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Abstract 21 

The first millennium BCE was pivotal for the environment and for human societies in Central 22 

and Eastern Eurasia because transformations accelerated and altered natural and cultural 23 

landscapes to hitherto unknown dimensions. Among the major driving forces was the increasing 24 

use of horse riding, which extended range of movement significantly and led to the development 25 

of cavalry units as a part of large armies. Empires with enormous outreach and gravitational 26 

pull formed and disintegrated in close dependence. The wide spread of military technologies 27 

demonstrates their bonds, though mostly in the form of metal objects due to the inherent 28 

survivability of their materials. Equipment and protective clothing of organic material, albeit 29 

produced in large numbers and thus an economic and environmental factor, are rarely 30 

preserved. In Yanghai cemetery site, Turfan, the remains of one leather scale armour were 31 

discovered. In this study, the results of the AMS radiocarbon dating as well as the construction 32 

details of the Yanghai find are presented and compared with a contemporary armour of 33 

unknown origin in the Metropolitan Museum of Art New York (MET) and with finds and 34 

depictions from the Near East, the adjacent northern steppe areas and the territory of China. 35 
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The armour, datable to 786–543 cal BCE (95% probability), was originally made of about 5444 36 

smaller scales and 140 larger scales, which, together with leather laces and lining, had a total 37 

weight of ca. 4-5 kg. Our reconstruction demonstrates that it can be donned quickly and without 38 

the help of another person by wrapping the left part around the back, tying it to the right part 39 

under the right arm and fastening with thongs crosswise over the back to laces at the opposite 40 

hip parts. Fitting different statures, it is a light and highly efficient defensive garment. In age, 41 

construction details and aesthetic appearance it resembles the MET armour. The stylistic 42 

similarities but constructional differences suggest that the two armours were intended as outfits 43 

for distinct units of the same army, i.e. light cavalry and heavy infantry, respectively. As such 44 

a high level of standardization of military equipment during the 7th century BCE is only known 45 

for the Neo-Assyrian military forces, we suggest that the place of manufacture of both armours 46 

was the Neo-Assyrian Empire. If this supposition is correct, then the Yanghai armour is one of 47 

the rare actual proofs of West-East technology transfer across the Eurasian continent during the 48 

first half of the first millennium BCE, when social and economic transformation accelerated. 49 

 50 

Keywords 51 

Early Iron Age; Central Asia; Military technology; Defensive armour; Ancient leather 52 

garments; Knowledge transfer in Eurasia 53 

 54 

1. Introduction 55 

A recent global assessment of Holocene land use revealed that the environment of most 56 

inhabited regions was already largely transformed by 3000 years ago (Ruddiman, 2003; 57 

ArchaeoGLOBE Project, 2019). In Eurasia, among the major driving forces of altering the 58 

complex plant-animal-human relationship was the gradual drying of the eastern part of Central 59 

Asia, western and northern China due to climatic factors together with the expansion of 60 

agropastoralists with their herds and diverse crops (e.g. Wagner et al., 2011; Spengler et al., 61 

2016; Tarasov et al., 2019). Above all, the increasing use of horse riding has entirely changed 62 

economic and political life and contributed to the new phase of globalisation during the first 63 

millennium BCE. The use of the horse accelerated movement, increased the radius of actions 64 

and made the development of chariotry and cavalry as parts of large armies possible. 65 

All these factors resulted in greater mobility and faster changes in political conditions 66 

through temporary cooperation and competition. Between 3000 and 2000 years ago, empires 67 

and civilizations, such as Greek, Roman, Assyrian, Achaemenid, Parthian and Qin-Han-68 

Chinese, exerted an enormous outreach and gravitational pull. The so-called empires of the 69 
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steppe regions north of them, such as Scythians, Saka, or Xiongnu, had a comparably strong 70 

impact on environments, technologies and politics (e.g. Beckwith, 2009). In archaeological 71 

archives, their close bonds are visible, for example, in the spread of military technologies, 72 

though mostly in the form of metal objects. Equipment made of organic material, especially 73 

protective clothing is rarely preserved, although it was undoubtedly produced in large numbers 74 

and therefore an important economic and environmental factor. The exceptional case of the 75 

leather body armour we report in this paper highlights the closely interwoven knowledge 76 

network of Eurasia during the early first millennium BCE.  77 

Body armour is special garment for physical combat, i.e. an extra body of a different 78 

materiality (Coccia, 2020) that a fighter adds to his anatomical body to reinforce it to safeguard 79 

vital organs, but as far as possible without limiting his mobility. It is a gear for protection, 80 

intimidation and parade. The material and design of body armour depend on available 81 

resources, engineering skills, fighting styles, the aesthetics of a particular time, region and 82 

society, and the social status or rank of a warrior. Because of the costly materials and 83 

manufacturing, armours were considered so precious, that it was the privilege of the elite to 84 

wear them (Dezsö, 2012a; Dezsö, 2012b). Such armours were stored in palaces (Ventzke, 1986) 85 

or in treasuries (Schmidt, 1957) and handed down from one generation to the other rather than 86 

buried with the owner (Mänchen-Helfen, 1973, 241). In China, suits of armour were 87 

occasionally even presented as tribute to the imperial court (Laufer, 1914, 185; Ikeuchi, 1930, 88 

136). Laufer (1914, 262), for example, quotes a passage from the Records of the Three 89 

Kingdoms according to which the Sushen people from the area in Northeast China presented 90 

various types of armours made of leather, bone and iron to the Chinese imperial court in 262 91 

CE. 92 

However, the appearance of powerful states with big armies in the ancient world created also 93 

the necessity of less precious but nevertheless effective armours for ordinary soldiers. Scale 94 

armour is made of small shield-shaped pieces (of leather, bronze, or iron, depending on the 95 

period and culture) arranged in horizontal rows, the right edge of one scale overlapping the left 96 

edge of the following one (or vice versa), the rows from bottom to top sewn onto a backing, 97 

each upper row overlapping the lower one by about half so that all lacing thongs are covered. 98 

Ideally, the rows are offset laterally slightly, so that the edges of the scales of one row are 99 

partially overlapped by the row above, altogether resulting in a relatively smooth and 100 

contiguous protective surface of scales. Herodotus described the sight of Persian soldiers from 101 

the 5th century BCE, stating that “they wore on the bodies sleeved tunics of divers colours, with 102 

scales of iron like in appearance to the scales of fish” (Book VII: Godley, 1922, 378). Still 103 
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today, bullet-proof waistcoats made of metal scales covered by fabric are included among high-104 

priced personal protective equipment (Kim et al., 2019). 105 

The invention of scale armour is linked to the use of light and fast horse-drawn chariots as 106 

mobile shooting platforms (Littauer and Crouwel, 1979) or, even more important, as multi-107 

purpose special forces (Hulit, 2004) in battles in the Near East during the first half of the second 108 

millennium BCE (Dezsö, 2002). To keep the valuable and highly trained teams of horses and 109 

the chariots in action as long as possible, it was essential to protect the charioteers, who were 110 

in an exposed position above the infantrymen, with a shield-like cuirass, hard and yet light and 111 

flexible enough to allow fighting. Suits of armour made of bronze, iron and leather scales met 112 

those demands. Together with chariot warfare, scale amour spread west to Egypt and east to 113 

Iran by about the mid-second millennium BCE (Dezsö, 2003-2005). Dezsö (2002, 196) lists 114 

actual finds of scales from Egypt, Cyprus, Lebanon, Israel, Syria, Iraq, Turkey, Armenia and 115 

Iran dating from the 18th to 7th century BCE. However, no complete armour has been found as 116 

of yet. Hulit (2004, 110) even calculates that “all of the metal armour scales from the Near 117 

Eastern Late Bronze Age contexts put together do not add up to make a single complete coat of 118 

armour”. The best-preserved cluster of bronze scales – about 180 pieces – were excavated in 119 

Kāmid el-Lōz (Fig. 1) and date to ca. 1400 BCE (Ventzke, 1983, 1986).  120 

The practice of making different types of armour using leather scales or a combination of 121 

bronze and leather pieces is known from the cuneiform tablets of Nuzi (Fig. 1) from the late 122 

15th/early 14th century BCE (e.g. Lachemann, 1955; Kendall, 1979; Dezsö, 2002), but only in 123 

Egypt, in the tomb of Tutankhamun in Thebes (Fig. 1) (first regnal year 1353–1331 cal BCE: 124 

Bronk Ramsey et al., 2010), one complete example of leather scale armour escaped decay. Due 125 

to its fragile state when found in 1922, and even more so 70 years later, Hulit (2004) could only 126 

study individual scales, short rows of scales, and fragments of the lacing and lining. The 127 

construction of the whole cuirass, however, could not be established. Considering the weight 128 

of pure bronze scale armour which ranges between 15 and 25 kg according to reconstructions 129 

by Kendall, Zaccagnini and Dezsö (all cited in Dezsö, 2002) and by Ventzke between 10 kg 130 

(waistcoat) and 27 kg (long coat) (Ventzke, 1986, 179), light-weight leather or rawhide scales 131 

most likely have been used more commonly than the archaeological record might otherwise 132 

lead us to believe, particularly if their protective effect is comparably good, as Hulit (2002) 133 

proved by experiments. 134 

When Assyria, expanding in all directions during the first half of the 9th century BCE, 135 

became the dominating power in the Near East (Kessler, 1991), in addition to chariot troops all 136 

elite forces of the army, including spearmen, archers and slingers, were equipped with scale 137 

Jo
ur

na
l P

re
-p

ro
of



5 

 

armour; as for example the palace reliefs in Nimrud (Fig.1) show (Dezsö, 2012a, 99). Those 9th 138 

century BCE reliefs also present armoured cavalrymen. The Assyrians adopted the practice of 139 

mounted fighters from their north-eastern horse breading neighbours, but are credited with 140 

developing cavalry as independent unit of the army (Dezsö, 2012b, 13), which led to a growing 141 

demand for horses by the 8th century BCE and to the enlistment of foreign cavalrymen in the 142 

Assyrian army, who were likely equipped with Assyrian weapons and body armour (Dezsö, 143 

2012a, 99). According to Ryabkova (2014), finds in Zhabotin (Fig. 1) prove that scale armour 144 

spread north across the Caucasus already in the 8th century BCE. After ties between Assyria 145 

and the Scythians became closer in the early 7th century BCE because they allied against 146 

Cimmerians, Egyptians and Medes (Kessler, 1991), the number of scale armour finds in the 147 

Kuban River area increased, as can be seen for example at Kelermes kurgan 3 (Fig. 1) ca. 650 148 

BCE  (Černenko et al., 2006, 58; Galanina, 2007). After the early Scythians in 616 BCE and 149 

Assyrians in 612 BCE were defeated by the Medes, the surviving Scythians retreated to the 150 

territories north and east of the Black Sea bringing with them scale armour and spreading it 151 

rapidly and widely from the 6th century BCE (Černenko et al., 2006, 135). The majority of 152 

excavated bronze and iron scales reported from the Danube to the Ural River, however, come 153 

from tombs of the 5th to 3rd century BCE, and no example of leather scale armour has been 154 

described in the literature so far (Černenko et al., 2006; Ryabkova, 2010). Tribes in Siberia did 155 

not seem to have used scale armour. For example, the famous rich and well-preserved burials 156 

of Pazyryk and Arzhan (Fig. 1, Čugunov et al., 2010), did not contain any scales, and in Central 157 

Asia the oldest finds date to the 4th to 3rd century BCE (Černenko et al., 2006, 129). 158 

The Greeks adopted scale amour by contact with the Scythians and the Achaemenid Empire 159 

(550-330 BCE), although it remained foreign to them (Snodgrass, 1999, 91). In Greece no scale 160 

armour has been found to date, only single scales in temples regarded as consecration and in 161 

tombs as remains of booty (Karageorghis and Masson, 1975, 222). In two of the best depictions 162 

of Greek scale armour, as rendered on the famous gold comb from Solokha (Fig. 1), which 163 

dates to ca. 400 BCE (Alekseev, 2007), it is worn by Scythians: one bearing an all-scale corselet 164 

– the so-called “Oriental style” – and the other part-scale (i.e. scaled only on the chest area), 165 

which can be understood as the “new Greek type” (Snodgrass, 1999, 91).  166 

War chariots comparable to Assyrian types were introduced to the capital region of the 167 

late Shang kingdom no later than 1200 BCE from outside China (Wang, 2002), but there is no 168 

evidence for bronze scale armour at that time. So far only one fragmentary find has been 169 

reported from the royal cemetery site at Houjiazhuang, Anyang, Henan province (Fig. 1, Liang 170 

and Gao, 1970). The excavators assumed that it was a lacquered leather armour, but since only 171 
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the lacquer coating remained, the structure underneath could not be determined. Some 42 172 

bronze plates from the Western Zhou period (1046-771 BCE) tomb 18 in the Pudu site (Fig. 1), 173 

reported as parts of armour, have holes in all four corners but were not found in overlapping 174 

position as would be the case for scale armour (CASS Institute of Archaeology, 1988). Body 175 

armour made of plates of different material was widely used in central, south-central, and 176 

northern China from the mid-first millennium BCE. However, the predominant type of armour 177 

in central China was lamellar (Dien, 2000a, 18), i.e. the plates or lamellae were arranged side 178 

by side in rows, with the rows one above the other, not sewn to a backing, but rather joined 179 

through perforations in all corners and/or along all sides tied with strings or leather laces 180 

(Thordeman, 1939, 244-255). Because the plates neither horizontally nor vertically overlap 181 

substantially, the joining laces mostly stay visible at the surface. Scale armour is regarded as 182 

foreign in China (Dien, 2000b, 24).  183 

To date, no complete scale armour of whatever material from the mid-second to late first 184 

millennium BCE had been excavated in the wide area from the Mediterranean to the Yellow 185 

Sea. The situation changed dramatically, however, with the excavation at the Yanghai cemetery 186 

site in Northwest China in 2013 of one nearly complete and fairly well preserved body armour 187 

made entirely of leather scales (Fig. 1). The armour was found in tomb IIM127 (Turfan 188 

Administration of Cultural Relics et al., 2019, 354-355) and first compared with defensive 189 

armour from the central plains of China by Chen (2019).  190 

In this paper, we present the archaeological context of the Yanghai leather scale armour, its 191 

first absolute age determination, and the technical details including graphic reconstruction of 192 

the shape and manner of wearing. In the discussion, we compare it with one contemporary scale 193 

armour from the Metropolitan Museum of Art, New York (La Rocca, 2002, 42-43), and 194 

published finds from the Near East, Egypt and China in order to assess the significance of the 195 

Yanghai find in view of the early history of ancient body armour technology.  196 

 197 

2. Material and methods 198 

2.1. The Yanghai cemetery 199 

The Yanghai cemetery archaeological site (Fig. 1) is located about 43 km southeast of the 200 

modern city Turfan in the north-eastern part of the Tarim basin and at the rim of the great 201 

Taklamakan desert. The cemetery was discovered by local villagers in the early 1970s. Since 202 

2003, a team of the Cultural Relics Bureau of Turfan Prefecture and the Xinjiang Institute of 203 

Cultural Relics and Archaeology has excavated 521 tombs in an area of about 54,000 m2 204 

(Turfan Administration of Cultural Relics et al., 2019). In this published excavation report, the 205 
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tombs are assigned to four chronological periods (I to IV) dated to the 13–11th, 10–8th , 7–4th  206 

centuries BCE and 3rd century BCE to 2nd century CE, respectively. Because of the extremely 207 

arid climate of the area (Domrös and Peng, 1998), a large quantity of organic materials 208 

including textiles, leather, wood as well as human, animal and plant remains is naturally 209 

preserved and triggered a number of specialised studies focused on individual plants (e.g. Jiang 210 

et al., 2006, 2007, 2009) or material objects (e.g. Beck et al., 2014; Kramell et al., 2014; 211 

Wertmann et al., 2020). 212 

As more information continues to be gained by analyses of these archaeological findings, 213 

the richer and more multifaceted our picture of the former inhabitants of the Turfan Basin 214 

becomes. The people living there in the first millennium BCE did not leave their own written 215 

accounts, meaning that before archaeological fieldwork started they were only known through 216 

Chinese historical sources (Sinor, 1990; Zhang and Rong, 1998), which associated them with 217 

the Cheshi (Chü-shih) state. According to the Book of Han (Chapter 96: Mallory and Mair, 218 

2000, 143-144), the Cheshi state occupied the wider Turfan area during the second half of the 219 

first millennium BCE and its population practiced an agropastoral lifestyle bringing forth 220 

proficient horse riders and archers (e.g. Ghosh, 2008; Li et al., 2013). Thanks to ongoing 221 

fieldwork, now the actual state of their technical knowledge can be deduced from the well-222 

preserved remnants of their equipment. 223 

 224 

2.2. Yanghai site grave IIM127  225 

Grave IIM127 (Fig. 2), which contained the armour discussed in this study, is a simple 226 

vertical rectangular pit (depth 1.32 m, length 1.65 cm, width 0.84 m) opening 0.2 m below the 227 

topsoil (Turfan Administration of Cultural Relics et al., 2019, 354). The skeleton of one male 228 

deceased of about 30 years age was incomplete. At the time of discovery, only the skull, femur, 229 

and hip bone were found on a wooden framework (length 1.5 m, width 0.6 m, height 0.18 m), 230 

indicating either post-burial disturbance of the grave or a secondary burial. Scattered on and 231 

beside the wooden bedstead were two horse cheek pieces (from horn and wood), five wooden 232 

pegs, several pottery vessels (a single-handled jar, pot, cup, and bowl), a wooden comb, a 233 

wooden fire drill, and the skull of a sheep. Beneath the bed, only partly protruding on its western 234 

long side, lay the leather scale armour. In addition to two large fragments, various smaller, loose 235 

pieces of leather were found, which may have originally belonged to the body armour. 236 

 237 

2.3. The Yanghai leather scale armour 238 
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The excavation report describes two large and generally well-preserved fragments of one 239 

body armour (IIM127:11-1 and IIM127:11-2) consisting of more than 5000 scales, presumably 240 

of cow rawhide, laced together and onto a thin leather lining (Turfan Administration of Cultural 241 

Relics et al., 2019, 355, 356, fig. 608, table 224.8). Partial deterioration and material loss 242 

especially of the lining led to the detachment of a considerable amount of scales so that the 243 

original design of the armour could not be recognised or easily reconstructed. In 2015, the 244 

armour was examined by a joint team of the Turfan Museum and German Archaeological 245 

Institute in a training course on the conservation and restauration of archaeological leather finds. 246 

The technical data in this paper is based on the observations and documentation made at that 247 

occasion and later supplements by the authors. 248 

When choosing the material for determining the absolute age of the armour, we followed the 249 

regulations of the Turfan Museum. For the purpose of this study, we were able to obtain one 250 

direct AMS 14C date from a plant thorn that dug deep into a leather scale. Careful visual 251 

inspection suggested that the thorn most likely represents the final stage of the armour’s lifespan 252 

before burial. Earlier archaeological works in Yanghai (e.g. Jiang et al., 2006, 2007, 2009) 253 

clearly demonstrated that short-lived plant materials provide very reliable dates. On the contrary, 254 

the AMS dating of a leather stripe sample from a first millennium BCE grave from the 255 

Shengjindian archaeological cemetery in the Turfan oasis revealed a clearly older age than the 256 

associated plant remains (Li et al., 2013). This indicates that the hide processing may influence 257 

the age determination, and justifies our choice of plant material for dating the period of use of 258 

the armour. 259 

In order to deduce the overall form of the armour, the technique by which it was constructed, 260 

and the way it might have been worn, we measured the pieces of the backing, the laces and the 261 

scales, counted the scales and rows, measured the horizontal overlap of the scales and the 262 

vertical overlap of the rows, and based on the obtained measurements calculated the original 263 

length of rows and the height of the different parts of the armour. In order to determine the 264 

place of the shoulder flaps, which were found detached, we tested several possibilities and 265 

present the currently most plausible solution. 266 

 267 

3. Results 268 

3.1. Dating of the scale armour from the Yanghai cemetery grave IIM127 269 

Based on the examination of the tomb construction and artefact typology, grave IIM127 was 270 

assigned by the excavators to the 7th to 4th century BCE (Turfan Administration of Cultural 271 

Relics et al., 2019, 625; Chen, 2019, 33). The obtained 14C date (Poz-74942: 2515±30 14C BP) 272 
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converted into calendar years using the IntCal20 calibration curve (Reimer et al., 2020) and the 273 

OxCal v4.4.2 software package (https://c14.arch.ox.ac.uk/oxcal.html; Bronk Ramsey, 1995) 274 

ranges between 786 and 543 cal BCE (95.4% probability). This date helps to verify the 275 

typologically defined age of the burial and establishes the excavated object as the oldest 276 

currently known leather scale armour in Eurasia. 277 

 278 

3.2. Technical data of the Yanghai leather scale armour  279 

3.2.1. Shape and size of the scales 280 

We have found three different types of scales, which are all about 3 mm thick, basically 281 

rectangular in shape, but different in size (Table 1, Fig. 3). The first type, which comprises the 282 

majority of scales, measures 25 mm in length, 15 mm in width, and weighs ca. 0.5 g (Fig. 3 A). 283 

Each scale has a rounded lower right corner and one row of three vertical slits pierced 3 mm 284 

below the top edge. We counted 4011 scales still attached to the big fragments of the armour 285 

and 1148 loose scales, i.e. altogether 5159 scales of this type.  286 

The second type (length 80 mm, width 15 mm, weight 2.7 g) is substantially smaller in 287 

number (56 attached and 59 loose scales, 115 pieces in total) (Fig. 3B). It shows the same 288 

rounded lower right corner, but three rows of three slits, one 6 mm from the top edge, another 289 

32 mm from top, and one 20 mm from the lower edge.  290 

The third type (28 scales combined in one single, unattached row and 39 loose scales, 67 291 

pieces in total) is 70 mm long and 20 mm wide, weighing 1.6 g, having two rows of slits, one 292 

12 mm from the top and the other 12 mm from the bottom edge, but without a rounded corner 293 

(Fig. 3C). The slits in all three scale types are exactly 4 mm long and pierced neatly with the 294 

same distance to each other (4.5 mm) and to the sides of the scale (3 mm). Given that the third 295 

type of scales forms a band that was found loose and no scale of this type were detected on the 296 

big fragments, its original position and use remain unclear, leaving open the possibility that it 297 

was not part of this armour. However, remains of a leather string at the lower edge of this band 298 

indicate that it was attached to something at sometime in the past. 299 

Given that all of the scales of each type are nearly identical in shape and size, we assume 300 

that they were cut from a piece of leather using hard-material stencils, templates, or shaped 301 

punches. The scales are coloured red along their cut edges. So far, no chemical analyses have 302 

been made to identify the type of pigment and the hide processing method. Traces of a dark and 303 

glossy substance observed on the surface of the armour scales indicate that the leather was 304 

possibly treated with fat or oil to make the scales more resistant to moisture. Similar ways of 305 

leather processing in areas with arid climatic conditions such as the Turfan basin are also 306 
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attested for other regions, for example, Egypt (Van Driel-Murray, 2000, 303; Veldmeijer and 307 

Laidler, 2008, 1216).  308 

 309 

3.2.2. Arrangement of the scales 310 

The scales of all three types are arranged in horizontal rows and connected by leather laces 311 

passing through the incisions. The right edge with the rounded corner consistently overlaps the 312 

left edge of the following scale, with no change of direction observed. Each scale overlaps about 313 

half of the following scale. The same lace serves to sew the scales onto the soft leather lining 314 

underneath. However, only at every second loop does the lace pass through the lining (indicated 315 

in yellow on Fig. 4).  316 

The mass of small scales (type I) makes up the main part of the armour. The rows are fixed 317 

onto the backing from bottom to top laterally offset by one third of a scale’s width, each upper 318 

row overlapping the lower one by about half of a scale’s height so that slits and sewing laces 319 

are covered (Fig. 5). This arrangement results in two essential features: (A) in an overlapping 320 

of three and partly four scales, hence adding up to a total thickness of the armour of about 12 321 

mm, plus the 1-2 mm thick lining, and (B) in a smooth surface geometrically structured by the 322 

many small arcs of the right rounded corners which dominate the view. Such an effect of 323 

producing a symmetrical lower edge pattern by overlapping asymmetrical scales was also 324 

observed at the Tutankhamun armour (Hulit, 2002, fig. 41). Both a technical and aesthetical 325 

reason for the rounding of the exposed lower right corner of the scales is that, compared to a 326 

rectangular edge, this shape is less prone to curl up over time. 327 

 328 

3.2.3. Construction of the scale armour 329 

Examining the leather finds of grave IIM127 in 2015, we noted not only two large fragments 330 

of the body armour and loose scales, but further pieces, detached scale row segments, thin 331 

leather sheets with traces of sewing and leather bands of different thicknesses. It was impossible 332 

to ascertain whether all these leather fragments originally belonged to the body armour or to 333 

other items, for example, boots or a leather helmet, or to equipment like horse harness and 334 

trappings, as the cheek pieces suggest. We therefore concentrated on assembling the fragments 335 

which most plausibly belonged to the scale armour: the front cover with remains of attached 336 

side panels (Figs. 6 and 7 A-1), the end of the proper left side panel (Figs. 6 and 7 A-2), and the 337 

shoulder flaps (Figs. 6 and 7 A-3, A-4).  338 

In order to deduce the overall form of the armour, its construction technique and the way it 339 

might have been worn, we first took a closer look at the inside (Fig. 6A). The lining of the 340 
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Yanghai body armour consists of several parts (Fig. 6B): (L1 – L5) the front cover with two 341 

triangular additions at the top and two trapezoid additions at the bottom, (L6) the proper left 342 

panel, (L7) and the proper right-side panel. The outside of the armour shows a seamless scaly 343 

surface (Fig. 7), except for the two fragments which were identified by the excavators as 344 

shoulder flaps (Fig. 6: A-3, A-4, B L8, L9, 7 A-3, A-4). The garment did not have sleeves.  345 

Due to decay at some edges and deformation of the leather, the size of the pieces could only 346 

be approximated by measuring the remaining fragments, counting the scales and rows and, 347 

based on the observed overlap, calculating the original length of rows and height of the parts.   348 

 349 

3.2.4. Front part 350 

The rectangular front piece of the backing reaching from the neck to the lower edge of the 351 

bottom fringe is 67.5 cm long at the right side, at the left side about 3 cm shorter, at top and 352 

bottom ca. 45 cm wide. Two triangles extend the neckline by ca. 6 cm at each side towards the 353 

shoulders and two trapeze-shaped pieces widen the bottom fringe by ca. 10 cm to the right and 354 

the left (Fig. 6B), giving the front cover an hourglass shape. Stitching holes along the edges, 355 

where the five lining pieces meet, indicate that these pieces were originally sewn together. 356 

However, no threads are preserved. Now they are held together by the rows of scales connected 357 

to them. 358 

Vertically the front cover in its central part is composed of 23 rows of type I scales from the 359 

neckline to the point where the side panels attach and 22 rows from there to the one row of the 360 

long type II scales. Beneath are another 13 rows of type I scales on the proper right side and 10 361 

rows on the proper left side. The neckline has 57 scales, the shortest row just above the side 362 

panels is 45 scales wide and the first line beneath the type II scales row has 56 scales. 363 

The lower section of the scale armour from hip to thighs (Figs. 6 and 7) appears intentionally 364 

made asymmetrical. With only 10 rows of scales, the proper left side is shorter than the proper 365 

right side with 13 rows. Starting below the fourth row of scales, a triangular-shaped piece of 366 

the backing is incised but not completely cut out and left free of scales (Fig. 8). This separation 367 

of the loin-thigh part into a longer cover for the right thigh and a shorter cover for the left thigh 368 

leaves an opening at the crotch which makes the mounting of a horse or horse riding more 369 

convenient. 370 

 371 

3.2.5. Right and left side parts 372 

Between the triangles and trapeze-shaped pieces at the height of the waist, two rectangular 373 

pieces of lining (Fig. 6) covered with scales (height: 22 rows type I scales plus 1 row type II 374 
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scales, i.e. ca. 28 cm) are attached to the central rectangle stretching to both sides (Fig. 7). The 375 

right one (length: ca. 35 scales) covers the right side. But the left one is longer (length ca. 60 376 

scales) and could be wrapped around the lower back, ending underneath the right arm of the 377 

wearer. The upper three rows of the longer left panel protrude by 3 scales and form a rounded 378 

tab (Fig. 9). Using this tab, the wearer could grab the panel and pull it behind his back to the 379 

right side, place it over the shorter right panel and fasten it with laces to the right hip (Fig. 7B). 380 

Our first experiments with a reconstruction made of leather according to the original 381 

measurements showed that the side parts naturally slant downwards over the back when put on 382 

and only fit tightly in this way. Notably, the protruding tab of the left side panel meets the lace 383 

on the right-side hip for fastening. Seen from the outside, this middle section looks like a 384 

compact waistband with a total length of 140 scales (Fig. 7), which is finished off at the bottom, 385 

at the height of the hip, by a continuous row of type II scales.    386 

 387 

3.2.6. Shoulder flaps 388 

Two smaller pieces of trapezoidal shape (Figs. 6 and 7 A-3, A-4) were found detached, their 389 

original place at the armour could not be unambiguously ascertained. In the excavation report 390 

they were presented as the two shoulder flaps which seems very likely (Turfan Administration 391 

of Cultural Relics et al., 2019, table 224.8). The question, however, is how they were attached 392 

to the front part. Both flaps are nearly equal in height, i.e. 11 overlapping rows of scales 393 

equalizing to ca. 12.5 cm, but they differ in width because one is damaged at one side. Flap 1 394 

has a fully intact leather backing made up of one bigger and one smaller patch (Fig. 6A-3).  395 

Therefore, we assume that a length of 29 scales (ca. 29.5 cm) on one side and 20 scales (ca. 396 

20.5 cm) on the other was its original size and the form with one almost straight and one 397 

diagonal side intended. The leather laces attached at both sides for fastening the flap to other 398 

pieces are well visible (Fig. 6A-3). At flap 2 the nearly straight side is intact, but from the other 399 

side scales have fallen off and the ends of the ribbons hang loose. Only 20 scales (ca. 20.5 cm) 400 

in the first (lowest) row and 13 scales (ca. 13.5 cm) in the last (upper) row (Fig. 6 and 7A-4) 401 

are preserved. Although it is not possible to be certain, we assume for the time being that this 402 

shoulder flap was the same size as the other one. The main difference between the flaps is that 403 

the straight edges are at opposite sides of the pieces regarding the overlap of the scales and 404 

rows. If we assume that the straight sides were tied to the front part where deformations caused 405 

by strong pull are still well visible (Fig. 10), the uppermost row would in both cases be next to 406 

the neck and the overlap of the scales, i.e. the stroke direction of an opponent’s weapon, would 407 

point away from the neck, then flap 1 would have been placed on the proper left side and flap 408 
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2 on the proper right side of the armour (Fig. 7). This position seems most plausible to us 409 

because it allows the scales to slide up smoothly when the arms and shoulders were raised. In 410 

which way the diagonal ends of the flaps were pulled tight, however, remains an open question 411 

because the armour does not have an upper back part. It is conceivable that a strap ran from 412 

each flap crosswise over the back and was tied to the laces which are still attached at the height 413 

of both hips (Fig. 7). This construction type is known from the apron-like armour of some 414 

terracotta warriors of the first Chinese emperor Qin Shi Huang, who died in 210 BCE ( Liu, 415 

2003; Fig. 11). 416 

 417 

3.2.7. Weight 418 

To estimate the weight of the complete Yanghai armour according to our reconstruction, we 419 

made the following calculation: 5444 type I scales × 0.5 g = 2722 g plus 140 type II scales × 420 

2.7 g = 378 g, which results in a total weight of 3100 g. Adding the lining and laces, the whole 421 

armour might have had a total weight of approximately 4–5 kg. 422 

 423 

3.2.8. Brief summary  424 

To sum up, the Yanghai armour has the form of an apron-like waistcoat protecting mainly 425 

the front of the torso, hips, the left side and the lower back of the body. It can be put on quickly 426 

and without the help of another person by wrapping the left waist part around the back, placing 427 

the end above the right waist part and securing the ties under the right arm. Then, the shoulder 428 

flaps with straps are thrown from the front to the back and possibly tied crosswise to laces at 429 

the opposite hip areas. This design fits people of different statures, because width and height 430 

can be adjusted by the thongs. It is a light, highly efficient one-size-fits-all, defensive garment 431 

for soldiers of a well-organized army. Short overall length, smoothly covering the proper left 432 

side and leaving freedom of movement for the right arm, it seems the perfect outfit for both 433 

mounted fighters and foot soldiers, who have to move rapidly and rely on their own strength. 434 

The cheek pieces of a horse harness which were found in tomb IIM127 may indicate that the 435 

tomb owner was indeed a horseman.  436 

 437 

4. Discussion 438 

Noticeably, no scale armour, not even a single armour scale of leather or other material, were 439 

found in any of the other 520 excavated tombs of the Yanghai cemetery. Nor are any finds of 440 

scale armour known from other archaeological sites of the second and early first millennium 441 

BCE in Northwest China. In terms of overall shape, construction and size/shape of the scales 442 
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and their arrangement all together, there is currently no direct parallel to the Yanghai armour 443 

anywhere in the world, other than the example in the Metropolitan Museum of Art. However, 444 

meaningful matches of some aspects can be found and will be discussed in this chapter. 445 

 446 

4.1. Comparison with the scale armour from the Metropolitan Museum of Art, New York  447 

The closest analogue to the Yanghai armour concerning material, scale shape and 448 

arrangement, age and basic features of construction is a leather scale armour in the Department 449 

of Arms and Armor in the Metropolitan Museum of Art (MET) in New York (accession 450 

number: 2000.66a-c) (Fig. 12). Based on measurements provided by the curatorial and 451 

conservation team of the MET and the joint evaluation of photographs and online discussions 452 

of the most plausible interpretation, we calculated the lengths of scale rows and heights of the 453 

armour’s parts based on the observed horizontal and vertical overlaps of scales and rows. Future 454 

analyses will provide more precise knowledge about this object, help to verify the assumptions 455 

made in this paper, and hopefully clarify some of the remaining open questions. 456 

The place of origin of the MET armour is unknown. However, the age of the armour could 457 

be established based on two samples taken from loose leather scales, which were sent to the 458 

AMS radiocarbon dating laboratories at Beta Analytic Inc. Miami (sample 1) and ETH Zurich 459 

(sample 2) and dated to 2480±40 14C BP (Beta-126351) and 2285±85 14C BP (ETH-19983), 460 

respectively. With a probability of 95.4%, sample 1 dates to the interval 773–421 cal BCE, and 461 

sample 2 to 746–58 cal BCE (object files, Department of Arms and Armor, MET, New York). 462 

These results indicate that the MET armour may well have been made at about the same time 463 

as the Yanghai armour (dated to 786–543 cal BCE). 464 

Apart from local instability and deterioration, the MET armour is almost complete. The 465 

conservation report states that cow hide was used to fabricate the scales and lining, which may 466 

have been tanned with brain, oil, and/or smoke. The scaled torso of the MET armour is stiffer 467 

than that from Yanghai because its lining is about double in thickness. It has an overall height 468 

of up to ca. 80 cm at the front and is ca. 35 cm wide at the chest (Fig. 12A), and thus appears 469 

taller but slimmer. Additionally, attached to the bottom edge of the front-proper-left-side part 470 

it had a multi-layered skirt of relatively thin sheets of pliable leather, measuring ca. 50-60 cm 471 

in length (Fig. 12B, C), which was folded into the torso.  472 

 473 

4.1.1. Shape, size and arrangement of the MET armour scales 474 

Similar to the Yanghai armour, the MET armour has one dominant type of small scales that 475 

make up the main body, and one type of taller scales that form a single belt-like row all around 476 
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the waist. Both type I and type II scales have three vertical slits for lacing cut in regular distance 477 

below the straight top edge, and the bigger scales have another line of three slits above the lower 478 

edge, but no slits in the middle. The lower rim of the MET scales is fully rounded (not only one 479 

corner as in the case of Yanghai), but has a notch at one corner similar to the Yanghai scales. 480 

The reason for the scales being rounded must be the same for both armours. Moreover, despite 481 

the different ways of rounding, the outer surface pattern of the MET armour looks the same as 482 

the Yanghai armour, because in both cases, only the notched and rounded corner remains visible 483 

when the scales overlap. 484 

Proportional to the overall bigger suit, both main types of the MET scales are somewhat 485 

bigger than the Yanghai scales (Table 1) but the arrangement is the same: the scales in one row 486 

overlap about half of the next, the rows are sewn onto a lining, thicker than the Yanghai lining 487 

but still flexible, the rows overlap by about half of a scale’s height and offset laterally by about 488 

one third of a scale’s width. 489 

 Different from the Yanghai scale arrangement is the change of overlapping direction at the 490 

MET armour. Starting from the two vertical outer edges of the armour, the scales of each row 491 

overlap with the notched corner always pointing towards a spine that runs vertically up the 492 

centre of the back of the armour, where the rows meet. The spine is formed by a third type of 493 

ridged leather scale of butterfly shape, the side edges of which are overlapped by the outermost 494 

scales of each abutting row and closes the gap between them. The backs of the spine-scales 495 

form a vertical ridge that runs down the entire back of the armour. The height of the spine-496 

scales corresponds to the height of scales type I and II, but their wings make them two times as 497 

wide. Because for each row only one spine-scale is needed there are 39 pieces for the rows of 498 

small type I scales and 1 piece for the one row of big type II scales.  499 

This scheme of reversing the overlap direction at the spine was observed in the scale armour 500 

fragments from Tell Ahmar site (Fig. 1) dated to the 9th century BCE. Based on the changing 501 

position of lacing holes on the scales, De Backer (2013a, 26, fig. 160) proposed they meet at 502 

the front and the rear of the wearer. Different from the MET armour, however, one scale is 503 

placed on top and not beneath the spot where the two rows meet. The same scheme as in Tell 504 

Ahmar also occurs in later armours from China, e.g. the stone scale armour of the terracotta 505 

warriors in the burial complex of the first Chinese emperor (Fig. 13) (Shi Huang Ling kaogudui, 506 

2001, 16, 26) and the iron scale armour of the King of Qi (died 179 BCE) (Fig. 14) (Shandong 507 

Linzi Museum et al., 1987, 1041). Additionally, in these Chinese armours the overlap direction 508 

changes once more at the centre of the front. This technique of changing the overlap direction 509 

Jo
ur

na
l P

re
-p

ro
of



16 

 

of armour scales was still common for Tibetan lamellar armours until around the 15th to 17th 510 

century CE (La Rocca, 2006, cat. nos. 1, 2, and 3). 511 

It is striking that, like the Yanghai scales, the MET scales are also coloured red along the 512 

edges. Differently, however, the scales along the neckline have a dark brown surface forming 513 

a stepped triangle pattern at the chest and a linear border along the upper edge of the centre 514 

back (Fig. 12). Rows of interlocking light and dark stepped triangles resembling merlons are a 515 

recurring motif in Yanghai on wood and ceramic vessels as well as textiles, for example, on 516 

woollen trousers (Beck et al., 2014, 228). Whether the colour of the lighter scales represents 517 

the natural patina of the leather or the remains of a certain dye is unclear yet, because the surface 518 

of the lighter scales was pretty much completely eliminated by insects, whereas the dark-brown 519 

scales were not affected.  520 

 521 

4.1.2. Construction of the MET scale armour 522 

The form and some constructive details, particularly at the shoulders and the bottom edge, 523 

could not be established with certainty because the armour, despite some conservation 524 

treatment, remains in a rolled form and cannot be laid out flat for full examination of the inside 525 

and outside. Overall, the MET armour is designed in such a way as to wrap around the whole 526 

torso. It is sleeveless and closes at the proper right side like the Yanghai armour, but covering 527 

also the upper back where the shoulder flaps are attached. To put on, the high panel at the proper 528 

right side is first placed over the right chest, then the front is folded over it and fastened with 529 

thongs under the armpit. A pair of corresponding thongs preserved at the type II scale waist 530 

band starts from near the spine and is long enough to tie the armour close at the front (Fig. 531 

12A). The front shows rudiments of shoulder covers, which are two scale rows high. How the 532 

shoulder flaps from the back were attached there, however, has not yet been clarified. They are 533 

of a different width and only made of plain leather, which is an extension of the interior lining 534 

(Fig. 12A). Remains of straps are visible by which flap 2 might have been fastened to the inner 535 

right-side panel. Perhaps, the detached scaled piece, in shape and size comparable to the 536 

Yanghai shoulder flaps, belonged on one of the shoulders (Fig. 12C, lower right corner of the 537 

picture) indicating different forms of shoulder covers on the right and left side. The body armour 538 

of the terracotta soldiers of the first Chinese emperor Qin Shi Huang (Fig. 13) and the King of 539 

Qi (Fig. 14) had a shoulder part on the left side that was firmly attached to the front and back, 540 

while only the right side was open and had to be tied close. Perhaps the MET armour was 541 

constructed in that way, too.  542 
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  Similar to Yanghai, the scales of the MET armour continue over the area of the lower 543 

abdomen and loins, and is likewise asymmetrical, with one side having more rows of scales 544 

(12) and the other less (7), but offset laterally around the body so that the triangle cut into the 545 

lining is not at the front, but at the back beneath the tailbone. The thick lining continues about 546 

20 cm to form a short tight skirt. A second longer skirt of about 50 cm is made of several layers 547 

of very fine leather sewn onto the interior lining at the base of the main skirt, but on the proper 548 

right side only and reaches from the right side to the centre back (Fig. 12B, C). The base seam 549 

is covered by the lowest row of scales. Because of the fragility of this subsidiary skirt, it cannot 550 

be fully opened yet, and therefore we can only estimate its length and width. It appears that the 551 

long skirt was intended to cover the front and left thigh to the wearer’s knees, leaving the rear 552 

of his right thigh open. This type of asymmetrical wraparound skirt was characteristic for 553 

slingers, spearmen, and archers of the Neo-Assyrian heavy infantry as depicted on the reliefs 554 

of the palace in Nineveh (Fig. 15A) and described by Dezsö (2012a).  555 

To sum up, the MET armour matches the Yanghai armour in many essential constructional 556 

and aesthetic details: scales, backing, laces and thongs are made exclusively of leather 557 

(rawhide); the shape of the scales is not identical but similar enough (one notch and rounded 558 

corner) to form the same surface pattern when scales and rows overlap; all scales have red 559 

edges; two sizes of scales – the small type is used for the main part, the big type only for one 560 

row at the waist; it is wrapped around the body so that the proper left side of the wearer is 561 

seamlessly covered and the armour tied close with thongs at the proper right side; asymmetrical 562 

loin cover with a cut-out triangle. However, the MET armour differs in the placement of this 563 

lowest part and its extension by a multi-layered skirt of soft leather, a stiffer and stronger, less 564 

flexible torso. The stylistic correspondence but slightly differing functional specifics suggests 565 

that the two armours were designed as outfits for different units of the same army: the Yanghai 566 

armour possibly for light cavalry (Fig. 15B), the MET armour perhaps for heavy infantry (Fig. 567 

15A). Such a degree of standardization of military equipment about the 8th to 5th century BCE 568 

was only reached by the Neo-Assyrian army after the reforms of Sennacherib (704-681 BCE), 569 

but particularly under his successor Assurbanipal (668-631 BCE) when the importance of heavy 570 

infantry and cavalry (and possibly, the production of scale armour) reached its peak (Dezsö, 571 

2012b, 160ff; De Backer, 2013b, 186ff).   572 

 573 

4.2. The place of the Yanghai armour in the evolution of scale armour in Eurasia 574 

Neither in the Near East, the core area of scale armour invention at the end of the second 575 

millennium BCE and flourishing during the 7th century BCE, nor in Central or East Asia do 576 
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earlier or contemporary complete objects exist that can be compared with the Yanghai armour. 577 

What is available for comparison are individual or groups of scales, depictions of persons 578 

wearing armour, and textual references from the period. Even though the cuneiform tablets of 579 

Nuzi (Lachemann, 1955; Kendall, 1979; Dezsö, 2002) mention leather scales, the only ones 580 

that could be verified previously were those found in the tomb of Tutankhamun. Hulit (2004, 581 

104, fig. 6) identified in that group a variety of large and small pointed scales with differing 582 

numbers of lacing holes along the top and both long edges (Table 1). In outline, number and 583 

placement of the lacing holes, i.e. the technique of assembling the scales, they correspond to 584 

the bronze scales excavated in Kāmid el-Lōz (Ventzke, 1986, 168, fig. 28), but they are smaller. 585 

The same can be observed when comparing the majority of the Yanghai type I leather scales 586 

with contemporary metal scales: for example, from Khutor Krasnoe Znamya mound 9 (bronze) 587 

(Černenko et al., 2006, 58, pl. 19.334), Kislovodsk “Industrija” grave 4 (bronze) (Černenko et 588 

al., 2006, 58, pl. 19.335), Kelermes mounds 19, 24, 29 (bronze, iron) (Ryabkova, 2010, 101), 589 

Zhabotin (bronze, iron) (Černenko et al., 2006, 34, pl. 2.51, Ryabkova 2014) and Ziwiye (gold) 590 

(Černenko et al., 2006, 129) (see Fig. 1 for the site locations). They match in outline, number 591 

and placement of the lacing holes, but the leather scales are smaller than the metal scales (Table 592 

1). The MET scales are larger than the metal ones, indicating that also during the 8th to 6th 593 

century BCE the scale size differed.  594 

There are two important features that distinguish the Yanghai and MET scale armours from 595 

the older specimen in Kāmid el-Lōz dated to ca. 1400 BCE. First, the variety of scale size has 596 

been reduced. In one suit of armour only one size of scales is used for the main part and a 597 

second bigger type of scales only for the waistline. Second, the method of construction has been 598 

simplified. The scales are only connected to each other and to the backing by three holes or slits 599 

at the upper edge. Černenko et al. (2006, 126) recognized the appearance of this new assembling 600 

technique at the beginning of the first millennium BCE, with the armour of Pharao Sheschonk 601 

I (946-925 BCE) as the oldest example. However, the old technique was not fully replaced until 602 

the 7th century BCE. These improvements in simplification and standardization were 603 

preconditions for serial production to meet the needs of the growing Assyrian army, particularly 604 

when large numbers of foreign troops were employed under Sennacherib and Assurbanipal and 605 

had to be outfitted with Assyrian gear (Dezsö, 2012b, 34; De Backer, 2013b). Although scale 606 

armour became more common defensive equipment, the rank of its wearer could still be 607 

expressed through the choice of materials and design. Leather was likely the most practical and 608 

economical material for the large numbers of heavy infantry and cavalry soldiers, while metal 609 

(bronze, iron, gold) – more expensive and time consuming to work – was reserved for the elites. 610 
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Evidence is provided by hundreds of mostly single armour scales made of bronze and iron, for 611 

example, from the late 8th-late 7th century BCE site of Fort Shalmaneser at Nimrud (Oates, 612 

1959; Mallowan, 1966, 410; Dezsö, 2003-2005) (Table 1, Fig. 1), as well as depictions on 613 

contemporary stone reliefs of soldiers predominantly dressed in waist-long scale armours 614 

composed of rectangular-shaped scales with rounded edges (De Backer, 2013a; De Backer, 615 

2013b). 616 

The Ziwiye scales in Mesopotamia and all scales north of the Caucasus where suits of bronze 617 

and iron scale armour and the knowledge of their manufacturing technology were brought 618 

during the 7th century BCE (or even already by the mid-8th century as Ryabkova (2014) 619 

assumes) show the new fastening technique (Černenko et al., 2006). After the end of the Near 620 

Eastern campaigns of the early Scythians and the fall of the Neo-Assyrian Empire, the Scythians 621 

further developed and spread scale armour production (Černenko et al., 2006, 128-129). South 622 

of them, the Persians continued to dress heavy infantry and cavalry in scale armour as known 623 

from texts, but comparatively few actual scales of the Achaemenid period (6th-4th century BCE) 624 

remain (Dezsö, 2012b, 26, footnote 101), for example, from the sites of Persepolis and 625 

Pasargadae (Schmidt, 1957, pl. 77; Muscarella, 1988, 212; De Backer, 2012, 11ff) (Table 1). 626 

In comparison with the Yanghai scales, these scales appear less standardized, as indicated by a 627 

larger variety of sizes, lacing holes and shapes. It should be noted, however, that no 628 

comprehensive study has so far been published on Achaemenid scale armour based on actual 629 

finds. In the case of the armour scales from Persepolis, a small selection has been measured and 630 

digitized by the Oriental Institute of the University of Chicago. In addition, armoured personnel 631 

are not depicted in detail in palace reliefs. Thus, there is little knowledge about the Achaemenid 632 

forms of scale armour and their manufacturing, which makes it difficult to compare them with 633 

the Yanghai scale armour. 634 

In eastern China, one armour find of the Western Zhou dynasty period (1046-771 BCE) in 635 

Pudu (Fig. 1) is always referred to as marking the onset of metal body armour production in 636 

China (Liu, 2003) where the rectangular shape and size of the bronze plates (Table 1) could be 637 

recognized (CASS Institute of Archaeology, 1988). They are substantially bigger than the Near 638 

Eastern bronze scales and have holes at all four corners indicating a different fastening 639 

technique without imbrication. No other metal scale finds are reported from the following 640 

centuries. Instead, several armours made of lacquered leather have been excavated that mark 641 

the height of early leather armour production in China during the Eastern Zhou period (770-642 

256 BCE) (Yang, 1992, 91). They come from south-central and northern China, for example: 643 

Xianrentai site (Shandong University Department of Archaeology, 1998), Baishizidi site 644 
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(Xinyang Cultural Relics Management Committee, 1981), and Yuehe site (Nanyang Institute 645 

of Cultural Relics et al., 1997), but mostly from the ancient state of Chu, i.e. the modern 646 

provinces of Hubei and Hunan and date to the 5th-4th centuries BCE (Fig. 1). Even though in 647 

most cases the leather was decayed leaving only the lacquer coat behind, 12 suits of armour 648 

from the tombs of Marquis Yi of Zeng in Sui county, modern Suizhou city (CASS Institute of 649 

Archaeology, 1989, 332-352), and 28 suits from the Jiuliandun tomb 1 in Zaoyang county 650 

(Wang, 2016) could be reconstructed (Fig. 1). The material used for the armour from the tombs 651 

of Marquis Yi of Zeng was identified as cow rawhide (CASS Institute of Archaeology, 1989, 652 

333). In the case of the armours from Jiuliandun, the leather was decayed, leaving only the 653 

lacquer coating preserved. In total, 7 different types of armours were identified. Most of them 654 

consisted of larger scales differing in shape and size, some of them more than 17 cm long and 655 

more than 13 cm wide. One type of armour, for example armour M1:242, consists of smaller 656 

scales. Here, the scales forming the front and back piece were 6-6.2 cm long, 4.8-6.2 cm wide, 657 

and they had up to 16 holes for connecting laces of either silk or leather. The shape and size of 658 

the smaller scale type armour resembles the Pudu plates; their assembling technique, however, 659 

differs (for reconstructions of these armours see CASS Institute of Archaeology, 1989, 335; 660 

Wang, 2016). Early textual evidence such as the Zuo zhuan, i.e. the Commentery of Zuo 661 

completed around 300 BCE, frequently refers to the use of rhinoceros (xi pi), buffalo and wild 662 

ox hide as well as the use of red lacquer as protective and ornamental coating (for an English 663 

translation see Legge, 1872) in the late Spring and Autumn period (see also Laufer, 1914, 181-664 

182, 190; Robinson, 2002, 126-128). Actual finds of this type of armour, however, have so far 665 

not been uncovered. Thus, at the time when the Yanghai armour was made and used, leather 666 

armour was also manufactured in the kingdoms of eastern China, but in a fundamentally 667 

different technical and aesthetic tradition.  668 

In the extended tomb complex of the first Chinese emperor Qin Shi Huang, who died in 210 669 

BCE, the masses of life-size terracotta soldiers and finds in sacrificial pits present a very 670 

different picture. Altogether four types of body armour with variants for heavy infantry, cavalry 671 

and chariotry have been documented (Dien, 2000b, 27-30 and citations therein) and interpreted 672 

as imitations of lacquered leather armours (Yang, 1978, 116; Dien, 1981, 11). Particularly the 673 

cavalry armour, i.e. waistcoats without shoulder guards, closely resemble the Yanghai armour 674 

(Fig. 11). It is therefore conceivable that the construction of the Yanghai body armour was the 675 

forerunner of the apron-like armour worn by some of the terracotta warriors (Liu, 2003).    676 

The actual finds of 87 suits of armour in pit K9801T2G2 (Shi Huang Ling kaogudui, 2001) 677 

are most interesting because, comparable to Near Eastern scale armour, the plates are small and 678 
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imbricate horizontally, the rows vertically (Fig. 13). However, in the Chinese fashion, they have 679 

a straight lower edge and a high number of holes (Table 1) through which they are tied with 680 

bronze wires. The armours of pit K9801T2G2 look like wearable waistcoats, were they not 681 

made of stone platelets with a weight of 35-40 g (big scales), 25-30 g (small scales) each. 682 

Therefore, they are regarded as imitations of metal scale armour, of which none from the time 683 

of the first emperor, i.e. 3rd century BCE has been found to date. Both textual (Laufer, 1914, 684 

189) and archaeological evidence (see for example Yang, 1976, 32-43; Dien, 1981, 11; Yang, 685 

1992, 214-220) indicate that iron scale armours became increasingly popular from the 2nd 686 

century BCE, perhaps influenced by the nomadic, possibly Scythian type of scale armours 687 

(Laufer, 1914, 200; Dien, 1981, 13). Two very representative suits of armour made of 2244 and 688 

2142 iron scales and interlaced with hemp threads from the tomb of the King of Qi could be 689 

reconstructed (Shandong Linzi Museum, 1985, 253-254; Shandong Linzi Museum et al., 1987; 690 

Liu, 2003, 36-37). Still, the hole-at-all-sides lacing technique is retained, but new is the use of 691 

proper rounded scales for chest, abdomen, back and arm cover (Fig. 14). The suit originally had 692 

a leather lining covered with silk, and a border of brocade.  693 

To sum up, the Yanghai scale armour, while unique as a documented find from the Turfan 694 

oasis and all of Northwest China, almost certainly represents a type that was professionally 695 

produced in large numbers to outfit the troops of a big army. It bears all the technical signs of 696 

the Near Eastern scale armour tradition and mostly closely resembles the scale waistcoats for 697 

armoured cavalrymen invented in Assyria in the 9th/8th century BCE and most widely used to 698 

equip Neo-Assyrian forces during the 7th century BCE. Since the absolute age of the Yanghai 699 

armour ranges from 786–543 cal BCE, it might have been manufactured either under Assyrian 700 

reign or their Persian successors or by people who brought the technology to the steppes. In any 701 

case, it is currently the only actual find of a Near Eastern style leather scale armour with clear 702 

archaeological context. It does not signal the start of a production tradition in western China of 703 

its own, but rather the fact that the knowledge was there earlier then assumed so far. Likely it 704 

is related to the increasing mobility in eastern Central Asia (Wagner et al., 2011), as indicated 705 

by a noticeable genetic influx from Caucasus/Iranian-Plateau/Transoxiana identified in ancient 706 

DNA of individuals from Mongolia and the Baikal region and dated to ca. 750 BCE, i.e. ca. 707 

200 years before the formation of the Achaemenid empire (Jeong et al., 2020). 708 

The use of scale armour in Central Asia by the end of the first millennium BCE has been 709 

corroborated by a number of depictions (discussed for example by Dien, 2000a). When China 710 

had need of military equipment, mass production for large armies under the reign of the first 711 

emperor Qin Shi Huang (221–210 BCE) and the succeeding Han dynasty (206 BCE–220 CE) 712 
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intensified outreach towards the West, the knowhow was available for being merged with their 713 

own eastern lamellar technology and garment fashion. 714 

 715 

5. Conclusions 716 

In grave IIM127 of the Yanghai cemetery site, Turfan, Northwest China, the extensive 717 

remains of one leather scale armour consisting of more than 5000 scales was discovered and 718 

AMS radiocarbon dated to the time interval from 786 to 543 cal BCE (95% probability). The 719 

shape and size of the scales, their technique of fastening and the construction of the armour 720 

could be studied and the overall form and functionality of the armour reconstructed. By 721 

comparison with a contemporary armour of unknown origin in the Metropolitan Museum of 722 

Art New York (MET) and finds and depictions from the Near East, the adjacent northern steppe 723 

areas and China, we reached the following conclusions.  724 

(1) According to our reconstruction, a total of 5444 small and 140 big scales were originally 725 

used for the armour; together with leather laces and lining adding up to a total weight of ca. 4-726 

5 kg. The scales overlap horizontally, the rows vertically, by which a regular surface pattern is 727 

created.  728 

(2) The Yanghai armour is an apron-shaped waistcoat covering front, groin, sides and lower 729 

back. It can be put on quickly and without the help of another person by wrapping the left part 730 

around the back, tying it at the right hip and fastening the shoulder flaps, with thongs crosswise 731 

over the back to laces at the opposite hip parts. Fitting different statures, it is a light and most 732 

economic one-size-fits-all, highly professional defensive garment. The cheek pieces of a horse 733 

harness, which also were found in tomb IIM127, indicate that the tomb owner was a horseman.  734 

(3) In age, construction details and aesthetic appearance its closest parallel is the MET 735 

armour. The stylistic correspondence but functional specifics make the two armours appear as 736 

outfits for different units of the same army: the Yanghai armour possibly for light cavalry, the 737 

MET armour perhaps for heavy infantry. This degree of standardization of military equipment 738 

at the time under discussion was a characteristic feature of the Neo-Assyrian forces in the 7th 739 

century BCE. With all of the above in mind, we suggest that both leather scale armours were 740 

manufactured in the Neo-Assyrian Empire. 741 

Whether the wearer of the Yanghai armour himself was one of the foreign soldiers in 742 

Assyrian service who was outfitted with Assyrian equipment and brought it home, or he 743 

captured the armour from someone else who was there, is a matter of speculation. Without the 744 

survival of even one actual complete scale armour from an Assyrian context, the available 745 

evidence (i.e. in particular representations on stone reliefs) is not enough to make a definitive 746 
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judgment on the precise origin of the scale armour from Yanghai. What it does establish, 747 

however, is that the Yanghai armour is one of the rare actual proofs of West-East technology 748 

transfer across the Eurasian continent during the early first millennium BCE when social and 749 

economic transformation accelerated. 750 
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 1009 

Figure and table captions 1010 

 1011 

Fig. 1. Map showing the location of the Yanghai graveyard archaeological site in the north-1012 

eastern part of the Turfan depression and other sites referred to in this article. For better 1013 
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orientation, modern state borders are shown (red lines), as well as the main lakes, rivers and 1014 

topographic features.   1015 

 1016 

Fig. 2. Yanghai tomb IIM127 plan with location of finds. After: Turfan Administration of 1017 

Cultural Relics et al., 2019, 354, fig. 606. 1018 

 1019 

Fig. 3. Yanghai leather scale armour: types of scales. A – scale type I (ca. 5159 pieces 1020 

preserved), B – scale type II (ca. 115 pieces preserved), C – scale type III (ca. 67 pieces 1021 

preserved). Photos: P. Wertmann, drawings: I. Elkina. 1022 

 1023 

Fig. 4. Yanghai leather scale armour: interlacing of the scales type I and sewing on the backing. 1024 

Photo: P. Wertmann, drawing: I. Elkina. 1025 

 1026 

Fig. 5. Yanghai leather scale armour: arrangement of the scales type I showing the overlapping 1027 

and total view of the surface. Drawing: I. Elkina. 1028 

 1029 

Fig. 6. Yanghai leather scale armour (IIM127:11): main fragments inside, view of lining. A-1 1030 

front cover with remains of attached side panels, A-2 end of proper left side panel, A-3, A-4 1031 

shoulder flaps; B – scheme of the several parts of lining (L): L1-main front piece, L2, L3-two 1032 

triangular additions at the chest part, L4, L5-two trapezoid additions at the hip-thigh part, L6-1033 

proper left side panel (including the end piece), L7-proper right side panel, L8, L9-shoulder 1034 

flaps. Photos: D.L. Xu, P. Wertmann, M. Yibulayinmu, drawing: I. Elkina.  1035 

 1036 

Fig. 7. Yanghai leather scale armour (IIM127:11): main fragments outside, view of scales. A-1037 

1 front cover with remains of attached side panels, A-2 end of proper left side panel, A-3, A-4 1038 

shoulder flaps; B – reconstruction. First wear test with a simple reconstruction made of leather 1039 

showed that the side panels only lay smoothly against the back when inclined downwards. This 1040 

way, the rounded tab protruding at the top of the longer left side panel meets the point where 1041 

the lace on the proper right-side hip was attached and likely served to fasten the tab. Photos: 1042 

D.L. Xu, P. Wertmann, M. Yibulayinmu, drawing: I. Elkina.  1043 

 1044 

Fig. 8. Yanghai leather scale armour (IIM127:11): crotch piece. Photos: P. Wertmann. 1045 

 1046 
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Fig. 9. Yanghai leather scale armour (IIM127:11): end piece of proper left side panel, A – 1047 

inside, B – outside. Photos: P. Wertmann. 1048 

 1049 

Fig. 10. Inside view of attachment points of the shoulder flaps where the neckline is deformed 1050 

by the pull. A – proper left side, B – proper right side. Photos: P. Wertmann. 1051 

 1052 

Fig. 11. A – Remains of leather straps at both sides’ hip position of the Yanghai armour. B – 1053 

Fastening of the apron-shaped armour of Qin Shi Huang’s terracotta soldiers at the hips with 1054 

straps running crosswise over the back. Photo: P. Wertmann, Drawing after: Liu, 2003, 24. 1055 

 1056 

Fig. 12. Leather scale armour from the Arms and Armor Collection of the Metropolitan 1057 

Museum of Art, New York (accession number: 2000.66a-c). A – front view with skirt folded 1058 

inside, B – face up, view from proper right side, C – face down, view from proper right side, 1059 

with one detached scaled piece which might have been a shoulder flap. The Metropolitan 1060 

Museum of Art, New York, Purchase, Arthur Ochs Sulzberger Gift, 2000. Photo: Department 1061 

of Arms and Armor, The Metropolitan Museum of Art. 1062 

 1063 

Fig. 13. Stone platelet armour from pit K9801 of the burial complex of the first Chinese emperor 1064 

Qin Shi Huang, Xi’an, Shaanxi province (Fig. 1). A – front view, B – top view of the neck 1065 

opening, platelet on centre back (spine) is under the platelets coming from the sides (arrow 1), 1066 

platelet on centre front (chest) is on top the platelets coming from the sides (arrow 2), C – front 1067 

view of neck, proper left shoulder closed, proper right shoulder open and to be fastened with 1068 

two thongs and a toggle. After: Shi Huang Ling kaogudui, 2001, 16, fig. 16, 26, fig. 30, 31. 1069 

 1070 

Fig. 14. Han dynasty scale armour from the tomb of King of Qi, Zibo, Shandong province (Fig. 1071 

1). A – Reconstruction of armour laid out flat, B – Reconstruction of armour worn. After: 1072 

Shandong Linzi Museum et al., 1987, 1093, fig. 9, 13. 1073 

 1074 

Fig. 15. A – Assyrian infantry archer in scale armour depicted in a relief from the south west 1075 

palace of Sennacherib (reigned 704-681 BCE) in Nineveh (Fig. 1); B – Assyrian cavalry archer 1076 

in scale armour depicted in a relief from the palace of Assurbanipal (reigned 669-631 BCE) in 1077 

Nineveh. Photos: The Trustees of the British Museum. 1078 

 1079 
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Table 1. Size of scales/platelets from different sites, periods, and material with their number of 1080 

lacing holes/slots and shape in chronological order. The location of the sites is shown on the 1081 

map (Fig. 1). 1082 
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Armour from Age  

in years 

BCE, ca. 

Material Smallest 

scale type  

L x W in 

cm 

Biggest 

scale type  

L x W in 

cm 

Most 

frequent  

scale type  

L x W in 

cm 

Number of 

lacing 

holes/slits 

Shape of 

lower 

edge 

Publication 

Kāmid el-Lōz 1400 bronze 3.9 x 1.5 9.0 x 
2.4/2.6 

6.2 x 2.4 5, 7, 7 pointed Ventzke, 1986 

Tutankhamun, Thebes 1320 leather 2.5 x 0.9 5.8 x 2.4 unknown 5, 7, 9 pointed Hulit, 2004 

Pudu 1046-771 bronze 10.4 x 4.0 7.2 x 4.2 7.2 x 4.2 4 straight CASS Institute of 
Archaeology, Fengxi 
Team, 1988 

Fort Shalmaneser, SW7, 
Nimrud 

late 8th – 
late 7th c. 

bronze, iron 2.4 x 1.5 
 

6.3 x 1.4 unknown varies round, 
straight 

Mallowan, 1966, 410; 
Muscarella, O., 1988, 
317-321. 
 

Yanghai 786-543 leather 2.5 x 1.5 8.0 x 1.5 2.5 x 1.5 3 half 
round, 
notch 

this publication 

Khutor Krasnoe 
Znamya, mound 9 

mid-7th c. bronze   3.4 x 2.0 3 round Černenko et al., 2006, 
58, pl. 19.334 

Ziwiye late 7th c. gold 5.0 x 1.9 8.5 x 1.8 unknown 3 round Černenko et al., 2006, 
129  

Kislovodsk, “Industrija” 
grave 4 

2nd half 
7th c. 

bronze   3.4 x 2.0 3 round Černenko et al., 2006, 
58, pl. 19.335 

Kelermes, mounds 19, 
24, 29 

late 7th c. bronze, iron 3.0 x 2.5 1.4 x 1.1 1.6 x 1.3 3 round Ryabkova, 2010, 101 

Zhabotin late 
7th/early 
6th c.  

bronze, iron 2.5 x 2.0 1.8 x 1.4 unknown 2 round Černenko et al., 2006, 
34, pl. 2.51 

Persepolis 550-330  bronze, iron 1.6 x 1.2 4.7 x 4.4 unknown 2, 4, 5 straight, 
round 

Schmidt, 1957, pl. 77 

Pasargadae, Tall-i 
Takht, Room 94 

4th c. iron 1.2 x 2.8 unknown unknown ? round Muscarella, 1988, 
212. 

Qin Shi Huangdi burial 
complex, pit 
K9801T2G2, Xi’an 

died 210 stone 4.8 x 4.1 6.8 x 5.8 4.8 x 4.1 8, 12 straight Shi Huang Ling 
kaogudui, 2001 

King of Qi, Zibo died 187 gilded iron 3.0 x 2.5 4.0 x 3.2 3.2-3.5 x 
2.4-2.6 

8, 6, 10 round Shandong Linzi 
Museum et al., 1987 
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