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Tin was a crucial commodity in prehistory to produce bronze, and knowledge of the origins of this metal is important for understanding cultural relations and the complexity and extent of trade. However, many aspects of the provenance of tin are still not resolved. A recent study in Science Advances 8(48) examined the historically significant tin ingots from the Uluburun shipwreck, which are key to the economy and long-distance trade of tin in the Late Bronze Age Mediterranean and beyond. Isotopic and chemical data of the objects was collected, from which a tin origin from Central Asia, particularly Mushiston in Tajikistan, and Anatolia was reconstructed. The study thereby proposed a solution to the long-standing riddle of tin provenance via scientific reasoning and comparative data. While this avenue of investigation is intriguing, this article maintains that the authors’ arguments do not support their far-reaching conclusions. Instead, it emphasises the similarities with Late and Middle Bronze Age tin ingots from Israel and Britain, and alternatively suggests a common origin of part of the Uluburun cargo with these items. South-west England is considered a very likely source region, but other tin ingots of the Uluburun wreck could also originate from Afghanistan and perhaps somewhere else.
Keywords: tin ingots, Uluburun shipwreck, Late Bronze Age, tin isotopes, lead isotopes, tin provenance
INTRODUCTION
Bronze was the earliest alloy to dominate an entire era of human history. It consists of two metals: Copper and tin. Both components occur as ores in natural deposits, but compared to the almost ubiquitous copper, tin is much rarer and inhomogeneously distributed throughout Eurasia. Regions rich in tin ores contrast with regions devoid of them (Taylor, 1982; Penhallurick, 1986). These inequalities in the availability of highly coveted raw tin stimulated extensive communication between human populations since the Bronze Age, resulting in the establishment of far-reaching trade networks over hundreds, and even thousands, of kilometres. Yet, current understandings of the underlying processes are hindered by a crucial problem: Although tin deposits are known to us, we have little evidence nor robust proof of exactly which sources were used to produce Bronze Age tin and bronze. This is the core of the “tin mystery” as it has been discussed for more than 150 years (von Baer, 1876; Muhly, 1985; Maddin, 1998).
A solution for the “tin mystery” has been long sought out by historians, archaeologists, and natural scientists alike. Generations of scholars from the various disciplines have tried to illuminate the origin of tin from different perspectives. The Middle East in particular was a focal point of investigation, where both the earliest widespread use of bronze is attested in the late 4th and 3rd millennia BCE, and cuneiform texts from Mesopotamia and Anatolia (Mari, Kültepe) offer detailed insight into the mechanisms of metal trade (Dercksen, 2001; Dercksen, 2005; Barjamovic et al., 2012; Pigott, 2021). Early 2nd millennium BCE economic documents make clear that large amounts of tin were traded from south-western Iran (Elam) through Mesopotamia to central Anatolia during this period, one of the earliest interregional trade routes known. Yet, neither archaeologists, philologists, nor natural scientists, have succeded in pinpointing the ultimate origin of Bronze Age tin, and thus, a lively discussion has continued for more than three decades, with source areas suggested from Anatolia, the central Zagros, all the way to Middle Asia (Muhly, 1985; Stech and Pigott, 1986; Reiter, 1997; Yener, 2009). It is noteworthy in this regard that scientific reasoning has been so far inconclusive and the available analytical proxies have not yet provided satisfactory answers.
Great hope was thus pinned on tin isotope analysis as a provenance tool since it was believed that the isotopic signatures of tin could accurately determine where the metal was once mined. However, extensive research over the past decade has revealed that tin isotopes are not a magic bullet to solve the problem (Haustein et al., 2010; Haustein, 2013; Mason et al., 2016; Berger et al., 2019b; Nessel et al., 2019). The variations in the isotopic values of tin ores in tin deposits are large, but what matters more is the large overlap between deposits. This means that there is never an unambiguous answer to the question of tin provenance using tin isotopes alone. Yet, by combining the tin isotope composition with the isotopic composition of lead and the concentration of trace elements, the sources of tin can be narrowed down with much higher probability. Adapting this approach from previous studies (Rapp et al., 1999; Molofsky et al., 2014; Berger et al., 2019b; Berger et al., 2022b), Powell et al., (2022) recently investigated the famous tin ingots from the Uluburun shipwreck, which sank off the Turkish coast in the Late Bronze Age (LBA) shortly before 1,320 BCE (Pulak, 1998; Pulak, 2009; Stos-Gale et al., 1998; Yalçin et al., 2005). It carried by far the largest assemblage of metallic tin from Bronze Age contexts, exported together with copper, glass and other commodities to an unknown destination. In view of the sociocultural importance of the find, there has been no lack of attempts to uncover the origin of the tin with scientific methods, yet so far with unsatisfactory results (Stos-Gale et al., 1998; Pulak, 2005; Berger et al., 2019b). Now, Powell et al. (2022) suggest to have found the solution to the “tin mystery”. On the basis of scientific data and archaeological evidence, the authors postulate an origin of the Uluburun tin from Central Asian tin deposits on the one hand (e.g., Mushiston) and from Anatolian ores on the other (e.g., Kestel and Hisarcık). However, the authors’ argumentation is built on a number of misunderstandings, misinterpretations, unbalanced arguments and unsubstantiated claims, unfortunately leading the reader to the misbelief that the origin of the tin was unequivocally identified. This paper aims to point out the shortcomings of Powell et al.’s reasoning, and to provide a more balanced and alternative interpretation of the tin provenance.
TIN FROM CENTRAL ASIAN TIN SOURCES
Original materials and methods
A total of 105 tin ingots from Uluburun were included in the study of Powell et al. (2022) representing almost 91% of the ship’s tin cargo (Pulak, 1998; Pulak, 2005; Yalçin et al., 2005). This set of objects comprised ingots of different morphologies: complete or fragmented oxhide ingots, bun ingots, rectanguloid or slab ingots, anchor-shaped ingots, as well as loaf-shaped ingots. In addition to these artefacts, the authors examined eleven cassiterite crystals from the Pamir Mountains of Pakistan and Afghanistan, and a further six samples from Kestel and Hisarcık in Anatolia for comparative purposes. The cassiterite was analysed by tin isotope analysis after thermal decomposition, while tin isotope and trace element analysis were used to characterise the artefacts. Lead isotope analysis was also applied to the tin, the data of which was partly obtained in Powell et al. (2022) and Powell et al. (2021a) by MC-ICP-MS, but mainly much earlier by Stos-Gale et al. (1998) using less accurate thermal ionisation mass spectrometry, TIMS (Stos-Gale and Gale, 2009). The latter (Stos-Gale et al., 1998) is not cited by Powell et al. (2022), even though the data is used by them and represents the basis of their reasoning. 206Pb/204Pb, 208Pb/204Pb, δ124Sn (=δ124Sn/116Sn relative to NIST SRM 3161a) and the lead concentrations of the tin were subjected to statistical evaluation with a t-SNE test (t-distributed stochastic neighbour embedding). Trace elements other than lead were omitted from the statistical evaluation.
Lead isotope ratios
Based on these statistics, two compositional groups, MC and P, with eight sub-groups were defined. The main groups are based on the isotope ratios of the lead in the tin, which the authors attribute to Late Paleozoic tin deposits on the one hand (group P), and to Mesozoic and Cenozoic (group MC) deposits on the other (Powell et al., 2021a; Powell et al., 2022). The resulting “Paleozoic ores group” encompasses 35 ingots with lead concentrations of up to 0.55% that distribute over the three sub-groups P1, P2A and P2B.
The age determination of the used tin ores by Powell et al. relies solely on 208Pb/204Pb. They write “[…] tin ingots analyzed yield 208Pb/204Pb values that are consistent with Late Paleozoic […] ores […]” (Powell et al., 2022, 2). Concerning tin deposits with cassiterite, the isotopic composition of lead can in fact be used for determining the formation age of the tin source [e.g., during the Paleozoic (541–252 Ma) or Mesozoic era (252–66 Ma)] when the cassiterite is dominated by radiogenic lead. In this case, either uranium/thorium-lead or lead-lead data allows the calculation of a so-called model age that relates to the formation age of the cassiterite in tin deposits (Faure and Mensing, 2005; Molofsky et al., 2014). The radiogenic signature can be transferred from the ore to the tin metal during smelting, which offers the possibility of linking metallic tin with tin sources. However, unlike tin ores, only lead-lead data is available for metal due to the exclusion of uranium and thorium from tin as they partition to the slag on smelting. The use of lead-lead data with radiogenic character for dating the parent tin ore of archaeological tin objects is meanwhile an established method in archaeometallurgy. It was first applied to prehistoric tin from South Africa (Molofsky et al., 2014), and in a multi-analytical approach to LBA and Middle Bronze Age (MBA) tin ingots from Israel and Salcombe, United Kingdom (Berger et al., 2019b; Berger et al., 2022b). The method rests upon isochrones of the uranogenic ratios 206Pb/204Pb and 207Pb/204Pb, from which the model age is calculated (Faure and Mensing, 2005; Molofsky et al., 2014). These isochrones are straight lines of all tin items that were made with tin from geologically coeval tin mineralisation. In case of the South African objects, a model age of ca. 2,050 Ma was obtained that matched the Proterozoic (2,500–541 Ma) tin deposits in South Africa (Molofsky et al., 2014), whereas the calculated 291 Ma of a set of ingots from Israel actually pointed to a Variscan (i.e., Late Paleozoic, 359–252 Ma) tin source (Berger et al., 2019b; Berger et al., 2022b). All tin objects that were produced from Late Paleozoic cassiterites should lie on the same or a close-by isochrone, since the method does not allow for discrimination between tin mineralisation of similar age. Thus, distinguishing Late Paleozoic tin deposits in Central Asia from Late Paleozoic deposits in Europe (Cornwall, Erzgebirge, Iberian Peninsula etc.) or elsewhere is principally not possible by means of 206Pb/204Pb and 207Pb/204Pb.
The ingots of group P1 by Powell et al. (2022) are actually characterised by portions of radiogenic lead (206Pb/204Pb > 19), but using this for inferring a Late Paleozoic formation age of the parental tin deposit is not feasible for the ingots in question based on the currently available data. Apart from three pieces (KW 0515, KW 1932; KW 4388), the lead isotope ratios of the majority of the Uluburun ingots of group P1 deviate from the “Variscan” isochrone of other LBA tin ingots (Figure 1A). As the data points of the Uluburun artefacts also do not establish a clear isochrone on their own, a model age calculation for these ingots and the conclusion of the formation age of the tin ore is not possible (Molofsky et al., 2014; Artioli et al., 2020). The deviation from the isochrone may have several reasons: First, the uranium concentration of the original and maybe Paleozoic cassiterites was too low to produce enough radiogenic lead (Artioli et al., 2020), or second, the lead isotope composition is a mixture of radiogenic and common lead, e.g., caused by contamination. Given the objects’ lead content of up to 0.22% (group P1), there is some probability for contamination, but the lower accuracy of the ingots’ TIMS data must also be kept in mind. Recent re-analysis of several Uluburun ingots with low lead concentrations (<100 μg g–1) using more precise MC-ICP-MS has refined the earlier results, revealing a good correlation with the “Variscan” isochrone (https://www.facebook.com/Matextv/videos/festival-della-civilt%C3%A0-nuragica-10-11-settembre-comune-di-orroli-parte-2/255356313131449; lecture by M. Jansen). Even though these new results are not yet published, it is expected that at least part of the P1 ingots can actually be traced to Variscan tin deposits, and the findings of Powell et al. (2022) might principally be true. However, their interpretation of the formation age and the tin origin relies on 208Pb/204Pb vs. 206Pb/204Pb instead of 206Pb/204Pb vs. 207Pb/204Pb, which is problematic in several respects. No isochrones are obtained in this combination of ratios, but particularly, their comparison of the Uluburun tin with sulphide ores of copper, lead and silver from Eurasia [in Powell et al. (2021a)] is not at all useful, as the lead isotope composition of sulphides is not readily comparable with that of cassiterite. As suggested by Artioli et al. (2020), 208Pb/204Pb can eventually be used for the discrimination of different source regions of tin, but there is still not enough data from cassiterites to substantiate this argument on statistical grounds. For all these reasons, chronological statements and the inference of a distinct Late Paleozoic source region based on 208Pb/204Pb alone are problematic or not feasible.
[image: Figure 1]FIGURE 1 | Lead and tin isotope systematics of the tin ingots from Uluburun, Salcombe and Israel. (A) 206Pb/204Pb vs. 207Pb/204Pb with isochrone (dotted line) of tin ingots from Israel and Salcombe; (B) 206Pb/204Pb vs. 208Pb/204Pb; (C) 206Pb/204Pb vs. δ124Sn/116Sn; (D) 208Pb/204Pb vs. δ124Sn/116Sn. Data from lead and copper ores from Anatolia (blue squares) and copper-tin ores from Mushiston (light green squares = secondary ores; dark green squares = stannite) for comparison. Data from the experimentally smelted tin from Mushiston as blue circle. Data of the Uluburun ingots from Stos-Gale et al. (1998), Powell et al. (2021a), Powell et al. (2022); data of other ingots from Berger et al. (2019b), Berger et al. (2022b) and Supplementary Table S1; data of experimentally smelted tin and Mushiston ores from Berger et al. (2022a) and Table 2; Anatolian ore data compiled from Seeliger et al. (1985), Wagner et al. (1989), Yener et al. (1991), Sayre et al. (2001). δ124Sn/116Sn values of artefacts and experimentally smelted tin have been corrected for fractionation on smelting by −0.2‰ (Berger et al., 2018) (diagrams: D. Berger).
The Mushiston deposit
Similar concerns apply to the ingots of the sub-groups P2A and P2B with up to 0.55% lead. These groups stand out by fractionation-corrected δ124Sn/116Sn values between −0.65 and +0.20‰, which amongst others are attributed to the tin ores of the Tajik Mushiston deposit by the statement: “The only documented Late Paleozoic tin sources with comparably low δ124Sn [=δ124Sn/116Sn] are the stannite and secondary cassiterite-bearing Mushiston deposit in Tajikistan and deposits in the eastern Altai region of Kazakhstan” (Powell et al., 2022, 4). However, this is only part of the story: The statement neglects the fact that Late Paleozoic tin deposits with comparably low tin isotope compositions also exist in Europe: in the Erzgebirge province, in Cornwall/Devon, and on the Iberian Peninsula (Figure 2) (Berger et al., 2019b; Berger et al., 2022b). The latter tin province was not even mentioned by Powell et al. although it is one of the most likely Variscan ore sources for prehistoric tin along with the Erzgebirge and the British Isles. Moreover, the consideration of the tin-bearing deposit of Mushiston in this context is somewhat surprising due to its polymetallic character with a paragenesis of copper and tin minerals. Stannite [Cu2Sn(Fe,Zn)S4] is the main primary ore, malachite, azurite, hydrostannates such as mushistonite [(Cu,Zn,Fe)Sn(OH)6], varlamoffite [(Sn,Fe)(O,OH)2] and vismirnovite [ZnSn(OH)6] are the dominating weathering products of stannite in the deposit’s huge oxidation zone (Ivanov et al., 1993; Alimov et al., 1998; Konopelko et al., 2022). Exploitation has so far been proven exclusively for the secondary ores by mining archaeological investigations for a time period from the end of the 3rd until the second half of the 2nd millennium BCE (Alimov et al., 1998; Garner, 2013; Garner, 2015). A slag from the second quarter of the 2nd millennium BCE documents the smelting of the ores in the immediate vicinity of the deposit and the direct production of bronze. The latter has been correlated with the Mushiston ores based on the isotopic and chemical compositions of the slag matrix and the enclosed bronze prills (Berger et al., 2022a; Berger et al., 2023). Furthermore, smelting experiments with the secondary ores showed that either copper, bronze or tin metal could be obtained (Figure 3), depending on the mineral mixture of the ore assemblage (Berger et al., 2022a). The extraction of tin metal from tin-dominated ores (cf. Figures 3B, C) is of particular interest for the argumentation of Powell et al., yet the authors overlooked the fact that no pure metal can be produced from the Mushiston ores, only impure tin. It collects all the elements present in the secondary ore. Hence, Mushiston tin contains iron, copper and arsenic in the percentage range and up to several thousand μg g–1 of zinc, silver, antimony, lead and bismuth (Table 1). Comparing the experimentally smelted tin with the Uluburun ingots of group P2, it becomes obvious that the concentrations of the same elements are three to five orders of magnitude lower in the ingots (Figures 4A–C). Thus, the trace elements of the P2 tin ingots, and also of all other Uluburun ingots, are by no means compatible with Mushiston.
[image: Figure 2]FIGURE 2 | Comparison of δ124Sn/116Sn values of the tin ingots from Uluburun, Salcombe and Israel with tin ores from Europe (Erzgebirge, Cornwall/Devon, Iberia, Brittany, Massif Central, Sardinia), Central Asia [Mushiston, Lapas, Takfon, Afghanistan, Pamirs, Kyrgyzstan (KG), Askaraly, Kazakhstan (KZ)] and Egypt. Box-whisker-plots were calculated from published data of Mason et al. (2020), Berger et al. (2022a), Berger et al. (2023), data shown in Berger et al. (2019b) and Supplementary Table S1. Late Paleozoic ores are green, Mesozoic-Cenozoic are light yellow and Proterozoic are blue. δ124Sn/116Sn values of the artefacts from Berger et al. (2019b), Berger et al. (2022b), Powell et al. (2022) have been corrected for fractionation on smelting by −0.2‰ (Berger et al., 2018). Ingot group MC does contain ingots from group MC1C (diagram: D. Berger).
[image: Figure 3]FIGURE 3 | Raw materials and products from the smelting experiments carried out with the secondary ores from Mushiston. (A) Copper ore and (B) tin ore (MA-185278); (B, C) Bronze lump and corresponding slag from experimental co-smelting of copper and tin ores; (E, F) Tin and slag from smelting experiment with tin ore (photos: D. Berger).
TABLE 1 | Chemical composition by EDXRF in μg g–1 of the tin metal that was experimentally smelted from tin-dominated secondary ores from Mushiston (MA-185278); full data of results from Berger et al. (2022a).
[image: Table 1][image: Figure 4]FIGURE 4 | Chemical characteristics of the Uluburun tin ingots of the different groupings MC, MC1C, P1 and P2 as defined by Powell et al. (2022). (A) As–Sb; (B) Ag–Bi; (C) Cu–Pb. Shown as blue symbols is the chemical composition of the experimentally smelted tin from the secondary tin ores from Mushiston; (D) Comparison of Sb/In and Pb/Bi ratios of the Uluburun ingots and other LBA ingots from Salcombe, United Kingdom (Groups I and II), and Israel. Data of the Uluburun ingots from Powell et al. (2022); data of the other ingots from Berger et al. (2019b), Berger et al. (2022b); data of the experimentally smelted tin from Berger et al. (2022a) and Table 1 (diagrams: D. Berger).
Similar differences appear in the lead isotope ratios. Figures 1A, B illustrate that the secondary and primary ores from Mushiston are dominated by common lead signatures of Late Paleozoic age with significantly less radiogenic ratios than the Uluburun ingots, including those which were assigned to the “Paleozoic” ores group. Even by assuming dilution of the Mushiston signature by mixing with tin from other tin sources or the use of flux (see Berger et al., 2023), isotopic signatures similar to those in the Uluburun ingots could not be obtained with the ores from the polymetallic mine. The ore’s lead contents are too high [lead is enriched in the secondary tin ores (Berger et al., 2022a)] to have been overprinted by the signature of another tin source. Therefore, Mushiston must also be excluded due to the lead isotope composition. Both the lead isotope data and the results of the smelting experiments (see also Table 2; Figure 1) were published before the work of Powell et al. (Begemann and Schmitt-Strecker, 2009; Berger et al., 2022a), so the data was available. Nevertheless, both publications were ignored in the citation even though the tin isotope data of Mushiston ores from Berger et al. (2022a) was obviously used to calculate the box-whisker-plot in Figure 5 in Powell et al. (2022). Numerical values of the tin isotope composition of Mushiston have not been previously published.
TABLE 2 | Isotopic composition of the experimentally produced tin metal from Table 1 (MA-185279) and the tin ore used (MA-185278); full data of results from Berger et al. (2022a) supplemented by new lead isotope analyses of the tin and ore. δ124Sn/116Sn is reported relative to NIST SRM 3161a (data: G. Brügmann and B. Höppner, CEZA).
[image: Table 2][image: Figure 5]FIGURE 5 | Original map of the Near East and Central Asia from Powell et al. (2022), (Figure 1) with an inset of Europe and the original caption: “Regional geography and main sites. 1, Hagia Triada; 2, Hattusa; 3, Hisarcik; 4, Mersin; 5, Tarsus; 6, Alalakh; 7, Ugarit; 8, Haifa; 9, Mari; 10, Assur; 11, Deh Hosein; 12, Susa; 13, Ur; 14, Arisman; 15, Tal-e Malyan; 16, Tepe Hissar; 17, Tepe Yahya; 18, Mundigak; 19, Karnab/Sichkonchi; 20, Sapalli; 21, Shortugai. Purple dashed arrows depict documented trade networks ca. 2200-1700 BCE. Blue shaded region reflects the corridor connecting the Anatolian and Central Asian/Middle Eastern tin trade (in blue), ca. 1600-1000 BCE. Other shaded areas represent key LBA polities. Inset map illustrates the location of ancient tin sources in Europe”.
Other sources—conclusion from tin isotopes and trace elements
The ingots of the “Paleozoic ores group” P1 are also interpreted as originating from Central Asian tin ores, again based on the lead isotope (208Pb/204Pb) signatures. δ124Sn/116Sn of the ingots show higher corrected values of 0.32‰–1.02‰ than group P2 (Figure 2), but within this range there is a match with a number of ore deposits, as the tin isotope composition is not a unique identifier: Late Paleozoic tin ores from Cornwall, the Erzgebirge, but also the Iberian Peninsula have been found with such values, as well as Mesozoic cassiterites in the Tajik Pamir Mountains (Figure 2). Powell et al. additionally present tin isotope data from the Tian Shan Mountain range with a similar variation; however, it is not clear from the sources cited where this data comes from. In Powell et al.’s (2022) study only data for Mesozoic cassiterites from Pakistan and Afghanistan was reported, complementing the isotopic dataset of Afghan and Tajik cassiterites in Berger et al. (2019b). To our knowledge, apart from a few analyses of tin ores from Lapas, Uzbekistan and Kyrgyzstan by our group (Berger et al., 2019b), no other analyses of Central Asian Paleozoic and Mesozoic tin ores have yet been published. Thus, building an argumentation on the few existing data sources lacks a sound statistical basis. Nevertheless, the authors attempt to corroborate their hypothesis by taking into account the trace element composition of the tin as an additional proxy. This approach has been used before (Berger et al., 2019b; Berger et al., 2022b) using lead, bismuth, indium and antimony as potential diagnostic elements (Rapp, 1978; Grant, 1991; Rapp et al., 1999; Haustein and Pernicka, 2011). Powell et al. (2022) use copper, silver, gold and tellurium in addition, the latter being taken as an argument for the higher probability for Central Asian ores. They refer to the elevated tellurium contents of the tin ingots, which should be consistent with mineralisation depths typical of Tajik ore deposits, and which make tin deposits in Europe, and Cornwall in particular, a less likely source for the Uluburun tin. Aside from insufficient records for this statement, it was shown by Haustein and Pernicka (2011) that cassiterite and smelted tin from the Erzgebirge contain appreciable amounts of tellurium. Thus, without systematically measuring the concentrations of tellurium and other trace elements in cassiterites from across Eurasia [only some datasets without tellurium are available for Central Asia (Pavlova et al., 2015)], neither exclusion of sources nor a verification of a distinct region is possible.
The discrepancy of the lead, bismuth, indium and antimony concentrations in the Uluburun tin with those in MBA/LBA tin ingots from Salcombe, for which English tin sources were suggested (Berger et al., 2022b), is another indication against a European source for Powell et al. (2022). However, this is again only part of the story: The Salcombe tin ingots can be divided into two groups. Plotting the elemental data of the Salcombe tin together with the Uluburun ingot groups P1 and P2, a very good match with Salcombe group II as defined in Berger et al. (2022b) is observed (Figure 4D). Strikingly, most of the LBA tin ingots found off the Israeli coast can be assigned to this group (Figure 4D) (Berger et al., 2019b). Based on the chemical data of the Uluburun material analysed by Powell et al., there seem thus to be more similarities with these MBA/LBA tin ingots than differences, not least as there is also no fundamental difference regarding the tin isotope composition (Figures 1C, D; Figure 2): Salcombe: 0.18‰–0.56‰; Israel: 0.26‰–0.58‰ corrected δ124Sn/116Sn (Berger et al., 2019b; Berger et al., 2022b) (Supplementary Table S1). So far, only the lead isotope ratios of most of the Uluburun ingots of group P1 deviate from the isochrone established for Salcombe and Israel (Berger et al., 2019b; Berger et al., 2022b) (Figure 1A). However, as mentioned above, unpublished results of the re-analysis of a series of Uluburun ingots suggest an allocation to the Variscan 206Pb/204Pb-207Pb/204Pb isochrone, and 208Pb/204Pb is anyway very similar to the ratios of the ingots from Salcombe and Israel (Figure 1B). Thus, it is not too far-fetched to assume an origin of part of the Uluburun cargo and the other ingots from the same region.
If the trace element patterns of the Uluburun tin ingots should indeed suggest a placer origin, as the authors claim without any reference [“High Au, low Cu, Ag, and Pb and incorporation of radiogenic 206Pb suggest a placer origin” (Powell et al., 2022, 4)], then this would not be an argument for, but rather against the least distant Central Asian Late Paleozoic ores. The only Variscan and demonstrably prehistorically exploited tin deposits of Uzbekistan at Karnab, Lapas and Changali are not alluvial deposits (Alimov et al., 1998; Weisgerber, 2009; Garner, 2013, 20), and neither is the Late Paleozoic Mushiston (Konopelko et al., 2022). For these sources, only eluvial parts are possible because of strong erosion. Accordingly, the ingots of group P2, for which an alluvial source is considered by Powell et al. (2022), cannot be related to the non-alluvial deposit Mushiston if their assumption would be correct. Finally, gold is no useful discriminator for placer tin since gold is ubiquitous in cassiterite mineralisation, whether primary or alluvial (Rapp, 1978; Dube, 2006). This was explicitly pointed out in another study by the authors, where the complex and non-alluvial iron-arsenic-tin mineralisation of Kestel was found to contain traces of gold (Powell et al., 2021b). In light of all these points, European tin deposits can certainly not be ruled out analytically as sources for the tin ingots of group P from Uluburun, as Powell et al. claim. In fact, given the available data and the similarities with other tin ingots [also highlighted by (Stos-Gale et al., 1998)], European deposits are currently the more likely sources, although an origin from eastern tin deposits cannot be excluded given the to date rudimentary database of cassiterite analyses. To resolve this uncertainty, chemical and lead isotope data of tin ores across Eurasia is urgently needed. ‘Project Tin’, initiated by British researchers, is currently making progress, at least for European tin deposits (https://projectancienttin.wordpress.com/).
ANATOLIAN TIN SOURCES
Significance of the lead isotope ratios
The majority of the Uluburun cargo, consisting of 68 ingots, belongs to the lead-rich group MC (with sub-groups MC1A, MC1B, MC1C, MC2A, MC2B), which is interpreted as “Mesozoic-Cenozoic ore group”. It is linked by Powell et al., (2022) to Anatolia and to the tin mineralisation at Kestel and Hisarcık in particular. This, again based upon the lead isotope composition of the tin, appears to be correct at first glance. Most of the artefacts of ingot groups MC1 and MC2 are comparable to Anatolian copper and lead ores, and correlate best with the lead isotope ratios of ores from the Bolkardağ range in the Taurus Mountains (Figures 1A, B). The tin ingots thus contain lead that came from the Bolkardağ range. Strikingly, many of the ingots are enriched in lead (Figure 4C). The contents range from 45 to 130,000 μg g–1 with a median of 1,090 μg g–1 and an average of 6,800 μg g–1 (Powell et al., 2022). This clearly indicates incorporation of extraneous lead because cassiterite is usually lead-poor (Begemann et al., 1999; Pavlova et al., 2015; Moscati and Neymark, 2020). Powell et al. are aware of this issue and write “The Uluburun tin cargo includes a morphologically diverse (oxhide, slab, bun, and stone anchor shaped; Figure 4) group of Pb-enriched ingots (MC1) that were produced from ores collected in the Taurus region and subsequently pooled and smelted at the nearby Pb-Ag mining center of Bolkardağ where extraneous Pb was added” (Powell et al., 2022, 2). If this statement is indeed true, it raises a fundamental problem that recurs with the interpretation of lead isotope ratios in archaeological metal objects. In the case that extraneous lead was either intentionally added or entered as (probably unrecognised) contamination, then the lead isotope signature of the original metal would be altered. For example, many bronzes of the LBA show high lead concentrations and, accordingly, their lead isotope signatures relate predominantly or exclusively to the source of the lead (e.g., Rohl and Northover, 1994). The same happens when tin metal is alloyed or contaminated with foreign lead (e.g., from the smelting structures, fuel), and since cassiterite is generally extremely poor in lead (<10 μg g–1), the isotopic signature of lead in the tin is partly or completely overwritten. Strictly speaking, inferring the tin deposits by means of lead isotope analysis is not possible given the composition of the majority of the MC1 and MC2 ingots. It is also impossible to determine when and where the lead entered the tin. Therefore, it is equally likely that the tin derived from Late Paleozoic tin deposits such as those in the Iberian Peninsula, the British Isles, or from Mesozoic deposits in the Pamirs. It would then be conceivable, for example, that tin was transported from far distances to the eastern Mediterranean, where it was pooled and cast in suitable and familiar forms (such as oxhide and rectanguloid ingots), and there lead may have been added or entered as impurity. The fragments of what appears to have been a lead bar fused to one of the Uluburun ingots (Powell et al., 2021a) show that tin or tin ingots from other locations were processed at a location where lead ingots were present.
Conclusion from the tin isotope values
Despite these pitfalls, Powell et al. use the tin isotope composition of the ingots of all sub-groups (except MC1C) as additional evidence for the use of tin ores from Kestel and Hisarcık. A total of six cassiterite samples from the two mineralisations were isotopically characterised and found to represent the entire range of the fractionation-corrected δ124Sn/116Sn values of the ingots (0.04‰–1.04‰). Apart from the fact that six mineral samples are not statistically representative in geochemical terms, it is questionable whether the presented tin isotope values are reliable. We do not principally doubt the tin isotope data of Powell et al., however, for the cassiterites from Kestel and Hisarcık, we would expect difficulties in the thermal reduction procedure used by the authors due to their mineralogical peculiarities and associations. The mineralisations of Kestel and Hisarcık are without question tin-bearing, but cassiterite is present in complex intergrowth with hematite, arsenates and clay minerals (Yalçin and Özbal, 2009; Yazgan, 2015; Johnson et al., 2017; Powell et al., 2021b). Our group at CEZA Mannheim reduced more than one thousand samples of different tin-bearing minerals thermally, and from our own experience with iron-rich ore samples, thermal reduction of such cassiterite by the method described in Mathur et al. (2017) and Berger et al. (2019a), results in the evaporation of some tin, despite the use of potassium cyanide (the latter is used to prevent evaporation). The evaporation of tin species can lead to measurable fractionation and false isotopic values, just as large amounts of siliceous minerals can result in the formation of substantial slag that takes up part of the tin (Berger et al., 2019a). Thus, it is possible that the authors did not notice evaporation during reduction of their samples. If this was the case we would recommend to reduce the samples again with another method or at least to disclose preparative details such as the composition of the original unreduced samples. We found that reduction of complex ores (also those from Mushiston) is easier and works without evaporative loss of tin when the impure cassiterite is covered by copper powder and above potassium cyanide. Reduction at 1,100°C results in bronze prills that absorb all the tin, while iron and other impurities settle on top or nearby the prill or are bound in a matte phase. This method is better known in archaeometallurgy as cementation.
Notwithstanding our concerns about the sample preparation, the tin isotope composition of the Anatolian cassiterites provides again no unique fingerprint. On the one hand, the isotopic range of cassiterite from Kestel and Hisarcık of about 0.2‰–1.2‰ δ124Sn/116Sn (Powell et al., 2022 Figure 5) is quite large. On the other, there are other tin mineralisation or deposits having similar, overlapping or identical isotopic variation (Figure 2). Because the lead isotope signature does not necessarily trace the tin, the spectrum of potential supply regions is therefore much broader than described by Powell et al., as also Variscan tin ores (whose original signature is masked by extraneous lead) must be taken into account. At the current stage of research, the only regions that can be excluded with high statistical probability are the pegmatitic and Mesozoic tin deposits in the Hindukush in eastern Afghanistan. They have lower δ124Sn/116Sn values than most of the ingots of all MC sub-groups (except MC1C) ranging down to negative compositions as observed for Mushiston or even lower (Berger et al., 2019b; Berger et al., 2021; Berger et al., 2023). Hence, contrary to the suggestions of Powell et al. (2022), pinpointing the source area of all these ingots is not possible by means of tin isotopes. It should anyway be standard scientific practice to emphasise that a determination of provenance by analytical means is basically never possible, but that origin can only be narrowed down to a certain degree of probability.
Relevance of the trace elements
Further clues can be obtained from the chemical composition of the tin ingots. As can be seen in Figure 4A, the ingots of the Uluburun MC groups contain less than 50 μg g–1 arsenic, which is within the range observed for other LBA tin ingots (Wang et al., 2016; Berger et al., 2019a). The primary mineralisation of Kestel, Hisarcık and comparable tin-bearing occurrences in the Taurus region are rich in arsenic compounds in addition to iron oxides (Yalçin and Özbal, 2009; Yazgan, 2015; Johnson et al., 2017; Powell et al., 2021b). Therefore, one would expect a significant arsenic content in the smelted tin when such primary ores were used (Craddock et al., 2007). The same applies to iron minerals, which were not easy to separate from similar-looking cassiterite with ancient methods. Even if beneficiation of ore concentrates is assumed (Earl and Yener, 1995; Earl and Özbal, 1996; Yener, 2009), neither iron minerals nor firmly intergrown arsenic compounds will have been completely separated. The smelted tin from such mineral assemblages should thus have contained much iron and a considerable amount of arsenic, just like the tin from the Mushiston ores. Unfortunately, Powell et al. do not specify any iron concentration for the Uluburun ingots although this would be important information. However, judging from previous chemical analyses of part of the cargo (Hauptmann et al., 2002), the iron concentrations are consistently very low with values below 100 μg g–1 in 25 of 32 ingots analysed. This concentration would not be expected if iron-rich cassiterite concentrates were smelted, a result emphasised by smelting experiments carried out with the cassiterite from Kestel, Hisarcık and a nearby mineralisation (Earl and Özbal, 1996; Johnson et al., 2017). The authors of one of these studies were aware of the so-called “hardhead problem”, addressing an intermetallic compound of tin and iron (FeSn, Fe2Sn etc.) that forms upon smelting ferruginous cassiterite concentrates (Wright, 1982; Smith, 1996; Johnson et al., 2017). Hardheads make the smelted tin very brittle and difficult to melt, and if the iron content of the charge is too high, it could ultimately be impossible to obtain pure tin (Tafel, 1929). In addition, the high proportion of siliceous components at Kestel and Hisarcık further reduces tin yield, as much tin enters the slag, which can be lost depending on the process parameters. If tin metal was obtained, the iron content could be largely eliminated by re-melting (Craddock and Timberlake, 2005; Craddock et al., 2007), but more than 100 μg g–1 iron is still to be expected. In contrast, it is not possible to remove arsenic from tin by re-melting (Craddock and Timberlake, 2005; Craddock et al., 2007), and so is the case with the pyrometallurgically similarly behaving antimony, which seems to be present in the mineralisations as well (Powell et al., 2021b). All these arguments considered, the tin from Uluburun is not compatible with Anatolian primary iron-tin mineralisation, besides the fact that the Kestel mine was apparently not operating in the LBA. In view of the results of the smelting experiments with the mineral assemblages in question (Earl and Özbal, 1996; Johnson et al., 2017), the extraction of adequate quantities of metallic tin with low impurities seems to be quite complicated. Therefore, one might pose the question if not metallic tin but rather bronze was produced from the material of Kestel and Hisarcık via cementation with metallic copper or co-smelting with copper ores?
Ingot group MC1C
Seven ingots from Uluburun belong to the MC1C cluster and stand out due to very negative fractionation-corrected δ124Sn/116Sn values of −0.95 to −0.35‰ (Figure 2). This is interpreted by Powell et al. as indication that stannite or hydrostannates were the most likely starting materials. The impurity levels are slightly elevated in relation to other ingots of the cargo, especially that of copper. Nevertheless, the seven ingots are not fundamentally different from cassiterite-derived ingots in terms of chemistry (Figure 4). It is therefore unlikely that this group of tin ingots was produced from iron- and copper-rich stannite, as their copper contents are low (cf. Hauptmann et al., 2002). If stannite would have been used, then the iron, but especially the copper contents should be much higher, as was to be expected from smelting the secondary ores from Mushiston (Berger et al., 2022a). Without a roasting process, to remove part of the sulphur, smelting of stannite to yield tin was not possible anyway, and it is questionable whether this really happened in prehistory. What remains unclear from Powell et al.’s argumentation is why they assume an alluvial source. The authors suppose that “[…] hydrostannates such as mushistonite {[Cu, Zn, Fe]Sn(OH)6} and cassiterite (SnO2) […] may have accumulated in nearby river sediments” Powell et al., (2022), 3) without providing any evidence or reference. They claim that “[…] the most likely known source for group MC1C is the Maden stream, which flows below the polymetallic mineralization of Bolkardağ” Powell et al., (2022), 3). If this speculation is based on the analysis of the single stannite sample included in the study, it is weak evidence indeed. First, stannite is a common yet not abundant mineral in polymetallic environments across Eurasia (Ramdohr, 1975; Anthony et al., 1990), which is as unstable under oxidative alluvial conditions as hydrostannates (Haase et al., 2022). And second, it is characterised by consistently low but non-diagnostic tin isotope values (Yao et al., 2018; Berger et al., 2022a). Accordingly, a specific source cannot be identified with these characteristics. It may well be conceivable that cassiterite with comparably low δ124Sn/116Sn values was used for producing the seven ingots. In this context, it might be worth considering the Mesozoic cassiterite mineralisation of the Hindukush in eastern Afghanistan or Late Paleozoic deposits in the Iberian Peninsula with comparably low isotopic compositions (Figure 2) (Berger et al., 2019b; Berger et al., 2021; Berger et al., 2023), rather than the construction of a rather unlikely scenario.
THE MEDITERRANEAN–CENTRAL ASIAN LINK
Archaeological data is inherently more difficult to interpret than data generated by the natural sciences. Nonetheless, there is a number of relevant points bearing on the proposal of Powell et al. from the perspective of the historical disciplines.
The first is a statement, namely, that the authors prudently do not build a case from archaeological or textual data to support the analytically based assumption of a late-2nd millennium BCE tin procurement route from Central Asia to the eastern Mediterranean. For the MBA (ca. 2,000–1,600 BCE), an eastern origin for a large part of the tin consumed in Mesopotamia and Anatolia is generally accepted, thanks to the abundant documentation from Kültepe and Mari cuneiform archives (Reiter, 1997; Dercksen, 2001; Veenhof and Eidem, 2008). This trade was, however, highly volatile. Already in the mid-19th century BCE a decline in the volume of traded tin is noticeable for Kültepe (Dercksen, 2001; Barjamovic et al., 2012). Other centres, such as Mari, continued to source from Elam, and shipped part of the metal to Syria and the Levant in the 18th century BCE (Joannès, 1991). From how far east (the Zagros or Central Asia) the tin came is still a matter of debate (Helwing, 2009; Cuénod et al., 2015), but the Elam-Anatolia/Levant axis, i.e., a westward movement of goods, can be considered a given. From the 17th century BCE onwards, our sources fall silent on the issue, and during the LBA (16th−13th century BCE) the few texts in existence suggest a re-configuration of the tin trade network. Tin was ubiquitous in the LBA (with the possible exception of Babylonia), to the degree that we can only rarely observe a directionality in trade, let alone a dominant source region. More specifically, Elamite texts (Stolper, 1984) deal in different quantities of tin but fail to mention its provenance, while Assyrian sources are more commensurate with a north-west to south-east movement of tin (Faist, 2001a; Faist, 2001b; Postgate, 2014). This is explicitly stated by Powell et al., but immediately qualified to the effect that “[…] no textual evidence definitively identifies localities […]” (Powell et al., 2022, 4), at the same time passing over the fact that the documentation is no better for a Middle Asian origin of tin in the MBA, to say nothing of the LBA. On current evidence, the latest textual indicator for an eastern origin of tin in the Near East predates the Uluburun wreck by 400 years. Powell et al. (2022) repeatedly stress that the same (potential, not proven) MBA tin trade routes from Middle Asia to the eastern Mediterranean could have been operational in the second half of the 2nd millennium BCE, but all textual sources available for the 14th century BCE can be more easily accommodated with an eastbound trade of tin from the Mediterranean.
The most conspicuous support for an LBA tin trade linking Central Asia and the Mediterranean in Powell et al. (2022) is Figure 5, a map of the area discussed, from the eastern Mediterranean to the Tarim Basin, with an inset covering Europe. This map is problematic in a number of respects: Already the map section is suggestive, emphasising the eastern source regions of tin, while relegating the large European deposits to the map inset. As for the latter, Mt. Cer (only a small occurrence of cassiterite) and the Erzgebirge are displaced from their correct positions by several hundred kilometres, and the Mt. Cer mining symbol suggests a significant and secured tin source for which there is as yet no archaeological or analytical evidence (Huska et al., 2014; Mason et al., 2020; Powell et al., 2020). More importantly, the information included stresses the relevance of these eastern connections to the point of misrepresentation. Apart from the uncontested locations of the Uluburun wreck and the tin deposits discussed, the map operates with three major graphical elements (Figure 5). Points represent the “main sites”, colour shading the “key LBA polities”, i.e., states roughly contemporary with the Uluburun wreck, and dashed arrows “[…] documented trade networks ca. 2200 to 1700 BCE” (Powell et al., 2022, 2). A blue shading extends the coloured territories eastward, across northern Iran and far into the Central Asian mountains, where “Bactria”, the Mushiston deposit, and the “Inner Asian Mountain Corridor” serve as its eastern anchors. This blue shading represents “[…] the corridor connecting the Anatolian and Central Asian/Middle Eastern tin trade (in blue) ca. 1600 to 1000 BCE” (Powell et al., 2022, 2). The reader is presented with a visually compelling and seemingly convincing illustration of the eastern procurement theory. In reality, not one of the sites mapped to the east of the Zagros chain is contemporary with the polities of the Amarna age illustrating the LBA networks to the west. The synchronicity easily read into the map is only imaginative. The equally suggestive purple dashed arrows are correctly labelled as referring to MBA trade networks, but it is not acknowledged that none of the documented trade is in tin, but in lapislazuli, carnelian, and similar prestige goods. Most importantly, the blue-shaded area extends the “Inner Asian Mountain Corridor”, an immensely fruitful concept developed by co-author M. Frachetti, into northern Iran claiming that it “[…] entangled local communities from the northern edges of the Iranian Plateau through the Pamir and Tien Shan foothills eastward toward China and northward to the Altai mountains in shared networks of resource exchange” and that “similarly structured, small-scale communities [as in Central Asia] may also have been engaged in tin trade from Mushiston (and nearby sources) southward and westward across the Iranian Plateau” (Powell et al., 2022, 4–5, 6). The basis for this statement remains elusive, since sites dating between 1,600 and 1,200 BCE are virtually unknown in northern Iran (Matthews and Fazeli Nashli, 2022). Only with the Early Iron Age (Marlik, from 1,250 BCE) does bronze appear in larger quantities in northern or north-eastern Iran (Oudbashi and Hessari, 2017). Contrary to the preceding MBA, we cannot point to any contacts between the Central Asian mining zone, dominated by Andronovo communities and their successors, and western Asia after 1,600 BCE at all. Figure 5 therefore amalgamates an MBA (early 2nd millennium BCE) Middle Asian production zone with the LBA (late 2nd millennium BCE) environment of a western Asian tin consumption zone, and links the two by a connecting corridor that is not backed by any material or textual evidence.
Given this dearth of archaeological, textual, and analytical data in support of a Mushiston or even a Central Asian provenance for some Uluburun tin, other source regions must be considered. In particular, the economic networks connecting Central Europe to the Mediterranean World have received much renewed attention during the past decade, which is not reflected in the paper under discussion. Originally argued on the basis of contact finds (Gerloff, 1993), considerable evidence now demonstrates that much of the Central European landmass formed part of a single Bronze Age economic sphere linked to the Mediterranean along the riverine corridors of Danube, Rhine, and Rhône (Gerloff, 2010; Earle et al., 2015; Kristiansen and Suchowska-Ducke, 2015; Vandkilde, 2016). Even when the scale and economic impact of this trade prior to 1,500 BCE may be argued, there can be no doubt that by the time of the Uluburun ship (ca. 1,320 BCE), tin and bronze formed an important part of this trans-continental economic activity. The finds from the wreck have in the past correctly been viewed in this context. Oxhide ingots, the hallmark of the LBA metals trade, are known from the Eastern Mediterranean shores, Crete, and Sardinia (Jones, 2007), the Balkans (Athanassov et al., 2020), and from Central Europe (Sabatini, 2016); depictions were found on petroglyphs in Scandinavia (Ling et al., 2019). The origin of most of the oxhide ingot copper—as has been analytically verified also for the Uluburun assemblage (Stos-Gale et al., 1998)—is undisputedly Cyprus, which was integrated in a large network of trade routes from all directions in the LBA. Connections to the west reached as far as Sardinia, where most of the oxhide ingots known to date were found, except Cyprus and the Uluburun wreck (Blake, 2015; Gradoli et al., 2020; Sabatini and Lo Schiavo, 2020; Knapp et al., 2022). Sardinia itself has been recently considered a potential supplier for some copper and bronze found in northern and north-western Europe, and LBA lead ingots from Israel (Ling et al., 2019; Berger et al., 2022b; Yahalom-Mack et al., 2022). It has even been labelled a market place for the metals trade within the LBA Mediterranean interaction sphere, connected via trade routes to Iberia, Atlantic and Continental Europe, and the Eastern Mediterranean (Iacono et al., 2022; Matta and Vandkilde, 2023; Perra and Lo Schiavo, 2023). In the light of emerging evidence, it is conceivable that tin from Iberia or Cornwall reached Sardinia, and was traded further to the East. Cyprus could have been another important entrepôt, where tin from different locations was pooled, re-melted and subsequently traded on. The latter assumption finds support in tin ingots from Israel bearing symbols of “Cypro-Minoan” origin, indicating that Cypriot agents were likely involved in the trade of tin (Galili et al., 2013). Interestingly, that is what has previously been suggested for marked ingots of Sardinian lead from the Israeli coast (Wachsmann, 2020; Yahalom-Mack et al., 2022), and even one third of the Uluburun copper and tin ingots were marked in a comparable way (Pulak, 1998; Jones, 2007). In addition to the metal, amber beads discovered in the Uluburun ship can be connected with the Baltic shores (Pulak, 2005), and traffic in raw Baltic amber has been analytically proven to have reached as far as the Levant (Mukherjee et al., 2008). All these strands of information demonstrate that the cargo of the Uluburun ship (including many more materials) was the result of intensive trade connections within a prehistoric globalised world encompassing Europe and the Near East. The various materials and artefacts on the ship originated from different parts of the Old World, which is at odds with the unidirectional model for tin as suggested by Powell et al. (2022). In Europe, the LBA metal trade was most likely based on the tin deposits of Cornwall, Iberia and the Erzgebirge, thus Powell et al.’s laconic remark that “[…] Erzgebirge tin trade did not extend to the Mediterranean or Black Sea […], making it an unlikely contributor to the Uluburun shipwreck tin ingot assemblage” (Powell et al., 2022, 4) does not adequately reflect the amount of material evidence pointing in this direction (Penhallurick, 1986; Tolksdorf et al., 2020).
Finally, another particularly important line of evidence with direct bearing on the metals trade has been assembled recently: the spread of weighing technology. Standardised systems of weighing would seem to be a prerequisite of long-distance trade in metals (Ialongo et al., 2021; Vandkilde, 2021). After 2,800 BCE, weights dispersed from Mesopotamia and Egypt first to Syria, the Aegean and Anatolia. During the first half of the 2nd millennium BCE they reached northern Italy and by 1,340 BCE scales and weights had crossed over the Alps into Central Europe. This distribution marks the widening of an economic horizon closely aligned with metal technology and procurement. Interestingly, while the Persian Gulf and southern Iran have produced evidence for weighing, this is not the case for northern Iran or Central Asia (Ialongo et al., 2021; Ascalone, 2022). Neither a Mesopotamian, nor an Indus-derived system of weights extended to these regions. While the metrological evidence does not rule out the transport of metals between Central Asia, Mushiston and Uluburun, it does not conform to the trade system proposed by Powell et al. (2022). Quite to the contrary, it lends support to a European tin trade route supplying the eastern Mediterranean in the Late Bronze Age, as does other archaeological and historical evidence.
CONCLUSION
The Uluburun shipwreck with its unique cargo of raw metal is a key find of Bronze Age archaeology and essential for understanding prehistorical networks. The publication of Powell et al. (2022) brings forward a valuable dataset of the culturally and historically important Bronze Age tin ingots from the ship. For the first time, tin isotope values of ca. 90% of the entire find complex are presented, supplemented by new chemical data and a few analyses of lead isotope ratios by MC-ICP-MS. All the data is assessed in combination with the aim of narrowing down the tin origin, and the authors confidently sketch a picture in which Central Asian tin sources—with Mushiston in particular—and mineralisations in Anatolia, are the lynchpins of tin economy and trade. However, we have described in detail that on the basis of the existing comparative data of Eurasian tin ores and due to the lack of archaeological evidence, no definite statements can be made about the origin of the LBA tin of the Uluburun cargo. We have even shown that the polymetallic tin ores from Mushiston in Central Asian Tajikistan can in no way be a source for the tin ingots from Uluburun, and that tin mineralisation in Anatolia is a less likely option, too. Instead, in view of the chemical and isotopic similarities with the somewhat younger tin ingots from Israel and Salcombe, we suggest a possible common origin for at least part of the Uluburun cargo (group P) with ingots from the other sites, for which tin deposits in south-west England have been identified as the most likely sources. Yet, this interpretation is not incontrovertible as it rests upon a still tenuous base of ore data. It may well be possible that future research will make other deposits more likely or that a diversity of ores (e.g., including Afghan ores) were used to produce the tin traded in the LBA Mediterranean. We do not entirely reject the interpretations of Powell et al. (2022), nor do we claim that they are completely wrong, but the finality of their statements about the origin of LBA tin is justified neither by the data presented nor the archaeological evidence at hand. Only when more lead isotope and chemical analyses of cassiterites across Eurasia are available, will it be possible to more accurately locate potential tin deposits used for the tin from Uluburun and elsewhere. Although considerable progress has been made over the last 20 years, and we are now in the position of excluding non-matching tin deposits with greater certainty than before, tracking down the tin sources of the Bronze Age and beyond remains one of the most challenging problems in Old World archaeology.
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