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Text S1: Modern land use on the Tibetan Plateau

Known as the world’s largest high-altitude landmass, the Tibetan Plateau covers an area of
2,542,298 km?. The vast majority of the plateau surface sits at an elevation above 3500 masl,
accounting for ~84.73% (2,154,019 km?) of its total land area (65,66). There are only limited
pockets (~15.27%; 388,281 km?), such as river basins, lake terraces, and margins, that sit at lower
elevations, including middle-high elevation regions (2500-3500 masl) that account for ~14.03%
(356,651 km?), and low-altitude below 2500 masl that make up ~1.24% (31,630 km?) of the total
territory (table S1). Overall, the average elevation increases from the eastern and central plateau,
to its western part (67). The entire plateau is primarily characterized by an arid and cold climate
(68), although rainfall and temperature vary across different regions. The eastern plateau receives
the most abundant precipitation as the Indian Summer Monsoon collides into the eastern rim of
the Tibetan Plateau, then gradually decreases in intensity as it moves west. Additionally, the
eastern plateau also has much higher mean annual temperatures than other regions.

Variable ecology and topography across the Tibetan Plateau shape diverse high-altitude adaptation
strategies and modern land-use practices (15). A large portion of the plateau (68.42%, 1,739,414
km?) is only suitable for grazing. The relative proportion of the plateau’s agropastoral land that is
dedicated to grazing (grassland) increases with altitude (Fig. 1, table S1); ~91.10% of the plateau’s
total grassland is distributed across higher elevation regions above 3500 masl. In contrast to the
extensive grassland, farmland only accounts for ~0.70% (17,716 km?) of the total land area, and
mainly situated in the lower river valleys of the eastern and central-southern plateau where more
favorable hydrothermal conditions exist (Fig. 1). Beyond these arable and pasture regions, the
remainder of the Tibetan Plateau is dominated by undeveloped land, much of which is covered in
glacial ice, surface rock, or hyper-arid desert (68).

To study the contribution of dairy pastoralism in different ecological niches, we divided our
studied sites into arable and non-arable regions according to the proportion of cropland, and soil
quality of arable lands in each city or prefecture (table S3). Three regions (Ngari, Nagqu, and
Yushu) contain extreme low proportion of cropland, moreover, possess the poorest soil quality for
farming; we therefore sorted them into non-arable regions. The rest of 5 regions, including Qamdo,
Nyingchi, Shannan, Xigazi, and Lhasa in the southern plateau, is divided into arable regions.

All the calculations mentioned above are based on the intersection of a digital elevation model in
7.5-arc-second (~250 m) resolution (SRTM 3, CGIAR-CSI Version 4.1) (69). The boundary and
definition of the Tibetan Plateau followed by Zhang et al. (2014) (65). Cropland and grassland
data are taken from the land use classification dataset of the Tibetan Plateau (version 1.0, recorded
in 1992) (66); while this version was recorded around three-decades ago could not reveal the
updated land-use, it is the most recent resource that has been released to the public.



Text S2: Archaeological context of studied individuals

The prehistoric archaeology of the interior Tibetan Plateau is often roughly divided into three
periods: Palaeolithic (before 5500 BCE), Neolithic (5500-1000 BCE), and Early Metal Age (1000
BCE- ~ 600 CE) (70-73). The term Metal Age is used because the scarcity of metal objects from
clear archaeological contexts makes it extremely challenging to differentiate between Bronze and
Iron Age sites (70). The Historic period began after the establishment of the Tibetan Empire (618-
842 CE).

We note that excavations on the Tibetan Plateau show both chronological and geographical biases.
Across the plateau, 11 Neolithic sites have been discovered and most of them are settlements. Only
three Neolithic burial sites have been uncovered, and all of them correspond to the Late Neolithic
after 3000 BCE. However, for the Early Metal Age, approximately 36 sites have been excavated,
with cemeteries comprising the majority of sites (n=30). The most intensively excavated region
containing sites dating to the Early Metal Age is western Tibet, which possesses numerous Early
Metal Age burials, often of high-status individuals and/or concentrated in clusters.

To create a comprehensive picture of ancient dairy consumption in the interior Tibetan Plateau,
we sampled dental calculus from all of the excavated individuals from Tibet and western Qinghai.
In total, we collected samples from four Neolithic individuals, and 36 Early Metal Age individuals
from 15 sites (table S2 and dataset S2). The majority of excavated individuals (n=24) are from
western Tibet, followed by central Tibet (n=6), eastern Tibet (n=5), western Qinghai (n=3), and
northern Tibet (n=2). In the following section, we describe the archaeological context of each
studied individual. We use bolded text to highlight individuals that had calculus containing
identified milk proteins.

Late Neolithic and Early Metal Age sites in western Tibet

Gepaseru (3943 masl)

Gepaseru is the earliest burial site located in the interior Tibetan Plateau. The site was first
discovered in 1997 (74), and it was recently excavated over four seasons from 2017 to 2020. In
total, 21 burials were excavated, and archaeologists identified two main phases. An earlier phase
(~1800-1000 BCE) falls into the Late Neolithic with stone-cist burials accompanied by painted
pottery, lithics, ruminant bones, bronze items, and beads. In contrast, the later phase (~400-1 BCE),
corresponding to the Early Metal Age, was dominated by shaft tombs containing abundant pottery,
ruminant bones, bronze and iron weapons, ornaments, and wooden containers. The associated
artefacts and burial practices during the early period are unique, and have not been reported
previously, while the material culture for the later period shows similarities with findings across
the western Himalayans.

Ancient populations at this site engaged in a herd-based agropastoral economy since ~3800 years
ago, they grazed mixed herds containing cattle, sheep, goat, and horse, crop cultivation and hunting



were also practiced as minor subsistence strategies (41). Seven individuals from Gepaseru were
sampled in this study:

e 2017ZGM2 (DAT93; cal. 1500-1312 BCE, GU55771) is a 25-35-year-old female, and the
earliest studied individual in this paper (fig. S2). Cattle, goat, and barley remains in this
burial appear to represent the earliest archaeological evidence for these species in western
Tibet.

e 2019ZGM6 (DAT736; cal. 1506-1407 BCE, Beta-543669) is an individual aged to 28-36
years; the poor preservation of the skeleton did not allow for sex identification.

e 2017ZGM10 (DA8O0O; cal. 368-165 BCE, Beta-486439) is likely a male aged 36-40 years.

e 2019ZGMT7 (DA8T1) is a grave of a possible female aged 39-43.

e 2018ZGM1 (DA8T72; cal. 385-197 BCE, Beta-513163) is a potential female,
approximately 36-40 years of age.

e 2019ZGM4 (DA873) is the grave of a 41-50-year-old female individual who was
accompanied by the most abundant artefacts of any burial at the site; this also included
remarkable cattle, sheep, and goat heads as part of a sacrifice.

Khunglung Satra (4282 masl)
The Khunglung Satra cemetery was discovered by the Shannxi Academy of Archaeology, and
more than 10 stone-cist burials were uncovered from 2017-2019. Human skeletons dated to two
phases: an early phase spanning ~700-100 BCE, and a late phase covering ~ 100-400 CE. Only
one skeleton from the late phase of this site contained adequate dental calculus for proteomic
extraction.
e 2019QLSZM1 (DA808; cal. 250-411 CE, Beta-575047) is a female who died around the
age of 25-35 years. Abundant grave goods were recovered including iron, bronze, wooden
artifacts, and textiles. Sheep and cattle bones were also recovered.

Gelintang (4200 masl)

The site of Gelintang is situated alongside the Dungkar River. Ten burials and one horse-sacrifice
pit were excavated in 1999. The human remains from the site were dated to ~500-1 BCE. While
the human skeletons were poorly preserved, a large number of ceramic vessels, and some bronze
and iron artefacts, as well as animal bones, were collected. Only two individuals possessed
sufficient dental calculus for protein extraction.

e 1999ZPGM6 (DA799) is a possible male, aged 48-57 years, buried in a single-room shaft
tomb. Approximately 17 sheep/goat heads were placed around the burial walls.
Additionally, a bronze sword and some seeds (no species information published so far)
were also buried next to the human skeletal remains (75).

e 1999ZPGM7 (DA870) is a 48-57-year-old male, who was buried with limited grave goods,
including one stone spindle whorl, one sheep/goat horn, and some wooden fragments (75).

Jiweng (4085 masl)



The cemetery cluster of Jiweng is situated on a second terrace, near the modern agro-pastoral
village of Phiyang. Archaeologists excavated 14 burials in 2018. Human remains from large shaft
tombs dated to ~500-1 BCE, while those from small burials dated to around 500-1000 CE. While
the human skeletons were well preserved, only a few individuals contained adequate dental
calculus. We only sampled one individual for this study.
e 2018ZPJMT7 (DA8TT) is a 45-50-year-old male, accompanied by a lacquered wooden plate,
bronze and iron weapons, and textiles.

Sangda Longo (3700 masl)

The large-scale burial cluster of Sangda Longo is located on a modern pasture on the northern
bank of the Langgé Zangbo (Upper Sutlej River) (fig. S4). The site was densely occupied for
approximately 1000 years, from ~350 BCE to 650 CE. Four excavation seasons (2017-2020)
uncovered up to 50 burials. A considerable wealth of artefacts was collected from several mass
graves, including golden ornaments, beads, textiles, bronze and iron objects, as well as wooden
figurines. The excavators assigned these burials to three occupation phases. Phase | (366-200 BCE)
saw the emergence of social inequality, with the quantity of high-value items varying across
different burials. Phase 1l (200 BCE- 600 CE) appears to reflect an intensification of social
stratification. Archaeologists suggest that some elites in this period controlled significant wealth
as well as wider trade networks, as evidenced by the abundance of high-ranking symbolic artefacts
associated with this phase. Phase 11l (600-668 CE) shows a dramatic decline in grave goods and
the number of burials, perhaps reflecting a decrease in population size. In total, 13 individuals from
this site contained sufficient calculus for proteomics analysis.

e 2018ZSEM3 (DA880; cal. 234-381 CE, Beta-513147) is a female who died at an
estimated age of 25-35 years. This burial contained the most abundant pottery of any grave
in this cluster.

e 2018ZSWM3 (DA88L; cal. 196 BCE- 4 CE, Beta-513146) is a male aged 40-50 years.

e 2019ZSEM28 (DA741; cal. 120-306 CE, Beta-543653) is a female of around 40-55 years
of age.

e 2017ZSM6 (DA804) is a female, who died at the age of 39-43 years.

e 2017ZSM7 (DAB885) is a juvenile aged 13-14 years; no clear sex characteristics could be
observed.

e 2018ZSM5 (DA882) is a 13-14-year-old individual who has ambiguous sex characteristics.

e 2019ZSEM25 (DA883; cal. 262-537 CE, Beta-543631) died at approximately 39-43 years.

e 2019ZSEM31 (DA884) is a male of around 39-43 years of age.

e 2019ZSEM26: 129 (DA8O05) is a female, who died at around 39-43 years.

e 2019ZSEMZ26: 179 (DA886) is a 39-43-year-old female.

e 2019ZSEMZ26: 182 (DA8O06) is a 6-7-year-old child with ambiguous sex characteristics.

e 2019ZSEM26: 184 (DA88T) contained an elderly individual aged over 55 years.

e 2019ZSEMZ26: 211 (DA88S; cal. 425-565 CE, Beta-543635) is a female who died at an
estimated age of 30 years.



Malang (3910 masl)

Malang is a cemetery situated on the southern bank of the Langqé Zangbo River. A single cave
tomb was discovered in 2019 by local villagers. While tomb passages were destroyed, the chamber
contained the original deposits. Remarkable artefacts were collected from the cemetery, including
painted pottery, bronze containers and ornaments, iron weapons, wooden and shell ornaments,
beads, and textiles. Abundant animal sacrifices (sheep, goat, and horse) were practiced, evidenced
mainly by sheep/goat heads. In total, 6 individuals were recovered, but only one of them had
sufficient dental calculus.

e 2019ZMML1 (DA735; cal. 81-236 CE, Beta-547974) is female aged approximately ~25

years. Bronze ornaments and the hair of the individual were well-preserved.

Early Metal Age sites in northern Tibet

Zhajiongema (4648 masl)
The stone-cist burial of Zhajiongema, is located in an extensive pasture in the northeastern part of
Siling Co Lake, in northern Tibet. Bronze items, pottery, beads, and sheep/goat bones were buried
with a well-preserved individual.
e 2019BZM2 (DAB807; cal. 821-769 BCE, Beta-544643) is female individual with an
estimated age of 15-20 years.

Ounie (4654 masl)
Ounie is the highest elevation site in this study. The stone-cist burial cluster is situated on a modern
pasture to the southeast of Siling Co Lake. More than 20 burials were identified, and five of them
were excavated in 2018. Burials 4 and 5, showing better preservation, were accompanied by bronze,
iron, ceramic, and bone objects, as well as textiles and beads. Only one individual had enough
dental calculus for protein extraction.
e 2018BOMS5 (DA742; cal. 601-758 CE, Beta-513157) is a female approximately 40-55
years of age (Fig. 4B). Cattle/yak and sheep/goat bones were placed in the upper and lower
parts of the human skeleton.

Late Neolithic and Early Metal Age sites in southern-central Tibet

Thing (3314 masl)

Thing is the earliest current known burial cluster in central Tibet. Two stone-cist burials were
excavated in 2017. The cists contained the largest pottery assemblages yet known in central Tibet,
numbering up to 70 complete ceramic vessels. Additionally, a few bronze and stone tools were
also recovered. We sampled two individuals for this study:




e 2017LZTCM1-60 (DA794; cal. 1209-1005 BCE, Beta-486440) is an individual with an
estimated age of 15 years.
e 2017LZTCM1-64 (DAT740) is a female around 20-30 years of age.

Nubda (3833 masl)
Nubda, is located along the midstream portion of the Yarlung Tsangpo River. Four stone-cist
burials were exposed in 2019 during roadwork. Human skeletons and ceramics were unearthed,
located both inside and outside the tombs. We included three individuals in our study.
e 2019RRNCM1 (DAT737; cal. 346-51 BCE, Beta-527361) is a male who died at the age of
35-40 years.
e 2019RRNCM4 (DA875) is a 35-40-year-old male individual.
e 2019RRNCG (DA874; cal. 387-200 BCE, Beta-527362) is aged 28-36 years; no clear sex
characteristics can be observed.

Neu Lacok (3700 masl)
Neu Lacok is situated in the city center of Lhasa. In total, 6 burials were recovered in 2003.
Excavators suggested that these burials could be attributed to the Tibetan Empire (618-842 CE)
based on the characteristics of the burial practices. We sampled one skeleton that had sufficient
calculus.

e 2003LWZLJIM6 (DA889) is a male individual around 39-43 years of age.

Early Metal Age sites in southeastern Tibet

Redilong (3260 masl)
The cemetery of Redilong is located near the Lancang River in Karuo. Five stone-cist burials were
exposed on the surface, most of them were destroyed by water erosion. Only graves 3 and 5
contained well-preserved human bones, which were associated with a single bone needle and a
bronze knife (76). In this study, we selected one individual from grave 3 to sample for calculus.

e 2002XCKM3 (DA798; cal. 926-418 BCE) is a 25-30-year-old individual.

Chugong (2243 masl)
Chugong is the lowest elevated site in our sample set, with an altitude of 2243 masl. Six stone-cist
burials were excavated in 2019. Relatively few grave goods were found, including pottery, beads,
and iron fragments. We sampled two individuals for this study.
e 2019 LYJQM1 (DAT739; cal. 159 BCE- 26 CE, Beta-523131) is an elderly female, age
cannot be determined.
e 2019 LYJQMS6 (DA8O3; cal. 351-52 BCE, Beta-523135) is an adult female, age cannot be
determined.

Agangrong (2800 masl)



Thirteen stone-cist burials at Agangrong were excavated during roadwork construction in 2016.
Three burials were represented by complete skeletons, the remainder of the graves contained a
paucity of human bones. Pottery, bronze weapons, iron fragments, and grinding stones
accompanied these skeletons. We included two individuals from this group in this study.
e 2016 LBQAMS (DA795; cal. 45 BCE- 75 CE) is a male individual, who died at an
estimated age of 25 years.
e 2016 LBQAML13 (DA738) is a 39-43-year-old female.

Early Metal Age sites in western Qinghai

Pukar Gongma (4177 masl)

Pukar Gongma is the first stone-cist burial in western Qinghai to be excavated. The site is located
on a modern high-altitude pasture next to the Niegia River. Nine burials were excavated in 2013
(77). The subsistence economy at this site is unclear, owing to a lack of animal and plant remains.
Only one sheep/goat skull was collected within these burials. Modern inhabitants near the site
practice a mobile pastoral economy, likely also employed by ancient populations as the high-
elevation environment presents significant challenges for farming. Remarkably, 5 of the 9
individuals at this burial site were subadults. We sampled three individuals in our research include:

e 2013QZPGM2 (DA796) is an individual with only a few grave goods, including one
pottery jar, one stone axe, and a bronze knife.

e 2013QZPGM5 (DA797; cal. 1048-836 BCE, Beta-180102) is a juvenile aged 10-11
years. This individual was interred with the most abundant artefacts of any grave in the
group, including pottery, bronze and agate ornaments, seashells, and bone beads (fig. S10).

e 2013QZPGM6 (DA86Y; cal. 1014-836 BCE, Beta-583727) is a 6-7-year-old child who
has ambiguous sex characteristics. The only associated finding was a ceramic pot (fig.
S10).



Text S3: Ancient dietary information in human dental calculus

Dental calculus, a white/light-brown mineralized biofilm developed from dental plaque (fig. S13),
represents an excellent resource for studying the diet, health, and behavior of ancient populations
(78 -80), as well as the evolution of the oral microbiome (81 -83). Dental plaque biofilm entraps
diverse micro-remains from the mouth, including oral bacteria (>99%), host proteins, viruses, and
food debris (35, 84). Under specific oral environmental conditions (e.g., high calcium and
phosphate ion levels, low pH) (85), accumulated dental plaque on the surface of the teeth becomes
a mineralized matrix by building up layers during the life of the individual, thereby locking in
abundant biomolecules. Modern dental calculus consists of around 80-85% inorganic crystals
dominated by calcium phosphate, and about 15-20% organic remains composed primarily of oral
bacteria, along with a more minor component of micro-remains, including proteins, phytoliths,
starches, lipids, and DNA (85). Genomic and proteomic analysis of ancient human dental calculus
suggests that the vast majority (~83-99%) of organic compounds are bacteria, followed by oral
and immune proteins, with only a very minor component of proteins (~0.4%) and DNA (~0.01%)
originating from dietary sources (36, 81). Heavily calcified calculus has the potential to survive
for thousands, even millions of years (78), making it an invaluable material for archaeological
investigation.

Increasing research into ancient dental calculus over the past decade has greatly facilitated the
reconstruction of human diets. While most studies of dental calculus focus on recovering plant
dietary components through the analysis of phytoliths and starch remains (86), proteomic and
genomic research has recently begun to enable higher resolution identification of dietary
components absent or under-represented in microbotanic-based approaches. Several studies have
successfully extracted dairy proteins in calculus, including the milk of sheep, goat, cattle, horse,
and camel (23,25,26,34,37). Additionally, proteomics also has the potential to identify ancient
plant proteins from dental calculus, such as cereals, legumes, oil plants, fruits, and spices (40,87).

The extent to which it is possible to reconstruct ancient diets from food remains in calculus is still
not well understood for several reasons. Firstly, not all aspects of a person’s diet are recorded in
calculus; testing even modern samples reveals only a limited proportion of overall dietary breadth
(88). Secondly, the formation rate of calculus exhibits significant individual variability, as a result
of several factors, such as diet (with more protein and carbohydrate-rich diets supporting more
calculus formation), chewing activity, salivary flow rate, genetic factors, and concentrations of
calcium, phosphate, and silicon (89). Thirdly, the existence of notable biases in the adsorption
and/or preservation of different food remains (90). Power and colleagues (88) report that phytoliths
in chimpanzee calculus are a better reflection of long-lived dietary information than starch
remains. Research indicates that milk proteins are more likely to be detected through
palaeoproteomic methods than other food proteins, especially the whey protein -lactoglobulin as
a result of its notable resistance to enzymatic digestion, microbial proteolysis, and heat and acid
environments (34,38,91,92). Therefore, dietary information that becomes encased in calculus is to
some degree random, with concomitant challenges for dietary reconstruction, particularly with



regards to: 1) the full composition of an individual’s diet during their lifetime; 2) the intensity of
consumption of individual foods (91,93). It is important to note that while the presence of food
proteins allows particular foods consumed to be identified, the absence of dietary proteins does
not confirm that an individual did not consume a specific food. Despite these limitations, dental
calculus does directly document the consumption of particular foodstuffs in specific individuals,
sometimes with species-specific information about food sources and/or information about food
sources that is difficult or impossible to acquire through other methods, and can thus be an
extremely powerful tool for dietary studies in archaeology (36).
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Fig. S1. Dairy livestock in the prehistoric Tibetan Plateau. Taxonomically assigned milk
proteins (B-lactoglobulin) across all sites; the number represents the quantity of peptide spectral
matches to each taxonomic group (confident attribution indicated by black icons, indistinguishable
species attributions indicated in grey, details in Methods ‘protein identification’ section) (dataset
S4).



Fig. S2. The earliest studied skeleton from grave 2 (2017ZGM2) at Gepaseru. A goat skull
was buried near her feet; cattle and goat bones were also recovered from this burial (Photograph:
Shargan Wangdue).
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Fig. S3. MS/MS spectra showing Capra milk peptide from the dental calculus of the earliest
dairying individual in this research at Gepaseru (DA793, cal. 1500-1312 BCE) in western
Tibet.



Fig. S4. Excavation areas in the Sangda Longo burial cluster. Excavation areas shown in the
white squares (Photograph: Wei He).
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Fig. S5. MS/MS spectra showing whey protein BLG from the dental calculus of an elite burial
at Sangda Longgo (DA741, cal. 120-306 CE) in western Tibet (Above: Ovis; middle: Bovinae
or Ovis; below: Caprinae).
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Fig. S6. MS/MS spectra showing Capra milk protein BLG from an individual at Sangda
Longo (DA880, cal. 234-381 CE) in western Tibet.
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Fig S7. MS/MS spectra showing Capra BLG from an individual at Sangda Longo (DA881,
cal. 196 BCE - 4 CE) in western Tibet.
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Fig. S8. MS/MS spectra showing whey protein p-lactoglobulin (BLG) from Malang (DA735,
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Fig. S9. MS/MS spectra showing whey protein BLG from Khunglung Satra (DA808, cal. 250-
411 CE) in western Tibet (Above: Capra; below: Bovinae or Ovis).



Fig. S10. Human skeletons from Pukar Gongma on the northern Tibetan Plateau. A, A
juvenile aged 10-11 years in grave 5, accompanied by the most abundant grave goods of any burial
in this burial cluster. B, A 6-7-year-old child from grave 6, buried with only one ceramic vessel
(Photograph: Yuanhong He).
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Fig. S11. MS/MS spectra showing milk protein BLG from an individual at Pukar Gongma
(DAT97, cal. 1048-836 BCE) in western Qinghai (Above: Ovis; below: Bovinae or Ovis).
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Fig. S12. MS/MS spectra showing Capra BLG from Pukar Gongma (DA869, cal. 1014-836
BCE) in western Qinghai.
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Fig. S13. MS/MS spectra showing milk protein BLG from an individual at Ounie (DA742,
cal. 601-758 CE) in northern Tibet (Above: Ovis; middle: Capra; below: Bovinae or Ovis).



Table S1. The distribution of total land, cropland, and grassland in different elevation ranges
of the Tibetan Plateau (65,66,68,69).

. Total Cropland/ | Grassland/ | Relative Relative
Elevation A A % Cropland | Grassland | | ; f : f
(masl) rea rea (%) (km?) (km?) total area | total area | proportion of | proportion o

(km?) (%) (%) cropland (%) | grassland (%)
<2500 31,630 1.24% 3268 9856 10.3% 31.2% 24.9% 75.1%
2500-3500 | 356,651 14.03% 9364 145,154 2.6% 40.7% 6.1% 93.9%
>3500 2,154,019 | 84.73% 5071 1,584,303 | 0.2% 73.6% 0.3% 99.7%




Table S2. Summary of contextual information and dairy peptide identifications for the
individuals examined in the present study.

Region Site name Site code Lab code Elevation Milk protein taxa identified
2017ZGM2 DA793 Capra
2019ZGM6 DA736 No milk identified
2017ZGM10 DA800 Fail to pass preservation threshold
G 3943
epaser 2019ZGM7 DA871 Fail to pass preservation threshold
2018ZGM1 DA872 No milk identified
2019Z2GM4 DA873 Fail to pass preservation threshold
Khunglung Satra | 2019QLSZM1 DA808 4282 Capra, Bovinae or Ovis
1999ZPGM6 DA799 Fail to pass preservation threshold
Gelintang 4200
1999ZPGM7 DA870 Fail to pass preservation threshold
2017ZSM6 DA804 No milk identified
2017ZSM7 DA885 Fail to pass preservation threshold
2018ZSEM3 DA880 Capra
Western Tibet 2018ZSWM3 DA881 Capra
2018ZSM5 DA882 No milk identified
2019ZSEM25 DA883 No milk identified
Sangda Longo 2019ZSEM28 DA741 3700 Ovis, Bovinae or Ovis, Caprinae
2019ZSEM31 DA884 Fail to pass preservation threshold
2019ZSEM26:129 DA805 No milk identified
2019ZSEM26:179 DA886 Fail to pass preservation threshold
2019ZSEM26:182 DA806 No milk identified
2019ZSEM26:184 DA887 Fail to pass preservation threshold
2019ZSEM26:211 DA888 No milk identified
Jiweng 2018ZPJM7 DA877 4085 No milk identified
Malang 2019ZMM1 DA735 3910 Ovis, Bovinae or Ovis, Caprinae
Zhajiongema 2019BZM2 DA807 4648 Fail to pass preservation threshold
Northern Tibet
Ounie 2018BOM5 DA742 4654 Capra, Ovis, Bovinae or Ovis
2013QZPGM2 DA796 No milk identified
Western Qinghai Pukar Gongma 2013QZPGM5 DA797 4177 Ovis, Bovinae or Ovis
2013QZPGM6 DA869 Capra
2016LBQAM5 DA795 Fail to pass preservation threshold
Agangrong 2800
2016LBQAM13 DA738 No milk identified
Eastern Tibet Redilong 2002XCKM3 DA798 3260 Fail to pass preservation threshold
2019LYJQM1 DA739 No milk identified
Chugong 2243
2019LYJQM6 DA803 No milk identified
2017LZTCM1-60 DA794 Fail to pass preservation threshold
Thing 3314
2017LZTCM1-64 DA740 Fail to pass preservation threshold
2019RRNCM1 DA737 No milk identified
Central Tibet
Nubda 2019RRNCM4 DA875 3833 No milk identified
2019RRNCG DA874 No milk identified
Neu Lacok 2003LWZLIM6 DA889 3700 No milk identified




Table S3: Information of cropland area and archaeological sites in arable and non-arable
regions.

Cropland/

City/ Total area Cropland Total land Cropland soil Arable/

Prefecture (km?) area* (km?) (%) qualityt Non-arable§ Archaeological sites
Gepaseru, Jiweng, Khunglung

Ngari 337,175 30 0.01% 9.9 Non-arable Satra, Malang, Sangda Longo

Nagqu 352,192 79 0.02% 9.7 Non-arable Ounie, Zhajiongema

Yushu 210,300 134 0.06% # Non-arable Pukar Gongma

Nyingchi 114,215 264 0.23% 6.0 Arable Agangrong, Chugong

Qamdo 109,817 717 0.65% 8.8 Arable Redilong

Xigaze 179,903 1357 0.75% 8.9 Arable Nubda

Shannan 79,254 646 0.81% 8.2 Arable Thing

Lhasa 29,634 555 1.87% 8.9 Arable Neu Lacok

* We collected data from Mountain Geoecology and Sustainable Development of the Tibetan
Plateau (68).

T The soil quality of cropland is divided into 10 ranks (1-10) based on multiproxy investigations
by the department of agriculture and rural affairs of Tibet Autonomous Region in 2019, the
higher score means poorer soil quality for cultivation. (http://xzgbnc.org/show-121317.html).
8The percentage of cropland area/total land area = 0.2% was separated into arable group.

# Lack of investigated data from this region.



Table S4. Information on chronology, elevation, and age for individuals whose calculus

yielded dairy proteins.

Peptide
spectral
Proteomics Archaeological ID  Elevation  “C lab code Calibrated *C Conventional Osteological matches Species Identified
lab No. (Site name) (masl) (BCE/CE)* 14C age (BP) aget (PSMs)
DA793 2017Z2GM2 3943 GU55771 1500-1312 BCE 3149+/- 30 25-35 4 Goat
(Gerpaseru)
Sheep,
DA797 2013QZPGM5 4177 Beta-180102 1048-836 BCE® 2800+/-35 10-11 7 indistinguishable
(Pukar Gongma) sheep/cattle/yak
DA869 2013QZPGM6 4177 Beta-583727 1014-836 BCE 2790+/-30 6-7 3 Goat
(Pukar Gongma)
DA881 2018ZSWM3 3700 Beta-513146 196 BCE- 4 CE 2090+/- 30 40-50 3 Goat
(Sangda Longo)
Sheep,
2019ZMM1 3910 Beta-547974 indistinguishable
DA735 (Malang) 81-236 CE 1880+/- 30 ~25 6 sheep/cattle/yak,
indistinguishable
sheep/goat
Sheep,
2019ZSEM28 3700 Beta-543653 indistinguishable
DA741 (Sangda Longo) 120-306 CE 1850+/- 30 40-55 16 sheep/cattle/yak,
indistinguishable
sheep/goat
DA880 2018ZSEM3 3700 Beta-513147  234-381 CE 1760+/- 30 25-35 3 Goat
(Sangda Longo)
2017QLSZM1 4282 Beta-575047 el
DA808 250-411 CE 1720+/-30 25-35 5 indistinguishable
(Al sheep/cattle/yak
Satra)
Goat, sheep,
DA742 2018BOM5 4654 Beta-513157 601-758 CE 1380 +/- 30 40-55 26 indistinguishable
(Ounie) sheep/cattle/yak

* Date range reported as a 95.4% confidence interval, for more details see Methods ‘Radiocarbon
dating’ section.
1 Age estimation based on the morphological characteristics of human skeletons and teeth.

1 Dairy protein taxonomic assignment based on amino acid sequence (Methods ‘protein

identification’ section).
8AIl the radiocarbon dating results are newly presented with the exception of DA797 (6).



Supplementary Datasets S1-4. (separate file)
Dataset S1. Previously published domesticated animal bone evidence from archaeological sites

on the Tibetan Plateau
Dataset S2. OSSD assessment data for each studied individual
Dataset S3. Protein information of studied individuals and lab controls (search under OSSD)

Dataset S4. Peptide sequence information for Figure 3
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