr averages and wide ranges in 87 Sr/ 86 Sr values.

The sites located within Cenozoic sediment dominated areas define a bioavailable Sr isotope range of 0.70866 ± 0.00082 (x̅ ± 2σ; n=92) for all of Greece. This statistical range covers all of the bioavailable Sr data reported for samples from Cenozoic sediments, except for one soil leachate 87 Sr/ 86 Sr value from West Macedonia and one animal teeth 87 Sr/ 86 Sr value from Central Macedonia (Hoogewerff et al., 2019;[START_REF] Whelton | Strontium isotope evidence for human mobility in the Neolithic of northern Greece[END_REF]. These values are slightly more radiogenic than the calculated baseline range, suggesting that the latter underestimates the total range in 87 Sr/ 86 Sr that can occur within areas characterised by Cenozoic sediments. However, both samples were taken within close proximity to Paleozoic-and/or Precambrian outcrops, which are commonly characterised by more radiogenic 87 Sr/ 86 Sr values (e.g. [START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF][START_REF] Tommasini | Strontium Isotopes in Biological Material: A Key Tool for the Geographic Traceability of Foods and Humans Beings[END_REF]. Hence, the positive offset of up to 0.001 between the baseline compositional range and the values from West and Central Macedonia is likely a result of mixing of Sr sources along the outcrop boundary.

Just as in Central Greece, sites in areas dominated by Mesozoic sediments across entire Greece are defined by a very similar range in bioavailable 87 Sr/ 86 Sr as those from areas dominated by Cenozoic sediments. The statistical range in 87 Sr/ 86 Sr signatures of samples from areas characterised by Mesozoic sediments is calculated as 0.70853 ± 0.00094 (x̅ ± 2σ; n=74), which covers most of the reported bioavailable 87 Sr/ 86 Sr data from these areas. However, at four sites, 87 Sr/ 86 Sr values outside of the calculated baseline range were reported (This study; [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF]Hoogewerff et al., 2019;[START_REF] Prevedorou | The Role of Kin Relations and Residential Mobility During the Transition from Final Neolithic to Early Bronze Age in Attica, Greece[END_REF]. An agricultural soil sample from the Peloponnese returned a 87 Sr/ 86 Sr value ~0.002 lower than the lower range of the baseline (Hoogewerff et al., 2019). In the same study a soil leachate 87 Sr/ 86 Sr value for a grazing land soil, which is located less than 1km away from the corresponding agricultural soil, is reported as being characterized by a 87 Sr/ 86 Sr value of 0.70888. This falls within the herein defined Sr isotope range, suggesting that the low 87 Sr/ 86 Sr value of the agricultural soil might be due to anthropogenic contamination. The other three sites that fall outside the calculated 87 Sr/ 86 Sr range for areas with Mesozoic sediments returned positive upsets of up to 0.00023 for their environmental proxies. One of these sites is site CG22 from this study. As discussed above, the higher bioavailable 87 Sr/ 86 Sr values of CG22 are likely caused by local differences in Sr input, which again emphasises the need of spatially tight sampling campaigns when investigating local variabilities in bioavailable Sr.

The statistical range of bioavailable Sr isotope signatures for areas characterised by igneous outcrops in Greece is calculated as 0.70865 ± 0.00082 (x̅ ± 2σ; n=14). This is surprisingly narrow as igneous rocks are expected to be characterised by a wide range in 87 Sr/ 86 Sr values depending on their age and initial Rb/Sr value (e.g. [START_REF] Capo | Strontium isotopes as tracers of ecosystem processes: theory and methods[END_REF][START_REF] Tommasini | Strontium Isotopes in Biological Material: A Key Tool for the Geographic Traceability of Foods and Humans Beings[END_REF]. [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF] as well as this study suggest that the contribution of bioavailable Sr to the surface environment from weathering of igneous rocks might be limited on the Peloponnese and Central Greece, where the bioavailable fractions seem to be more influenced by Sr released from neighbouring lithologies and/or are overprinted by exogenous Sr sources. This appears to apply for Greece as a whole as well, as most of the sites on igneous outcrops are located on the Aegean Islands, which generally yield bioavailable 87 Sr/ 86 Sr values close to that of modern seawater (0.7092; [START_REF] Burke | Variation of seawater 87Sr/86Sr throughout Phanerozoic time[END_REF][START_REF] Mcarthur | Strontium Isotope Stratigraphy: LOWESS Version 3: Best Fit to the Marine Sr-Isotope Curve for 0-509 Ma and Accompanying Look-up Table for Deriving Numerical Age[END_REF]. Further, the one site in the South Aegean that yielded a 87 Sr/ 86 Sr value slightly above the upper 87 Sr/ 86 Sr range calculated for areas characterised by igneous outcrops, is located in close proximity to Palaeozoic outcrops, suggesting mixing between unradiogenic seawater sourced Sr and more radiogenic Sr sourced from these older rock outcrops.

The sites located within Palaeozoic outcrops returned a broad-ranged bioavailable Sr isotope signature range of 0.71092 ± 0.00826 (x̅ ± 2σ; n=28). [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF] reported 87 Sr/ 86 Sr values up to 0.0045 above the upper baseline range for two water samples from Palaeozoic outcrops on the Peloponnese, suggesting that the calculated baseline range underestimates the total range of 87 Sr/ 86 Sr typical for these areas. The latter study generally found a trend towards more radiogenic water 87 Sr/ 86 Sr values compared to soil leachate and plant 87 Sr/ 86 Sr values when sampling within Palaeozoic outcrops, which emphasises the importance of multi-proxy sampling to capture the full range in bioavailable 87 Sr/ 86 Sr signatures.

The sites dominated by Precambrian outcrops are also characterised by very heterogeneous bioavailable 87 Sr/ 86 Sr signatures resulting in a broad-ranged statistical 87 Sr/ 86 Sr range of 0.71003 ± 0.00582 (x̅ ± 2σ; n=14). The lower average 87 Sr/ 86 Sr value and statistical range observed for the Precambrian outcrops compared to the Palaeozoic outcrops is surprising as the first are expected to be more radiogenic due to their geological age. For example, a recent study constraining bioavailable 87 Sr/ 86 Sr signatures for southern Sweden recorded 87 Sr/ 86 Sr values up to 0.73823 for plants sampled from Precambrian outcrops (Ladegaard-Pedersen et al., in press). One sample site in West Macedonia returned a soil leachate 87 Sr/ 86 Sr value 0.00408 higher than the upper statistical 87 Sr/ 86 Sr range (Hoogewerff et al., 2019), further supporting that more radiogenic 87 Sr/ 86 Sr values can be expected for areas characterised by Precambrian outcrops in Greece. Hence, additional sampling within these areas might be necessary to fully capture their typical range in 87 Sr/ 86 Sr.

As for the baselines of the Peloponnese and West Macedonia, our applied method of defining the average bioavailable Sr isotope signatures for the different surface lithology groups as the average 87 Sr/ 86 Sr value of all sites from each group ± their double standard deviation (x̅ ± 2σ), resulted in very wide 87 Sr/ 86 Sr ranges for areas characterised by Palaeozoic and Precambrian outcrops. These completely encompasses the 87 Sr/ 86 Sr range of the igneous outcrops and Mesozoic and Cenozoic sediments. Hence, future studies on human mobility within or near Palaeozoic and Precambrian outcrops might want to redefine their respective baselines depending on the aims of the study. This could for example be done by using only specific proxies.

Evaluating the applicability of the defined baselines for ancient mobility studies

The Sr isotope composition of the cultural layers of two Bronze Age cemeteries, Kirrha and Ayios Vasileios, were compared to our calculated geographical and geological baselines (Figure 7). This was done to test the applicability of our defined baselines for tracing mobility at actual archaeological sites. As the baselines aim to constrain the 87 Sr/ 86 Sr fraction of the human diet a comparison to soil 87 Sr/ 86 Sr values of Bronze Age farm land would be more ideal. However, the location of these are largely unknown rendering the cultural layers of the cemeteries the best possible approximation of bioavailable 87 Sr/ 86 Sr values prevalent during the Bronze Age.

The cemetery of Kirrha is located on Mesozoic sediments in Central Greece (Figure 1). The soil leachates from the different graves returned a narrow range in 87 Sr/ 86 Sr signature between 0.70848 and 0.70859, which fall within the calculated baseline for the Mesozoic sediments of Greece and the regional baseline for Central Greece. Ayios Vasileios, which is located on Cenozoic Sediments on the Peloponnese returned a slightly wider range in 87 Sr/ 86 Sr signature (0.70864 -0.70901). This range is covered by the wide Sr isotope baseline calculated for the Peloponnese, but also by the significantly narrower baseline of the Cenozoic sediments. As discussed above, the wide baseline range of the Peloponnese might seem unsuitable for mobility investigations and might need to be redefined based on the aims of future mobility studies. As in the above discussion, Figure 7 compares the soil leachate 87 Sr/ 86 Sr signature from Kirrha and Ayios Vasileios to the geographical and geological 87 Sr/ 86 Sr signatures based on the double standard deviation (2σ).

However, the geographical and geological ranges defined by their average 87 Sr/ 86 Sr value ± their respective single standard deviation (σ) also encompass the complete variation in 87 Sr/ 86 Sr values measured for the cultural layers from Kirrha and Ayios Vasileios, supporting the applicability of our calculated baselines for identifying (non-)locals to Greece.

The geographical baselines in this study were defined to identify 1) interregional mobility within Greece as well as 2) locals to Greece and. However, while the cultural layers of Kirrha and Ayios Vasileios returned distinctly different 87 Sr/ 86 Sr values, their respective geographical baselines are characterised by significant overlap as both are dominated by carbonate-like 87 Sr/ 86 Sr values (0.707 -0.709, [START_REF] Mcarthur | Strontium Isotope Stratigraphy: LOWESS Version 3: Best Fit to the Marine Sr-Isotope Curve for 0-509 Ma and Accompanying Look-up Table for Deriving Numerical Age[END_REF]. The baselines defined for the other regions of Greece herein also show an overlap with carbonate-like values to varying degrees. This reveals that the identification of mobility between the different regions of Greece with the geographical baselines is limited to individuals characterised by a 87 Sr/ 86 Sr signature either below or above the overlapping range. When trying to investigate at a smaller, intraregional scale, the geographical baselines are not suitable, but, within geologically complex regions, such as the Peloponnese or West Macedonia, the statistically defined geological 87 Sr/ 86 Sr signature can be used to determine mobility. As the geographical baselines, their applicability is limited by an overlap at carbonate-like values though. Future mobility studies investigating mobility studies at the intraregional scale within Greece might be able to reduce the overlap by re-defining geologically based Sr isotope baselines for the region they are investigating as was done by [START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF] for the Peloponnese.

The applicability of the statistically defined geographical and geological bioavailable 87 Sr/ 86 Sr ranges to identify locals to Greece is also limited, as they overlap with 87 Sr/ 86 Sr baselines reported for other Mediterranean areas, such as Cyprus and northern Italy [START_REF] Cavazzuti | Flows of people in villages and large centres in Bronze Age Italy through strontium and oxygen isotopes[END_REF][START_REF] Ladegaard-Pedersen | A strontium isotope baseline of Cyprus. Assessing the use of soil leachates, plants, groundwater and surface water as proxies for the local range of bioavailable strontium isotope composition[END_REF]. Future mobility studies faced with this limitation should therefore consider additional data, such as other provenance proxies or the archaeological context, when investigating individual mobility in Greece.

Conclusion

In this study we present Sr isotope signatures and concentrations for plants, soil leachates and spring and surface waters from 82 samples from Central Greece and combine them with previously published bioavailable 87 Sr/ 86 Sr data for all of Greece in order to define the first extensive bioavailable Sr isotope baseline for the different regions and surface lithologies of Greece. Our conclusions can be summarised as follows:

1) The Sr isotope compositions of the different investigated proxies from Central Greece are largely controlled by the weathering of surface lithologies, in particular of carbonates. The contribution of foreign Sr to the biosphere, such as from rain, sea-spray and dust, could not be assessed, however their potential contributions did not seem to have considerable effects on the Sr isotope compositions of the biosphere.

2) The surface and spring water samples generally returned quite narrowly ranged 87 Sr/ 86 Sr ranges that are compatible with a significant contribution from carbonate-derived Sr. This is also reflected by their relatively elevated Sr concentrations typically around 0.2 mg/kg. Small variations between Sr isotope signatures of surface and spring waters are likely due to differences in the characteristics of lithological sources present in respective catchments and aquifers, and their respective role in influencing the average Sr isotope signature of the sampled waters. The plants and soil leachates are characterised by a slightly wider range in 87 Sr/ 86 Sr values but generally reflect the compositional tenor of the surface and spring waters.

3) We present statistical, bioavailable 87 Sr/ 86 Sr ranges for the different administrative regions and surface lithologies of Greece to better characterise the bioavailable Sr isotope composition of the Greek surface environment and to provide future mobility studies with a better understanding of the range in bioavailable 87 Sr/ 86 Sr values. These were defined as the average bioavailable 87 Sr/ 86 Sr signature of the region/geology ± its double standard deviation (x̅ ± 2σ) to ensure a broad applicability. The ranges defined herein should be considered as a starting point for future mobility studies and might need to be expanded or redefined based on the goal or target area of these studies.

4) Bioavailable 87 Sr/ 86 Sr isotope baselines were defined for ten of the 13 administrative regions of Greece. The narrowest baselines are calculated for West Greece (0.70832 ± 0.00049; x̅ ± 2σ; n=17) and Crete (0.70888 ± 0.00054; x̅ ± 2σ; n=17). Attica, the South Aegean, and Central Greece are characterised by slightly wider, but still unradiogenic baselines of 0.70859 ± 0.00066 (x̅ ± 2σ; n=10), 0.70889 ± 0.00083 (x̅ ± 2σ; n=28) and 0.70862 ± 0.00092 (x̅ ± 2σ; n=42), respectively. Thessaly, Central Macedonia and Athos and the North Aegean are characterised by slightly wider ranges in bioavailable 87 Sr/ 86 Sr values of the proxies, defining baselines of 0.70870 ± 0.00113 (x̅ ± 2σ; n=11), 0.70960 ± 0.00122 (x̅ ± 2σ; n=12) and 0.70925 ± 0.00201 (x̅ ± 2σ; n=8), respectively. The widest bioavailable 87 Sr/ 86 Sr baseline ranges are defined for the Peloponnese and West Macedonia with 0.70936 ± 0.00617 (x̅ ± 2σ; n=61) and 0.71033 ± 0.00780 (x̅ ± 2σ; n=8), respectively. This likely reflects the wide range of different geological ages represented in the rock outcrops exposed in these regions, which release highly variable Sr isotope fractions into the biosphere. In Central Greece, the Peloponnese, West Macedonia, Central Macedonia and Athos and West Greece, we measured some outlier-like values with 87 Sr/ 86 Sr values higher than their respective upper baseline ranges. These values are typically from samples taken from older, Palaeozoic or Precambrian rock outcrops, suggesting that additional sampling in these areas might be necessary to better constrain the range 87 Sr/ 86 Sr typical for these regions. For the geographical regions of East Macedonia and Thrace, Epirus and the Ionian Islands not enough bioavailable 87 Sr/ 86 Sr data is published to date to calculate statistically meaningful baselines.

5) The five main surface lithology groups of Greece are characterised by very different statistical, bioavailable 87 Sr/ 86 Sr ranges. Areas with Mesozoic and Cenozoic sediments are characterised by an unradiogenic, narrow Sr isotope range of 0.70853 ± 0.00094 (x̅ ± 2σ; n=74) and 0.70866 ± 0.00103 (x̅ ± 2σ; n=92), respectively. The statistical range in bioavailable 87 Sr/ 86 Sr values for areas characterised by abundant igneous rock outcrops is calculated as 0.70865 ± 0.00082 (x̅ ± 2σ; n=14).

However, it appears that the bioavailable Sr contributions to the surface environment from weathering of igneous rocks plays a minor role in determining the bioavailable 87 Sr/ 86 Sr signatures of Greece. Should this be the case, then future studies should use the Sr isotope ranges typical for adjacent surface lithologies when investigating mobility in areas characterised by igneous outcrops.

The calculated bioavailable 87 Sr/ 86 Sr ranges for samples from areas with Palaeozoic (0.71092 ± 0.00826; x̅ ± 2σ; n=28) and Precambrian (0.71003 ± 0.00582; x̅ ± 2σ; n=14) outcrops are statistically wide. This is likely due to a heterogeneous 87 Sr/ 86 Sr release, from the rocks and soils developed on these outcrops, which are expected to be characterised by more radiogenic 87 Sr/ 86 Sr values. These wide bioavailable 87 Sr/ 86 Sr signature ranges defined by samples collected in areas with Paleozoic and Precambrian rock outcrops render geographical provenancing more difficult as they completely overlap with the 87 Sr/ 86 Sr ranges typical for samples from the other surface lithologies.

6) A comparison of the soil leachate 87 Sr/ 86 Sr values from the cultural layers of Kirrha and Ayios Vasileios with our calculated baselines reveal that these fit well with their respective geographical and geological baselines. This is true when defining the baseline as the average of both 87 Sr/ 86 Sr value ± the single standard deviation (σ) and double standard deviation (2σ), supporting the applicability of our calculated baselines for investigating past human mobility. However, the different 87 Sr/ 86 Sr baselines show varying degrees of overlap in their respective 87 Sr/ 86 Sr ranges, which limits their applicability when investigating interregional movement within Greece. [START_REF] Barton | Sr isotope and trace element evidence for the role of continental crust in calc-alkaline volcanism on Santorini and Milos, Aegean Sea, Greece[END_REF][START_REF] Bishop | Mobile animal management in the Mediterranean: Investigating Hellenistic (323-31 BCE) husbandry practices in Thessaly, Greece using δ13C, δ18O, and 87Sr/86Sr recorded from sheep and goat tooth enamel[END_REF][START_REF] Brilli | New data of 87Sr/86Sr ratio in classical marble: an initial database for marble provenance determination[END_REF][START_REF] Frank | Isotopic range of bioavailable strontium on the Peloponnese peninsula, Greece: A multi-proxy approach[END_REF][START_REF] Gale | The sources of Mycenaean gypsum[END_REF][START_REF] Gärtner | Strontium-, carbon-and oxygen-isotope compositions of marbles from the Cycladic blueschist belt, Greece[END_REF]Hoogewerff et al., 2019;[START_REF] Leslie | Residential Mobility in the Rural Greek Past: A Strontium Isotope Investigation[END_REF][START_REF] Nafplioti | Tracing population mobility in the Aegean using isotope geochemistry: a first map of local biologically available 87Sr/86Sr signatures[END_REF][START_REF] Nafplioti | Mycenaean" political domination of Knossos following the Late Minoan IB destructions on Crete: negative evidence from strontium isotope ratio analysis (87Sr/86Sr)[END_REF][START_REF] Panagiotopoulou | Detecting Mobility in Early Iron Age Thessaly by Strontium Isotope Analysis[END_REF][START_REF] Prevedorou | The Role of Kin Relations and Residential Mobility During the Transition from Final Neolithic to Early Bronze Age in Attica, Greece[END_REF][START_REF] Tremba | Strontium-isotope composition in the Tethys Sea, Euboea, Greece[END_REF][START_REF] Triantaphyllou | Exploring mobility patterns and biological affinities in the Southern Aegean: First Insights from Early Bronze Age Eastern Crete[END_REF][START_REF] Vaiglova | Of cattle and feasts: Multi-isotope investigation of animal husbandry and communal feasting at Neolithic Makriyalos, northern Greece[END_REF][START_REF] Valsami-Jones | Controls on the Sr and Nd isotopic compositions of hydrothermally altered rocks from the Pindos Ophiolite, Greece[END_REF][START_REF] Voerkelius | Strontium isotopic signatures of natural mineral waters, the reference to a simple geological map and its potential for authentication of food[END_REF][START_REF] Wang | Strontium isotopic evidence for the provenance of occupants and subsistence of Sarakenos Cave in prehistoric Greece[END_REF][START_REF] Whelton | Strontium isotope evidence for human mobility in the Neolithic of northern Greece[END_REF]. Bioavailable 87 Sr/ 86 Sr data (circles and triangles) was determined using animal remains (AR), human remains (HR), plants (P), soils (S), snail shells (SS) and water (W). Bulk 87 Sr/ 86 Sr data (squares) was reported for gypsum (GY), igneous rocks (IR), limestone (LS) and marble (MA). 
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 2 Figure 5c+e reveals that the plant/soil leachate 87 Sr/ 86 Sr values do not correlate with the spring water 87 Sr/ 86 Sr values (R 2 ≤ 0.015). While the plants/soil leachate samples are characterised by a range in 87 Sr/ 86 Sr values of 0.70768 to 0.71021, most of the spring water samples cluster around a 87 Sr/ 86 Sr value of ~0.7083.

Figure 2

 2 Figure 2 reveals that the baseline sampling sites cover the different administrative regions of Greece unevenly. While the South Aegean and the Peloponnese are thoroughly explored with sampling denisites of 53 and 39 sites per 10000km 2 , northern Greece is underrepresented with sampling densities consistently below 10 sites per 10000km 2 . For the administrative regions East Macedonia and Thrace, Epirus and the Ionian Islands too few 87 Sr/ 86 Sr data is available to date to calculate statistically sound baselines. The data points published for these regions only give a first estimate of what the bioavailable Sr composition in these regions could be like (Supplement S4). The calculated baselines for Central Macedonia and Athos, West Macedonia and Thessaly are based on sampling densities between 6 and 8.5 sites per 10000 km 2 .
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 1 Figures and graphical abstract for manuscript 'The geographic distribution of bioavailable strontium isotopes in Greece -a base for provenance studies in archaeology' byFrank et al. 
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  1997) published by[START_REF] Voerkelius | Strontium isotopic signatures of natural mineral waters, the reference to a simple geological map and its potential for authentication of food[END_REF].
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 22 Figure 2: 2-column fitting
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  Figure 3: 1-column fitting

Figure 3 87

 3 Figure 3 87 Sr/ 86 Sr values measured for surface waters, spring waters, plants and soil leachates of the different sites sampled in Central Greece grouped based on the surface lithology present at the site. Outliers within the groupings were determined using Tukey's outlier test and are marked with red circles.
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 4 Figure 4: 1.5-column fitting
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  Figure 5: 1.5-column fitting

Figure 5

 5 Figure 5 Pairwise correlations between 87 Sr/ 86 Sr ratios of plants and soil leachates (a), plants and surface water (b), plants and spring waters (c), soil leachates and surface waters (d), soil leachates and spring waters (e) and surface waters and spring waters (f) at individual sites. The dotted lines mark the 1:1 line of perfect correlation.
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 6 Figure 6: 1.5-column fitting

Figure 6

 6 Figure 6 Bioavailable Sr isotope baselines for the different geographical regions (a) and surface lithologies (b) of Greece calculated as the average 87 Sr/ 86 Sr composition (dotted line) of their available bioavailable 87 Sr/ 86 Sr data ± their respective single (σ; boxes) and double standard deviation (2σ; whiskers).Reported 87 Sr/ 86 Sr data that falls outside of their respective baseline range are given as red crosses.
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 7 Figure 7: 1.5-column fitting

Table 1 87

 1 Sr/ 86 Sr value, its double standard error (2SE) and Sr concentration measured for plant, soil leachate, surface water and spring water samples at 25 locations in Central Greece with Mesozoic-or Cenozoic-aged sediments.

				Plants	Soils leachates	Surface waters	Spring waters
		Surface			Sr
	Location	lithology	87 Sr/ 86 Sr	2SE (%)	(mg/

kg) 87 Sr/ 86 Sr 2SE (%) Sr (mg/kg) 87 Sr/ 86 Sr 2SE (%) Sr (mg/l) 87 Sr/ 86 Sr 2SE (%)

  

		Cenozoic Cenozoic											
	CG09 CG23	sediments sediments	0.70826 0.70894	0.0014 0.0019	25.33 0.70855 4.25 0.70863	0.0018 0.0021	13.91 0.70797 8.62 0.70822	0.0019 0.0016	0.29 0.70834 0.10	0.0022	0.64	2.04
		Mesozoic Cenozoic											
	CG10 CG24	sediments sediments	0.70840 0.70973	0.0016 0.0013	13.35 0.70889 4.68 0.70919	0.0019 0.0016	19.99 0.70784 9.03	0.0019	0.29	0.70819	0.0021	0.09	5.6
		Cenozoic Cenozoic											
	CG11 CG25	sediments sediments	0.70823 0.70847	0.0021 0.0018	20.21 0.70837 4.21 0.70796	0.0021 0.0021	8.11 0.70815 10.64	0.0015	0.28	0.70769	0.0022	0.05	6.42
	7	Cenozoic											
	CG12	sediments	0.70835	0.0018	14.08 0.70825	0.002	10.32			0.70846	0.0017	0.33	6.98
		Cenozoic											
	CG13	sediments	0.70883	0.0017	26.23 0.70881	0.0021	11.23			0.70833	0.0023	0.17	0.51
												Sr	Distance to
		Cenozoic										(mg/l)	location (km)
	CG14	sediments	0.70910	0.002	12.49 0.70945	0.0016	19.36 0.70803	0.0016	0.29 0.70906	0.002	0.51	0.95
		Mesozoic											
	CG01	sediments Cenozoic	0.70911	0.0016	2.50 0.70872	0.0021	7.19			0.70847	0.0018	0.08	1.44
	CG15	sediments	0.70770	0.0011	24.93 0.70768	0.0017	34.36			0.70891	0.0022	0.31	3.19
		Mesozoic											
	CG02	sediments Cenozoic	0.70818	0.0016	7.73 0.70811	0.0019	10.52			0.70847	0.0016	0.21	1.8
	CG16	sediments	0.70898	0.0011	7.64 0.70945	0.0019	10.72 0.70792	0.0021	0.06				
		Mesozoic											
	CG03	sediments Mesozoic	0.70871	0.0016	4.83 0.70823	0.0019	6.03			0.70810	0.002	0.06	3.24
	CG17	sediments	0.70864	0.002	4.16 0.70890	0.0015	5.88 0.70806	0.0015	0.06				
		Mesozoic											
	CG04	sediments Mesozoic	0.70838	0.0008	110.43 0.70839	0.0023	19.36			0.70841	0.002	0.09	1.19
	CG18	sediments	0.70793	0.0021	2.47 0.70786	0.002	5.04 0.70826	0.0018	0.07 0.70824	0.001	0.08	0
		Mesozoic											
	CG05	sediments Cenozoic	0.70896	0.0009	16.12 0.70880	0.0018	15.06 0.70889	0.002	0.56				
	CG19	sediments	0.70828	0.0017	6.16 0.70821	0.0021	4.27 0.70822	0.0018	0.21 0.70818	0.0014	0.23	0
		Mesozoic											
	CG06	sediments Cenozoic	0.70888	0.0021	10.94 0.70886	0.0019	11.23 0.70858	0.002	0.18 0.70851	0.0021	0.21	3.07
	CG20	sediments	0.70823	0.0019	6.08 0.70778	0.002	4.32 0.70814	0.0021	0.10				
		Mesozoic											
	CG07	sediments Mesozoic	0.70801	0.0009	22.09 0.70795	0.0019	23.67			0.70835	0.0017	0.29	1.03
	CG21	sediments	0.70849	0.0018	8.69 0.70838	0.0022	4.89 0.70840	0.0015	0.13				
		Mesozoic											
	CG08	sediments Mesozoic	0.70828	0.002	6.99 0.70806	0.0021	7.97 0.70806	0.0018	0.39 0.70813	0.0018	0.43	3.64
	CG22	sediments	0.71016	0.0017	3.37 0.71021	0.0024	3.63 0.70995	0.0013	0.19 0.70815	0.0017	0.14	6.33
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Archaeological sites

Kirrha

The prehistoric archaeological site of Kirrha, in the south-east edge of the plain of Itea, Phokis, Greece, occupies a low mound, at ca. 230 m from the northern shore of the Corinthian Gulf. Two intense excavation campaigns were undertaken by the French School of Athens in the late 1930s.

They uncovered extensive areas of a Middle Helladic (Middle Bronze Age, ca. 2100 -1700 BC, hereafter MH) to Late Helladic (Late Bronze Age, ca 1700 -1075 BC, hereafter LH) settlements and numerous graves of the same period. Deep stratigraphical soundings were dug down to the water table, revealing a long-lived tell, already established as early as the end of the Early Helladic period (2 nd mill. BC, hereafter EH). Recent geoarchaeological investigations have shown that the foundation of the settlement took place earlier in the Neolithic times. With the publication of results from the pioneer excavations in 1960 [START_REF] Dor | Kirrha. Etude de préhistoire phocidienne[END_REF], Kirrha became a key site of the Aegean Prehistory, one of the most important for the MH period of Central Greece. After a long break, archaeological activity resumed in the 1960s, with a series of numerous rescue excavations [START_REF] Orgeolet | Kirrha 2008-2015 : un bilan d'étape. La fouille et les structures archéologiques[END_REF] and references therein). Eventually, a new research programme was set up in 2009, under the codirection of the French School of Athens and the Ephorate of Antiquities of Delphi [START_REF] Orgeolet | Kirrha 2008-2015 : un bilan d'étape. La fouille et les structures archéologiques[END_REF]. Among other goals, a better understanding of the funerary practices was considered as a significant issue, the tackling of which necessitated a close cooperation between archaeologists and anthropologists/bioarchaeologists.

The funerary remains of Kirrha come from at least 40 different contexts, associated with various grave forms (stone cists, few shaft graves, pits, and few pot burials). In the MH period, the usual picture is that of single intramural simple graves, while in the transitional period (MH III -LH I/II) the burial grounds extend over abandoned MH houses and unveiled a variety of funerary forms. These include single and collective burials of both sexes and all ages, in various types of graves and disposals (Lagia et al., 2016). Large collective later Mycenaean shaft graves were also uncovered, whose relation to the settlement still needs clarification.

Ayios Vasileios

Ayios Vasileios, which is located 12 km south of modern Sparta, is synonymous with the palace of Mycenaean (Late Bronze Age, 1700-1100 BC) Laconia, southern Greece, which was discovered in 2008. It is being excavated since 2010 under the direction of A. Vasilogamvrou and the auspices of the Archaeological Society in Athens. The site was occupied in the EH period, when a small village was built on top of the hill. It may have been abandoned during most of the MH period and resettled at the end of the period (around 1700 BC). It grew in significance during the early phases of the Late Bronze Age (LBA), during which period a cemetery consisting mostly of stone-built graves, the socalled North Cemetery, was in use. By the middle of the LBA (around 1400 BC), a monumental complex consisting of a central court and impressive, elaborately decorated buildings were standing on the site. While only a small part of the palatial complex has been excavated so far, all the functions usually associated with a Mycenaean palace (storage of valuables and agricultural resources, administration using clay tablets and labels, conspicuous consumption) are attested.

Interestingly, however, Ayios Vasileios differs from other Mycenaean palatial sites in two important aspects: a) its development -it was destroyed around 1250 BC, some 50 years earlier than other mainland palaces, like Mycenae, Tiryns and Pylos, and b) its spatial organization -the town surrounding it is relatively small and unfortified. From a methodological point of view, the Ayios Vasileios excavation project is interesting, because it includes the excavation of the palatial complex and the earlier cemetery, as well as an extensive geophysical and pedestrian survey which has given invaluable information about the settlement surrounding the palace.

The North Cemetery is the extramural cemetery of the Ayios Vasilios settlement (Moutafi and Voutsaki, 2016;[START_REF] Voutsaki | Space, Place and Social Structure in the North Cemetery, Ayios Vasileios, in: (Social) Place and Space in Early Mycenaean Greece, Mykenische Studien[END_REF]. It was in use just before the formation of the palatial centre, during the transition from the Middle to the Late Bronze Age (ca. 1700-1500 BC, MH III -LH I/II). The cemetery consists of a dense cluster of graves, comprising predominantly stone cists but also a few pits, with the latter mostly used for infant burials. In total, 25 burial contexts have been excavated, including single and collective burials, primary and secondary, of both sexes and all ages, either in graves (20 cases) or in concentrations of assembled bones outside the graves (5 cases). The burials are mostly unfurnished, with only few containing one or two modest offerings (usually small vases).

The funerary treatment is variable, shifting between the older MH tradition of simple single burials and the introduction of collective burials and secondary funerary activities of various forms (Moutafi and Voutsaki, 2016).
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Archaeological soil samples

Ayios Vasileios

AV01 -Grave 13: This is a pit grave, aligned with stones, containing the single primary burial of a middle/old (>40 years) adult male. The soil sample comes from the area around (and partially inside) the skull.

AV02 -Grave 17:

This is an unusual case in Ayios Vasileios. The tomb is a large pit of quadrangular (rather unusual) shape, containing the primary burial of two individuals, male (skeleton 17.1) and female (skeleton 17.2), both middle adults (around 40 years). The bodies were interred together and placed in very close proximity, almost embraced. The soil sample was collected around the pelvis of female skeleton 17.2.

AV03 -Grave 23:

This is a cist grave, with collective burials of adults, both primary and secondary (MNI: 3, sex indeterminate). The skeletons are very poorly preserved. The soil sample comes from the burial level of the grave, collected from the middle area of the cist, close to vessel (2240) that accompanied the burials.

AV04 -Grave 25:

This context is part of the large built tomb 21 (unique to AV), which contained around 30 burials, both primary and secondary. Burial 25 included collective secondary remains of at least 7 individuals, both adults and sub-adults, squeezed in a pit outside Grave 21, and certainly associated with it. The soil sample comes from deep in the pit, collected from soil infiltrating one of the bones (bone 168).

Kirrha

K01 -Locus 101:

Cist grave (in the west sector), containing the primary burial of a child (4-5 years old). The soil sample comes from the burial layer, collected around the bones.

K02 -Locus 515:

Stone-lined pit (in the west sector), with the primary burial of a young adult female.

The tomb is unique in Kirrha in terms of richness of the grave goods. The soil sample comes from the burial layer, collected around the bones.

K03 -Locus 567:

Cist grave (in the west sector), with one primary and two secondary burials (MNI:

3), all adults; sex indeterminate so far. The soil sample comes from the burial layer, collected around the bones.

K04 -Locus 790:

Pit (in the east sector) with primary burial of a child (6-9 years). The soil sample comes from the burial layer, collected around the bones. K05 -Locus 802: Pit (in the east sector) with primary burial of a neonate infant. The soil sample comes from the burial layer, collected around/inside the skull.

K06 -Locus 777 (US 1269):

Inwall (or rough pit) deposit of an infant (east sector). The soil sample comes from the burial layer, collected around the bones.

K07 -Locus 150 (US 3311):

Cist grave (in the west sector), with collective burials (MNI: 3). The grave included the primary burial of a young adult male (150.1), at the upper layer; below it, the secondary remains of an adolescent female (150.2) and a young adult male (150.3) were found separated in two different stone compartments. The soil sample comes from the upper burial layer (of the primary interment 150.1), collected around the bones.