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19 Abstract

20 Despite decades of research into faience artefacts in China, many questions remain 

21 about how, where and by whom this technology began. This study combines published 

22 and new results of chemical analysis, morphology and chronology of the earliest 

23 faience beads uncovered from Xinjiang, Qinghai, Gansu, Shaanxi and Shanxi to suggest 

24 that at the latest in the mid-second millennium BC faience was first imported from the 
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25 northern Caucasus or the Steppe into Xinjiang Province. In the second half of the 

26 second millennium, the Kayue people in Qinghai Province began making high potash 

27 faience, before the Zhou people in Shaanxi and Shanxi Province learnt and distributed 

28 the technology more widely across central China, probably via contacts with their 

29 pastoralist neighbours. 

30

31 1. Introduction

32 Finds of early faience in the core area of China are relatively rare, appearing 

33 suddenly in the Central Plains along with the rise of the Western Zhou dynasty (1040s-

34 771 BC; Hommel & Sax, 2014). Due to this apparent link and the significance of the 

35 Western Zhou for the development of Chinese society, questions of its beginning, e.g. 

36 its location, timing and origin, continue to receive strong interest. For about a 

37 millennium faience was used across a wide area, mostly in form of beads or pendants 

38 in burial contexts, only to disappear during the Han dynasty (202 BC-AD 220) or soon 

39 after (Ma et al., 2009). Since the 1980s, interest in this material arose from excavations 

40 in Yu Kingdom tombs and Beilu graves of the Western Zhou, Shaanxi province, where 

41 thousands of faience beads or fragments were uncovered. These beads were worn by 

42 ordinary people which led to them being interpreted as local production (Wang, 1991).

43 Various scientific techniques have been applied to study these early faience objects 

44 (e.g. Zhang et al., 1983; Brill et al., 1991; Fu & Gan, 2006; Zhang & Ma, 2009; Hao et 

45 al., 2014; Gu et al., 2014; Lei & Xia, 2015) and identified different compositional types 

46 based on their soda to potash ratio. Received discussion holds that faience glazed using 
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47 soda-rich plant ash is likely to originate in Egypt or the Middle East (Tite et al., 2006; 

48 Vandiver, 2008: 38-41; Bouquillon et al., 2008: 93-97). In contrast, potash-dominated 

49 faience is thought to be of genuine Chinese origin, although no specific production 

50 regions have been proposed to date (Fu & Gan, 2006). This thinking has been later 

51 expanded to argue that soda-rich faience was made somewhere on the route from Egypt 

52 to central China during the early Western Zhou period, while potash-rich faience was 

53 thought to have been locally made during the middle to late Western Zhou (Lei & Xia, 

54 2015). Recently, 13 faience beads from the Ya’er cemetery in eastern Xinjiang, dated 

55 broadly to 1050-300 BC, were investigated with computer tomography (CT) and energy 

56 dispersive X-ray fluorescence (ED-XRF), and a possible ‘faience road’ from western 

57 Asia through Xinjiang to central China was suggested (Liu et al., 2017). 

58 Most of the previous studies are based on non-destructive surface analyses, and the 

59 total concentrations of alkalis measured are either very low or even almost completely 

60 absent due to severe weathering; therefore, it is hard to verify the current conclusions 

61 based on these analyses. Furthermore, since nearly all cemeteries from which early 

62 faience objects were uncovered were used over many centuries, a more precise dating 

63 for each sample is seldom available, which impedes further interpretation. 

64 With the benefit of access to unpublished excavation materials, the first author 

65 conducted a comprehensive survey of vitreous materials from Northwest China, 

66 including some faience beads that were not known before. We now aim to contribute 

67 to the debate on the origins of Chinese faience manufacture by adding new evidence of 

68 faience use within this region and extending the available compositional and 
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69 microstructural data. 

70

71 2. Materials and archaeological backgrounds

72 In order to test the hypothesis that local manufacture of faience in northern China 

73 began from the middle Western Zhou, based on foreign influence, we base this study 

74 on faience excavated in China that can be securely dated to no later than the middle of 

75 Western Zhou (Table 1). The major sites are all cemeteries in Xinjiang, eastern Qinghai, 

76 eastern Gansu and the Jin-Shan area (that is, Shanxi and Shaanxi) (Figure 1). 

77

78 Figure 1. Map showing the location of key sites in the text (modified based on the 

79 standard map issued by the Ministry of Natural Resources of China).

80

81 2.1. Xinjiang
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82 The earliest known faience in China so far was a string of segmented beads 

83 uncovered from Saensayi cemetery, Xinjiang, which can be dated by pottery typology 

84 to the 17th to 15th century BC (Figure 2a; Xinjiang Institute of Cultural Relics and 

85 Archaeology 2013: 63-65, PLATE 37.4). Some tubes or short cylindrical beads of the 

86 same time span (Xinjiang Institute of Cultural Relics and Archaeology 2013: 65-66, 

87 82-84, PLATE 39.4 & 52.5) were probably also made from faience, but their material 

88 identification remains uncertain. Interestingly, segmented faience beads buried during 

89 the same period or a little bit later were identified also from the Tianshanbeilu cemetery, 

90 the earliest Bronze Age site in eastern Xinjiang (Li, S., 2002). Among a total of 5460 

91 beads, mostly made of talc or turquoise, four faience beads and tubes survive in a single 

92 burial (M200, Figure 2b). The pottery from M200 closely matches that from M683 

93 which is dated by 14C to about 3200±30 BP (IVPPXJ-0039 M683, human bone sample) 

94 and 1525-1420 cal BC at 95.4% (IntCal 13), therefore M200 can most likely be 

95 attributed to 1500-1400 BC. Faience did not appear again in this area until some 

96 hundred years later in the nearby Ya’er cemetery (Liu et al., 2017).

97

98 Figure 2. Faience beads from Bronze Age Xinjiang: a) Saensayi; b) Tianshanbeilu.

99
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100 2.2. Qinghai 

101 In the vast area between Xinjiang and the Zhou cultural sphere, only the faience 

102 from the Kayue culture in Qinghai can be likely dated to no later than the middle of 

103 Western Zhou. In the very large cemetery at Shangsunjiazhai, consisting of 1,112 

104 Neolithic to Bronze Age burials (Ren, 2013: 69-83), nine tombs of Kayue culture and 

105 two of ‘Tangwang type’ were identified to contain a few to some tens of faience beads 

106 (Li Zhi-Xin, pers. Com.; Figure 3 a-b). They are mostly spherical or ellipsoidal beads 

107 and tubes. Seven burials of the ‘Tangwang type’ cut into Kayue burials, revealing a 

108 stratigraphic sequence (Xu, 1988, 1989). Five tombs of the ‘Tangwang type’ have 

109 available 14C dates (Institute of Archaeology, Chinese Academy of Social Sciences, 

110 1991: 287-288) (Appendix A). Since the dated tombs M333 and M989 represent the 

111 early and late phases of the ‘Tangwang type’ (Xu, 1989), an apprximate date of the 

112 ‘Tangwang type’ can be inferred as from Western Zhou (Yu, 1985: 203) to Eastern 

113 Zhou (Shui, 2001: 243), or 1000 to 400 BC. The painted pottery of the earliest phase 

114 of the Kayue culture in Shangsunjiazhai is outstandingly reminiscent of that of the late 

115 Qijia culture (Xu, 1988, 1989), placing the upper limitation of the Kayue culture in this 

116 cemetery roughly around 1600 BC (Yu, 1985: 203; Sanzhaijunyan, 2005). But burials 

117 of the early phase are relatively few, therefore, the majority of the Kayue culture in 

118 Shangsunjiazhai can be attributed to the middle to late phase of this culture, or 

119 tentatively dates from c. 1600/1300 BC (Sanzhaijunyan, 2005) to c. 1000 BC.
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120

121 Figure 3. Faience beads from Qinghai and Gansu: a) M657 of Kayue culture at 

122 Shangsunjiazhai; b) M656 of Kayue culture at Shangsunjiazhai; c) M19 at Yujiawan; 

123 d) M94 at Yujiawan.

124

125 2.3. Zhou Realm

126 The earliest faience discoveries within the Zhou realm were mainly concentrated 

127 in two areas: the Plain of Zhou (Zhouyuan), settled by the ancestors of the royal Zhou, 

128 and Qucun, the Jin political center. Some sporadic faience beads were also found in the 

129 Zhou lineage at Yujiawan (Gansu), the Guo lineage at Shangcunling in Sanmenxia 

130 (Henan) and the Pang lineage at Liutaizi (Shandong). They are roughly dated from the 

131 1040s to 950 BC, contemporary with the finds in Ya’er, Xinjiang. Spherical or 

132 ellipsoidal (Figure 3 c-d) types and tubes were common, with some new shapes such 

133 as bi-conical, tube and big bi-conical with protrusions occurring, too (Figure 4 a-b). 
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134

135 Figure 4. Faience beads from Qinghai and Jin-Shan showing some common 

136 characters: a) M216 at Zhangjiapo (after Institute of Archaeology, Chinese Academy 

137 of Social Sciences, 1999); b) from Yu Kingdom cemetery (after Wang, 1991); c) 

138 M144 at Banzhuwa; d) from Yangqu.

139

140 Among the limited faience finds in the Zhou cultural sphere during this period that 

141 have been properly analysed, two beads from the tomb M113 of Tianma-Qucun are 

142 probably the earliest. They are securely dated to the late phase of early Western Zhou 

143 (King Zhao, 977/75~957 BC) by typological evaluation of “diagnostic” objects, or to 

144 1020-930 BC by 14C dating of a human bone sample (The School of Archaeology and 

145 Museology Beijing University & The Institute of Archaeology of Shanxi Province, 

146 2001; Li, B., 2002). As Lei and Xia (2015) reported, they are soda-enriched in 

147 composition, thus leading the scholars to believe that they were either from Egypt or 

148 regions influenced by Egyptian technology. Similarly, three beads from M94 at 

149 Yujiawan of the middle Western Zhou (Institute of Cultural Relics and Archaeology of 
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150 Gansu Province, 2009: 124-141) were also reported to have soda-rich plant ash 

151 compositions and thought to be influenced from Egypt or Western Asia (Zhang & Ma, 

152 2009). Some other beads from Tianma-Qucun, Hengshui, Zhuyuangou, etc. of middle 

153 Western Zhou contexts were all rich in potassium (Lei and Xia 2015).

154

155 2.4. Typological analysis

156 The above faience finds can be divided into three stages by chronology as follows: 

157 1) 1700 BC to 1500/1400 BC, Saensayi and Tianshanbeilu, Xinjiang; 2) 1600/1300 BC 

158 to 1000 BC, Shangsunjiazhai (Kayue), Qinghai; 3) 1040s BC to 950/910 BC, Jin-Shan 

159 area and its vicinity as well as Ya’er in Xinjiang. Typologically, segmented tubes and 

160 tubes with protrusions are of particular interest. As Shortland et al. (2007) indicated, 

161 they first appeared in the northern Caucasus and were made for a long time and from 

162 various materials, indicating a local origin. Furthermore, Rawson (2013: 63) proposed 

163 that the tubular form with protrusions could not have been independently invented in 

164 China. The typological comparison (Table 1) shows that segmented tubes are restricted 

165 to stage 1 in Xinjiang, while tubes with protrusions first occurred at Hengshui in Jin-

166 Shan at stage 3 and never appeared in Xinjiang. Provided that these morphologies were 

167 indeed diagnostic of foreign influence or stimulus, they could not have been introduced 

168 into the territory of present China at the same time. Therefore, the aforementioned 

169 hypothesis of a faience road from the outside via Xinjiang to Central China (Liu et al., 

170 2017) deserves a careful re-investigation.

171 The bi-conical shape was thought to be associated with Chinese locally made 
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172 potash-enriched faience during the middle Western Zhou (Lei and Xia 2015). This type 

173 of faience beads has been excavated from the tomb M200 at Zhangjiapo in an early to 

174 middle Western Zhou context (Institute of Archaeology, Chinese Academy of Social 

175 Sciences, 1999: 308). In Zhangjiapo, tomb M163 from the middle Western Zhou 

176 yielded some faience vessel fragments and a slit ring-Jue that were quintessential for 

177 the Central Plain (Institute of Archaeology Chinese, Academy of Social Sciences, 1999: 

178 307; Lu Lian-Cheng, pers. com.), implying an already quite mature faience making 

179 during the middle Western Zhou. 

180 Another issue we may need to test is whether or not there was a potential interaction 

181 between Qinghai and Jin-Shan. Visually, beads from Qinghai and Jin-Shan show more 

182 similarities with each other than both with those from Xinjiang. From middle to late 

183 Western Zhou, faience tubes with protrusions were common in Jin-Shan. A special type 

184 of rhombic beads with bumps was excavated from the middle Western Zhou tomb 

185 BRM1 at Rujiazhuang (Wang, 1991; Lu and Hu, 1998: 329, 412), indicating a local 

186 adoption of foreign models. A string of tubular faience beads with protrusions was 

187 uncovered from a tomb of late Kayue culture at Banzhuwa, Hualong County, Qinghai 

188 (Figure 4c; Qinghai Provincial Institute of Cultural Relics and Archaeology et al., 1996) 

189 that could be roughly dated to the middle to late phase of 1000 to 700 BC 

190 (Sanzhaijunyan, 2005), that is to say, later than their debut in Jin-Shan. Meanwhile, two 

191 bi-conical faience beads were identified during a survey on Yangqu, Qinghai of Kayue 

192 Culture (Figure 4d, unpublished). Although there is no way to date Yangqu to any 

193 specific period of Kayue, and thus no reasonable comparison can be made with those 
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194 popular bi-conical faience beads in Jin-Shan area, they do add more evidence of the 

195 similarity shared by these two areas.

196

197 2.5. Sampling 

198 To address the above questions, samples from sites in Xinjiang, Qinghai, Gansu 

199 and Jin-Shan were studied. From Xinjiang, Gansu and Jin-Shan, we analysed relatively 

200 well-dated beads from Tianshanbeilu, Yujiawan (Figure 3 c-d) and the Ba state 

201 cemetery of probable Di people at Dahekou, dating to the middle Western Zhou 

202 (Institute of Cultural Relics and Archaeology of Gansu Province, 2009: 124-130, 145-

203 146; Joint Archaeological Team of Shanxi Provincial Institute of Archaeology, 2012; 

204 Xie Yao-Ting, pers. com.). In Qinghai, only samples from Shangsunjiazhai are suitable 

205 for our study, even though their dating is not quite precise (see above). 

206 Tianshanbeilu (Xinjiang, sample code TB...). The 13 analysed faience fragments 

207 come from one broken segmented bead and 11 fragments collected from the store bag 

208 containing a further three beads. By visual observation, apart from the broken bead, the 

209 other three ones are all more or less worn and broken, so these fragments could belong 

210 to either of them. Ten samples had glass phases visible under SEM. To describe the 

211 glass, we follow the terminology established by Vandiver (2008), distinguishing 

212 between glass in the Interaction Layer (IAL) between the glaze and the body, and Inter-

213 Particle Glass (IPG-BDY) found in the body of the beads, while for samples where it 

214 was difficult to clearly identify the relative location of the interstitial glass we use IPG. 

215 The 10 Tianshanbeilu samples showed either IAL (2), or IPG (3), or both (5).
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216 Shangsunjiazhai (Qinghai, sample code QDS...). Seven beads from five tombs 

217 were sampled but one of them lacked a glass phase, while another seemed to be too 

218 weathered to produce proper information. The available five analyses come from five 

219 beads of four tombs; in all of them was sufficient IPG remaining for our analyses.

220 Yujiawan (Gansu, sample code 84CYM19…). Four and three complete beads from 

221 tombs M94 and M19 respectively were analysed by LA-ICP-MS. Then three beads 

222 from M19 were prepared for SEM-EDS analysis and reported here as three samples, 

223 each with IAL and IPG.

224 Dahekou (Shanxi, sample code SYD…). The available two analyses come from two 

225 beads from two tombs; in both, IPG was preserved. 

226 Finally, another bead from tomb M113 from Tianma-Qucun (Shanxi, sample code 

227 SJH) was included in our analysis, in addition to the two already published (Lei and 

228 Xia 2015). In total 25 samples from five sites were analysed (Table 2).

229

230 3. Data generation and quality control

231 The majority of samples were analysed using scanning electron microscopy with 

232 energy dispersive spectrometry (SEM-EDS), and a few by Laser Ablation Inductively 

233 Coupled Plasma-Mass Spectrometry (LA-ICP-MS). 

234

235 The SEM-EDS analyses were done on polished cross-sections at the Wolfson 

236 Archaeological Science Laboratories at the UCL Institute of Archaeology, using a 

237 JEOL JSM-35CF, in two runs in 2011 and 2012. The instrument was operated at 20 kV 
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238 and 5 nA. Results of the tests on four Corning glass standards with SEM-EDS are given 

239 in Figure 5 and Appendix B. For all reference glasses, accuracy is usually better than 

240 20% except for SO3 and TiO2, while precision is often better than 10% except for Fe2O3, 

241 Al2O3 and MnO, for which it is still better than 15%. 

242

243 Figure 5. Accuracy and precision of SEM-EDS analyses on Corning glass standards.

244

245 SEM-EDS analyses focused on Inter-Particle Glass (IPG) where possible, usually 

246 with an area scanning at magnification from 150× to 600× at least on three different 

247 parts in a single sample; occasionally a spot analysis was done at higher magnification 

248 up to 800× to avoid interference from adjacent quartz particles which would inflate 

249 silica levels. For very small mineral inclusions, spot analysis at up to 1000× was done. 
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250 Since the following discussion will focus primarily on the Na/K ratio rather than their 

251 absolute contents, data obtained by spot analysis was retained together with that 

252 obtained by area scanning, despite the known phenomenon of partial alkali loss during 

253 spot analysis.

254 Loss of alkali due to weathering is a known and serious problem of faience analyses, 

255 due to the often very thin glaze layer (Figure 6a) further exacerbated by a very thin bead 

256 wall (Figure 6c). The typically low content of stabilizing oxides in the glass phase, 

257 particularly CaO, MgO and Al2O3, further compounds the weathering problem. 

258

259 Figure 6. SEM photomicrographs of polished sections: a) sample TB4 showing a rather 

260 thin IAL (interaction layer) over a quartz body without a glaze layer left; b) sample 

261 QDS11-2 showing abundant IPG; c) sample SYD1A showing very limited IPG in the 
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262 bodies; d) sample CYM19-1:1 showing substantial amount of IPG in the body. BSE 

263 images showing glass phase as light grey continuous areas.

264 According to the established laboratory procedures in the Wolfson Archaeological 

265 Science Laboratories at the UCL Institute of Archaeology, usually an analytical total 

266 ranging from 98-102 wt% before normalization should be expected. However, except 

267 for one sample from Shangsunjiazhai (QDS11-2, Figure 6b) and three from Yujiawan 

268 (including 84CYM19-1:1-3, Figure 6d), none of the analyses met this criterion. Even 

269 in those samples with abundant remaining glass phases, and after almost every IPG 

270 occurrence had been analysed, most of the totals ranged only from 90-95 wt%, with 

271 some even below 90 wt%. In these analyses (Appendix C), we noted a tendency for 

272 analyses with low analytical totals to have lower total alkali content, and those with 

273 lower alkali content to have increased chlorine content. Both increased chlorine content 

274 and lower analytical totals through loss of alkali oxides are indicators of incipient glass 

275 corrosion prior to the total collapse of the glass network. To test whether the ratio 

276 between soda and potash is affected by this incipient corrosion we plotted the alkali 

277 ratio against total alkali content (Figure 7). 

278 Faience with a soda to potash ratio in the glaze significantly above 1.5 is regarded 

279 as soda-rich (Figure 7a), while mixed alkali faience is typically defined as having a 

280 ratio of 0.5 to 1.5 (Vandiver 2008: 42); in our data set, those with a slightly higher ratio 

281 can also be classified in this mixed alkali category (Figure 7b). The Na/K ratio of soda-

282 rich faience is more sensitive to the loss of alkalis than that of mixed alkali samples. 

283 For soda-rich faience, minimum total alkali levels above 4 wt% should be present; for 
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284 lower concentrations, the Na/K ratio would drop into the mixed alkali range. Thus, 

285 typically only for total alkali levels above 6-7 wt% a safe classification can be made. 

286 For most mixed alkali faience, again a minimum total of alkalis above 4 wt% is 

287 necessary to avoid a risk of distorted classification due to soda depletion, while a total 

288 alkali content around 7 wt% or more is necessary for a reliable classification. Based on 

289 this understanding how the alkali ratio is affected by the partial loss of alkalis, we 

290 decided to select three to five analyses for each sample which have a minimum of 90 

291 wt% analytical total, and ideally around 95 wt% analytical totals and above 7 wt% 

292 combined soda and potash as raw results. These were then averaged and reported as 

293 final results. Four samples (QDS10-1, QDS11-1, SYD1A, SYD3A) had just one or two 

294 analyses matching these criteria, but as they were actually averaged from three repeated 

295 analyses for each area with remarkable consistency, they are still reported here. 

296 High potash faience was first identified by Brill from Shaanxi as having 

297 predominant potassium with very low magnesia (Brill, 1989), but there has been no 

298 clear statement of its defining Na/K ratio. Sample TB1-3 is a mixed-alkali faience bead 

299 with an alkali ratio of between 1 and 1.4 in the IPG, while the ratio in well-preserved 

300 (total alkali above c 12 wt%) IAL analyses is between 0.4 and 0.7. Even in more 

301 weathered areas of the IAL the ratio did not fall below 0.3 for individual analyses 

302 (Figure 7b). Therefore, to distinguish weathered mixed alkali faience from high potash 

303 ones, we set a criterion for the latter to have a Na/K ratio below circa 0.4 on average at 

304 a total alkali content of at least 7 wt%. The above data selection process is not ideal, 

305 but that is all what we can do with the weathered material in this study.
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306

307 Figure 7. Total alkali contents vs the ratio of soda to potash showing all individual 

308 analyses on several samples with abundant glass phases, to show how loss of alkalis 

309 affected the Na/K ratio: a) soda-rich samples; b) mixed alkali samples.

310

311 The LA-ICP-MS analyses were carried out on complete beads without further 

312 preparation at the Institute de Recherche sur les Archéomatériaux (IRAMAT), Centre 

313 de la Recherche Scientifique (CNRS) in Orléans in one run in 2011. The instrument 

314 was a Nd: YAG pulsed laser with a wavelength of 266 nm, using 70 s for ablation (20 

315 s for pre-ablation and 50 s for analysis) and 6-8 Hz laser pulse frequency. Typical argon 

316 gas flow rate values ranged from 1.15 to 1.35 L/min. The concentrations were 

317 calculated according to an established analytical protocol (Gratuze, 2016). Results of 

318 the tests on Corning reference B, C, D and NIST SRM 610 with LA-ICP-MS are given 

319 in Figure 8 and Appendix D. For all Corning references, precision (as expressed by 

320 Relative Standard Deviation) of major oxides is typically better than 10% except for 

321 Cl, while the accuracy (as expressed by relative error) of major oxides is usually better 

322 than 10% except for P, Cl and Pb for which it is still mostly better than 20%. For 
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323 Corning C, accuracy of Ca is worse than 40%, a known but unexplained anomaly for 

324 that sample and not repeated for other reference materials (Gratuze, pers. com.). 

325

326 Figure 8. Accuracy and precision of LA-ICP-MS analyses on NIST 610 and Corning 

327 glass standards.

328

329 4. Results

330 4.1. Raw materials

331 SEM-EDS and LA-ICP-MS results are listed in Table 3 and Table 4. Based on the 

332 above criteria our analyses fall in three groups: rich in potash, mixed-alkali based, and 

333 soda-rich plant-ash based (Figure 9). 
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334

335 Figure 9. Total alkali contents vs the ratio of soda to potash of the three compositional 

336 groups, namely soda-rich plant ash samples with ratios above circa 1.5, for the mixed-

337 alkali samples (those with ratios ranging from 0.5 to 1.5), and potash-rich samples 

338 with ratios below circa 0.4. Where a sample gave data for IAL as well as IPG these 

339 were plotted separately. Note the logarithmic scale of the Y axis.

340

341 The three beads from Shangsunjiazhai (Kayue, QDS7A, QDS10-1 and QDS11-1) 

342 and both from Dahekou (SYD1A, SYD3A) that have a significantly greater potash 

343 content than soda content are low in calcium and magnesium (Figure 10 a), typical for 

344 Chinese faience of Western Zhou (Lei & Xia, 2015). The potash-rich sample from 

345 Shangsunjiazhai (Tangwang, QDS9A) very likely belongs to the same category, as its 

346 calcium and magnesium are both below detection limit, indicating a continuous 

347 circulation or production of this compositional type of faience in this area for a long 
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348 time. Based on the very low impurities in glass phases, Brill hypothesised that either 

349 purified vegetal ash or saltpetre (potassium nitrate) was used as flux for these (Brill, 

350 1989). The presence of zirconium in QDS7A, QDS9A and QDS11-1 and the presence 

351 of monazite in SYD3A indicate the use of sand for these three groups of faience, even 

352 though they show a quite loose range in alumina and iron oxide content (Figure 10 b). 

353 They might share the same recipe of raw materials, but based on such limited data it is 

354 hard to determine whether the sand came from the same region. 

355

356 Figure 10. a) MgO vs CaO of IPG, by site and alkali type; b) iron oxide vs alumina, 

357 by site and alkali type. 

358

359 One sample from Shangsunjiazhai in Qinghai province (Kayue, QDS11-2) and the 

360 majority of Tianshanbeilu samples are mixed-alkali based. However, the Qinghai 

361 sample has much lower content in both magnesia and calcium than the Xinjiang 

362 samples (Figure 10 a). Furthermore, although the presence of zirconium in QDS11-2 

363 and the presence in the Tianshanbeilu samples of some inclusions such as diopside, 
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364 feldspar and others rich in iron oxide or alumina suggest sand as raw material for both 

365 groups, they differ in iron (Figure 10 b, see also the significant differences in Na/Mg 

366 and Na/Ca in Table 3), indicating that they are from different source origins. 

367 In accordance with an earlier study (Zhang & Ma, 2009), our analyses on all three 

368 samples from tomb M19 at Yujiawan (84CYM19-1:1, -1:3 and -1:4) demonstrate that 

369 they were made from soda-rich plant ash. Zircon, monazite and feldspar have been 

370 observed frequently in all samples, indicating the use of quartz sand. Two samples from 

371 Tianshanbeilu (TB2-1, -2) and the only sample from M113 of Tianma-Qucun (SJH3) 

372 are badly weathered so that their total alkali is very low (Table 3). But even at such low 

373 levels soda is still twice the potash level, thus strongly indicating an originally very 

374 soda-rich composition. The two soda-rich samples from Tianshanbeilu (Figure 7 a) 

375 have similar level in magnesia, calcium and iron oxide and alumina as the mixed-alkali 

376 ones from the same cemetery (Figure 10), potentially indicating that all the 

377 Tianshanbeilu faience might have the same provenance even when using a different 

378 flux.

379

380 4.2. Colorants

381 All the investigated samples are coloured by copper, in common with published 

382 analyses. Trace element data of metals related to copper are rare due to instrumental 

383 constraints (e.g., Lei and Xia, 2015); however, Brill et al. (1991) report high lead 

384 content in some Zhou period faience beads. The three beads from tomb M19 at 

385 Yujiawan (84CYM19-1:1, -1:2 and -1:3) had already been analysed using SEM-EDS, 
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386 and the LA-ICP-MS analyses yielded closely matching data. The corrected average 

387 LA-ICPMS values (see OSM) for tin (c. 750 ppm) and lead (c. 8000 ppm), which are 

388 equivalent to an original copper alloy with around 1 wt% tin and c. 10 wt% lead, point 

389 to the use of leaded copper with a low tin content as the raw material for the colorant. 

390 The bead from M113 of the Jin State cemetery (SJH3) was probably coloured by leaded 

391 copper (see Table 3), with a ratio of lead oxide to copper oxide of 0.4.

392

393 4.3. Glazing methods

394 No quartz-free glaze layer is present in any of the samples. For some samples it is 

395 hard to determine whether the fragment represents the IAL or the body due to the 

396 random nature of fragments peeling off (Figure 6 b), making it also difficult to evaluate 

397 the glazing method based on differences between IPG-BDY and IAL glass 

398 compositions (see e.g. Rehren 2008). The samples from Tianshanbeilu, 

399 Shangsunjiazhai and Dahekou have little interstitial glass in the bodies (Figure 6 a-c), 

400 suggesting that a cementation method was used to create these thin-walled beads. Only 

401 Tianshanbeilu samples have their IAL preserved, but soda and potash concentrations 

402 did not always increase or decrease from the IAL to the body (Table 3). Some increases 

403 or decreases could also be due to heterogeneity across a whole sample, as our analyses 

404 have shown (Appendix C). All five samples of Yujiawan (84CYM19) have sufficient 

405 inter-particle glass to bond together adjacent quartz particles, and the bodies also 

406 contain more or less continuous interstitial glass, indicating that they are glazed by 

407 efflorescence (Figure 6 d). 
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408

409 5. Discussions

410 Soda-rich faience is generally thought to be made in or influenced by Egypt or 

411 Western Asia (e.g., Zhang & Ma, 2009; Lei and Xia, 2015). Our SEM and LA-ICP-MS 

412 analyses have shown that some of the soda-rich faience was coloured by a leaded 

413 copper alloy, which has no correspondence in soda-rich plant ash faience either from 

414 the Middle East or Egypt, while such alloys were widely used in Central China. We 

415 therefore cannot exclude the possibility that theses soda-rich faience beads with 

416 relatively high lead oxide were locally made, a possibility already raised by Brill et al. 

417 (1991: 117) for several other Zhou period faience beads. Accordingly, during the early 

418 to middle period of the Western Zhou period, Chinese people might have experimented 

419 with faience making using soda-rich desert plant ash similar to that used in Western 

420 Asia and Egypt.

421 Furthermore, our new analyses identified several high-potash beads from Kayue 

422 Culture contexts in eastern Qinghai, pre-dating the previously published high-potash 

423 faience beads. They displayed some characteristic features that are typically found 

424 among potash-rich faience from Jin-Shan area and nearby, supporting the hypothesis 

425 of a long lasting and widely established local Chinese production of high-potash faience. 

426 Although the origins of high-potash faience making in eastern Qinghai and of soda-rich 

427 plant ash faience making in Jin-Shan cannot be addressed yet, it seems that the Zhou 

428 people witnessed technological change in faience making, resulting in a common high 

429 potash recipe, along with some morphological preferences shared with the Kayue 
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430 people. 

431 Ten samples, representing the only four faience beads from Tianshanbeilu found 

432 among nearly 5,500 stone beads (see above), turned out to be made using two different 

433 types of flux, mixed alkali and soda-rich plant ash. We propose that they are very likely 

434 occasional imports rather than locally produced. The use of mixed alkali faience first 

435 emerged in South Russia and then spread from there during the 2nd millennium BC to 

436 Europe (Angelini, 2008: 129). Meanwhile, soda-rich composition was also detected 

437 among the earliest faience beads from this region (Shortland et al., 2007). Some specific 

438 morphologies, e.g. long smooth tubes, tubes with ribbed ornamentation or segmented 

439 tubes, and tubes with wart-like or horn ornamentation first appeared in the northern 

440 Caucasus. They borrowed their shapes from beads made from other materials used 

441 earlier in this region, indicating a local origin of these typologies (Shortland et al., 2007). 

442 Therefore, the rare Tianshanbeilu mixed alkali beads, in the shape of either long or 

443 segmented tubes, show a very close link with the North Caucasus region and the 

444 Eurasian steppe. During the Bronze Age, beads of these two shapes, made either of 

445 bronze or faience (often called ‘paste beads’), were quite popular in the Semirechye 

446 region of Central Asia (Goriachev, 2004); however, no analytical results on these 

447 faience beads have yet been published, which prevents us from further comparison. 

448 Considering the very close relationship between western Xinjiang and the Semirechye 

449 region during the Bronze Age (Yang et al., 2016: 120), it is likely that these foreign 

450 beads were introduced into Xinjiang from Central Asia. The same is likely the case for 

451 the earliest faience from China published so far, a string of segmented tubes from 
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452 Saensayi in northern Xinjiang, and also those later ones found from Ya’er that have 

453 been recently re-analysed with SEM and found to be mixed alkali (Liu Nian, pers. com.). 

454 Early faience beads are relatively rare in Xinjiang compared to Qinghai and Jin-

455 Shan, making it hard to propose a local manufacture. As noted above, both the mixed 

456 alkali and soda-rich plant ash faience from Xinjiang differed both in typology and in 

457 compositional features from their parallels from Qinghai and Yujiawan. Therefore, at 

458 present it seems that eastern Xinjiang did not contribute too much to the faience 

459 production that developed in eastern Qinghai and the Jin-Shan region.

460

461 6. Conclusions and Outlook

462 The emergence of faience beads in China is an important subject of study closely 

463 related to the cultural interaction of China with the outside world, both in terms of 

464 exchange of materials, the communication of ideas of value and beauty, and the spread, 

465 adaption and development of specialised technologies. Our work presented here 

466 provides for the first time well-dated evidence for the use of faience in Xinjiang during 

467 the middle and the second half of the second millennium BC, made using mixed-alkali 

468 plant ashes and with a likely production origin of the beads in the north Caucasus or 

469 the Steppe. These beads, typologically and compositionally closely similar to beads 

470 circulating outside China, were most likely imported from Central Asia and remain rare 

471 finds. In the second half of the second millennium and the early first millennium BC 

472 we see the use first of locally-produced soda-rich faience and then of high-potash 

473 faience across a wide region of central and north-western China, from eastern Qinghai 
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474 through eastern Gansu to Shaanxi and Shanxi, indicating the existence at the time of an 

475 established and diverse faience industry within the cultural heartland of China. The 

476 technology has been adopted to use locally available raw materials. During the early 

477 period of Western Zhou, there appears to have been an experimental period for faience 

478 manufacture by Zhou people at the border region of the Central Plains. In particular, 

479 some of the fluxes are materially different from the classical soda-rich or mixed-alkali 

480 plant ashes used in Western and Central Asia, even though we still do not know the 

481 exact nature of the potash-rich raw material(s). From the middle Western Zhou, we see 

482 the regular use of quintessentially Chinese raw materials both in the fluxes (high potash) 

483 and the colorants (leaded copper). It is reasonable to assume that the Zhou people learnt 

484 these techniques or perfected their own by contact with their neighbours in the west, 

485 e.g. the Kayue people of Qinghai Province, who were the first to use high-potash glaze 

486 recipes. However, the available data is still too sketchy to properly discuss the origin 

487 of either the soda-rich plant ash faience making in the Zhou realm, or the high potash 

488 one in Qinghai.

489 Future work would benefit from the more systematic determination of trace 

490 elements using LA-ICP-MS in well-dated finds. In the bodies, emphasis should be on 

491 the presence of specific minerals that may help define groups of compositionally similar 

492 beads, and potentially constraining their geological source regions. Detailed analysis of 

493 better-preserved glaze matrices and their colorants will help identifying the nature and 

494 selection of raw materials as a reflection of human agency and technological styles; 

495 together with an identification of the production technologies this will help characterise 
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496 specific workshop traditions, their adaptation to new raw materials, and the emergence 

497 of new lineages of technological and morphological styles. The limited data available 

498 so far already indicates that much can be learned from a broader and more reliable body 

499 of data from well-dated objects, even when restricting the invasive analysis to small 

500 fragments. Of particular interest is the determination of the relative proportions of 

501 copper, lead and tin to test whether the faience beads found in China have 

502 systematically different alloy signatures from those of Central Asia and further West. 

503 A specific avenue within this future research should include the determination of lead 

504 isotope abundance ratios, to test for any links between the copper used as colorant and 

505 the contemporary bronze industry. Here, much work is recently shedding increasing 

506 light on the provenance of copper and lead from late Shang and early Western Zhou 

507 bronzes in the Chinese heartland, and linking future faience research to this could prove 

508 highly informative.
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661 Table 1. Provenance and description of faience finds that are no later than middle Western Zhou 
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662 (950-850 BC) 

Location of Sites Date Typology Source

The Northwest Caspian 

Sea Region, the North 

Caucasus and adjacent 

steppe areas

Between the 4th and 

early 2nd millennium 

BC

ABDEFHIJKL Shortland et al. 2007

Saensayi, Xinjiang 17th - 15th cent. BC
K

(probably H)

Xinjiang Institute of Cultural Relics and 

Archaeology 2013: 63-65, PLATE 37.4

Tianshanbeilu, Xinjiang 1500-1400 BC HK Unpublished

Ya’er, Xinjiang 1050-910 BC AH Liu et al. 2017

Shangsunjiazhai, Qinghai 

(Kayue)
1600/1300-1000 BC AH Unpublished

Banzhuwa, Qinghai
Middle to late phase of 

1000-700 BC
HI Unpublished

Tianma-Qucun, Shanxi

Late phase of Early to 

middle Western Zhou 

(1020-850 BC)

AH Lei & Xia 2015 

Hengshui, Shanxi
Middle Western Zhou 

(950-850 BC)
ABHI

Archaeology Institute of Shanxi 

Province 2006: Fig. 19 & 23; Lei & Xia 

2015

Dahekou, Shanxi
Middle Western Zhou 

(950-850 BC)
AHI Unpublished

Zhangjiapo, Shaanxi

Early to Middle 

Western Zhou (1040s-

950 BC)

AB (probably a 

slit ring-Jue and 

a few vessel 

fragments)

Institute of Archaeology Chinese, 

Academy of Social Sciences 1999: 53-

54, 307-308, APPENDIX 8, PLATE 

171.1& 172.2

Beilu, Shaanxi

Early to Middle 

Western Zhou  (1040s-

950 BC)

A Luo 1995: 129, PLATE57.2 & 58.5 

Zhuyuangou & 

Rujiazhuang, Shaanxi

Early phase of Middle 

Western Zhou (King 

Mu: 956~918 BC)

AHMN

Lu & Hu 1998: 239-242, 246, 268-269, 

329-330, 379-381, 386, PLATE 25.1~3, 

138.1~3, 177.1, 206.2~3
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Liutaizi, Shandong

Late phase of Early 

Western Zhou (King 

Zhao: 977/75~957 BC)

H

Shandong Provincial Institute of 

Cultural Relics and Archaeology 1996; 

Shandong Provincial Institute of 

Cultural Relics and Archaeology et al. 

2010: 184.

Yujiawan, Gansu
Middle Western Zhou 

(950-850 BC)
A

Institute of Cultural Relics and 

Archaeology of Gansu Province 2009: 

PLATE 11.5

Pingdingshan, Henan
Middle Western Zhou 

(950-850 BC)
A Gan et al. 2009

663 A) Spherical /ellipsoidal; B) Small bi-conical; C) Small bi-conical with protrusions; D) Disk; E) Short cylindrical; 

664 F) Short cylindrical with horns or warts; G) Standard cylindrical; H) Smooth tube; I) Tube with protrusions; J) Tube 

665 with relief ornamentation; K) Segmented tube; L) Segmented tube with protrusions; M) Big bi-conical; N) Big bi-

666 conical with protrusions.

667

668 Table 2. Faience beads analysed in this paper

Code Site Burial Date Culture Morphology
Analytical 

methods

TB1-1 to -6

TB2-1, -2

Tubular & 

segmented

TB3, 4

Tianshanbeilu, 

Xinjiang
M200 1500-1400 BC Siba

Segmented

QDS7A

QDS10-1

QDS11-1, -2

M554

M504

M756

1600/1300-1000 BC Kayue Round

QDS9A

Shangsunjiazhai, 

Qinghai

M601 1000-400 BC
‘Tangwang 

type’
Tubular

SEM-EDS

84CYM19-1:1

84CYM19-1:3

84CYM19-1:4

M19
SEM-EDS & 

LA-ICPMS

CYM 1-4

Yujiawan, Gansu

M94

Middle Western Zhou 

(950-850 BC)
Zhou lineage Round

LA-ICPMS
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SYD1A

SYD3A
Dahekou, Shanxi

M2

M5001

Middle Western Zhou 

(950-850 BC)

Probably Di 

people

Tubular

Round

SJH3
Tianma-Qucun, 

Shanxi
M113

Early to Middle 

Western Zhou (1050-

950 BC)

Jin lineage Tubular

SEM-EDS

669

670

671

672

673

674

675
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Table 3. Average concentrations of major and minor oxides in the faience investigated in this paper, analysed by SEM-EDS (wt%); 

Alkali type Code Component SiO2 Na2O K2O CaO MgO Al2O3 FeO CuO Pb Cl Na/K
Analytical 

total
Na/Mg Na/Ca

High potash QDS7A IPG 81.1 1.62 7.07 0.65 0.44 4.16 0.51 3.07 bd 0.53 0.23 96.9 3.69 2.49 

High potash QDS9A IPG 78.7 2.42 10.1 bd bd 1.96 0.11 5.92 bd 0.52 0.24 98.9 n/a n/a

High potash QDS10-1 IPG 82.6 1.74 6.69 0.25 0.20 2.30 1.28 4.42 bd 0.27 0.26 95.8 8.74 7.06 

High potash QDS11-1 IPG 80.1 2.21 9.19 0.32 0.33 6.29 bd 1.75 bd bd 0.24 94.7 6.64 6.89 

High potash SYD1A IPG 84.6 0.80 6.39 0.58 0.51 4.80 0.37 1.84 bd 0.15 0.13 97.3 1.56 1.39 

High potash SYD3A IPG 75.2 3.15 10.1 1.43 0.54 3.38 0.92 4.75 bd 0.51 0.31 97.1 5.88 2.20 

Mixed-alkali TB1-1 IAL 70.3 6.73 5.65 2.01 0.95 1.91 1.52 10.0 bd 0.84 1.19 94.9 7.12 3.34 

Mixed-alkali TB1-1 IPG (BDY) 71.7 5.15 4.89 2.36 1.18 2.17 1.77 10.3 bd 0.52 1.05 95.1 4.37 2.18 

Mixed-alkali TB1-2 IAL 69.5 5.12 5.05 2.25 0.97 2.06 1.34 12.5 bd 1.15 1.01 94.1 5.25 2.27 

Mixed-alkali TB1-2 IPG (BDY) 73.4 5.04 3.90 2.07 0.93 2.10 1.82 9.90 bd 0.82 1.29 96.5 5.42 2.44 

Mixed-alkali TB1-3 IAL 69.0 6.00 9.72 1.88 0.78 1.33 1.19 9.55 bd 0.54 0.62 94.5 7.66 3.18 

Mixed-alkali TB1-4 IAL 72.1 3.73 5.76 2.27 1.16 2.23 1.32 10.6 bd 0.85 0.65 95.8 3.22 1.64 

Mixed-alkali TB1-4 IPG (BDY) 73.1 3.50 4.51 2.44 1.09 2.61 1.68 10.4 bd 0.66 0.78 94.9 3.22 1.44 

Mixed-alkali TB1-5 IPG 69.3 5.81 5.60 2.35 0.97 2.18 1.79 11.1 bd 0.82 1.04 94.6 5.98 2.47 
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Mixed-alkali TB1-6 IPG 71.3 3.56 4.45 2.13 1.03 2.25 1.57 12.4 bd 1.03 0.80 93.7 3.44 1.68 

Mixed-alkali TB3 IAL 73.6 3.27 6.13 2.02 0.87 2.09 1.18 10.4 bd 0.65 0.53 91.5 3.77 1.62 

Mixed-alkali TB3 IPG (BDY) 74.4 4.15 3.85 2.23 0.76 2.98 1.88 9.41 bd 0.32 1.08 94.8 5.44 1.86 

Mixed-alkali TB4 IAL 73.3 4.45 5.96 2.01 1.01 1.81 1.40 9.73 bd 0.41 0.75 94.7 4.42 2.21 

Mixed-alkali TB4 IPG (BDY) 72.6 5.08 3.65 2.20 1.15 2.75 1.40 10.7 bd 0.46 1.39 93.7 4.43 2.31 

Mixed-alkali QDS11-2 IPG 74.0 6.92 9.15 0.55 0.27 2.52 0.13 6.08 bd 0.36 0.76 99.0 25.2 12.7 

Soda-rich plant ash 84CYM19-1:1 IAL 72.8 11.5 2.87 0.49 0.47 2.43 0.88 8.05 bd 0.81 4.02 100.8 24.8 23.4 

Soda-rich plant ash 84CYM19-1:1 IPG (BDY) 74.8 9.79 2.72 0.55 0.51 2.55 0.99 7.63 bd 0.50 3.60 102.5 19.2 17.8 

Soda-rich plant ash 84CYM19-1:3 IAL 76.1 10.4 2.75 bd bd 2.67 1.08 6.51 bd 0.40 3.78 102.2 n/a n/a

Soda-rich plant ash 84CYM19-1:3 IPG (BDY) 75.6 10.6 2.60 bd bd 3.14 0.89 7.16 bd bd 4.07 102.6 n/a n/a

Soda-rich plant ash 84CYM19-1:4 IAL 72.2 8.35 1.54 0.88 bd 2.00 1.24 10.2 2.43 1.01 5.43 91.6 n/a 9.51 

Soda-rich plant ash 84CYM19-1:4 IPG (BDY) 74.7 5.22 1.40 1.05 0.68 2.62 1.24 9.45 2.14 1.69 3.73 91.5 7.72 4.96 

Very likely soda-

rich TB2-1 IPG 73.3 5.47 1.63 2.67 0.71 2.30 1.26 11.2 bd 1.21 3.35 90.6 7.76 2.05 

Very likely soda-

rich TB2-2 IAL 75.8 2.56 1.40 2.76 0.96 2.46 1.78 10.8 bd 1.29 1.83 93.7 2.66 0.93 
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Very likely soda-

rich SJH3 IPG 84.4 2.04 1.03 0.40 0.44 3.32 0.53 4.62 1.81 0.74 1.98 95.5 4.64 5.10 
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Table 4. Average concentrations of major and minor oxides of Yujiawan samples analysed by 

LA-ICP-MS. 

Major and minor oxides as wt%, PbO of CYM1-4 as ppmCode SiO2 Na2O CaO K2O MgO Al2O3 Fe2O3 CuO P2O5 Cl PbO
CYW 1 95.9 0.15 0.27 0.21 0.14 1.03 0.19 1.57 0.09 0.29 440
CYW 2 95.6 0.19 0.45 0.23 0.11 0.81 0.19 1.77 0.16 0.35 230
CYW 3 93.9 0.33 0.53 0.09 0.09 0.56 0.16 3.10 0.14 0.99 312
CYW 4 95.8 0.22 0.81 0.24 0.15 0.84 0.24 0.98 0.40 0.23 336

84CYM19-1:1 82.9 5.37 0.86 1.39 0.33 2.11 0.58 3.04 0.10 2.87 2.62 
84CYM19-1:3 88.8 4.83 0.20 1.11 0.10 1.36 0.44 2.50 0.04 0.21 1.77 
84CYM19-1:4 83.4 7.89 0.51 0.63 0.15 0.97 0.54 4.30 0.19 0.47 7.83 



Appendix A. 14C dates from Shangsunjiazhai cemetery of ‘Tangwang type’ (Institute of 

Archaeology, Chinese Academy of Social Sciences, 1991)

Tomb number Sample type Laboratory code Dendrochronolocially calibrated date

M333 Coffin wood BK77014 BC 1211-915

M979 Wood BK80011 BC 796-432

M989 Wood BK80012 BC 766-402

M1042 Wood BK80013 BC 825-595

M1046 Charcoal BK80014 BC 1266-1008


