The origins of metallurgy in China
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Archaeologists worldwide have shown much interest in the origins of metallurgy in China
(e.g. Mei 2005; Hanks ez al. 2007; Parzinger 2011; Fan ez al. 2012). Around 2200-
1700 BC, the Seima-Turbino Culture originated in the Altai Mountains of Central Asia
and spread across the Eurasian steppes (Chernykh 2004, 2008). The most iconic artefact of
this culture is the socketed spearhead with single side hook; these have been found across
the Eurasian steppes (Figure 1: 1-2). Two new observations of these spearheads suggest that
Seima-Turbino metal-casting technology was responsible for the development of metallurgy

in China.

Investigation and alloy compositions

The earliest metal spearheads from northern China (Figure 1: 4-5 & 7-10) can be classified
into two types. Type I is the Seima-Turbino spearhead, which has a hook and a triple-line
decoration near the end of the hook (Figure 1: 4 & 6). Type II is the Chinese imitation of
Type I, with a hook and a ring on opposite sides, but lacking the triple-line decoration (Lin
2015; Figure 1: 7, from the Qijia Culture at Shenna).

Recent research on cultural exchanges between the Seima-Turbino and other Bronze Age
cultures tested 16 pieces of Seima-Turbino spearhead fragments using XRF (Liu 2015).
Table 1 shows that nine were copper, five were copper-arsenic (Cu-As) alloys and only two
were copper-tin (Cu-Sn) alloys. Analysis of metal artefacts from the Erlitou site showed that
six were bronze, four were copper-lead-tin (Cu-Pb-Sn) alloys, two were copper and only one
was a Cu-As alloy (Jin 2000).

Previous research has shown that metal artefacts in central China were dominated by Cu-
Sn alloys (Table 2), and artefacts made of Cu and Cu-As alloys are less common. Cu-Sn alloy
artefacts from the Erlitou site account for 76.9 per cent. In contrast, only 12.5 per cent of
Seima-Turbino-style spearheads were of Cu-Sn alloy. The proportion of Cu (31.25 per cent)
and Cu-As (56.25 per cent) spearheads stands at 87.5 per cent (Table 2). Metal artefacts of
the Qijia Siba Cultures in Gansu and Qinghai provinces (which exhibit earlier features than
Erlitou sites) were dominated by Cu and Cu-As alloys (Sun & Han 1997). In terms of metal
composition, therefore, the Seima-Turbino complex in China demonstrates the early stage
of bronze-casting technology. The technology of the Erlitou site was, however, already at a
more advanced stage.

Among the 16 earliest spearheads so far known, only six have archaeological provenance:
one from the Shenna site and four from the Longshan Culture layer (¢. 2600-1900 BC)
of the Xiawanggang site in Henan (Lin 2015). This latter site also yielded a spearhead
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Figure 1. The Seima-Turbino spearheads and their imitations from the Ural Mountains to northern China.

hook fragment from the Erlitou Culture layer (Henan Institute of Archaeology 1989). That
spearhead was discarded during the Bronze Age of the Erlitou Culture (c. 1900-1500 BC)
(Liu & Chen 2012).

The jade pendants

One spearhead from the western Liao River area (with no archaeological context) is housed
at the Chaoyang Museum in Liaoning. Our research suggests that it was unearthed together
with a semi-annular jade pendant (of jade-huang), by a local farmer. This is attributed to
the Taosi Culture (c. 2500-1800 BC) (Gu 2015), a date contemporaneous with the Lower
Xiajiadian Culture (c. 2000-1400 BC).

Strassberg (2003; Shan Hai Jing) describes semi-annular jade pendants as part of ritual
ware from the Chinese Xia dynasty. He recounts that: “In his [the Xia sovereign, Qi] left
hand, he held a feathered pennant, in his right, a jade ring, and he wore a jade semicircle
[read, semi-annular jade pendant] on his belt” (Strassberg 2003: 168). The earliest
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Table 1. The element contents of Seima-Turbino spearheads.

Element contents/wt%

No. Place Type Cu As Sn Pb Bi Fe Ag Others Alloy type
1 Shanxi Crafts Museum 97.1 - 13 - 02 - - 14 Cu
2 Chaoyang Museum, Liaoning I 929 - 64 - - 02 - 0.5 Cu-Sn
3 Nanyang Museum, Henan #1 935 3.0 04 03 0.8 05 09 0.7 Cu-As
4 Shanxi Museum 960 03 32 - - — - 0.5 Cu-Sn
5  Shenna Site, Qinghai - - - - - - = - Cu
6 Xiawanggang Site, Henan #1 I 872 103 - - 1.8 04 - 04 Cu-As
7 Xiawanggang Site, Henan #2 944 40 - - 01 08 -— 0.5 Cu-As
8 Xiawanggang Site, Henan #3 963 116 - 05 02 09 - 0.4 Cu-As
9  Xiawanggang Site, Henan #4 - - - - - = = - Cu
10  Datong Museum, Qinghai 99.1 - 03 - - - - 0.6 Cu
11 Nanyang Museum, Henan #2 973 11 04 02 03 - - 05 Cu
12 Shaanxi Historical Museum - - - - Cu
13 Gansu Museum 975 07 - - - - - 1.8 Cu
14  Gansu Museum 94.7 0.4 1.7 3.2 Cu
15 National Museum 95.3 2.6 2.1  Cu-As
16  Nanyang Museum, Henan #3 967 04 14 - - 09 - 06 Cu
Table 2. The element contents of metal artefacts of the Erlitou Culture (Jin 2000).
Element contents/wt%
No. Implements Phase Cu As Sn Pb Ag Others Alloy type
1 Fragment I 90.7 0.1 7.4 1.3 02 0.3 Cu-Sn
2 Bronze block II 963 0.8 2.0 0.2 0.1 0.6 Cu-Sn
3 Hairpin 1I 97.5 0.1 0.2 0.6 0.1 1.5 Cu
4 Cone 111 940 45 0.3 - 0.1 1.1 Cu-As
5 Bronze block 111 943 06 1.5 1.2 0.6 1.8 Cu-Sn
6 Knife I 823 0.1 154 1.3 0.2 0.7 Cu-Sn
7 Fragment v 96.0 0.3 - 1.5 0.2 2.0 Cu
8 Cone v 96.6 0.1 1.6 14 0.1 0.2 Cu-Sn
9 Fragment v 863 02 4.1 1.6 0.1 7.7 Cu-Sn
10 Ring v 67.2 1.8 9.4 20.7 0.2 0.7 Cu-Sn-Pb
11 Jia (round-mouthed wine v 64 0.1 6.6 267 03 2.3 Cu-Sn-Pb
vessel with three legs)
12 He (round vessel with a v 628 0.1 139 223 0.2 0.7 Cu-Sn-Pb
closed spout)
13 Jia 1\ 90.0 0.2 5.0 4.5 0.3 — Cu-Sn-Pb

(securely dated) semi-annular jade pendant dates to the Neolithic period (2200-1600 BC)
in northern China. This type of ornament has been found at many early Bronze Age sites,
such as the Qijiang Culture sites in Qinghai and Gansu provinces, the Longshan Culture
sites in Shaanxi province and the Taosi Culture sites in Shanxi province. The ornaments can
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Figure 2. The semi-annular jade pendants from the Neolithic to the Bronze Age in China.

be divided into three groups. The first is represented by two semi-annular jade pendants,
dated to the Taosi Culture (2500-1800 BC) (Figure 2: 1-2). The second group refers to
the three divided ring pendants (Figure 2: 5-6), which are dated to the Bronze Age Qijia
Culture in Qinghai and Gansu provinces (2200-1600 BC) (Liu & Chen 2012; Gu 2015).
The third group are jade ring pendants dating to the time between the first two groups
(Figure 2: 3-4).

According to our investigation, the spearhead was excavated along with the semi-annular
jade pendant. We could, therefore, conclude that they are of the same date. Through the
study of the semi-annular jade pendant, the date of Seima-Turbino spearheads in China was
further determined. (Jade-huang of this type was also found in the Taosi and Qijia Cultures.)
The semi-annular jade pendant is, however, traditionally a ritual object in China. The
archaeological association of the pendant with the Seima-Turbino-style spearhead suggests
a transitional function for the latter—from weapon to ritual object.

Discussion and conclusion

To develop the theory on the origin of Chinese metallurgy further, two observations have
been made. First, a chronological observation suggests that the early spearheads have a
narrower head in the shape of a willow leaf with a hook and triple-line decorations (Figure 1:
2-3), whereas the later spearheads have a wider willow-leaf-shaped head but retain the
triple-line decoration (Figure 1: 1). The former type is similar to south Siberian Okunevo
culture spearheads (¢. 2400-1800 BC), while examples of the latter type are from the
Rostovka Cemetery near Omsk (Figure 1: 1) (Chernykh 1992; Svyatko ez al. 2009).
Spearheads of the latter type have also been discovered in China (Figure 1: 4). These
Chinese imitations are, however, in the shape of a broad leaf, without the triple-line
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Figure 3. A sketch map of cultures from the Neolithic to the Bronze Age in China.

decoration. The metal spearhead from Chaoyang has a narrower head in the shape of
a willow leaf but lacks a hook (Figure 1: 6). This is the same form as the Rostovka
Cemetery spearheads, and similar to the Seima-Turbino spearhead housed in the Shanxi
Crafts Museum. Examination of the Chaoyang spearhead indicates that it was made of a
Cu-Sn alloy.

The Niuheliang site, which yielded evidence for Chinese bronze casting, is very valuable
to the study of the origins of Chinese metallurgy (Li ez /. 1999). Although this site
was initially dated to the Hongshan Culture (c. 4500-3000 BC) (Liu & Chen 2012),
radiocarbon analysis has placed it at 33004300 to 34944340 cal BC, roughly correlating
in date to the Lower Xiajiadian levels at the site (An 2003; Gu 2015).

These new observations suggest that the distribution of metal spearheads from the
Seima-Turbino Culture to northern China represents the diffusion and spread of the
metallurgical technique. From the metallurgical perspective in particular, the bronze casting
of spearheads indicates the origin of piece-mould casting and core-casting technology,
which influenced the bronze vessel casting method in China. We therefore suggest that the
early Chinese metallurgy of the Lower Xiajiadian Culture in the western Liao River area can
be linked to the Seima-Turbino Culture; this technique had spread from the Altai Mountain
area to northern China via the Taosi Culture. After spreading to the Lower Xiajiadian
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Culture, it finally arrived at the Qijia Culture of Qinghai and Gansu provinces in the west

(Figure 3).
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