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A Study on the Origin of Chinese Lost-wax Casting
from the Perspectives of Art, Technology, and Social Agency
Peng Peng
Princeton University

Recently it has been hotly debated whether the lost-wax technique really existed in Bronze Age China.
As my study has verified,1 however, Eastern Zhou lost-wax castings, such as the famous jin (altar table)
from Henan Xichuan 淅川 Xiasi 下寺 M2 and the zun-pan (wine service) set from Hubei Suixian 隨
縣 Leigudun 擂鼓墩 M1, make it clear that early Chinese foundries could well have relied on using
section molds even after they had already begun to use the lost-wax process with sophistication. This
means that it is possible that Chinese casters had mastered lost-wax or similar processes considerably
earlier. The question remains, was the lost-wax process independently developed in China, or was it
introduced or perhaps its development stimulated from outside? When, where, why, and how was the
art of lost-wax casting transmitted? At present there are three main hypotheses: (1) that the lost-wax
process was developed locally in China from the earlier method of “burn-out” casting, (2) that the lostwax process was introduced from the southwest, and (3) that the lost-wax process was introduced
from the north. I will test these hypotheses using known archaeological materials and look for new
clues.

HYPOTHESIS NO. 1: INDEPENDENT INVENTION IN CHINA?
Eastern Zhou lost-wax castings make it clear that early Chinese foundries still relied on using section
molds in many cases even when they had already learned to use the lost-wax process at a

1 My study, presented in the 78th Annual Conference of SAA (Society of American Archaeology) at Honolulu, 4/2013, is in
press.
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sophisticated level. This makes it possible that Chinese casters might have mastered lost-wax or
similar processes considerably earlier. Barnard has found fiber-like imprints on the swing handle of
some early bronzes in the lingnan 嶺南 region (Guangdong, Guangxi, and Hainan provinces), but no
“mold mark” is visible, showing that its model might have been made of a rope that would then have
been incinerated and cleared away.2 According to Barnard, such a “lost-cord” process emerged in the
lingnan region no later than the beginning of the Spring and Autumn period.3 Tan also observed a
similar phenomenon in even earlier bronzes.4 For instance, the swing handle of a double-owl you in
the Shanghai Museum, attributed to the Anyang period (c. 1200–1050 B C ) (Fig 1.1, 2) is designed as an
intertwined rope, on which neither a mold mark nor an erased trace has been found; however, on
both ends of the handle, the mold mark appears with the imprint of a string bundle (see Fig 1.3). 5

2 Barnard 1996 (Chinese version, Sichuan Wenwu 4 [1996]): 75; Hua 1999: 179.
3 Hua 1999: 179.
4 See Tan 2007a (most points of this article were published earlier in Tan 1994).
5 Tan 2007a: 38.
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Figure 1. Double-owl you in the Shanghai Museum. Anyang period. H.20.5 cm. (1)
Vessel, (2) the swing handle, and (3) its diagram. Sources: Chen 2004: 312, Pl. 153; Tan
2007: Fig 5.
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According to Tan, the manufacturing procedure for this swing handle was as follows: the rope
model with the string-tied loop at the ends was coated with the investment mold, which was made
sectional only around the “loop”; afterward the rope-model was burnt to ashes by baking and the
ashes cleared off from the “loop” areas; after the small “section-molds” around the loops were
reassembled, the molten bronze was then poured in, and the handle was finally cast.6 According to
Tan (1994), a swing handle with the same features has also been found on another Anyang-style vessel,
in the Changsha Museum of Hunan.7 Actually, according to Tan’s observations, a rope-like swing
handle without a mold mark appeared no later than the Transition Period (c. 1300 B C ), represented by
a hu from Beijing Pinggu 平穀 Liujiahe 劉家河 (Fig 2).8 Later examples include three yan from Anhui
Tongling 銅陵 in the Spring and Autumn period (Fig 3).9 These artifacts, according to Tan, were all
made by Barnard’s “lost-cord” process, or more generally, the “burn-out” process, in the term bestowed
by Tan himself.10

6 Tan 2007a: 38–39; Hua 1999: 179–180.
7 Tan 2007a: 38; Hua 1999: 180.
8 Tan 2007a: 38; 2007b: 491.
9 Tan 2007a: 38; Hua 1999: 180.
10 Tan 2007a: 38; Hua 1999: 180.
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Figure 2. Hu from Beijing Pinggu Liujiahe. Transition Period, c. 1300 B C . Vessel (left)
and its swing handle (right).

5
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Figure 3. One of the three yan from Anhui Tongling, in the Spring and Autumn
period. H. 58.2 cm. Vessel (1) and details of the swing handle (2–4). Sources: 1 & 2:
Zhongguo gudai yishu zhuzao xilie tushuo (No. 39): color plate, Fig 2, 3 & 4: Zhou et
al. 2007: Figs 12.1, 12.2.
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Tan’s “burn-out” examples include not only the supposed “lost-cord” cast pieces mentioned
above, but also other bronzes in the following categories: (1) artifacts that have narrow and deep
sunken decorations throughout the body and are cast from a limited number of section molds, such as
the depiction of a tiger from Jiangxi Xingan 新干 (c. 1300 B C ) (Fig 4.1), and an Eastern Zhou nao bell
from the Zhejiang Changxing 長興 (Fig 4.2).11 According to Tan, when a mold section is removed from
the model in a certain direction, some protruding ridges that remain on it, corresponding to the
groove-shaped ornaments of the model, would unavoidably be broken off (see diagram, Fig 4. 3).12 (2)
Artifacts with indented ornaments having an opening narrower than the interior, such as the gui of
the Spring and Autumn period from Zhejiang Changxing (Fig 5.1–2; for corresponding diagram, see Fig
5.3).13 (3) Artifacts with hooked undercutting ornaments, such as the nao bell from Jiangxi Xingan (Fig
6).14 According to Tan, for all these artifacts, the mold decoration cannot be kept intact when
removing the mold section from the model. Thus, his “burn-out” process had to be adopted in the
manufacture of all these artifacts.15 As Tan argues, the model for such items had to be (at least partly)
made of a material that is easy to carve on as well as to burn (e.g., wood, plant fiber, starch). To clear
off the burned ashes, an investment mold for these artifacts also had to be wholly or partly made into
sections, leading to the mold marks on the objects.16

11 Tan 2007a: 37.
12 Tan 2007a: 37.
13 Tan 2007a: 38.
14 Tan 2007a: 38.
15 Tan 2007a: 37–38.
16 Tan 2007a: 38.
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Figure 4. (1) Bronze tiger from Jiangxi Xingan Dayangzhou. c. 1300 B C . (2) Decoration
of the nao bell from Zhejiang Changxing, Spring and Autumn period. (3) Diagram of
the bell (drawn by Tan Derui). Sources: 1–3, respectively, Jiangxisheng et al. 1997: Pl.
49; Tan 2007a: Pl. 3, Fig 2.
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Figure 5. Gui from Zhejiang Changxing. Spring and Autumn period. H. 9.9 cm. (1)
Side view, (2) top view, and (3) diagram, all drawn by Tan Derui. Sources: Zhongguo
gudai yishu zhuzao xilie tushuo (No. 36): color plate, Fig 1; Tan 2007a: Fig 3.
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Figure 6. One of the three nao from Jiangxi Xingan Dayangzhou. 13th cent.

BC.

43.5 cm. artifact (1) Detail of decoration (right). Source: Steinke 2014: Figs 28, 29.a.

10
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Although Tan was among the first to understand bronzes in the abovementioned categories
(1)–(3) as “burn-out” castings, his argument on the difficulty of withdrawing molds from a model is not
new. The discussions centered on transferring the decoration between positive and negative have a
long history in the literature.17 Differing with Tan, most scholars, such as Nickel and Zhou et al., chose
to solve this “problem” by suggesting that the undercutting decorations were made from molds.18
However, undercuts as intricate as those using the illustrated openwork ornament (Fig 7.2) were still
achievable by Houma foundries during the middle of the first millennium

BC

by way of transfer,

demonstrated by the baked clay pattern blocks with identical decorations (Fig 7.1).19 Obviously none
of Tan’s examples has undercuts as deep or tricky as the Houma piece. Tan’s diagrams (Figs 4.3, 5.3)
seem to fit the technical logic, but, as was commented concerning similar diagrams drawn by Nickel20:
“diagrams and logic are very poor guides to the capabilities of a craftsman with years of practice and
centuries of knowhow behind him.”21

17 Bagley 2009: 49.
18 See Nickel 2006: 11–16, 33; Zhou et al. 2007: 47.
19 Bagley 2009: 50–51.
20 Nickel 2006: 24, Fig 13; 25, Fig 19.
21 Bagley 2009: 51.
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Figure 7. A clay model used to make duplicate molds for casting openwork
ornaments (top), and a bronze ornament with almost the same design (bottom)
found in the ancient Houma foundry. Source: Bagley 2009: Figs 17, 18.

Barnard and Tan’s “lost-cord” examples are indeed thought-provoking. However, some of
them, such as the handles of the Tongling yan (Fig 3.1), as Zhou et al. noticed, seem to be cast from
mold sections, judging by the vague long marks on them (Figs 3.3, 3.4).22 In addition, with almost the
same design as the double-owl you in Shanghai Museum (Fig 1), another piece from the Fogg Art

22 Zhou et al. 2007: 48.
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Museum (Fig 8), not noted by Tan, also possesses the swing handle with the “string bundle” on the
ends.

Figure 8. The double-owl you in the Winthrop collection, Fogg Art Musuem. H. 19 cm.
Anyang period. Artifact (1, 2) and detail of its swing handle (3, 4). Source: Bagley 1987:
Fig 153.
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Yet this swing handle was obviously cast by the section-mold process, based on the clear mold
mark that runs through. Was this section-mold cast handle an imitation of the supposed “lost-cord”
cast piece of the Shanghai Museum you? Or, was the latter also a section-mold casting whose mold
mark had been perfectly polished? Is it possible, as Zhou et al. argued,23 that all the supposed “lostcord” castings listed by Tan were actually section-mold castings? According to Zhou et al., the “burnout”/“lost-cord” process is not tenable, because (1) it is not necessary to burn out the cord even if one
really was used as the model; in other words, mold sections could easily be made from such a cordmodel; (2) the molds, after baking, usually would not be opened again before casting, and therefore
the burnt ashes are difficult to clear, especially for those without any mold mark—with ashes within
the mold, a casting cannot be well cast.24 Such points, though not completely persuasive, do offer
useful inspirations. Furthermore, was the supposed “lost-cord”/“burn-out” process, if it existed, really
the source for the lost-wax process of early China? Mainstream scholars like Tan and Hua believe so.25
However, as Zhang points out, the “burn-out” process, “used on the bronzes of Late Shang or the
Shang–Zhou Transition periods,” was separated from the Eastern Zhou lost-wax process both in time
and in technology, and therefore cannot be the source for the latter.26 Though several assumed “lostcord” castings might date to the Spring and Autumn period,27 not as early as Zhang supposed, it is
indeed not indisputable to consider the lost-wax process to have been derived from the technically
distinct “burn-out” process. In other words, a gap has to be bridged if taking the former as the source
for the latter; otherwise the lost-wax process would have originated in other ways, such as ones
introduced or stimulated from outside.

23 Zhou et al. 2007: 46–48.
24 Zhou et al. 2007: 47.
25 See Tan 1994; 2007a. Hua 1999: 179–180.
26 For details, see Zhang (2007).
27 See Tan 1994, 2007a; Hua 1999: 179.
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DIFFUSION FROM THE SOUTHWEST?
Since some realistic and highly three-dimensional bronzes supposed to be lost-wax castings first were
discovered at the necropolis of Jinning 晉寧 Shizhaishan 石寨山 in the Dian 滇 area of Yunnan
province in the 1950s,28 many scholars have believed that the Chinese lost-wax process was introduced
from the southwest of modern China or from even farther away (e.g., Southeast Asia or South Asia).
For instance, as Barnard suggested, investment casting, including variations such as “lost-wax,” “lostcord,” and “lost-lead” methods, was introduced to the Chu 楚 region via Yunnan and perhaps also the
lingnan region, ultimately from Southeast Asia (e.g., Thailand).29 However, the lost-wax method that
emerged in Yunnan might not be as early as Barnard supposed (c. seventh–sixth centuries

BC)

30

.

According to recent research, the incipient copper-based metallurgy in Yunnan (c. thirteenth–eighth
centuries

B C ),

represented by the hammering and open/bivalve-mold casting activities at the

Haimenkou 海門口 site, was probably introduced from steppe-related cultures in the north in the
late second millennium B C , 31 and also likely was influenced by the Indochina Peninsula, especially the
bronze culture in northeast Thailand.32 Around the seventh century B C , a group of copper and bronze
drums, the first large section-mold castings, appeared in west-central Yunnan, represented by the
ones discovered at Chuxiong 楚雄 Wanjiaba 萬家壩.33 The first lost-wax castings emerged in Yunnan
probably no earlier than the Middle/Late Warring States period(c. 350

B C ),

represented by a three-

dimensional openwork plaque from Chenggong 呈貢 Tianzimiao 天子廟 M41 (Fig 9)34; slightly later

28 See the series of archaeological reports: Yunnan1956; 1959a; 1959b; 1963; 1964.
29 Barnard 1996 (Chinese version, Sichuan Wenwu 4 [1996]): 75–76.
30 Barnard 1996 (Chinese version, Sichuan Wenwu 4 [1996]): 76.
31 For details, see Chiou-Peng 2009; 2011.
32 Li 2011: 157.
33 Chiou-Peng 2011: 20–21.
34 Li 2011: 64. For burial context, see Kunming 1985.
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lost-wax examples include several similar plaques such as the hunting scene from Jiangchuan 江川
Lijiashan 李家山 M13, probably around the third century B C (Fig 10).35

Figure 9. An openwork plaque from Yunnan Chenggong Tianzimiao, M41. H. 6.5 cm.
Mid-late Warring States period, c. 350 B C . Source: Zhongguo qingtongqi quanji (14):
124.

35 Li 2011: 64; Meyers 2011: 34–35. For burial context, see Yunnan 1972.
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Figure 10. A hunting scene placque from Yunnan Jiangchuan Lijiashan M13. Late
Warring States period, third century

BC.

L. 12.5 cm. Source: Zhongguo qingtongqi

quanji (14): 126.

The Shizhaishan assemblage, although possessing many lost-wax bronzes, is basically in the
range of the Western Han dynasty (202–8

B C ).

36

36 Li 2011: 5.
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overestimated the time of the Yunnan lost-wax casting is probably related to a single and problematic
radio-carbon dating of Jiangchuan Lijiashan M21, which yielded lost-wax artifacts, shown as 625 ± 105
BC

(or 550 ± 105 B C , if taking the radiocarbon half-life as 5570 rather than 5730 years).39 This data was

questioned by scholars such as Wang40 and Pilazzoli,41 and now is basically abandoned by academia.42
As no local technical tradition is known, the lost-wax process seems to have been imported, probably
from the steppes of Eurasia, likely with other metallurgical techniques such as tinning, gilding,
chasing, and inlay.43 Some newly emerged designs and artifacts, such as animal combat and
horseback-riding motifs, trident-shaped iron swords with bronze hilts, and animal-shaped openwork
plaques, also support the likelihood of “steppe” influence.44 Chu 楚 cultural impact, although limited,
also began to appear, perhaps partly related to the arrival of the Chu army headed by Zhuang Qiao 莊
蹻 in the early third century B C , if what the received texts record45 is true. Now Barnard’s suggestion
that the investment-casting technique was transmitted from Yunnan and southern China to the
north46 seems to be incorrect, perhaps even opposite to the true case.
Actually the Yunnan industry is the earliest large-scale lost-wax production in Southeast Asia,
although small objects such as figurines and bracelets might have been made by this process during
the early Bronze Age of Southeast Asia.47 For instance, bangles (bracelets, ankles, and rings) believed

37 Barnard 1996 (Chinese version, Sichuan Wenwu 4 [1996]): 76.
38 E.g., Hua 1999: 179; Tan 1989: 42–43.
39 See the Radiocarbon-dating Report 4 (Kaogu 考古 1977[3]: 200–204): 203.
40 Wang 1980: 67.
41 Pilazuoli 1990: 78.
42 Li 2011: 13.
43 Li 2011: 152–155.
44 See Qiu 2006: 239–240; Han and Li 2009: 178–179; Li 2011: 152–155.
45 See Shiji:史記 vol. 116; Houhanshu,後漢書 , vol. 86.
46 Barnard 1996 (Chinese version, Sichuan Wenwu 4 [1996]): 75–76.
47 Meyers 2011: 34, 39.
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to be made by the lost-wax process, seem to be characteristic of northeast Thailand48: at the Ban Na Di
site (lasted c. 1200 B C –200 AD?), insect wax was said to be found between the central clay core and
the corroded metal of one bracelet from Mortuary Phase 1b, Level 7 (c. 900–500 B C ?) as well as with
two other bracelets there.49 Yet it is quite surprising that wax could survive the casting process.
Bangles assumed to have been made by the lost-wax process have also been found at other northeast
Thai sites such as Non Nok Tha and Ban Chiang.50 On a parallel in terms of technology with northeast
Thailand, Vietnam might also have grasped the investment casting process no later than the Go Mun
phase (formerly understood to be c. 1000–500

BC

51

), judging by certain presumably lost-wax cast

items,52 although no convincing evidence has been given. Higham and Kijingam also suggest the use
of the lost-lead process with the stone molds based on a lead-tin casting sprue.53 However, the
chronology of Bronze Age Southeast Asia, especially in northeast Thailand, is a long-debated issue. As
White insisted, bronze metallurgy appeared in northeast Thailand around 2000
the early metallurgy at Ban Chiang (c. 2000–1700

B C ).

54

BC,

represented by

However, Higham believed that bronze

emerged at Ban Chiang, and elsewhere in Southeast Asia, no earlier than 1500 B C .55 Recently, based on
Higham and Higham’s new chronological framework by analyzing seventy-five radiocarbon datings
from the well-stratified site Ban Non Wat56 (close to the site Ban Chiang), more scholars57 are willing
to believe that metalworking started in Southeast Asia shortly before 1000 B C . If we accept the new

48 White 1988: 178.
49 Higham and Kijingam 1984: 81, 124; White 1988: 178.
50 For details, see Agrawal 2000.
51 For details, see Murowchick 1988.
52 For details, see Higham 1988.
53 See Higham and Kijingam 1984: 14.
54 E.g., White 1988, 1990, and 2008.
55 E.g., Higham 1988; 1996: 240.
56 For details, see Higham and Higham 2009.
57 E.g., Bunker and Latchford 2011: 1–3.
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chronology, the time for the lost-wax casting there would also be postdated correspondingly. Now it
seems that lost-wax casting in the Southeast Asian lost-wax process was practiced not much earlier (if
not later) than China.58 Actually there is not even any conclusive evidence to demonstrate whether
the lost-wax process was ever practiced in Bronze Age Southeast Asia, because castings as simple as
the bangles could easily have been cast by the piece-mold method, then polished well. The
announcement that wax was discovered within the casting, as mentioned above, also requires further
consideration.
Compared with Yunnan and Southeast Asia, Sichuan is more closely connected to the Central
Plain of China (the Middle Yellow River valley) and the Middle Yangzi region in bronze technology, as
evidenced by the section-mold casting practiced at Sanxingdui 三星堆.59 Recently Davey suggests the
use of the lost-wax process based on his inspection of a mask from Sanxingdui Pit 2 (Fig 11.1) (c.
twelfth century

60

B C ).

According to him, the rear of the mask shows parts of the “investment mold”

such as those attached to the nose cavity, and a scratch close to an opening seems to be a “false cut”
originally made in the wax model (Fig 11.2). Based on this single piece evidence, Davey suggests, “The
wax model of the mask would have been made from sheets of wax. The openings would have been cut
with a knife…”61 By suggesting that the 4,600 cowrie shells possibly came from the Indian Ocean,
Davey linked Sanxingdui with South Asia, one early center at which the lost-wax process was
practiced, and argued that the technique could have been transmitted by the same path as the later

58 The Southeast Asian lost-wax process, if not practiced considerably earlier than Bronze Age China, would not seem to
be the source for the latter, where the lost-wax process was practiced far more sophisticatedly. Yet it is not impossible that
the lost-wax process, once mastered, even if not deeply explored, by skilled Chinese casters, could still have quickly
attained a high level of practice. Considering the long-lasting connection between Southeast Asia and the lingnan region
(for details, see Higham 2006), which in turn was linked to the Chu region at Hunan during the early Eastern Zhou period,
based on bronzes (Fong 1980: 256), it is still possible that the lost-wax process in early China might have been introduced
from Southeast Asia. However, since there is still no conclusive evidence for the use of lost-wax casting in Southeastern
Asia, there is no convincing reason to follow this suggestion further.
59 Xu 2001: 60.
60 Davey 2009: 151.
61 Davey 2009: 151.
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“south-western silk road.”62 As the “investment mold” remains cited by Davey could also have been left
by the mold sections, and the scratch could be a false cut made on the clay model, Davey’s argument
is far from persuasive. The proposal for the connection between Southwest China and South Asia
based on the cowrie shells is thought-provoking, but the shells from Sanxingdui have not been
verified as originating from the Indian Ocean, and similar discoveries are widely distributed in China,
such as at Anyang in the Chinese Central Plain and Dadianzi 大甸子 in Inner Mongolia. Does this
mean that Anyang and Dadianzi also got their casting technique from India? Obviously not. Perhaps
the only point these cowries make is that trade was probably going on everywhere, over vast distances.

62 Davey 2009: 152.
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Figure 11. (1): Bronze mask with trunk-like projection from Sichuan Guanghan
Sanxingdui K2. H.84.3 cm, Height of mask 31.7 cm. Drawing (a) and photograph (b).
(2): Detail of the rear of the mask showing mold remains in the nose cavity (a) and
possible “false cuts” originally made in the wax model. Source: Davey 2008: Figs 4, 5.
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DIFFUSION FROM THE NORTH?
Rather than from the southwest, the lost-wax technique is more likely to have come from the north,
via the region variously termed the Northern Corridor, the Northern Frontier, or the Northern Zone.63
This region, “stretching from Xinjiang and Gansu in the west to Jilin in the east and including parts of
Inner Mongolia and Liaoning, along with much of Hebei, Shanxi, and northern Shaanxi,”64 includes
two geographically and culturally distinct zones: the Northwest (or xibei 西北) and the Northeast (or
dongbei 東北), divided by the Taihang 太行 Mountains, roughly following the boundary between
modern Shanxi and Hebei provinces.65 As one scholar concluded, “whatever the date of its arrival, the
lost-wax process is likely to have come to China by way of the northern steppes, and highly
sophisticated technological transfer along this route is attested as early as the first century of the
Anyang period66 by the horse-drawn chariot, a West Asian invention that figures in Anyang burials.”67
As horse-drawn chariotry was a technological complex involving construction, use, and
maintenance,68 it seems likely that Anyang around 1200

BC

adopted chariotry, horse breeding, and

63 Bunker et al. 1997: 18.
64 Bagley 1999: 221.
65 So and Bunker 1995: 34. As Bunker (2002: 9) summarizes it, “West of the Taihang, the land is characterized by grasslands
conductive to large-scale herding. East of the Taihang, the mountainous, forested land is more suited to hunting, trapping,
and fur trading, while farther east, in the Dongbei region, the fertile soil of the Liao River valley could sustain limited
agriculture, hunting, fishing, and settled stock breeding.” Yet it is over-simplistic to consider the northwesterners as
herders and the northeasterners as hunters, fishers, and fur traders. The numerous non-Chinese tribes practiced different
subsistence economies according to local environment (land, climate, and vegetation), which might go through
considerable diachronic change. From time to time the these ethnic groups themselves also varied, because of migration,
conquest, and immigration. All these would accordingly be reflected in their material cultures, including artifacts (pottery,
metals, semiprecious stones, and stone tools) and faunal and flora remains, as well as social organization and complexity.
66 The Anyang period (c. 1200–1050

B C ),

so termed by Robert Bagley, starts from around 1200

BC,

when Yinxu 殷墟

became an important city, corresponding to late Phase 1 and early Phase 2 of Yinxu in pottery seriation. See Bagley 1999:
181.
67 Bagley 1987: 63–64, note 245.
68 Piggott 1992: 45–48; Bagley 1999: 207.
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management, as well as other necessary knowledge and skill, through some sort of exchange.69 This
exchange is also supported by the mutual borrowings between Anyang and the Northern Zone, such
as northern artifacts (e.g., bow-shaped objects, mirrors, knives) found at Anyang, and bronze vessels
in the Northern Zone.70 It is noteworthy that some Anyang-period knives with intricately formed
animal-head terminals unearthed in the Northern Hebei and Shaanxi were likely lost-wax castings
(Fig 12).71

69 Bunker et al. 1997: 31.
70 Lin 1986: 238–241; Bagley 1999: 222.
71 Bagley 1987: 44.
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Figure 12. Dagger from Hebei Qinglong Chaodaogou (top) and its intricately formed
animal-head pommel (bottom). Late 2nd millennnum BC. Source: Zhongguo
qingtongqi quanji 15: 3.

Although such artifacts spread both west and east to the Taihang Mountains, they seem to
have been left by the same or culturally unified non-Chinese communities72 and to have a common

72 According to So (So and Bunker 1995: 37–38), most artifacts east of the Taihang Mountains during the second
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connection with the far north (e.g., southern Siberia and Mongolia), probably the Karasuk culture of
the Minusinsk Basin during the late second millennium

BC,

73

which belonged to the much larger

metallurgical sphere of “Eurasian Steppe Belt Cultures.”74 A hair ornament from the Sackler Collection
(Fig 13), without any visible mold marks and essentially verified as lost-wax cast, together with two
superb cast-gold ornaments of the same Karasuk style from central Mongolia (Fig 14) (c. thirteenth–
eleventh centuries B C ),75 clearly show the mastery of the lost-wax process in the region of the Karasuk
culture. Given the frequent technical communications between the Eurasian steppes and China, as
well as the likely use of the lost-wax process in the Northern Zone as early as the Anyang period, one
scholar concluded that “Chinese metalworkers may well have known of the technique long before
they chose to make any appreciable use of it.”76 In other words, Anyang casters might not have been
ignorant of the lost-wax process, but just chose to neglect it. The lost-wax cast northern knives could
have been imitated by Anyang casters, simplifying the design and using the method of bivalve
casting.77

millennium

BC,

including the probably lost-wax cast animal-pommeled knives, come mainly from caches, not from

burials, and are far fewer in number compared with artifacts west of the Taihang Mountains. As So infers, “the scattered
finds of non-Chinese artifacts east of the Taihang Mountains probably mark temporary settlements or seasonal migrations
of peoples from the west who came for trade, pasture, or hunting.”
73 Loehr 1949: 135; Bagley 1999: 224.
74 For details, see Chenykh 1992: 264–295; 2009: 3–5.
75 Bunker et al. 1997: 142–143.
76 Bagley 1987: 44.
77 Bagley 1987: 63, note 244.
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Figure 13. Bronze hair ornament from the Arthur M. Sackler Collections, probably
from Western Mongolia, thirteenth–eleventh centuries B C . L. 9 cm. (1) Artifact and
(2) detail of the ram’s head). Source: Bunker et al. 1997: 142, No.32.
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Figure 14. Two cast-gold ornaments from the slab grave of a Europoid, Tevsh uul,
Ovorhangai aimag in the Hangai Mountains, central Mongolia. Karasuk style,
thirteenth–eleventh century B C . Source: Bunker et al. 1997: 142, Figs 32.1, 32.2.
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Though probably no lost-wax castings from the period are still extant, Western Zhou (c. 1050–
771 B C ) was a key period for the lost-wax process in China, since the openwork interlace structure, as
the basic form for most verified Eastern Zhou lost-wax castings, appears to emerge in China during
Western Zhou. In addition, compared with the Anyang period (c. 1200–1050 B C ), China seems at this
time to have been more frequently interacting with Inner Asia during the early first millennium B C , as
reflected in the influx and borrowing of various steppe artifacts, designs, and techniques. For instance,
as Rawson asserts, a harness ring from the Luristan plateau (Fig 21) offered a source not only for the
interlace design commonly seen in the Western Zhou bronzes (e.g., Fig 23), but also for the intricate
chariot fitting from Shaanxi Chang’an 長安 Zhangjiapo 張家坡 (Fig 22), suggesting the possibility of
contact in the early first millennium

BC

between Zhou-ruled China and the Iranian Plateau, which

was an early center of lost-wax casting.78 Probably because Zhou aristocrats themselves were
northwestern outsiders more closely linked with Inner Asia than their Anyang predecessors,79 an
influx of various steppe influences arrived in China during the dynastic Zhou period, probably with
immigrants from the borderlands. Remarkable examples are carnelian beads, realistic steppe animal
designs (e.g., felines and horses), vessels supported by tigers or human figures, various exotic vessel
shapes, stone-lined tombs, face coverings, and considerable use of gold and iron.80
Although closely linked with Inner Asia, neither the Zhou aristocrats in the Wei River Valley
(who were driven to Luoyang 洛陽 after 770 B C ) nor their active and usually hostile semi-nomadic
neighbors in xibei seem to have adopted lost-wax casting during the early first millennium B C . But the
case seemed to be different in dongbei. In contrast to the scarce and isolated caches from the late
second millennium

BC,

many early first millennium

BC

dongbei finds are in burials, signifying the

existence of more stable settlements there.81 The founding of the state of Zhou’s subordinate state Yan
燕 in northern Hebei no doubt sent a tremor through the local political and cultural landscapes.82 The

78 Rawson 2010: 2.
79 See Rawson 1989b: 79, 93.
80 For details, see Rawson 2010.
81 So and Bunker 1995: 44.
82 For details, see Sun 2006.
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sudden proliferation of both Zhou and northern artifacts in dongbei seem to have been caused by the
eastward expansion of Zhou and colonization in China’s Northern Frontier.83 According to Bunker,
the dongbei people had close contact with Mongolia and southern Siberia via the “Fur Road,” which
roughly corresponds to the route of the trans-Siberian railway, bypassing the xibei regions.84 This
might well explain why horseback riding emerged in dongbei earlier than in xibei, and why certain
motifs from the far north appeared in dongbei vocabularies but never in those of xibei.85 Compared
with the stylized xibei zoomorphic motifs, the dongbei animal designs, showing them either
copulating or moving along the knife hilt, are far more naturalistic, indicating a strong pictorial
tradition connected to Mongolia and southern Siberia. As Bunker notes, lost-wax casting occurred at
dongbei earlier than in the Chinese heartland,86 as evidenced by a number of lost-wax cast jingles or
ornaments (Figs. 15, 16) manufactured in dongbei during the seventh–sixth centuries

BC.

87

Found

among archaeological remnants of dongbei mining and casting in the early first millennium

BC,

88

these lost-wax artifacts were probably local dongbei products, iconographically and technically
stimulated by the far north. As Bunker observes, the dongbei casters probably knew both direct and
indirect lost-wax processes in this period.89

83 So and Bunker 1995: 41, 44.
84 So and Bunker 1995: 65; Bunker et al. 1997: 154.
85 Bunker et al. 1997: 154.
86 Bunker 2009: 279.
87 Bunker 2002: 60–64.
88 Bunker et al. 1997: 72.
89 Bunker 2002: 60–64.
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Figure 15. (1) Bronze harness jingle with stag. H. 13.3 cm; (2) Bronze harness jingle
with an animal head. H.7.3 cm. Both are considered to be lost-wax cast by a process
from Northeast China, seventh–sixth century B C . Source: Bunker 2002: Plates 29, 30.
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Figure 16. (1) Bronze harness ornament with tiger and bird’s head. L. 10.6 cm., (2)
bronze harness ornament with crouching tiger. L. 10.2 cm., (3) bronze harness jingles
with mounted hunters. All are considered to be lost-wax cast using a wax model
formed in a two-piece mold, from Northeast China, seventh–sixth century
Source: Bunker 2002: Plates 27, 28, 26.
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Northern Hebei, which geographically belongs to the dongbei but whose artifacts lack certain
dongbei features,90 must be discussed separately here. With access to the “Fur Road” via the modern
Zhangjiakou 張家口 city, northern Hebei could also be linked to the far north while bypassing the
xibei regions, which could well explain why certain motifs traceable to the tradition of the far north
did not appear in the xibei until considerably later.91 A series of intricate zoomorphic finials from
regions in the center of northern Hebei (Fig 17) can be verified as lost-wax castings from around the
seventh–sixth centuries

BC.

92

As such zoomorphic finials are more common in southern Siberia,93

where canopies and funerary carts were ritually buried with the elites,94 it is quite likely that the
method of lost-wax casting was transmitted from the far north. Long-distance trade, historically
passing through Zhangjiakou and Ulaan Baatar, might be a likely reason for the interaction between
the two regions.

90 Bunker 2009: 279.
91 Bunker 2009: 281.
92 Bunker et al. 1997: 177; Bunker 2002: 58–60.
93 Bunker et al. 1997: 177.
94 Bunker et al. 1997: 177; Bunker 2002: 58.
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Figure 17. (1) A set of four finials with single wild ram, in a private collection, New
York. H.16.2 cm; (2) finial with single wild ram, in a private collection, New York. H.
15.5 cm; (3) finial with two wild rams from Hebei Chicheng; (4) finial with single
horse in the Arthur M. Sackler Collection. H. 10.9 cm; (5) finial with single horse/ass
from Hebei Zhangjiakou; (6) finial with single water bird from Hebei Kangbao. All
considered to be lost-wax cast in the direct process, seventh–sixth century B C , from
regions in the center of northern Hebei. Note the open eye-holes used in all animals
depicted. Sources: (1)-(2): Bunker 2002: Plates 24, 25. (3)-(6): Bunker et al. 1997: 177,
Figs 92.3, 92, 92.1, 92.2.
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The existence of lost-wax casting in northern Hebei can be further verified by several gold
pectorals, such as the crouching feline plaque from Beijing Yanqing 延慶 Jundushan 軍都山 (Fig
18.1).95 Most Hebei pectorals were still piece-mold cast of bronze, so the art represented by these gold
pectorals demonstrates the technological sophistication of the lost-wax process and a deep
understanding of the properties of the metal—gold cast by lost wax tends to result in a better quality
product compared with section-mold casting.96 Indeed, bronze pectorals cast by the lost-wax process
in northern Hebei also exist, such as the crouching feline plaque in the Levy and White collection (Fig
18.2) and two others of the same style in the Sackler collection.97 According to Bunker’s research, they
were both made from a wax model formed in a two-piece mold.98 As individuals buried in the
northern Hebei tombs during the seventh–sixth centuries B C had much in common with their xibei
neighbors,99 they are often understood to be the Shanrong 山戎 of received texts, who moved
eastwards from northern Shanxi in 714 B C and thereafter attacked the Zhou states Qi 齊 (in 706 B C )
and Yan 燕 (in 664 B C ).100 However, according to Bunker, the northern Hebei inhabitants appear to
have been traders of exotic furs and leather-working who had Chinese as their near neighbors,
although the presence of daggers in their graves indicates a somewhat warlike character.101

95 So and Bunker 1995: 50.
96 Bunker 2009: 280.
97 See Bunker 1997: 188–189, Nos. 111, 112.
98 So and Bunker 1995: 112–113; Bunker et al. 1997: 189.
99 So and Bunker 1995: 50.
100 Bunker et al. 1997: 175.
101 Bunker 2009: 282.
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Figure 18. Pectorals of crouching feline: (1) Gold plaque from Beijing Yanqing
Jundushan; (2) bronze plaque in the Levy and White collection, from northwest
China/northern Hebei. L. 9.4 cm. Source: So and Bunker 1995: Fig 18, Plate 27.

As mentioned above, it is quite likely that Anyang casters might already have been acquainted
with this technique through communication with northerners during the late second millennium
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BC.

102

On the other hand, any technique has to be maintained through continuous practice. Because of

the technical inertia of the dominating section-mold casting process, the lost-wax process, even
though it might have been learned by Chinese metalworkers in the late second millennium B C , could
still have been forgotten from time to time. With the same lost-model principle but comparatively
“primitive” and crude features, the abovementioned “burn-out”/“lost-cord” castings, if they truly were
employed, might be a clue that the lost-wax process was unknown or forgotten in the corresponding
space and time.103 Thus, the lost-wax manufacture in the dongbei and especially in the northern Hebei
regions during the early-to-middle first millennium B C (no later than seventh–sixth century B C ) could
be either a direct source or at least a refresher for the lost-wax technique used in the Chinese
heartland not long after. In addition to the proper timing, the dongbei/northern Hebei regions were
also geographically appropriate, that is, adjacent to the main Zhou states Yan in the north and Qi in
the northeast, as well as some minor Zhou states nearby. In particular, the northern Hebei was almost
within the sphere of Zhou—even if the bordering people there were not the Shanrong in received
texts, they were no doubt interacting extensively with the Zhou states, given their proximate location.
Cultural intrusion from the dongbei/northern Hebei, for instance, was reflected in some gold articles
found at Shandong Yishui 沂水 Liujiadianzi 刘家店子 M1, “dating perhaps from the middle or third
quarter of the seventh century B C .”104 The use of gold was already common in the Northern Zone as
early as the late second millennium B C , and it was introduced into the Zhou states no later than the
eighth century B C (e.g., states Rui 芮, at Shaanxi Hancheng 韓城 and Guo 虢 at Henan Sanmenxia 三
門峽).105 The recently discovered huang 璜 from the Western Zhou cemetery of Shanxi Yicheng 翼城
Dahekou 大河口 (Fig 19) most clearly verifies that the Chinese used gold.

102 For details, see Bagley 1987: 44.
103 On the other land, it is also possible that Chinese metalworkers, even if they already knew the lost-wax process, might
still have invented and used the “burn-out”/“lost-cord” process: for one thing, the “burn-out”/“lost-cord” process partly
adopts the commonly used section-mold process, since ashes have to be cleaned off from the small mold sections; for
another, the fiber-like texture left by the cord might have been an effect the casters desired.
104 So 1995: 19.
105 For details, see Bai 2006; Rawson 2010.
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Figure 19. Huang from Shanxi Yicheng Dahekou M6022. Cast gold. Western Zhou
period. Photograph courtesy of the Shanxi Provincial Institute of Archaeology.

However, according to So, a gilt ladle from Liujiadianzi M1 was the earliest Eastern Zhou
example of sheet gold used on vessel exteriors.106 The triangular and cowrie-shaped pieces of sheet
gold used on it (Fig 20.1)107 probably had a connection with the gold foils covering bronze cowrie shells
from the Yuhuangmiao 玉皇廟 cemetery, Beijing Yanqing 延慶 Jundushan 軍都山.108 Actually, the
use of gold sheet to decorate lacquered vessels was also a feature in the dongbei and northern Hebei
regions.109 A northern-style gold-hilted dagger also from Liujiadianzi M1 (Fig 20.2) further suggests

106 So 1995: 19–20.
107 See So 1995: 19.
108 Bunker et al. 1997: 64.
109 For details, see Bai 2006.
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contact between the Zhou world and the northerners by the seventh century

BC.

110

In light of such

verified contact, it is quite possible that the lost-wax process might also have “crept” into the Zhou
states from the dongbei and/or northern Hebei during this period.

Figure 20. (1) Ladle with triangular and cowrie-shaped pieces of sheet gold. Dia. 8 cm.
(2) Northern-style gold-hilted dagger. L. 9 cm. c. Middle or third quarter of seventh
century

BC.

Both from Shandong Yishui Liujiadianzi M1. Source: Luo 1984: Fig 10,

Plate 2.4.

110 See So 1995: 19–20. As So (in Fong 1980: 254) points out, “the Qi state, under the leadership of its greatest ruler, Duke
Huan (685–643 B C ), was the first of five hegemons to come to power in the Spring and Autumn period.” As a superpower
with many allied states, even the Zhou court (reflected on a dowry bronze yu 盂 basin found at Luoyang; see Fong 1980:
253), Qi in present-day Shandong probably interacted with other Zhou states extensively during the seventh–sixth
centuries B C . Especially, to prevent the spread of Chu, Qi founded alliances with many Zhou states including some petty
ones in the hanhuai 漢淮 region close to Chu. Actually, Zhou’s closeness with many hanhuai states was long lasting. For
instance, the marriage alliance between Qi and Chen 陳 in the southeastern Henan is suggested by a set of eleven eighthcentury B C bronzes found in Shandong, among which was “a pair of wine vessels with inscriptions indicating that they
were made to accompany the daughter of a marquis of Chen in marriage” (Fong 1980: 253). It is possible that the lost-wax
process, if it was not spread to multiple directions, was likely to have been introduced from the dongbei/northern Hebei
via Shandong, Henan, and the hanhuai region, and finally flourished in the Chu region.
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Large numbers of ornamental gold sheets with repoussé designs of interlaced serpentine
patterns from the first half of the sixth century B C discovered at Henan Xinzheng 新鄭 Lijialou 李家
樓111 showed further exploitation of sheet gold and related steppe techniques later in the Chinese
Central Plain. Although stimulus from the northwest could not be ruled out, such gold sheets,
presumably to decorate bronze surfaces,112 were more likely to receive influences from the north or
northeast. It is also noticeable that turquoise inlays, presumably borrowed early from non-Chinese
groups in the north, disappeared from bronze ornamentation during Western Zhou, finally being
revived at Xinzheng during the early sixth century

BC,

indicating a renascent or enhanced contact

with the nomadic world.113 The “nomadic world” here probably could be linked to the dongbei and
especially Northern Hebei, since such a practice did not take place in the Zhou states in the northwest
until considerably later. With artifacts stylistically succeeding Xinzheng, the supposed Chu tombs at
Henan Xichuan 淅川 Xiasi 下寺 (c. second quarter of sixth century B C ) not only revealed ornaments
of sheet gold and inlays of semiprecious stone, but also verified the use of the lost-wax process.114
Moreover, “cast-copper” and gold inlays practiced at Xiasi seemed to be novel techniques.115 The origin
of the unconventional “cast-inlay” process is still unclear.116 This technique was probably a Chinese
invention inspired by the use of spacers in casting,117 but the idea might have been motivated by the
northern “decoration of woodwork, textiles and bronze,” as suggested by Rawson.118 The gold inlay
with the more conventional hammering technique,119 on the other hand, was no doubt influenced by
the north, since both the material (gold) and technique (hammering) seem to be features of the
111 See So 1995: 24.
112 So 1995: 24.
113 So and Bunker 1995: 101–102; So 1995: 24, 73–74: note 88.
114 So 1995: 34–35.
115 So 1995: 34–35.
116 So 1995: 34.
117 For details, see Zhang 1988.
118 Rawson 1987a: 52–53.
119 So 1995: 35.
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Eurasian Steppes. Considering the stylistic succession of bronzes from Xinzheng to Xiasi, both “castcopper” and gold inlays at Xiasi might have been partly inspired by the turquoise inlay first revived at
the north-influenced Xinzheng. Considering the comparatively late presence of these techniques in
Jin 晉 and other nonwestern Zhou states, it is quite possible that the foreign source/motivator for the
novel techniques at Xiasi, such as “cast-copper” and gold inlays as well as the lost-wax process, was
probably the first millennium B C dongbei and especially northern Hebei.

Figure 21. Bronze harness ring. C.1000–700 B C . H. 13.2 cm. Heeramaneck Collection.
Source: Rawson 2010: Fig 2c.
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Figure 22. Bronze chariot fitting from Shaanxi Chang’an Zhangjiapo. M2.H.9 cm.
Source: Rawson 2010: Fig 2a.

42

PENG, “A STUDY ON THE ORIGIN OF CHINESE LOST-WAX CASTING”

Figure 23. The Shan Wu Fu hu from a cache of Shaanxi Meixian Yangjiacun. Late
Western Zhou. H.59.6 cm. Source: Rawson 2010: Fig 2b.
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