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Findings from 2,000-year-old

Uluburun shipwreck reveal

complex trade network

More than 2,000 years before the Titanic sunk in the North
Atlantic Ocean, another famous ship wrecked in the
Mediterranean Sea off the eastern shores of Uluburun -- in
present-day Turkey -- carrying tons of rare metal. Since its
discovery in 1982, scientists have been studying the contents of
the Uluburun shipwreck to gain a better understanding of the
people and political organizations that dominated the time
period known as the Late

Now, a team of scientists, including Michael Frachetti, professor
of archaeology in Arts & Sciences at Washington University in
St. Louis, have uncovered a surprising finding: small
communities of highland pastoralists living in present-day
Uzbekistan in Central Asia produced and supplied roughly one-
third of the tin found aboard the ship -- tin that was en route to
markets around the Mediterranean to be made into coveted
bronze metal.

The research, published on November 30 in Science Advances,
was made possible by advances in geochemical analyses that
enabled researchers to determine with high-level certainty that
some of the tin originated from a prehistoric mine in
Uzbekistan, more than 2,000 miles from Haifa, where the ill-
fated ship loaded its cargo.

But how could that be? During this period, the mining regions
of Central Asia were occupied by small communities of
highlander pastoralists -- far from a major industrial center or
empire. And the terrain between the two locations -- which
passes through Iran and Mesopotamia -- was rugged, which
would have made it extremely difficult to pass tons of heavy
metal.

Frachetti and other archaeologists and historians were enlisted
to help put the puzzle pieces together. Their findings unveiled a
shockingly complex supply chain that involved multiple steps to
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get the tin from the small mining community to the
Mediterranean marketplace.

"It appears these local miners had access to vast international
networks and -- through overland trade and other forms of
connectivity -- were able to pass this all-important commodity
all the way to the Mediterranean," Frachetti said.

"It's quite amazing to learn that a culturally diverse,
multiregional and multivector system of trade underpinned
Eurasian tin exchange during the Late Bronze Age."

Adding to the mystique is the fact that the mining industry
appears to have been run by small-scale local communities or
free laborers who negotiated this marketplace outside of the
control of kings, emperors or other political organizations,
Frachetti said.

"To put it into perspective, this would be the trade equivalent of
the entire United States sourcing its energy needs from small
backyard oil rigs in central Kansas," he said.

About the research

The idea of using tin isotopes to determine where metal in
archaeological artifacts originates dates to the mid-1990s,
according to Wayne Powell, professor of earth and
environmental sciences at Brooklyn College and a lead author
on the study. However, the technologies and methods for
analysis were not precise enough to provide clear answers. Only
in the last few years have scientists begun using tin isotopes to
directly correlate mining sites to assemblages of metal artifacts,
he said.

"Over the past couple of decades, scientists have collected
information about the isotopic composition of tin ore deposits
around the world, their ranges and overlaps, and the natural
mechanisms by which isotopic compositions were imparted to
cassiterite when it formed," Powell said. "We remain in the early
stages of such study. I expect that in future years, this ore
deposit database will become quite robust, like that of Pb
isotopes today, and the method will be used routinely."

Aslihan K. Yener, a research affiliate at the Institute for the
Study of the Ancient World at New York University and a
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professor emerita of archaeology at the University of Chicago,
was one of the early researchers who conducted lead isotope
analyses. In the 1990s, Yener was part of a research team that
conducted the first lead isotope analysis of the Uluburun tin.
That analysis suggested that the Uluburun tin may have come
from two sources -- the Kestel Mine in Turkey's Taurus
Mountains and some unspecified location in central Asia.

"But this was shrugged off since the analysis was measuring
trace lead and not targeting the origin of the tin," said Yener,
who is a co-author of the present study.

Yener also was the first to discover tin in Turkey in the 1980s. At
the time, she said the entire scholarly community was surprised
that it existed there, right under their noses, where the earliest
tin bronzes occurred.

Some 30 years later, researchers finally have a more definitive
answer thanks to the advanced tin isotope analysis techniques:
One-third of the tin aboard the Uluburun shipwreck was
sourced from the Mušiston mine in Uzbekistan. The remaining
two-thirds of the tin derived from the Kestel mine in ancient
Anatolia, which is in present-day Turkey.

Findings offer glimpse into life 2,000-plus years ago

By 1500 B.C., bronze was the "high technology" of Eurasia, used
for everything from weaponry to luxury items, tools and
utensils. Bronze is primarily made from copper and tin. While
copper is fairly common and can be found throughout Eurasia,
tin is much rarer and only found in specific kinds of geological
deposits, Frachetti said.

"Finding tin was a big problem for prehistoric states. And thus,
the big question was how these major Bronze Age empires were
fueling their vast demand for bronze given the lengths and pains
to acquire tin as such a rare commodity. Researchers have tried
to explain this for decades," Frachetti said.

The Uluburun ship yielded the world's largest Bronze Age
collection of raw metals ever found -- enough copper and tin to
produce 11 metric tons of bronze of the highest quality. Had it
not been lost to sea, that metal would have been enough to
outfit a force of almost 5,000 Bronze Age soldiers with swords,
"not to mention a lot of wine jugs," Frachetti said.
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"The current findings illustrate a sophisticated international
trade operation that included regional operatives and socially
diverse participants who produced and traded essential hard-
earth commodities throughout the late Bronze Age political
economy from Central Asia to the Mediterranean," Frachetti
said.

Unlike the mines in Uzbekistan, which were set within a
network of small-scale villages and mobile pastoralists, the
mines in ancient Anatolia during the Late Bronze Age were
under the control of the Hittites, an imperial global power of
great threat to Ramses the Great of Egypt, Yener explained.

The findings also show that life 2,000-plus years ago was not
that different from what it is today.

"With the disruptions due to COVID-19 and the war in Ukraine,
we have become aware of how we are reliant on complex supply
chains to maintain our economy, military and standard of
living," Powell said. "This is true in prehistory as well.
Kingdoms rose and fell, climatic conditions shifted and new
peoples migrated across Eurasia, potentially disrupting or
redistributing access to tin, which was essential for both
weapons and agricultural tools.

"Using tin isotopes, we can look across each of these
archaeologically evident disruptions in society and see
connections were severed, maintained or redefined. We already
have DNA analysis to show relational connections. Pottery,
funerary practices, etc., illustrate the transmission and
connectivity of ideas. Now with tin isotopes, we can document
the connectivity of long-distance trade networks and their
sustainability."

More clues to explore

The current research findings settle decades-old debates about
the origins of the metal on the Uluburun shipwreck and
Eurasian tin exchange during the Late Bronze Age. But there are
still more clues to explore.

After they were mined, the metals were processed for shipping
and ultimately melted into standardized shapes -- known as
ingots -- for transporting. The distinct shapes of the ingots
served as calling cards for traders to know from where they
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originated, Frachetti said.

Many of the ingots aboard the Uluburun ship were in the
"oxhide" shape, which was previously believed to have
originated in Cyprus. However, the current findings suggest the
oxhide shape could have originated farther east. Frachetti said
he and other researchers plan to continue studying the unique
shapes of the ingots and how they were used in trade.

In addition to Frachetti, Powell and Yener, the following
researchers contributed to the present study: Cemal Pulakat at
Texas A&M University, H. Arthur Bankoff at Brooklyn College,
Gojko Barjamovic at Harvard University, Michael Johnson at
Stell Environmental Enterprises, Ryan Mathur at Juniata
College, Vincent C. Pigott at the University of Pennsylvania
Museum and Michael Price at the Santa Fe Institute.

The study was funded in part by a Professional Staff Congress-
City University of New York Research Award, in addition to a
research grant from the Institute for Aegean Prehistory.
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Museum # Group Form Fraction 206/204 207/204 208/204 124/116 Mn Co Ni Cu Zn As Nb Ag Cd In Sb Te Ta W Au Pb Bi U
KW 0022 P1 Fragment Fragment 19.654 15.663 38.438 0.61 12.9 8.87 8.9 170.9 130.8 35.1 0.02 0.71 0.44 28.7 9.8 0.00 0.01 1.40 0.07 35.0 49.0 0.03
KW 0035 MC1A Oxhide ¼ 19.049 15.697 38.979 1.24 27.7 6.04 43.2 94.5 218.9 24.8 0.04 0.68 0.87 31.8 8.7 0.00 0.00 1.11 0.08 169.6 56.4 0.02
KW 0095 MC1C Oxhide ¼ 19.005 15.727 39.086 -0.15 18.5 5.64 12.6 96.9 140.7 38.9 0.03 1.12 0.33 29.9 7.9 0.00 0.01 1.13 0.07 663.7 52.3 0.02
KW 0110 MC2A Oxhide ¼ 18.852 15.616 38.791 0.84 10.2 6.27 14.8 263.6 184.4 23.7 0.01 8.31 0.22 35.6 20.9 5.86 0.00 0.86 0.07 1640.0 60.7 0.01
KW 0133 P2A Oxhide ¼ 18.889 15.662 38.641 0.14 1305.5 6.33 24.8 361.3 552.8 15.6 0.03 0.70 1.15 28.3 12.7 0.00 0.01 1.06 3.43 91.5 52.6 0.02
KW 0197 MC1A Slab Thin Full 18.970 15.720 39.022 0.68 72.6 5.75 48.9 702.7 143.3 49.4 0.04 1.80 0.60 25.6 21.2 2.64 0.01 1.46 0.89 271.3 56.4 0.02
KW 0198 MC2A Slab ¼ 18.829 15.686 38.813 0.64 118.4 6.55 31.0 10906.9 352.2 121.0 0.03 1.87 1.11 26.3 21.0 0.00 0.01 1.08 0.38 1107.8 35.9 0.01
KW 0199 MC1A Bun Full 18.743 15.704 38.937 0.58 445.5 10.58 103.1 10283.9 162.0 54.2 0.05 80.96 1.31 12.0 1349.3 6.63 0.01 6.13 0.26 115234.7 101.5 0.27
KW 0201 MC1A Slab ¼ 18.983 15.758 39.177 0.83 31.4 6.93 27.6 1098.6 547.9 51.7 0.02 4.38 0.57 25.5 11.1 0.00 0.01 0.82 0.76 2588.2 50.0 0.02
KW 0204 MC1B Oxhide ¼ 19.225 15.748 38.931 0.73 25.5 5.97 21.0 150.0 265.0 38.3 0.03 0.50 0.52 27.7 6.6 0.00 0.01 1.38 0.15 45.4 39.3 0.04
KW 0205 MC1A Oxhide ¼ 18.980 15.727 39.076 1.13 20.3 6.16 14.4 127.7 148.8 34.9 0.01 7.27 0.19 30.1 11.6 0.69 0.01 13.63 0.09 1363.1 54.3 0.01
KW 0206 P1 Oxhide ¼ 18.812 15.654 38.521 0.87 26.0 6.17 25.9 1330.2 420.0 63.5 0.04 1.77 1.10 22.8 22.3 0.00 0.01 6.56 4.34 116.6 32.6 0.02
KW 0241 MC1A Slab ¼ 18.894 15.707 38.889 0.77 21.6 5.92 22.9 240.7 510.8 42.5 0.03 3.62 0.83 27.1 8.0 0.88 0.01 1.39 0.87 5013.4 45.2 0.03
KW 0242 MC1A Slab ¼ 18.907 15.701 38.921 0.86 61.8 6.01 24.8 113.4 490.4 37.2 0.03 1.59 28.26 22.8 12.8 4.00 0.01 1.06 0.34 1154.8 32.1 0.02
KW 0243 MC2A Slab ¼ 18.829 15.688 38.814 1.03 29.0 10.07 38.4 1227.3 685.6 35.6 0.06 2.39 1.64 29.0 32.6 5.57 0.01 8.52 0.24 1173.4 35.7 0.02
KW 0244 MC1A Slab ½ 18.956 15.679 38.973 1.10 84.3 6.71 34.5 230.6 369.0 32.5 0.03 10.01 1.15 29.8 17.7 7.45 0.01 1.01 0.30 1410.7 51.8 0.02
KW 0245 MC1A Slab Thin ¼ 18.918 15.719 38.982 0.61 59.4 7.92 44.3 486.3 673.0 33.6 0.05 9.99 2.04 37.7 21.8 7.10 0.00 1.03 0.34 13756.8 64.5 0.01
KW 0315 MC1A Oxhide ¼ 18.994 15.699 39.028 0.42 79.1 7.31 39.2 232.5 381.8 23.4 0.03 18.71 1.15 30.8 63.7 3.24 0.01 1.45 0.15 9517.0 46.6 0.02
KW 0341 P2A Oxhide Ear 18.771 15.581 38.262 0.09 858.2 8.04 37.4 150.0 2833.5 49.2 0.02 12.44 1.64 42.8 33.2 17.18 0.00 0.60 0.07 1316.7 72.6 0.01
KW 0391 MC1A Oxhide ¼ 18.967 15.735 38.960 1.12 22.7 9.01 96.1 3013.7 136.0 62.6 0.02 1.40 0.46 38.8 13.4 1.45 0.01 1.17 0.09 155.3 63.6 0.02
KW 0392 MC1A Slab ¼ 18.912 15.712 38.953 0.97 9.1 6.15 50.9 203.2 232.8 28.7 0.04 2.21 0.46 27.0 13.5 0.00 0.03 1.39 4.42 2071.5 50.0 0.02
KW 0393 MC1A Slab ½ 18.905 15.704 38.934 0.50 15.5 6.20 15.2 2318.2 263.4 24.8 0.01 5.55 0.47 27.7 19.9 4.40 0.01 1.39 0.86 6096.4 57.2 0.01
KW 0398 P1 Oxhide ¼ 19.741 15.733 38.590 0.80 31.7 6.39 85.7 159.2 451.7 26.6 0.11 0.87 0.80 28.7 9.8 0.00 0.01 1.30 0.46 40.1 38.1 0.08
KW 0399 P1 Oxhide ¼ 18.949 15.664 38.500 0.83 11.5 5.83 4.9 124.6 35.4 18.7 0.01 0.44 0.07 21.8 3.4 0.00 0.00 0.40 0.01 34.7 24.2 0.00
KW 0400 P1 Oxhide ¼ 20.160 15.752 38.598 0.84 25.3 7.35 127.2 419.4 690.8 27.4 0.03 0.85 1.51 36.4 15.2 5.51 0.01 2.20 0.20 106.3 68.6 0.02
KW 0401 MC1A Bun Full 19.009 15.706 38.984 0.84 13.9 6.11 15.3 114.4 282.9 22.7 0.01 0.92 0.72 28.6 12.2 0.67 0.01 1.09 0.17 277.8 56.3 0.01
KW 0403 Unknown Oxhide ¼ 19.026 16.146 39.079 0.69 13.3 6.28 11.9 156.2 196.3 23.3 0.01 0.55 0.42 36.5 10.1 0.49 0.01 1.44 0.19 68.3 56.1 0.01
KW 0412 P2A Slab ½ 18.669 15.531 38.213 0.19 126.8 7.52 32.2 2369.8 119.6 17.1 0.03 5.72 0.72 31.1 34.0 15.40 0.01 1.04 0.13 5522.8 71.5 0.02
KW 0511 P1 Oxhide ¼ 18.815 15.656 38.495 0.75 18.2 6.46 13.9 154.0 260.7 24.3 0.02 0.62 0.53 35.4 12.7 4.88 0.01 0.67 0.09 77.5 53.7 0.02
KW 0515 P1 Oxhide ¼ 19.316 15.678 38.593 0.97 87.3 6.23 46.6 224.5 373.0 25.6 0.03 1.41 5.66 27.1 15.9 0.73 0.01 1.18 4.47 48.2 47.7 0.01
KW 0516 Unknown Oxhide ¼ 19.580 15.551 37.565 -0.88 4279.3 7.67 19.9 244.3 1767.4 13.1 0.01 0.50 6.92 34.8 15.6 5.23 0.00 0.75 0.76 161.6 58.2 0.01
KW 0518a MC1A Slab ¼ 18.830 15.684 38.847 0.52 110.8 6.85 24.1 176.1 181.2 7.4 0.04 0.94 0.40 30.0 22.4 1.25 0.02 0.59 0.48 1143.9 36.6 0.01
KW 0518b MC1C Slab ¼ 18.832 15.692 38.861 -0.27 67.9 8.11 32.6 551.7 201.0 8.3 0.01 1.59 0.51 39.5 36.5 15.86 0.00 0.59 0.22 877.4 42.1 0.02
KW 0519 MC1A Bun ½ 18.900 15.703 38.960 0.79 24.3 7.22 41.2 1130.7 303.7 26.6 0.03 6.13 0.85 33.5 24.2 5.00 0.01 1.19 0.63 4671.1 45.4 0.01
KW 0633 MC1A Oxhide ¼ 19.003 15.709 38.979 0.90 37.8 6.31 12.9 112.7 162.5 21.8 0.01 3.79 0.26 28.6 14.3 2.90 0.01 1.11 0.21 371.1 47.9 0.02
KW 0637 P1 Oxhide ¼ 19.654 15.663 38.438 0.52 16.1 7.32 24.9 99.0 390.5 21.3 0.02 0.63 1.10 31.0 18.9 9.12 0.01 0.94 0.14 37.9 42.4 0.02
KW 0638 MC1A Oxhide ¼ 19.017 15.721 39.032 0.64 22.9 7.32 21.8 107.7 371.0 24.8 0.13 4.21 1.17 31.2 17.3 6.68 0.34 1.60 0.19 243.6 52.3 0.07
KW 0639a MC1C Oxhide ¼ 18.950 15.694 38.993 -0.70 3197.7 9.53 43.6 2606.5 545.3 17.7 0.01 8.33 2.34 40.0 35.1 15.40 0.00 6.62 0.05 1480.8 54.3 0.01
KW 0640 MC1A Oxhide ½ 19.010 15.744 39.153 0.59 61.7 6.21 20.0 98.9 280.3 19.4 0.01 1.39 0.97 24.4 42.8 4.84 0.01 1.19 0.09 1870.0 36.9 0.01
KW 0641a MC2B Oxhide ¼ 19.210 15.702 38.767 0.61 66.0 6.52 22.9 96.2 568.2 20.0 0.04 3.64 1.62 25.2 19.0 2.26 0.02 1.10 5.28 518.8 46.5 0.02
KW 0642 MC1A Bun ½ 18.934 15.680 38.936 0.51 23.4 6.62 15.5 361.3 212.1 18.6 0.02 1.23 0.86 29.8 14.4 2.69 0.01 1.06 1.06 225.3 57.0 0.01
KW 0643 MC1A Oxhide ¼ 18.998 15.703 39.024 0.33 42.3 6.67 31.7 114.6 320.7 19.1 0.05 3.51 0.81 27.7 20.9 5.34 0.01 1.05 0.60 814.2 53.1 0.01
KW 0644 MC2A Oxhide ½ 18.680 15.712 38.773 0.77 18.7 5.71 17.5 132.2 439.9 20.7 0.02 0.69 1.13 24.6 13.0 0.00 0.01 0.71 0.45 693.5 45.1 0.01
KW 0702 P2A Oxhide ¼ 18.871 15.638 38.572 0.17 144.8 6.18 17.4 134.8 689.3 7.5 0.01 0.47 0.39 27.6 10.2 0.00 0.00 0.58 0.25 91.3 47.1 0.01
KW 0704 MC1A Slab Fragment 18.985 15.707 39.038 0.42 13.1 6.31 16.2 1511.5 276.6 19.3 0.02 2.84 0.48 22.0 21.1 1.10 0.08 0.84 0.92 2735.7 50.2 0.04
KW 0712 MC2A Oxhide ¼ 19.205 15.701 38.767 1.07 44.3 6.38 15.4 193.6 288.0 20.6 2.85 0.65 0.83 31.0 11.6 0.00 2.11 1.29 0.33 49.9 43.0 0.11
KW 0718 MC2A Oxhide ¼ 18.936 15.664 38.719 0.84 24.5 6.68 18.3 151.6 387.7 20.5 0.03 1.24 1.97 30.7 13.3 0.26 0.01 7.90 0.32 131.6 58.4 0.02
KW 0719 MC1A Slab ¼ 18.966 15.727 39.054 0.42 30.8 7.76 57.5 1244.3 249.0 15.8 0.04 4.65 0.44 33.1 21.7 7.11 0.00 0.75 0.87 2972.3 59.9 0.01
KW 0720 MC1A Unique Full 19.038 15.750 39.155 1.20 18.6 6.09 25.9 124.7 204.8 18.9 0.02 0.95 0.86 26.3 10.1 0.00 0.01 0.84 0.30 231.4 48.9 0.01
KW 0721 MC2A Oxhide ¼ 18.950 15.684 38.793 0.80 301.9 7.50 22.2 170.2 497.9 25.7 0.02 0.97 1.45 39.0 14.2 5.44 0.01 1.64 5.25 152.1 69.8 0.01
KW 0722 P2A Oxhide ¼ 18.940 15.663 38.717 0.13 14.1 6.51 16.1 1510.6 270.8 22.9 0.02 4.84 0.75 30.3 18.4 6.75 0.01 1.88 1.05 234.8 50.3 0.02
KW 0847 MC1A Bun ⅓ 18.874 15.695 38.886 0.54 63.4 7.57 48.1 1556.7 409.8 37.7 0.05 32.56 1.01 24.1 101.0 2.77 0.04 5.65 0.58 58802.3 63.3 0.02
KW 0946 MC1A Slab ¼ 18.927 15.716 39.012 0.73 29.2 7.01 19.5 466.2 158.7 22.1 0.02 8.78 0.61 38.6 20.2 6.49 0.01 1.11 1.00 3987.4 70.8 0.01
KW 1321 MC1C Oxhide ¼ 18.975 15.690 38.878 -0.54 18.2 7.50 43.2 191.5 351.0 8.9 0.03 0.56 0.52 32.2 15.6 5.24 0.01 0.65 0.27 106.6 66.0 0.01

Table S1. Isotopic and trace element analyses of Uluburun tin ingots.



KW 1326 MC1A Bun Fragment 18.991 15.689 39.034 0.88 26.4 6.52 17.4 1675.1 182.6 40.3 0.01 ##### 0.55 24.1 244.9 0.00 0.01 1.02 0.30 130101.8 109.9 0.05
KW 1357 MC1C Oxhide ¼ 19.748 15.738 38.820 -0.31 8.2 6.06 11.1 105.8 146.4 8.9 0.01 0.32 0.22 27.1 13.5 0.29 0.00 0.30 0.21 22.0 47.3 0.01
KW 1371 MC1A Oxhide ½ 19.030 15.728 39.075 0.50 14.5 6.72 12.4 134.1 157.4 25.8 0.01 0.95 0.32 35.2 16.5 8.25 0.01 1.29 0.16 463.1 60.8 0.02
KW 1760 P1 Fragment Fragment 19.647 15.726 38.633 0.61 36.8 6.99 38.1 106.7 365.5 25.2 0.01 0.56 0.79 33.4 19.3 10.51 0.01 0.71 0.10 42.5 44.5 0.01
KW 1932 P1 Oxhide Full 19.288 15.669 38.405 0.62 31.6 6.19 14.3 114.5 166.9 21.7 0.04 0.48 0.45 31.8 14.0 4.51 0.02 0.93 0.11 36.4 47.9 0.02
KW 2143 P1 Oxhide ¼ 19.890 15.777 38.713 0.78 20.5 5.96 12.8 88.0 231.0 17.8 0.02 0.43 0.50 29.3 15.8 1.87 0.01 1.35 5.51 33.1 38.5 0.01
KW 2255 P1 Oxhide ¼ 19.637 15.707 38.522 1.22 3114.5 6.82 13.9 160.2 666.3 25.2 0.02 0.47 1.49 29.8 12.6 1.50 0.01 1.60 1.08 36.8 38.0 0.02
KW 2329 P2B Wedge Full 19.919 15.591 38.137 0.29 394.0 7.89 42.7 534.3 175.7 10.7 0.01 2.86 1.41 46.2 23.9 17.33 0.00 1.83 0.31 48.3 65.6 0.01
KW 2332 P2B Wedge Full 19.758 15.755 38.741 0.40 20.3 6.76 18.8 410.7 1349.9 18.2 0.02 0.56 0.52 32.1 18.4 5.83 0.03 1.11 0.36 33.2 55.1 0.01
KW 2365 P2B Wedge Full 20.037 15.727 38.543 0.01 44.8 7.68 45.1 552.8 451.0 18.5 0.04 0.80 3.49 33.6 19.4 4.73 0.01 1.54 0.28 102.3 58.6 0.01
KW 2408 MC1B Oxhide ¼ 19.869 15.797 38.863 0.82 52.2 7.63 75.2 211.9 297.8 18.3 0.06 0.56 1.74 31.0 22.4 9.44 0.01 1.53 0.22 49.8 37.6 0.01
KW 2699 MC1A Slab Thin ¼ 19.006 15.693 39.045 0.54 310.3 8.71 35.3 1154.7 213.8 8.5 0.03 1.49 2.11 31.9 21.0 7.25 0.00 0.83 0.18 1600.7 59.6 0.03
KW 2739 P1 Oxhide ¼ 19.634 15.726 38.648 0.92 1620.1 7.91 25.0 267.9 718.7 23.0 0.03 1.07 1.93 37.9 13.1 6.94 0.01 1.66 0.18 62.3 65.5 0.02
KW 2774 MC1A Oxhide ¼ 19.019 15.738 39.143 0.25 58.3 6.95 32.2 123.0 506.3 13.9 0.04 2.27 1.01 23.8 31.8 0.29 0.01 1.06 0.16 830.3 48.3 0.01
KW 2777 MC2A Oxhide ¼ 18.659 15.665 38.751 0.70 5379.0 8.65 23.6 837.2 1266.7 18.7 0.08 0.64 3.28 39.4 20.0 14.50 0.05 12.52 0.10 45.3 52.0 0.01
KW 2789 P1 Oxhide ¼ 19.760 15.719 38.563 1.05 202.6 6.92 59.9 197.6 371.7 36.6 0.06 15.17 0.75 32.3 13.1 1.53 0.03 16.77 5.60 38.9 50.7 0.03
KW 2796 P1 Oxhide ¼ 19.781 15.709 38.517 0.81 24.4 6.05 12.9 187.0 151.3 27.8 0.04 0.52 0.27 29.6 12.3 0.00 0.01 8.76 1.09 38.5 45.8 0.01
KW 2874 MC1C Oxhide ¼ 18.953 15.670 38.861 -0.17 845.2 18.47 680.9 5829.2 270.0 32.8 0.56 3.07 1.55 41.9 36.2 13.41 0.01 7.86 0.31 580.9 62.6 0.02
KW 2887 P2A Oxhide ¼ 18.993 15.639 38.405 -0.45 4609.3 7.75 26.5 588.3 803.9 11.6 0.04 0.73 3.32 31.3 17.3 3.31 0.02 31.69 0.40 68.1 52.9 0.02
KW 2902 MC1A Oxhide ¼ 19.005 15.716 38.971 0.24 13.3 7.34 20.9 112.7 391.2 28.1 0.04 1.13 0.60 26.4 24.4 3.58 0.02 6.61 0.33 90.7 68.3 0.02
KW 2911 MC1A Slab Full 19.009 15.785 39.260 0.31 36.5 7.53 27.1 3058.7 328.9 23.3 0.03 16.86 0.42 30.6 58.7 6.95 0.02 5.27 0.36 11458.9 54.2 0.02
KW 2915 MC1A Slab Full 18.990 15.702 39.018 0.67 14.2 4.76 2.1 1650.0 159.8 21.7 0.11 9.88 0.26 18.0 19.9 0.00 0.03 23.18 0.26 3155.6 28.8 0.01
KW 2922 MC2B Oxhide Full 19.347 15.706 38.769 0.70 22.4 6.67 22.5 137.2 182.8 21.3 0.06 0.57 0.32 33.4 16.0 4.70 0.03 5.26 0.20 54.9 54.3 0.03
KW 2924 P1 Oxhide Full 18.784 15.652 38.378 0.86 13.7 6.32 16.9 219.2 210.3 18.9 0.03 0.63 0.65 32.8 10.3 0.00 0.01 34.37 0.19 78.1 56.5 0.01
KW 3014 P1 Oxhide ¼ 19.164 15.690 38.546 0.77 26.9 6.73 20.1 137.2 423.0 18.0 0.03 0.52 0.58 32.9 13.8 1.68 0.01 3.03 0.15 37.9 62.0 0.01
KW 3048 P1 Oxhide ¼ 19.166 15.679 38.457 0.70 679.6 7.24 20.1 106.1 315.6 16.7 0.03 3.10 0.57 32.0 31.7 6.84 0.03 2.82 6.85 2185.8 49.1 0.03
KW 3061 P1 Oxhide ¼ 19.759 15.729 38.502 0.72 12.3 6.77 14.9 91.2 187.4 17.1 0.03 0.45 0.35 34.0 15.7 4.86 0.02 5.76 1.64 30.4 50.0 0.01
KW 3094 MC1A Oxhide ¼ 19.082 15.695 38.920 0.94 89.0 6.42 37.3 142.3 162.4 19.2 0.03 0.45 0.48 28.3 14.5 2.11 0.05 3.83 0.93 96.0 51.0 0.01
KW 3157 MC2A Oxhide ¼ 19.047 15.698 38.778 0.80 90.0 8.02 49.2 987.5 123.3 22.5 0.05 1.54 0.52 52.1 19.4 10.58 0.01 14.50 0.51 75.9 81.6 0.02
KW 3297 MC1A Oxhide ½ 19.019 15.690 38.959 0.89 23.6 6.78 13.2 100.7 198.9 21.1 0.03 0.63 0.44 32.7 17.3 6.68 0.03 1.82 0.46 271.2 55.0 0.01
KW 3433 MC1A Oxhide ¼ 18.902 15.690 38.918 0.83 72.8 6.16 12.5 209.9 373.4 23.9 0.09 5.63 0.79 29.3 20.6 0.00 0.04 17.97 1.35 2918.4 53.5 0.01
KW 3703 MC1A Slab Fragment 18.917 15.709 38.985 0.61 43.3 6.24 11.0 209.4 450.1 25.8 0.08 5.58 0.27 30.4 24.7 0.87 0.05 11.14 1.34 2971.9 55.6 0.01
KW 3934 P1 Fragment Fragment 20.046 15.736 38.727 0.51 20.5 6.22 13.3 69.1 186.1 15.3 0.02 0.47 0.46 34.4 12.6 0.77 0.01 4.16 0.37 24.2 24.9 0.02
KW 3935 MC1A Anchor Full 18.948 15.704 38.988 0.79 20.8 6.65 14.2 650.1 261.6 25.4 0.34 7.87 0.70 29.6 21.4 1.61 0.43 23.05 0.36 1780.0 56.8 0.01
KW 4000 MC1A Slab Full 18.951 15.746 39.120 1.05 41.8 6.28 17.9 1196.5 358.6 20.8 0.02 2.58 0.84 23.9 23.3 0.00 0.01 1.94 0.26 951.6 36.4 0.01
KW 4166 P1 Oxhide ¼ 19.196 15.649 38.349 0.72 34.1 7.42 25.9 122.0 444.5 17.1 0.03 0.57 0.79 36.5 16.4 4.53 0.04 0.76 7.67 44.3 57.8 0.02
KW 4265 P1 Oxhide ¼ 19.080 15.685 38.588 0.76 11.9 6.19 11.0 84.4 165.8 27.7 0.02 0.46 0.35 30.6 10.9 1.05 0.01 0.86 2.08 44.7 49.8 0.06
KW 4267 MC1C Slab Full 18.950 15.661 38.814 -0.27 184.0 6.91 60.6 663.8 243.5 9.6 0.03 0.89 0.62 27.8 14.6 1.07 0.01 1.43 1.05 183.5 46.0 0.01
KW 4388 P1 Oxhide ¼ 19.574 15.690 38.465 0.89 25.5 7.39 22.7 135.9 383.8 23.5 0.02 0.64 0.84 41.5 14.2 5.82 0.01 1.65 0.79 89.4 57.8 0.01
KW 4419 MC1A Oxhide ¼ 19.014 15.699 38.990 0.51 35.5 6.88 15.9 130.8 335.8 20.2 0.01 0.78 0.58 36.1 11.1 0.61 0.01 0.83 0.65 444.2 49.0 0.01
KW 4469 MC1C Oxhide ¼ 18.976 15.685 38.972 -0.75 28.2 6.54 23.1 80.1 233.1 15.1 0.01 0.49 0.34 30.9 21.2 9.57 0.01 0.61 0.41 305.0 33.8 0.01
KW 4484 MC1B Oxhide ¼ 20.000 15.868 38.965 0.52 15.9 6.33 23.8 91.9 157.0 22.3 0.06 0.47 0.40 31.7 11.2 0.00 0.01 0.80 0.31 260.7 43.5 0.02
KW 4485 MC1A Oxhide ¼ 19.015 15.697 38.986 1.22 50.8 6.18 10.1 108.5 286.1 20.5 0.01 2.09 0.56 25.2 11.2 0.12 0.01 5.14 0.27 1771.3 40.9 0.01
KW 4575 MC1A Oxhide ¼ 18.997 15.712 39.056 0.56 70.6 6.60 11.8 201.3 274.2 23.5 0.02 3.17 0.71 28.5 21.8 0.00 0.01 7.36 0.23 1848.3 48.1 0.01
KW 4576 MC1A Oxhide ¼ 18.988 15.706 39.024 0.79 70.6 6.60 27.1 201.3 274.2 23.5 0.02 3.17 0.71 28.5 26.0 2.83 0.01 7.36 0.23 1848.3 48.1 0.01
Lot 452 P1 Oxhide ¼ 19.629 15.711 38.612 0.92 31.2 4.94 11.2 66.7 185.6 35.0 0.02 0.51 0.39 27.1 8.6 0.00 0.01 1.79 2.78 21.6 32.8 0.01
Lot 5552 P1 Fragment Fragment 19.901 15.719 38.522 0.82 27.1 6.11 93.1 175.9 204.8 34.9 0.12 0.62 0.41 32.5 9.2 0.00 0.01 2.58 0.27 53.7 59.2 0.02
Lot 651 MC1A Oxhide ¼ 19.045 15.742 39.138 1.05 42.1 5.69 85.1 128.9 243.6 40.3 0.06 1.02 0.60 30.6 11.7 0.00 0.01 1.91 0.58 386.1 44.2 0.09
Lot 7331 MC1A Oxhide Ear 19.007 15.709 38.942 0.56 23.2 5.90 25.4 133.2 398.0 34.9 0.03 1.09 0.75 33.2 9.2 4.96 0.00 2.54 0.16 181.4 60.7 0.03
Lot 9263 MC1A Slab Corner 18.964 15.708 39.012 1.08 27.9 5.13 7.3 215.6 219.6 39.2 0.03 1.75 0.61 26.8 7.2 0.00 0.01 1.27 0.12 1075.4 50.8 0.07
Lot 9267 P1 Oxhide ¼ 19.192 15.681 38.527 0.60 193.5 9.08 166.5 714.8 508.2 9.6 0.03 1.10 0.76 43.5 25.1 14.46 0.00 2.54 0.04 81.0 62.8 0.03



Figure S1: Cross-plots of Uluburun tin ingot compositions, A) Cu vs Au; B) Sb vs Te 
Analytical groupings correspond to isotopic and chemical composition correlated with 
age: MC=Mesozoic-Cenozoic, P=Paleozoic, Unk= Unknown; icon shape corresponds 
to ingot form; icon size reflects Pb concentration. 


