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Abstract 

 

Proto-porcelain, a kind of high-fired lime-rich glazed ceramic, with maturing 

temperatures in excess of 1200 °C, began to appear in China during the Shang 

dynasty (c. 1700 to 1027 BC) and became more widespread during the subsequent 

Zhou dynasty (1027 to 221 BC). Since the 1950s, proto-porcelain has been unearthed 

from various tombs and sites across the country; most of them in mound tombs and 

kiln sites in the lower reaches of the Yangtze River.  

 

Bodies and glazes of 61 proto-porcelain sherds and 19 non proto-porcelain samples 

from Shang and Zhou periods production sites in Deqing, Zhejiang province were 

collected and later analysed by EPMA-WDS to understand the raw materials and to 

explore the mechanisms behind the formation of these glazes. The results indicate 

that the bodies of all samples were made from local raw material – porcelain 

stone. Wood ashes, high in lime and low in potash, were intentionally applied to 

the proto-porcelain samples, resulting in the formation of lime-rich glazes 

whose composition were determined by a temperature-controlled mechanism. In 

contrast, kiln fragments and furniture show a potash-rich fuel vapour glaze, which 

formed unintentionally during use of the kiln. The firing temperature for most of 

the proto-porcelain glazes is about the same as the maturing temperature for 

typical more recent lime glazes, showing that the potters were already at such an 

early time able to attain sufficiently high temperature in their kilns.  

 

The differences in firing temperature and composition underpin the suggestion that 

the Chinese lime-rich glazes are an independent invention. The glaze-forming 

process was later replicated in the lab to further test several possible parameters that 

would be necessary to control for the early potters when producing these glazes on a 

regular scale.  

 

The emergence of these earliest high-fired glazed ceramics has also been 

contextualised within north and south China during the Shang and Zhou dynasties. 

The environmental and technological constraints, economic and political 

organisations, together with religious and belief systems were also taken into 

consideration to better understand the impact of this innovation of the glazing and 

firing technology on the later development of Chinese ceramic production. 
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Chapter 1  

Introduction 

 

1.1 Proto-porcelain: terminology and its origin 

1.1.1 Terminology 

 

China has a long and successful history in producing ceramics and has held for 

centuries a leading position in the production of high-fired glazed ceramics, 

eventually leading to the development of true porcelain. Before the successful 

production of mature high-fired glazed ceramics, there was a transitional period – 

around the time of the Shang (c. 1700-1027 BC) and Zhou (1027-221 BC) dynasties 

– during which the technology gradually developed from low-fired unglazed 

ceramics to mature high-fired glazed ones. Different names have been given to these 

early high-fired glazed ceramics that were produced during the Shang and Zhou 

dynasties. Therefore, it is necessary to define and name them precisely and 

consistently before proceeding with further investigation and discussion. 

 

Inside China: pottery or porcelain 

 

Although early high-fired glazed ceramics were first discovered from the Yinxu (殷墟) 

site (13
th

-11
th

 century BC) at Anyang (安阳), Henan province, in 1929 (Li 1930: 223), 

they were not well known until the late 1950s, when they were excavated from the 

Erligang site (16
th

-14
th

 century BC) at Zhengzhou, Henan province. This discovery 

prompted a debate regarding terminology between you tao (‘glazed pottery’) and zao 

qi de ci qi (‘porcelain at its early stage’). (You tao is translated as ‘glazed pottery’ in 

the Chinese texts, but for Western scholars the term would probably be better 

expressed as ‘glazed earthenware’. The difference between tao and ci will be 

clarified below) (An 1960: 68; An 1989: 1). In 1960, An (1960: 68) first brought 

forward four criteria for defining porcelain made in China: (1) the body made of 

kaolin clay; (2) glazed; (3) high-fired, vitrified, and resonant when struck; (4) 

impermeable body. According to these criteria, he categorised the ceramics unearthed 

from Erligang as early high-fired glazed ceramics, or yuan shi ci qi (primitive 

porcelain) or yuan shi qing ci (primitive green-glazed ceramics). Later, with the 

increased number of discoveries of these early high-fired glazed ceramics, it was 

gradually realised that green is the most common but not the only colour of the glaze. 

In “A dictionary of Chinese ceramics”, Wang (2002: 193) concluded that presently 
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most specialists in Chinese ceramics have agreed to name this type of porcelain yuan 

shi ci qi (‘proto-porcelain’ is the translation used in the English edition of the book), 

even though some specialists still call them you tao (glazed pottery). Yuan shi ci qi 

thus became the most popular Chinese terminology for this type of ceramics. 

However, due to different practice in the English translation, proto-porcelain (Chen 

et al. 2003: 645), primitive porcelain (Yang 2000: 62), and sometimes primitive 

celadon (Feng 1987: 38) are used interchangeably by modern Chinese scholars to 

refer to early high-fired glazed ceramics when writing in English. 

 

Outside China: stoneware or porcelain  

 

These Chinese early high-fired glazed ceramics are referred to by ceramic scholars 

outside China as green stoneware (Tregear 1976: 1), ash-glazed stoneware (Sato 

1981: 14), proto celadon (Monroe 1982: 9), near-stoneware with primitive glaze 

(Valenstein 1989: 22), high-fired glazed near-stoneware (Valenstein 1989: 32), and 

glazed stoneware (Vainker 1991: 29; Li 1996: 32; Wood 1999: 18). Following the 

improved understanding of these ceramics, the colour of the glaze was no longer 

mentioned as a part of the name. Almost all these scholars outside China tend to use 

‘stoneware’ rather than ‘porcelain’ to refer to this type of ceramics.  

 

Only the specific high-fired glazed ceramics made during the Koryo dynasty of 

Korea (918-1392 AD) were exclusively named Korean celadons or greenwares 

(Portal 1997: 98), representing a type of ceramics which falls neither into the 

‘stoneware’ nor the ‘porcelain’ category. 

 

Definition of different ceramics 

 

Because there is such a difference in the terminology referring to early high-fired 

glazed ceramics between scholars inside and outside China, it is necessary to go back 

to the definition of different types of ceramics. 

 

Ceramic itself, when used as a noun, is defined in the Merriam-Webster Online 

Dictionary as:  

 

of or relating to the manufacture of any product (as earthenware, porcelain, or brick) 

made essentially from a nonmetallic mineral (as clay) by firing at a high 

temperature. 
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From a curator’s perspective, Valenstein (1989: 311) defined ceramic as:  

 

All objects made from fired clay, whether they are earthenware, stoneware, 

porcelaneous ware, or porcelain; synonymous with ‘pottery’. 

 

Table 1.1 gives a brief description and comparison of different types of Chinese 

ceramics according to scholars outside China (Valenstein 1989: 311-312; Vainker 

1991: 218; Hamer and Hamer 1997: 111, 229, 285; Wu 2001: 172-175; Goffer 2007: 

246). 

 

There are certain conflicts regarding terminology here between Chinese scholars and 

scholars outside China. Among European and North American scholars, 

proto-porcelain, a term coined by the American scholar Berthold Laufer, is 

commonly used for ash-glazed stoneware produced during the Han dynasty (206 BC 

– 220 AD) (Sato 1981: 19). While Western scholars isolate stoneware as a separate 

type of ceramic, Chinese and Japanese scholars do not generally recognise this 

distinction and classify all ceramics as either earthenware or porcelain (Valenstein 

1989: 22). When defining the glossary of porcelain and stoneware
1
, Freestone and 

Gaimster (1997: 215) especially pointed out that in China the term ‘porcelain’ is 

more widely applied, to include non-translucent fine stonewares. Kerr and Wood 

(2004: 11) bridged the Chinese and the correspondent English translation, thus giving 

us a better understanding of the different linguistic terms: 

 

Modern Chinese language divides ceramics into only two types, thao (tao 陶) and 

tzhu (ci 瓷). The lower-fired thao (tao) material corresponds to English earthenware 

and some categories of stoneware, whereas high-fired tzhu (ci) equates to both 

stoneware and porcelain. In translations from Chinese into Western languages, one 

may thus encounter material that we would regard as stoneware, described as 

‘porcelain’. 

  

                                                        
1 The definitions of porcelain and stoneware (Freestone and Gaimster 1997: 215-216)  

Porcelain A white, vitrified, translucent ceramic which rings when struck. In China, the term is more widely 

applied to include non-translucent fine stoneware. 

Stoneware A dense, vitrified ceramic body, typically fired at temperatures in excess of 1100 °C. In the European 

tradition, made from naturally occurring refractory clays, whereas in the Far East, fluxes were commonly added. 
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 Time 
Raw 

materials 

Firing 

temperature 

Porosity/ 

Absorbency 

Vitrification/ 

Hardness 
Translucency 

Glazed/ 

Unglazed 
Body colour  

Earthenware 

before the 

Tang 

dynasty 

common clay 
low-fired, 

950-1100 °C 

up to 10% 

permeable 

not completely 

vitrified 
no unglazed 

light buff to tan, 

red, brown or black 

Stoneware 

Shang – 

Song 

dynasty 

kaolin or 

porcelain 

stone 

high-fired, 

1100-1300 °C 

up to 5% /  

impermeable 

vitrified /  

dense and hard 
no 

glazed /  

unglazed 
light or dark 

Porcelaneous 

Ware 
Lying between stoneware and porcelain (superior to average stoneware but does not have all of the characteristics of ‘true’ porcelain in the Western sense) 

Porcelain 

from the 

Song 

dynasty 

onwards 

kaolin and 

porcelain 

stone 

high-fired, 

1300-1450 °C 

below 2% / 

impermeable 

highly vitrified / 

rings when struck 
yes glazed grey or white 

 
Table 1.1: Different categories of ceramics 
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Vainker (1991: 218) already realised this linguistic difference and stated that 

stonewares produced before the Han dynasty are often referred to in China as 

‘proto-porcelain’, which was a compromise with Chinese practice. Wood (1999: 21) 

also pointed out that the term ‘proto-porcelain’ is more popular in China than it is in 

the West, as the Chinese word ci (porcelain) includes wares that are simply dense and 

resonant, as well as those that are obviously white and translucent. Although 

stoneware and porcelain are different categories in Western scholarship, 

‘proto-porcelain’ for Chinese scholars and ‘glazed stoneware’ for scholars outside 

China actually refer to the same broad kind of high-fired glazed ceramics produced 

at an early stage of the Chinese civilisation. In order to be consistent in my 

discussion, I will continue to follow Chinese practice and address these early 

high-fired glazed ceramics as ‘proto-porcelain’. 

 

1.1.2 The origin of proto-porcelain 

 

Proto-porcelain was first excavated from the Yinxu site (13
th

-11
th

 century BC) at 

Anyang, Henan province, in 1929 (Yu 1996: 26; Wang 2007). At that time, due to 

limited understanding of early ceramics, the finds were only thought to be ‘glazed 

pottery’. Proto-porcelain finds were not fully understood until the 1950s, when they 

were unearthed from the Erligang site (16
th

-14
th

 century BC) at Zhengzhou, Henan 

province. Following that discovery, people began to realise that high-fired glazed 

ceramics had already been successfully produced at such an early stage. In 1960, An 

(1960: 68) first brought forward four criteria for defining porcelain and categorised 

the high-fired glazed ceramics unearthed from Erligang as “porcelain at its early 

stage”. To date, the proto-porcelain finds unearthed from the Dongxiafeng site 

(1900-1500 BC) of Longshan Culture, Shanxi province, have been recognised as the 

earliest examples of their kind. Almost since their discovery in the late 1920s and 

early 1930s, the possibility has been raised in China that these very early glazed 

stoneware or proto-porcelain vessels, found in the ruins of a number of Shang 

dynasty cities in north China, were actually products transported from the south 

(Kerr and Wood 2004: 126). The debate concerning the southern or northern origin 

of proto-porcelain has long been a heated topic, and scholars have not reached a 

consensus yet. This topic will be discussed further in the following section. Here, the 

general origin of proto-porcelain will first be investigated regardless of locations. 

 

Various points of view have been put forward as the main explanations for the early 

appearance and production of proto-porcelain in China. Broadly speaking, these 

explanations can be summarised as follows: (1) discovery of the suitable raw 

material; (2) improvements of firing technology; (3) accidental observations and 

practice; (4) inspiration from jade production. In my opinion, all these four aspects 

are complementary factors that help explain the origin of proto-porcelain in China. 

 



 27 

Discovery of raw material 

 

Most scholars contend that the invention of proto-porcelain is fundamentally based 

on the successful recognition and exploitation of the raw material, porcelain stone, 

which is abundant in southern China. 

  

Porcelain stone is a rock made up primarily of quartz and sericite (hydro-mica) and 

small amounts of kaolinite and feldspars (Wang 2002: 126). After being crushed, the 

porcelain stone becomes a clay low in iron and fluxes (Kerr and Wood 2004: 135) 

which has good plasticity when mixed with water. It vitrifies around 1200 °C and 

can be used on its own to make porcelain (Yu 1996: 23). This silica-rich raw material, 

unlike the fusible clays, can withstand high firing temperatures, thus forming the 

material basis for producing high-fired bodies and glazes, provided the necessary 

high temperature was achieved.  

 

Improvement of firing technology 

 

The improvement of kiln structures and firing temperatures are two decisive 

technological factors for the success of early high-fired ceramics (Li 1978: 182; 

Luo and Li 1998: 646). However, due to the fact that very few early kiln sites 

have been excavated, not much specific and in-depth discussion has been carried 

out on how the kiln structures and the techniques of building kilns evolved to 

achieve the high firing temperatures. There are only some sketchy descriptions 

concerning these aspects. From 1500-500 BC large kilns with natural draft were 

built, partly above the surface of the ground. The maximum temperatures reached 

were about 1200 °C, and the kiln atmosphere was still not controlled. 

Proto-porcelain began to appear during this period (Yan and Zhang 1986: 7). 

The improvement of firing technology was attributed to the advance of social 

productivity and long term practice (An 1978: 190), which is a very broad and 

vague argument. 

 

One interesting aspect regarding this subject is that we can probably get some idea 

about how advanced firing technology developed during the Shang and Zhou 

dynasties by examining the bronze casting carried out at that time. Chinese bronzes 

show the most sophisticated use of ceramic piece-mould casting in any world 

tradition (Kerr and Wood 2004: 102). The typical temperature of bronze in its liquid 

state is around 1150 °C (Chase 1983: 105), which required the craftsmen to 

develop high temperature techniques and ceramic moulds that could withstand 

such a high temperature. The production of bronze wares mainly flourished 

during the Shang dynasty, and some scholars (Rawson 1980: 60; Rawson 1996: 

250; Ledderose 2000: 39) believe that the ancient Chinese bronze casting 

represented a triumph of ceramic technology, which to a certain extent indicates 
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that a mature high-firing technique had already been developed before or just at 

the beginning of the Shang dynasty. 

 

Accidental observation and practice 

 

In most cultures, the first glazes are fortuitous: in a wood-fired kiln, for example, ash 

can fall on to the pot and the alkali oxide in it will fuse with the ceramic body to 

form an accidental glaze (Vainker 1991: 29). Early low-fired unglazed ceramics had 

been produced across vast areas in China since the Neolithic, and the ancient Chinese 

potters would have had many opportunities to observe the following phenomena: (1) 

ceramics made of fusible clays would ‘melt’ if fired to high temperature; (2) a layer 

of kiln slag would form on the internal surface of the kiln; (3) wood ashes produced 

during the firing process might deposit on the surface of the ceramics and fuse into a 

glassy layer during firing (Zhang 1986b: 40). Through trial and error, the potters 

probably gradually grasped the principle of applying glaze deliberately to the surface 

of the ceramics and thus invented the first high-fired glaze. Some scholars (Sato 

1981: 14-15; Vainker 1991: 29; Wood 1999: 18; Kerr and Wood 2004: 134) believe 

that the very first proto-porcelain in China was probably accidentally produced; 

however, examples of these very early, accidentally ash-glazed vessels have yet to be 

found (Wood 1999: 18). 

 

Inspiration from jade production 

 

The production of early jade objects in China was thought to be one of the important 

stimuli for the emergence of proto-porcelain (Sun 1995: 42).  

 

Jade has long been used in China. The earliest jade objects which were found in 

the Xinglongwa Culture date back 8000 years. One of the high points of jade use 

occurred in the north-east of China, starting perhaps before 5000 BC and 

flowering about 3500 BC and later, in the Hongshan Culture (c. 5000-3500 BC). 

Jade working virtually exploded in quantity and quality with the great jades of 

the Liangzhu Culture, about 2500 BC in the southeast of China (Rawson 1995: 

28). Until the Zhou dynasty, Chinese jade was especially employed for rituals, 

most notably burial and ceremonial events (Fisher 1990: 19). Jade objects were 

mostly found in elite tombs and were thus regarded as a symbol of power and 

high status. Therefore, some scholars even suggest that there should be a ‘Jade 

Age’ in early Chinese civilisation (Mou and Wu 1990). Jade has always been 

valued for its physical attributes: its extreme toughness, colour, texture, and 

translucency (Rawson 1995: 1), and the surface of proto-porcelain, especially 

the early green-glazed proto-porcelain, is very similar to that of jade in 

toughness, colour, and texture. The early deliberate production of 

proto-porcelain probably reflected the people’s pursuit of imitating these 
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characteristics of jade (Sun 1995: 42). 

 

The combination of the natural properties of the raw material, porcelain stone, which 

will not melt at high temperatures and can be fired up to 1200 °C or more, and the 

improvement of high firing techniques increased the possibility of accidental 

observation by the ancient Chinese potters of the ‘glassy’ material sticking to 

the surface of high-fired ceramics. These ancient people could have been 

amazed to find that the colour and texture of this ‘glassy’ material was very 

close to the smooth and shiny surface of jade, which was associated with power 

and status. They most likely started to deliberately pursue its effects in terms of 

colour and texture on the ceramics, the raw materials of which are more readily 

accessible than jade. 

 

As compared to the huge number of studies on early bronze and jade, 

proto-porcelain is relatively less studied. Concerning the origin of 

proto-porcelain in early Chinese civilisation, the hypothesis presented above is 

only one of the existing conjectures. A lot of questions still need to be answered. 

Was porcelain stone the only raw material used to make proto-porcelain and 

were there any other additives used? What was the glazing technique? Where is 

the birthplace of the earliest proto-porcelain? Was the invention of 

proto-porcelain driven by a desire for a cheaper imitation of jade, or does it have 

an independent origin and meaning? How did the kiln structures evolve to 

achieve the high firing temperatures? Did ancient potters understand the 

relationship between kiln structures and high temperatures? These questions can 

only be answered based on further exploration. 

 

1.2 The significance of studies in ceramic technology 

 

It is clear that pottery is one of the most important sources of information for the 

archaeologist. Potsherds are one of the most common finds on archaeological sites of 

all periods (Gibson and Woods 1997: 5). This situation is not only confined to pottery, 

but applies broadly to all the other types of ceramic artefacts and ceramic sherds 

found in the field as well. Ceramic artefacts and sherds are so abundant and so 

closely related to people’s everyday lives that they have long been studied to reach a 

more profound understanding of ancient societies. With the development of physical 

and chemical sciences in the last decades, the combination of scientific analysis of 

ceramic sherds and the theory and technique of archaeology provide even more 

information for archaeologists, including several different parameters: the 

reconstruction of the technology of ceramic production; the extent of craft 

specialisation and the organisation of ceramic production; the reconstruction of 

ceramic distribution from its production centre and the interpretation of these data in 
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terms of exchange and trade; and the reconstruction of the consumption stage or the 

uses to which the ceramic was put (Tite 1999: 183-184). 

 

However, the potential and importance of ceramics as a material itself has not been 

fully realised. This is perhaps because, as Peacock argued in the 1960s, archaeology 

has its roots in classical history or in eighteenth-century antiquarianism and has 

subsequently developed as a discipline part of the humanities, with an emphasis 

placed largely upon morphology and decoration (Peacock 1970: 375). Archaeologists 

tended to group pieces of pottery according to their shapes, patterns and decorations 

and then compared these characteristics with control groups
2
 (Day et al. 1999: 1025) 

so that their chronological sequence and provenance could be inferred. Renfrew 

(1977: 3) once pointed out that the study of pottery had “won itself a bad name in 

some archaeological circles”. Archaeologists had become obsessed with typologies 

of styles (Pollard and Heron 2008: 104). 

 

As regards the situation in China, there are both similarities and particularities. 

Typology and stratigraphy are regarded as ‘two pillars’ of Chinese archaeology and 

therefore have greatly influenced archaeologists’ views and perspectives on ceramics 

research in the past few decades. Most archaeological studies of ceramics result in 

the definition of groups (chronological groups and style groups) rather than studying 

the raw materials and specific ceramic production techniques. Furthermore, because 

Chinese ceramics are of such high quality, the focus tends to be on aesthetics rather 

than the study of fabric, i.e. the materials of which ceramics are made. 

 

Although typology and aesthetic appreciation do contribute to the understanding of 

ceramics, our knowledge of ceramics can be further broadened by scientific analysis 

of ceramic fabrics, which allows archaeologists to extract information directly from 

the ceramic sherds themselves. However, it should be always borne in mind that 

although the results of scientific analysis can enhance our understanding of the 

provenance and production technology of ceramics, archaeological and historical 

interpretations should not be ignored. Only by considering and exploring all 

dimensions can we understand the whole of ceramic history. 

 

Therefore, it is hoped that the eighty-one proto-porcelain sherds from Deqing kiln 

sites analysed in this study will provide direct evidence for archaeologists to source 

the provenance of the raw materials that are thought to be the resources essential to 

securing China’s leading position in the ceramic industry. This scientific study of 

proto-porcelain sherds will also be important for understanding and reconstructing 

the earliest high-fired ceramic production technology, which has so far been 

discussed and explored only by few scholars. 

                                                        
2 Controls (control groups) were established most frequently from ceramic materials whose provenance was 

presumed by archaeologists to be known and, more rarely, from sherds found in the vicinity of ancient kiln sites 

(Day et al. 1999). 
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1.3 The study area 

 

A large number of proto-porcelain vessels and sherds from the Shang and Zhou 

dynasties has been found mainly in two regions in Zhejiang province – Xiaoshan (萧

山) and Deqing (德清). All the samples analysed in this research come from Deqing, 

and this section will be focusing on providing a brief outline of the geographical 

features of the areas around Deqing. 

 

Deqing is one of the eleven counties in Zhejiang province (Fig. 1.1). It is located in 

the north of the province and to the west of the Hang-Jia-Hu Plain (杭嘉湖平原). 

Most of the proto-porcelain kilns found in Deqing are clustering in the region around 

the East Tiao Creek (东苕溪), which has its source rising from the Tianmu Mountain 

(天目山) (Fig. 1.2). This creek is located in the northern part of Zhejiang province, 

flowing from the south to the north and running through Linan (临安), Deqing, and 

Huzhou (湖州). It is eventually joined by the West Tiao Creek and flows straight into 

the Tai Lake (太湖) at Huzhou. Therefore, the western part of Deqing is close to 

Tianmu Mountain, forming a mountainous area; while the northern and the eastern 

parts of Deqing are dominated by plains and rivers. Deqing is thus in a transitional 

area, with small hills covered by trees and a complicated network of rivers and 

creeks (Fig. 1.3). Clays are abundant close to those small hills, and the rivers and 

creeks were the most ideal means of transportation of the end products in the ancient 

times. This entire natural environment facilitated the emergence of the early kilns 

producing proto-porcelain. To date, more than 60 proto-porcelain kilns have been 

found in Deqing, among which some could be dated as far back as the Shang dynasty. 

Altogether 8 kiln sites have been selected for this research, all located either close to 

small hills or close to the river systems (see Fig 3.1 in Chapter 3 for details). 

 
Figure 1.1: The geographical locations of Zhejiang province in China (left), and of Deqing county in 

Zhejiang province (right) (drawn and adapted by the author). 
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Figure 1.2: The geographical features of Deqing and its surrounding areas (adapted from Google 

Earth). 

 

 
Figure 1.3: The natural environment of the kilns in Deqing: (a) the central line of a small valley with 

numerous kiln sites scattered around the area; (b) the small hills from which the porcelain stone 

originates; (c) the slope where the Huoshaoshan (HSS) kiln was discovered and excavated in 2007; (d) 

the Tiao Creek which is running alongside the valley (photographs taken by the author). 
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1.4 Historical background 

 

Deqing has a long history, which can be traced back to Neolithic times. Before the 

Shang dynasty, it was part of the birth place of the Liangzhu Culture (良渚文化). 

During the Zhou dynasty, it was in the midst of several powerful states – Wu (吴), 

Yue (越), and Chu (楚) – to the south of the Yangtze River (Fig. 1.4). The leaders of 

Wu, Yue, and Chu proclaimed themselves kings in the 6
th

 century BC, showing the 

drastic weakening of the Zhou court’s authority during and after the Spring and 

Autumn period. 

 

 

 
Figure 1.4: The geographical location of the states of Wu, Yue, and Chu during the Early Spring and 

Autumn period. Deqing was once located on the border of Wu and Yue (adapted by the author). 
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The state of Wu was once located by the mouth of the Yangtze River, east of the state 

of Chu. Its capital was at modern day Suzhou (苏州). The state of Wu had allegedly 

been established by an uncle of King Wen of Western Zhou. But even if its ruling 

house was in fact related to Zhou in the central plain, which seems doubtful, it was 

still considered as a semi-barbarian state and the population of Wu was largely made 

up of native peoples of the southern region. Wu had not been at all active in the first 

part of the Spring and Autumn period, but by 583 BC Wu gradually developed as an 

ally to the state of Chu. Eventually, in 506 BC, Wu launched a full-scale invasion of 

Chu, defeating it in five consecutive battles and bringing it to the edge of total 

collapse. Wu was later threatened by an upstart state to its south, the State of Yue. 

Starting from 510 BC, when Wu invaded Yue, they battled with each other constantly 

to control the fertile rice-growing land of the Yangtze River. In literary sources, they 

were also recognised as a “contending pair” in the south (Hsu 1999: 563-564). 

Eventually, the state of Yue conquered Wu in 473 BC. 

 

The state of Yue existed during the Spring and Autumn period and the Warring States 

period, in the modern province of Zhejiang. During the Spring and Autumn period, 

its capital was in Guiji (会稽), close to modern day Shaoxing (绍兴). After the 

conquest of Wu, the kings of Yue moved their capital north, to the original capital of 

the state of Wu. Yue thus became one of the powerful states in the Early Warring 

States period. In 334 BC, Yue was eventually conquered by Chu, which had been 

rising again after a series of reforms. 

 

The state of Chu was the southernmost major Warring State. It spread across the 

valley of the Han River (汉河), the middle of the Yangtze River, and the valley of the 

Huai River (淮河). At the height of its power, Chu occupied vast areas, including the 

present-day provinces of Hunan, Hubei, Henan, Shanghai, and parts of Jiangsu and 

Sichuan. The Chu capital was at Ying (郢), around modern-day Jingzhou (荆州) in 

Hubei province (Lewis 1999: 597). By the Late Warring States period (about the late 

4
th

 century BC), however, Chu’s prominent status had fallen into decay. As a result of 

several invasions headed by Zhao and Qin, Chu was eventually conquered by Qin, 

which later united China for the first time in history. 

 

One thing worth noting is that the borders of these three kingdoms were not always 

the same as shown in Fig. 1.4, especially during the Spring and Autumn period (Mao 

and Zhang 2004: 1). Since Deqing was located on the border of Wu and Yue, it was 

ruled by Wu during the late Western Zhou dynasty and Early Spring and Autumn 

period. Yue occupied Deqing during the Late Spring and Autumn period, before Wu 

was completely annexed by Yue. During the Warring States period, Deqing fell into 

the dominion of Chu, which gradually conquered Yue (Zhejiang Institute of 

Archaeology and Deqing Museum 2007:1).  
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The proto-porcelain sherds analysed in this study were produced during the period 

when the political power in the central plain had collapsed and the smaller states both 

in the north and south were rising up to battle with one another for larger territories 

and better resources. The states of Wu, Yue, and Chu in turn took charge of Deqing in 

Zhejiang province during that period of time. 

 

1.5 Aims and structure of thesis 

 

This study of proto-porcelain from Deqing in Zhejiang province aims to view the 

archaeological materials under the scientific lens, and to interpret the technological 

results using archaeological and historical input. It is expected to help us gain a 

better understanding of the emergence and development of the earliest high-fired 

ceramic production technology in Bronze Age China, not only through the 

examination of the archaeological materials but also through the process of 

replicating these ancient techniques. The analytical results and their interpretation 

will also be contextualised within a broader social context, in order to shed light on 

the craftsmanship, organisation of production, and the interaction between north and 

south China. This study also aims to contribute to the further large-scale scientific 

investigation of proto-porcelain from production sites and to provide a foundation for 

future work of technological replication. Based on the above aims, this thesis plans 

to explore the following research topics: 

 

1. Compositional analysis of the proto-porcelain bodies and other kiln related 

materials so as to identify different production groups, and possibly determine 

the range of raw materials used and the possible source of the raw materials; 

analysing the glaze of the proto-porcelain so as to explore the mechanism of its 

formation and determine whether it has been intentionally applied to the body or 

it accidentally formed on the body; 

2. Carrying out experimental firings to further test several possible parameters that 

the early potters would have needed to control when producing the 

proto-porcelain glazes on a regular scale; 

3. Studying the relationship between proto-porcelain from the production sites and 

burial sites to understand whether the kilns in Deqing, north Zhejiang, were 

major production sites for proto-porcelain at that time;  

4. Looking at the relationships among proto-porcelain, jades, and bronze vessels in 

north and south China so as to understand whether they were prestige artefacts; 

exploring the symbolic meanings of proto-porcelain and the roles it played in the 

ideological structures of society during the Shang and Zhou periods in south 

China.  

 

This thesis will be divided into eight chapters to tackle the abovementioned research 
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questions. Chapter 1 defines the meaning of proto-porcelain and its possible origins. 

The geographical features and the historical background of the study area are also 

briefly covered in this chapter so that this study can be fitted into a bigger picture. 

Chapter 2 provides an outline of the major excavations and discoveries of 

proto-porcelain both in north and south China. Many proto-porcelain artefacts and 

sherds have been found but few have been looked into carefully. This chapter also 

includes an overview of the previous scientific studies of ceramics in China. 

Chapter 3 mainly introduces the eighty-one proto-porcelain samples and non 

proto-porcelain samples excavated or collected from the production sites in Deqing. 

The sampling strategy and the related analytical methods are covered. The 

application as well as the limitation of the analytical methods is also discussed, in 

order to provide a critical perspective in this study. 

 

Chapter 4 starts with a brief introduction of the white-firing clays in China – the raw 

materials for ceramic productions – and ash glazes. By using a scientific approach, 

this study tries to avoid answering questions such as the one pertaining to the 

birthplace of the proto-porcelain, but instead pays more attention to the technological 

details of these early high-fired glazed ceramics in China. The proto-porcelain and 

non proto-porcelain samples were analysed and interpreted in order to help us 

understand more about the raw materials used for proto-porcelain production, the 

mechanisms of glazing techqiues, and the firing temperatures. 

 

In order to test the conclusions from Chapter 4, experimental firings were carried out. 

Chapter 5 provides a detailed explanation of the experimental firings and the 

parameters involved. The results of the experimental firings confirmed some of the 

speculations encountered in previous research but at the same time produced some 

unexpected results. 

 

Chapter 6 brings together the analytical results of proto-porcelain coming from 

other production sites and burial sites in China, which are then used for purposes of 

comparison with the proto-porcelain samples analysed in this study. Chapter 7 

contextualises the previous analytical results and production information into a 

broader social context so as to shed light on the technological choices of the 

craftsmen and the relationship among proto-porcelain, jade, and bronze vessels.  

 

Chapter 8 presents a summary of the whole study and answers the research 

questions raised in the first chapter. This chapter also highlights the original 

contribution of this study and the potential for further studies on this suject. 
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Chapter 2  
 

Proto-porcelain: its distribution and research history 

 

2.1 Introduction 

 

Since the first discovery of proto-porcelain from Yinxu (14
th

-11
th

 century BC) at 

Anyang, Henan province, in 1929 (Li 1930: 223), numerous similar early high-fired 

glazed ceramics have been unearthed from tombs and kiln sites across north and 

south China, mainly in the Jiangsu, Zhejiang, Anhui, Shanghai, Fujian, Guangdong, 

and Jiangxi provinces in the south, and the Henan, Shandong, and Shaanxi provinces 

in the north (Fig. 2.1). The first emergence of proto-porcelain can be dated as far 

back as the Bronze Age, or the Shang and Zhou dynasties in Chinese history. This 

research is mainly looking at the proto-porcelain coming from Deqing, thought to be 

the area with the largest production sites of proto-porcelain of its kind unearthed so 

far from the Shang and Zhou dynasties. However, long before the large-scale 

production sites of proto-porcelain were found, a large number of tombs and some 

residential sites yielding proto-porcelain had already been reported and studied over 

the decades. The first part of the following section aims to summarise the Shang and 

Zhou dynasty sites that produced proto-porcelain in different areas in China so as to 

provide a bigger picture of the distribution of proto-porcelain, or, more specifically, 

of the consumption of this type of ceramics. The second part will focus on previous 

studies of proto-porcelain. The origin of these earliest high-fired glazed ceramics in 

China is always at the centre of research on this topic. The previous scientific studies 

of proto-porcelain and other Chinese ceramics will also be covered in order to reveal 

the ever-increasing employment of scientific analysis in understanding more about 

this type of ceramics in early Chinese history. 

 

2.2 The distribution of proto-porcelain 

 

In order to construct a map of the distribution of proto-porcelain, the information 

concerning this type of ceramics was collected from the monographs published after 

the excavation and the excavation reports published in various major Chinese 

archaeological journals, such as Kaogu, Wenwu, Kaogu Xuebao, Dongnan Wenhua, 

Kaogu yu Wenwu, etc. The date, number, typology, and the accompanying tomb 

goods of the tombs or residential sites yielding proto-porcelain were collected from 

these published books and journal articles. Some of the information might be 

out-of-date and thus not very accurate, while some other information might not be 

very complete due to the ongoing excavation of the sites. However, it still helps to 

provide us with essential information so as to be able to construct a large-scale 
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distribution map of these early high-fired glazed ceramics. 

 

From Figure 2.1, it can be seen that there is a sharp contrast in terms of the number 

of proto-porcelain yielding sites geographically. Most of the sites yielding 

proto-porcelain are located to the south of the Yangtze River, and the majority of 

sites producing over 100 pieces of proto-porcelain were clustering in the lower 

reaches of the Yangtze River, near the borders of the Jiangsu, Zhejiang, and Anhui 

provinces. Among all the provinces, Jiangsu ranked first in both the number of sites 

yielding proto-porcelain and the number of proto-porcelain finds itself. There are 

large sites in both the Zhejiang and Anhui provinces, but in terms of the number of 

sites, there are considerably more in Zhejiang than in Anhui. To date, not a single 

production site has been found in the Jiangsu province, while there are many in 

Zhejiang and a few in the Jiangxi and Guangdong provinces. Although the central 

plain (Henan, Shanxi, and Shaanxi provinces) along the Yellow River is traditionally 

thought to be the cradle of Chinese civilisation starting from the time of the Shang 

and Zhou dynasties, the sites in the central plain area which produced 

proto-porcelain are distinctively fewer than those in south China. Fig. 2.2 further 

shows this difference, which will be discussed in detail in the following part of this 

chapter. 

 

2.2.1 Jiangsu province 

 

Overview 

 

Table 2.1 shows that 42 sites with proto-porcelain have been found in Jiangsu 

province (see all the references in the table). Proto-porcelain first emerged in Jiangsu 

as early as the Shang dynasty, as indicated by a fragmented proto-porcelain jar 

unearthed from the tenth stratum of the Tuanshan site, Zhaojiayao in Dantu (丹徒赵

家窑团山). Later on, from the second stratum of the same site, 161 proto-porcelain 

sherds were discovered. 
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Figure 2.1: Map of the major sites producing proto-porcelain in north and south China (adapted after 

White and Otsuka 1993: 11). 
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Figure 2.2: The number of proto-porcelain sites found in each province in both north and south China. 

 

During the Shang and Western Zhou periods, most of the proto-porcelain comes from 

the tombs located in Dantu (丹徒) and Danyang (丹阳), both of which belong to 

Zhenjiang (镇江). This area is located in the southwestern part of Jiangsu and on the 

southern bank of the Yangtze River. From the Spring and Autumn and Warring States 

periods, proto-porcelain was mainly found in Suzhou (苏州), Wuxi (无锡), Wujin (武

进), Changzhou (常州), Jintan (金坛), Lishui (溧水), and Gaochun (高淳), all of 

which are located more to the southwest than Dantu and Danyang, and roughly 

scatter around the Tai Lake (太湖). Some of these places even extend as far as to the 

borders of the Jiangsu and Anhui provinces or the Jiangsu and Zhejiang provinces. 

 

The number of proto-porcelain vessels excavated from most of the tombs is below 

100, except for those from the Fushan Mound Tombs (句容浮山) and the Hongshan 

Mound Tombs (无锡鸿山). The most common type of proto-porcelain discovered 

dating from this early period is the stem bowl, which was gradually taken over by the 

type of simple bowl in later times. Jars, cups, and plates are among the common 

finds from the tombs. The proto-porcelain was always found together with large 

numbers of pottery and stamped stonewares. For some of the elite tombs, jade 

ornaments and bronze wares were also discovered together with the proto-porcelain.  
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Name Location Date No. Typology Accompanying artefacts Reference 

Pengzudun Site Wuxi Shang - Zhou 4 4 bowl PO; ST; BZ Zhu et al. 2006 (4): 473-508 KGXB  

Tuanshan Site Dantu Shang - S&A 161 sherds PO; ST; BZ Liu et al. 1989 (1): 73-121 DNWH 

Dagang Muzidun Mound Tomb Dantu E.W.Zhou 9 
6 stem bowl; 3 

bowl 
3 Stpd; 109 BZ Xiao 1984 (5): 1-10 WW 

Dagang Mound Tomb Dantu E.W.Zhou 19 16 stem bowl; 3 jar 19 PO; Stpd; BZ Xiao and Gu 1987 (5): 25-35 WW 

Lishui Mound Tomb Lishui E.W.Zhou 7 stem bowl; bowl 12 PO; 5 Stpd Tang 1985: 690-693, 768 KG 

Wushan Mound Tomb No. 2 Lishui E.W.Zhou 1 stem bowl 6 PO; 4 BZ Liu and Xiao 1978 (2): 66-68 WWZLCK 

Danyang Mound Tomb Danyang E.W.Zhou 33 stem bowl 2 Stpd Tang 1985: 690-693, 768 KG 

Tangshan Site Jiangning E.W.Zhou 3 stem bowl; jar PO; ST; BZ Zhong 1987 (3): 38-50 DHWH 

Shangfangshan Mound Tomb Suzhou M.W.Zhou 22 

1 jar; 2 pot; 7 stem 

bowl;  

1 gui; 5 yu; 5 lid 

4 PO; 3 Stpd Qian and Ding 1987: 525-532 KG 

Zhanglingshan Mound Tomb Wuxian M.W.Zhou 5 3 stem bowl; 2 jar 4 Stpd Wang and Wang 1986 (10): 27-32 WW 

Duntoushan Mound Tomb Danyang L.W.Zhou 5 
stem bowl; bowl; 

cup 
PO; Stpd Shi et al. 1993: 683-693 KG 

Fushan Mound Tomb No. 1 Jurong W.Zhou 124 

7 stem bowl; 26 

jar; 72 cup; 7 plate; 

12 lid 

162 PO, 71 Stpd Zhenjiang Museum 1979 (2): 107-118 KG 

Fushan Mound Tomb No. 2 Jurong W.Zhou 21 stem bowl 65 PO, 1 BZ Nanjing Museum 1977: 292-297, 340 KG 

Hengshan Huashan Mound Tomb Dantu W.Zhou 88 

22 stem bowl; 29 

bowl; 11 jar; 6 cup; 

9 yu; 2 zun 

PO; Stpd Gu et al. 2000 (9): 42-54 WW 

Canshan Mound Tomb Wuxi E.S&A 2 1 plate; 1 yu 8 Stpd Wuxi Museum 1981 (2): 133-136 KG 

Miaoshan Mound Tomb Wuxi E.S&A 9 
stem bowl; bowl; 

yu 
1 Stpd Qian 1984 (3): 22-24 KGWW 

Mopan Mound Tomb Dantu E.S&A 13 1 jar; 12 stem bowl BZ; 3 Stpd; 178 SL Zhang et al. 1985: 985-989 KG 

Liangshan Stone Tomb Dantu E.S&A 39 13 jar; 26 bowl 
2 PO; 2 Stpd; 8 BZ; 7 JD; 6 

SL 
Liu 1987 (4): 29-38 KGWW 

Nangangshan Mound Tomb Dantu E.S&A 17 
stem bowl; bowl; 

cup; yu; plate 
PO; Stpd Wang 1993 (2): 207-237 KGXB 

(continued) 
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Name Location Date No. Typology Accompanying artefacts Reference 

Panjiaxiang Mound Tomb Wujin E.S&A 39 

15 stem bowl; 9 

bowl; 4 yu; 5 cup; 

2 jar; 4 lid 

13 PO; 9 UST Huang 1989 (4/5): 60-69 DNWH 

Lianshan Mound Tombs Jintan E.S&A 43 42 bowl; 1 cup Stpd (main); PO Zhu 1996: 161-194 

Fenghuangjing Mound Tomb Lishui M.S&A 21 
1 stem bowl; 18 

bowl; 2 jar 
36 PO; 19 Stpd; 1 BZ Liu and Liu 1989 (4/5): 70-77 DNWH 

Jiunv Mound Tomb Pizhou L.S&A 1 yu PO; BZ; JD; ST Wu et al. 2003: 781-792 KG 

Wushan Mound Tomb Lishui L.S&A 19 

1 stem bowl; 7 

bowl; 9 cup; 1 jar; 

1 lid 

--- Liu and Wu 1982 (6): 73-77 WWZLCK 

Beishanding Burial Tomb Dantu L.S&A 3 lid BZ (ritual wares) Zhang and Liu 1988 (3/4): 13-43 DNWH 

Heshan Burial Tomb Wuxian L.S&A 1 bowl 33 BZ; 1 PO Zhang 1984 (5): 16-19 WW 

Dasongdun Mound Tomb Jiangyin S&A 20 
6 stem bowl; 2 

plate; 11 jar; 1 gui 
1 Stpd; 70 JD Chen and Chen 1983 (11): 92 WW 

Zhenshan Mound Tomb Suzhou L.S&A 15 14 bowl; 1 jar 
11280 JD; Stpd; TQ; BZ 

(looted) 
Ding and Zhu 1996: 4-21 WW; Suzhou Museum 1999 

Fushan Mound Tombs Jurong W.Zhou - S&A 68 
42 stem bowl; 19 

bowl; 3 jar; 1 yu 
PO Zhong 1982 (6): 37-57 WWZLCK 

Yixing Stone Tomb Yixing W.Zhou - S&A 28 
stem bowl; bowl; 

jar; yu; lid 
13 Stpd; 6 PO Liu 1983 (4): 9-13 KGWW 

Sijiaodun Mound Tomb Dantu W.Zhou - S&A 27 
stem bowl; bowl; 

cup 
PO; Stpd; BZ; JA Lin 1989 (4/5): 52-59 DNWH; Wang et al. 2007: 878-883 KG 

Kuanguang Mound Tomb Lishui W.Zhou - S&A 8 1 bowl; 7 jar --- Liu and Wu 1985 (12): 23-65 WW 

Zhaihuatou Mound Tomb Jurong W.Zhou - S&A 15 
1 stem bowl; 12 

bowl; 1 jar 
--- Tian et al. 2007 (7): 20-38 WW 

Wujin Yixing Stone Tomb Wujin; Yixing W.Zhou - S&A 34 
9 stem bowl; 21 

bowl; 2 yu; 2 lid 
44 Stpd; 10 PO Zhenjiang Museum 1983 (11): 56-63 WW 

Jurong Jintan Tombs Jurong; Jintan W.Zhou - S&A --- stem bowl; bowl PO; Stpd Lin et al. 2006: 598-606 KG 

Chenghu Site Wuxian W.Zhou - S&A 3 
1 ding; 1 yu; 1 

bowl 
PO; Stpd Zhang 1985 (9): 2-22 WWZLCK 

Hongshan Mound Tomb Wuxi E.WS 581 

441 ritual wares; 

140 musical 

instruments (see 

Fig. 2.6 and 2.7) 

472 PO; 38 JD Zhang et al. 2006 (1): 4-22 WW; Nanjing Museum 2007. 

(continued) 
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Name Location Date No. Typology Accompanying artefacts Reference 

Hualiwan Tomb Wuxi WS --- stem bowl; zun Stpd Wei and Xie 1956 (12): 47-48 WWCKZL 

Changqiao Pit Tomb Suzhou WS 3 bowl Stpd; PO; BZ; WD Zhu and Qian 1994: 532-537 KG 

Gulong Yongning Mound Tomb Gaochun --- --- 
stem bowl; bowl; 

jar 
 Zhong 1982 (6): 58-65 WWZLCK 

Biedun Mound Tomb Jintan --- 29 8 jar; 20 bowl; 1 yu 
3 PO; 38 Stpd; 5 SL; 230 

BZ (big chunks) 
Liu et al. 1978 (3): 151-154 KG 

Taigangsi Mound Tomb Nanjing  --- --- sherds 
244 ST; 54 PO; 32 BN; 23 

SL; 2 JD; 29 BZ 
Luo 1962 (3): 117-124 KG 

 
Table 2.1: The proto-porcelain yielding tombs in Jiangsu province during the Shang and Zhou dynasties 

W.Zhou: Western Zhou Dynasty; S&A: Spring and Autumn period; WS: Warring States period; E: early; M: middle; L: late. 

BN: bone; BZ: bronze ware; JD: jade ornament; LD: lead object; LQ: lacquer ware; ORT: ornament (in all kinds of material except jade); PO: pottery; SL: shell; ST: Stone; 

Stpd: stamped stoneware; TQ: turquoise; TX: textile; WD: wood. 

DNWH: Dongnan Wenhua (东南文化); KG: Kaogu (考古); KGWW: Kaogu yu Wenwu (考古与文物); KGXB: Kaogu Xuebao (考古学报); WW: Wenwu (文物); 

WWCKZL: Wenwu Cankao Ziliao (文物参考资料); WWZLCK: Wenwu Ziliao Congkan (文物资料丛刊). 

“---” means either that the information was not specified in the original archaeological reports or that the information had already been lost due to various reasons when the 

sites were discovered or excavated. 
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Highlights 

 

Proto-porcelain vessels dating from the Western Zhou period were primarily 

unearthed from mound (tudun 土墩) tombs which are vastly scattered across the 

Jiangsu province. The excavation in 1982 of the Dagang Mound Tomb in Dantu (丹

徒大港母子墩) was thought to be the most important discovery of this kind, although 

only 9 pieces of proto-porcelain were found in this tomb. This is mainly because 

large amounts of delicate bronze wares were found together with the proto-porcelain 

in this tomb, and the proto-porcelain from this tomb was also of high quality; both 

features were regarded as a strong implication of the elite origin of this tomb. From 

1975 to 1977, large amounts of proto-porcelain were unearthed from 53 tombs in 8 

mounds at Fushan in Jurong (句容福山) during three excavation seasons. On average, 

two to five tombs were found in a single mound and the accompanying tomb goods 

were mainly pottery and stamped stonewares. Usually the high-ranking people at that 

time would have been buried in a single mound and only the tombs of common 

people would share the space in a mound. Thus, this batch of proto-porcelain from 

Fushan was thought to have been buried with common people at that time. Other 

proto-porcelain of this period came from the Sijiaodun Mound Tomb in Dantu (丹徒

四脚墩 ), the Duntousha Mound Tomb in Danyang ( 丹阳墩头山 ), and the 

Shangfanshan Mound Tomb in Suzhou (苏州上方山). 

 

The peak of proto-porcelain production occurred during the Spring and Autumn 

period. The majority of the proto-porcelain came mainly from Dantu and Suzhou, 

among which the excavation of a large elite burial at Zhenshan in Suzhou (苏州真山

大墓) in 1994 came to the forefront. More than 10,000 pieces of jade ornaments (Fig. 

2.3) were found together with 15 pieces of proto-porcelain (Fig. 2.4). Unfortunately, 

most of the bronze wares buried in the tombs had been looted. This period witnessed 

a gradual transition from mound tombs to burial pit tombs, a feature which was 

thought to have been influenced by the tradition of burial tombs and their practice in 

the north. 
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Figure 2.3: The jade ornaments from the Zhenshan Mound Tomb in Suzhou. Top left: arch-shaped 

jade ornament; bottom left: jade Huang (璜); top right: jade yuan (瑗); bottom right: tiger-shaped jade 

ornament (after Suzhou Museum 1999: 9, 12). 

 

 
Figure 2.4: The proto-porcelain from the Zhenshan Mound Tomb in Suzhou. Left: proto-porcelain jar; 

right: proto-porcelain cups with lids (after Suzhou Museum 1999: 19). 

 

Compared to those found from the Spring and Autumn period, fewer tombs were 

found from the Warring States period, and they are mainly located in Suzhou and 

Wuxi. 581 pieces of proto-porcelain unearthed from 7 elite tombs at Hongshan in 

Wuxi are the most extraordinary finds of this type during this period of time. Of 

these, 441 pieces are ritual wares, while the other 140 are musical instruments, which 

are bearing a striking resemblance to bronze wares (Figs. 2.5 and 2.6).  
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Figure 2.5: The proto-porcelain excavated from the Hongshan Mound Tomb is bearing a striking 

resemblance with bronze wares excavated in the north. First left: proto-porcelain yong bell (甬钟) 

from Hongshan; second left: bronze yong bell from the Zhangjiapo pit tomb in Shaanxi; third left: 

proto-porcelan bo bell (镈钟) from Hongshan; fourth left: bronze bo bell from the Zhaoqing pit tomb 

in Shanxi (after Shanxi Institute of Archaeology 1996: Plate M251:200; Institute of Archaeology at 

Chinese Academy of Social Science 1999: Plate VII; Nanjing Museum and Jiangsu Institute of 

Archaeology 2007: Plates 51 and 100). 

 

 
Figure 2.6: Proto-porcelain musical instruments excavated from the Hongshan Mound Tomb. Left: 

proto-porcelain chun yu (錞于); middle: proto-porcelain gou diao (勾鑃); top right: proto-porcelain 

drum base (鼓座); bottom right: hanging bells (悬铃) (after Nanjing Museum and Jiangsu Institute of 

Archaeology 2007: Plates 60, 65, 128, and 132). 
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2.2.2 Zhejiang province 

 

Overview 

 

Although the number of tomb sites producing proto-porcelain unearthed in Zhejiang 

province is not as much as that in Jiangsu provice, Zhejiang boasted about the largest 

number in the discovery of production sites. The beginning of proto-porcelain 

production in Zhejiang started from the time of the Shang and Zhou dynasties. Wanli 

Chen (1946: 1-138) was the first scholar to initiate systematic investigation of early 

ceramics in Zhejiang, and his focus was on the on-site investigation and excavation 

of kiln sites. Based on his investigation, over 2,000 kiln sites have been found and 

identified across Zhejiang so far. Among these large numbers of kiln sites, several 

ones have been identified as producing proto-porcelain. The Huangmeishan kiln site 

in Huzhou (湖州黄梅山) (Liu 2003: 77-80) was dated as far back as the Shang 

dynasty, while the Luoshe kiln site in Deqing (德清洛舍), the Jinhua kiln site in 

Xiaoshan (萧山金华), and the Fusheng kiln site in Shaoxing (绍兴富盛) (Qian 1979: 

231-234; Li 1984: 1-8) were actively involved in proto-porcelain production during 

the Zhou dynasty. Huzhou and Deqing are located in northwest Zhejiang, while 

Xiaoshan and Shaoxing are located on the lower reaches of the Qiantang River (钱塘

江) at Hangzhou Bay (杭州湾), in the northernmost part of Zhejiang. (Chapter 6 will 

take an in-depth look at these production sites in Zhejiang province and their 

relationship with the Deqing kiln that represents the main focus of this research.) 

 

Apart from kiln sites, 30 tombs yielding proto-porcelain have been found so far in 

Zhejiang province (Table 2.2). Among these tombs, 5 yielded more than 100 pieces 

of proto-porcelain and 8 yielded more than 50 pieces. Compared to the tombs found 

in Jiangsu province, those in Zhejiang tend to yield more proto-porcelain from a 

single site and the proto-porcelain usually comprises the majority of the tomb goods 

or at least half of the numbers of tomb goods unearthed (this only applies to those 

sites where the numbers of tomb goods were recorded). Stem bowl and bowl are still 

the most common types of proto-porcelain throughout the period under consideration, 

but the various types of musical instruments started to dominate the tomb goods 

starting from the Early Warring States period. Pottery and stamped stonewares are 

still the most common accompanying tombs gifts found together with the 

proto-porcelain, but not many jade and bronze wares were unearthed together with 

the proto-porcelain in Zhejiang, which is slightly different from the situation in 

Jiangsu. 

 

Most of the areas that produced proto-porcelain are located in the northern or 

western part of Zhejiang province. Some of them are close to the Tai Lake and some 

of them are just on the border of the Jiangxi and Zhejiang provinces (Fig. 2.7). 
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Figure 2.7: Proto-porcelain objects excavated from three tombs in Zhejiang province – all of them 

imitate the popular shapes of bronze wares. Left: proto-porcelain you (卣) from the Huangfendui 

Mound Tombs at Deqing; top right: proto-porcelain bu (瓿) from the Laohushan Mound Tomb No. 1 

at Yuyao; bottom right: proto-porcelain ding (鼎) from the Sanhetashan Mound Tomb at Deqing (after 

Chen 2002: 51-94; Zhejiang Museum 2009: 33; Zhu 2009: 67). 
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Name Location Date No. Typology 
Accompanying 

artefacts 
Reference 

Dongshan & Dashitashan Mound Tombs Quzhou E.W.Zhou 73 
19 stem bowl; 9 zun; 13 jar; 2 gui; 22 yu; 2 

pot; 4 plate; 1 bowl; 1 lid 
4 Stpd 

Jin et al. 1984 (2): 

130-134 KG 

Xishan Mound Tomb Quzhou E.W.Zhou 13 2 stem bowl; 2 jar; 8 yu; 1 plate 4 PO; 36 ORT 
Gong 1984 (7): 591-593 

KG 

Pingchou Mound Tomb Yiwu L.W.Zhou 100 
4 stem bowl; 24 bowl; 6 yu; 7 plate; 1 he; 1 

lid 
14 PO 

Gong 1995 (7): 608-613 

KG 

Xiaohonggang Mound Tomb Jiangshan L.W.Zhou 14 1 stem bowl; 5 yu; 4 bowl; 3 plate 2 PO 
Chai 1993 (4): 4-19 

NFWW 

Gangyaoshan Mound Tombs Cixi L.W.Zhou 15 4 jar; 3 stem bowl; 7 bowl; 1 yu 2 Stpd 
Chu et al. 2005 (2): 

16-23 DNWH 

Xiaorenjian Mound Tomb Huangyan W.Zhou 49 45 stem bowl; 3 jar; 1 gui 22 BZ; 1 PO Yang 1993: 200-205 

Sanhetashan Mound Tomb Deqing E.S&A 31 
7 ding; 2 zun; 5 jar; 8 yu; 7 bowl; 1 plate; 1 

you 
none 

Zhu 2003 (3): 40-42 

DNWH 

Yangshan Tombs Shangyu M.S&A - WS 37 31 bowl; 5 cup; 1 yu PO; Stpd Peng 2002: 96-126 

Ducangshan & Nanwangshan Mound 

Tombs 
Deqing W.Zhou - S&A 182 

52 stem bowl; 83 bowl; 15 yu; 19 plate; 7 

jar; 3 zun; 2 lid;  
73 Stpd; 7 PO 

Tian and Chen 2001: 

914-926 KG 

Zuokou Mound Tomb Chunan W.Zhou - S&A 40 stem bowl; bowl; jar; plate; cup; yu PO; Stpd; BZ 
Zhejiang 1987 (5): 

36-40, 50 WW 

Huangfendui Mound Tomb Deqing W.Zhou - S&A 27 zun; gui; ding; plate; jar; you  none 
Yao 1982 (4): 53-57 

WW 

Tangzishan Mound Tombs Huzhou W.Zhou - S&A 85 
53 stem bowl; 21 bowl; 3 yu; 4 plate; 2 

cup; 2 jar 
31 Stpd; 15 PO 

Ren and Guo 2004 (2): 

17-23 DFBW 

Pengdong & Dongan Mound Tombs Cixi W.Zhou - S&A 100 
15 stem bowl; 66 bowl; 6 plate; 9 cup; 1 

yu; 3 jar 
22 Stpd; 92 PO Yang 1993: 185-199 

Shishi Mound Tombs Changxing W.Zhou - S&A 74 
11 stem bowl; 44 bowl; 6 jar; 3 yu; 4 plate; 

1 zun; 3 lid 
43 Stpd; 13 PO 

Tian and Meng 1993: 

170-181 

Bianshan Mound Tombs Changxing L.W.Zhou - S&A 294 
89 stem bowl; 80 bowl; 23 yu; 4 jar; 1 

plate; 6 lid 
306 PO Zhejiang 1993: 128-159 
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(continued) 

Name Location Date No. Typology Accompanying artefacts Reference 

Sanhetan Site Yuhuan W.Zhou - WS --- stem bowl; bowl; plate; yu PO; ST; BZ Jin 1996: 398-404 KG 

Fenghuangshan Tombs Shangyu W.Zhou - WS 248 stem bowl; yu; bowl; plate; bu; lei; cup 636 PO & Stpd 
Zhejiang IoA and Shangyu 

1993: 206-239 

Niutoushan Mound Tombs Shangyu L.W.Zhou - WS 50 37 bowl; 5 cup; 4 jar; 2 yu; 2 lid PO Jiang 2002: 127-177 

Laohushan Mound Tomb No.1 Yuyao L.W.Zhou - WS 69 
22 stem bowl; 23 yu; 2 lid; 2 bowl; 1 jar; 1 plate; 1 

zun; 6 pot; 5 bu; 2 cense; 4 ding 
PO; Stpd Chen 2002: 51-94 

Shaoxing Mound Tombs Shaoxing E.WS 50 12 ding; 3 he; 32 cup; 2 weight; 1 sherd --- 
Zhou 1996 (6): 28-37 

KGWW 

Hongjiadun Mound Tomb Shaoxing E.WS 56 
11 ding; 8 jar; 4 zeng; 2 yi; 2 stem bowl; 10 bowl; 

1 jian 
20 Stpd 

Zhou and Cai 2005 (1): 

66-69 DFBW 

Bizishan Pit Tombs Changxing E.WS 43 
11 bowl; 2 jar; 7 yong bell; 8 gou diao; 3 chun yu; 

6 bell; 2 bu; 3 bo 
Stpd 

Chen et al. 2007 (1): 4-21 

KG 

Paogu Site Shaoxing L.WS 9 7 bowl; 2 cup PO; ST; BZ 
Shen 1989 (9): 799-803, 815 

KG 

Jiangshan Pit Tombs Jiangshan L.WS 7 1 jar; 5 bowl; 1 yu 11 PO Mao 1985 (6): 22-24 WW 

Zhoujiashan Pit Tombs Shangyu L.WS 14 9 bowl; 4 cup; 1 jar 9 PO; 17 Stpd Hu 2002: 178-223 

Haiyan Pit Tombs Haiyan WS 45 
13 yong bell; 12 gou diao; 2 chun yu; 11 bell; 1 

jar; 1 bowl 
Stpd Rui 1985 (8): 66-72 WW 

Yunchao Mound Tomb Huzhou WS 7 yu; he; ding; bowl; yi 2 Stpd Liu 2003 (12): 77-80 WW 

Chongxian Pit Tombs Yuhang WS 58 
4 yong bell; 6 weight; 2 he; 16 ding; 2 yi; 3 jian; 2 

pei; 1 xi; 18 bowl; 4 cup 
1 PO; 8 Stpd 

Shen 1989 (6): 121-125 

DNWH 

Fengsui Mound Tomb  Wuxian --- 3 yu Stpd Zhu 1955 (4): 50-53 KGTX 

Bishan Tombs Huzhou --- 5 stem bowl --- Zhejiang and Huzhou 2006 

 

Table 2.2: The proto-porcelain yielding tombs in Zhejiang province during the Shang and Zhou dynasties 

DFBW: Dongfang Bowu (东方博物); KGTX: Kaogu Tongxun (考古通讯); NFWW: Nanfang Wenwu (南方文物) (for the meaning of the other abbreviations see Table 2.1).   
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Highlights 

 

100 pieces of proto-porcelain were unearthed from the Pingchou Mound Tomb in 

Yiwu (义乌平畴), which can be dated back to the late Western Zhou dynasty. Only 14 

pieces of pottery were recorded as tomb goods accompanying the proto-porcelain 

from this tomb. The decoration of the proto-porcelain is similar to that of the pottery, 

which might indicate that the pottery and proto-porcelain were produced in a similar 

area and shared the same production technology. The high-fired proto-porcelain 

gradually replaced the low-fired pottery as one of the major tomb goods at that time. 

 

182 pieces of proto-porcelain and 265 sherds were found from ten mound tombs at 

Ducangshan (独苍山) and one mound tomb at Nanwangshan (南王山) in Deqing 

during the 1999-2000 excavation. 73 stamped stonewares and 7 pottery finds were 

unearthed with the proto-porcelain from these mound tombs. These finds were later 

thought to cover the time period from the Western Zhou to the Spring and Autum 

periods. The number of proto-porcelain objects makes up 63% of all the artefacts 

excavated from the tombs, and almost 90% of the tombs produced stamped 

stoneware (Zhejiang Institute of Archaeology and Deqing Museum 2007: 113). This 

shows that proto-porcelain together with stamped stoneware became very popular as 

tombs gifts in Zhejiang province during that time.  

 

During the Eastern Zhou period (the Spring and Autumn and Warring States periods), 

the Fenghuangshan Tombs in Shangyu (上虞凤凰山) and the Bianshan Mound Tombs 

in Changxing (长兴便山) were among the most important because of the large 

numbers of proto-porcelain objects they yielded, 294 and 248 pieces respectively. 

But unlike the mound tombs yielding large number of proto-porcelain artefacts in 

Jiangsu province, all the proto-porcelain finds from these two sites were coming 

from 3 mound tombs and 55 pit burial tombs at Fenghuangshan, and 37 mound 

tombs at Bianshan. On average, each of the tombs from these two sites yielded less 

than 10 pieces of proto-porcelain and most of these were in the form of everyday use 

items, such as stem bowls, bowls, plates, etc. This might indicate that during the 

Eastern Zhou period, proto-porcelain continued to be the most common and 

affordable tomb goods for common people.  

 

At the same time, proto-porcelain objects in the forms of musical instruments and 

ritual wares imitating bronze wares were also found at the Bizishan Pit Tombs in 

Changxing (长兴鼻子山) and the Chongxian Pit Tombs in Yuhang (余杭崇贤) (Shen 

1989: 121-125). These two tomb sites did not yield large numbers of proto-porcelain 

objects, 43 and 58 pieces respectively, and only small numbers of stamped 

stonewares were found with them. Both of them are thought to have been elite tombs 
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at that time. Compared to the other contemporary tombs in Zhejiang province, this 

shows that in a later period of time in south China the distinction of ranks probably 

lay with the forms of the artefacts rather than the material of which they were made. 

This is very different from the tradition in the north, where the objects made of 

bronze and jade appears to be considered superior to those made of ceramic. 

 

2.2.3 Shanghai, Anhui and Jiangxi provinces 

 

The earliest proto-porcelain finds excavated in Shanghai include jars, bowls, and 

stem bowls from the Maqiao Culture at Minhang (马桥), which dates back to the 

Shang dynasty. Shanghai was part of the state of Wu during the Eastern Zhou period, 

and proto-porcelain of that time period has been excavated from strata, refuse pits, 

and tombs at Qijiadun (戚家墩) and Chashan (查山) (Sun 1997: 3-23) in Jinshan; 

Songze (崧泽) (Huang and Zhang 1980: 4-22), Fuquanshan (福泉山) (Huang and 

Zhang 1987: 1-17), Siqiancun (寺前村) (Sun 1998: 25-37), and Zhonggu Pit Tombs 

(重固) in Qingpu; and Guangfulin (广富林) (Song et al. 2008: 3-21) in Songjiang. 

Except for Qijiadun, Maqiao, and Chonggu (Table 2.3), all the other sites yielded 

only small number of proto-porcelain sherds, most of which had lost the information 

pertaining to their original typology. The number of proto-porcelain finds from 

Qijiadun, Maqiao, and Chonggu is also very limited, and pottery and stamped 

stonewares are the only accompanying tomb goods unearthed. In terms of the types 

of proto-porcelain, stem bowls and bowls are the dominant ones. No bronze wares 

were found to date from the tombs and sites in Shanghai. 

 

Most of the sites producing proto-porcelain in the Anhui province are located in the 

eastern part of the province, close to the border of the Jiangsu and Zhejiang 

provinces. From 1959-1976, eight mound tombs were excavated at Yiqi in Tunxi (屯

溪弈棋) and 311 pieces of proto-porcelain were unearthed, dating to a time from the 

Western Zhou to the Spring and Autumn period (Fig. 2.8). Other proto-porcelain was 

mainly found in Nanling (南岭), Ningguo (宁国), and Langxi (郎溪). Apart from 

some ritual wares imitating the bronze wares found at Yiqi in Tunxi, stem bowls and 

bowls are again the major types of proto-porcelain excavated from Anhui. Together 

with stamped stoneware and pottery, bronze wares were found in almost every site. 
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Figure 2.8: Proto-porcelain excavated from the Tunxi Mound Tombs at Yiqi in Anhui province. Left: 

proto-porcelain stem bowl; right: proto-porcelain yu (盂) (after Li 2006: colour plates 9 and 11). 

 

There are altogether 12 sites yielding proto-porcelain identified in Jiangxi province 

and four of them can be dated back to the Shang Dynasty. The number of 

proto-porcelain finds from each site is no more than 50 and the most common types 

of proto-porcelain finds are jars, stem bowls, and bowls. The earliest and most 

important discovery of proto-porcelain in Jiangxi province came from Wucheng in 

Zhangshu (清江吴城) (or Qingjiang). Wucheng is also thought by some scholars to 

be the southernmost production centre of proto-porcelain (Chen et al. 1997: 39-52; 

Chen et al. 2003: 645-654). The accompanying tomb goods are mainly stamped 

stonewares and pottery, but at some of the sites there were also large amounts of jade, 

wooden artefacts and bronze wares. 
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Name Location Date No. Typology Accompanying artefacts Reference 

Shanghai       

Qijiadun Site Jinshan S&A - WS --- 36 bowl; 3 cup PO; Stpd 
Zheng 1973 (1): 16-24, 

29 KG 

Maqiao Site Minhang S&A - WS 4 stem bowl; jar PO; Stpd; ST 

Song et al. 1997 (2): 

197-224 KGXB; 

Shanghai 2002. 

Zhonggu Pit Tomb Qingpu WS 2 bowl; cup PO; Stpd 
Zheng 1988: 688-693 

KG 

Anhui       

Ou Mound Tomb Langxi Shang - S&A 6 stem bowl; bowl PO; BZ; ST 
Song 1989 (3): 

199-204 KG 

Tunxi Mound Tombs Tunxi L.W.Zhou 311 
152 stem bowl; 1 ding; 12 plate; 25 bowl; 24 zun; 36 yu; 9 

he; 26 jar; 5 pot; 15 bu; 2 cup; 1 vase; 3 others 
23 Stpd; 29 PO; 107 BZ 

Li 2006: 23-28; Yin 

1990: 210-213, 288 

KG 

Guanshan Site Ningguo L.W.Zhou 92 stem bowl; bowl; cup; plate; yu; lid PO; Stpd; ST; BZ 
Gong 2000: 986-995 

KG 

Qianfengshan Mound 

Tomb 
Nanling W.Zhou 16 stem bowl; bowl PO; Stpd; BZ 

Yang and Yang 1989: 

219-230 KG 

Langxi Mound Tombs Langxi W.Zhou - S&A 20 8 stem bowl; 4 bowl; 5 plate; 1 yu; 2 cup 6 PO; 10 Stpd; 1 BZ 
Song 1986 (12): 45-50 

WWYJ 

Jiangxi       

Wucheng Site Qingjiang Shang a few stem bowl; jar; zun; bowl BZ; ST; PO; JD 

Li and Peng 1975: 

77-83 WW; Jiangxi 

2003 

Xijiao Site Fuzhou Shang 2 zun PO 
Li et al. 1990 (2): 

97-101 KG 

Xingan Tombs Xingan L.Shang 36 22 jar; 4 wen; 3 zun; 7 lid  754 JD; 475 BZ; 100 PO Jiangxi Museum 1997 

Hongjiashan Mound Tomb Yushan Shang - W.Zhou 5 3 stem bowl; 1 plate; 1 bowl 5 ST 
Yu 1994 (3): 8-23 

NFWW 

Maanshan Tombs Shangrao L.W.Zhou 39 1 wen; 2 lei; 1 jar; 3 stem bowl; 8 yu; 21 bowls PO; BZ 
Li et al. 1989 (4/5): 

38-44 DNWH 

Duimianshan Mound 

Tomb 
Yushan E.S&A 5 4 stem bowl; 1 plate 3 ST 

Yu 1994 (3): 8-23 

NFWW 
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(continued) 

 

Name Location Date No. Typology Accompanying artefacts Reference 

Jiangxi       

Yaoshan Mound Tomb Yushan L.S&A 5 1 he; 2 ding; 1 bowl; 1 plate 3 JD 
Yu 1994 (3): 8-23 

NFWW 

Qingjiang Pit Tombs Qingjiang WS 7 cup PO; BZ; JD 
Chen et al. 1977 (5): 

310-312 KG 

Goucaogang Site Yushan WS 4 4 cup PO; ST 
Yu 1994 (3): 8-23 

NFWW 

Guixi Cliff Tombs Guixi S&A - WS 49 6 jar; 22 cup; 14 bowl; 7 plate 75 PO; 56 WD; 36 TX 
Cheng and Liu 1980 

(11): 1-19 WW 

Miantouling Tombs Jiedong W.Zhou - WS 48 21 cup; 15 bowl; 1 stem bowl; 8 yi; 2 box; 1 lid 44 PO; 40 BZ; JD; ST Wei 2005: 51-102 

 
Table 2.3: The proto-porcelain yielding tombs in the Shanghai, Anhui, and Jiangxi provinces during the Shang and Zhou dynasties 

WWYJ: Wenwu Yanjiu 文物研究 (for the meaning of the other abbreviations see Tables 2.1 and 2.2). 
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2.2.4 Fujian and Guangdong provinces 

 

The earliest proto-porcelain find in Fujian province is a jar of the Shang dynasty 

from Guangze (光泽) in northwest Fujian and very close to the border of the Fujian 

and Jiangxi provinces. Some proto-porcelain was also unearthed from the sites in 

Pucheng (浦城) and Jianyang (建阳), very close to Guangze. 

 

The ceramic production in Guangdong province can be dated back to the Zhou 

dynasty. The earliest dragon kilns used to produce proto-porcelain were found in 

Meihuadun at Yuanzhou in Boluo (圆州梅花墩) (Liu and Yang 1998: 604-620). The 

richest cemetery finds at Henglingshan in Boluo (博罗横岭山) include six types of 

proto-porcelain dating from the Western Zhou to the Spring and Autumn period. 

Other sites yielding proto-porcelain include Heping (和平), Jieyang (揭阳), Jiedong 

(揭东), and Zhaoqing (肇庆) (Fig. 2.9), all of which are very loosely scattered in the 

province. 47 pieces of proto-porcelain excavated from the Jieyang Pit Tombs of the 

Warring States period were thought to be very similar to those found in Zhejiang, 

Jiangsu, and Jiangxi provinces (Xu 1974: 76-77). 

  

Stem bowls and bowls are the most common types of proto-porcelain from Fujian 

and Guangdong, and pottery and stamped stonewares are the major accompanying 

tomb goods. A large number of bronze wares were found in the tombs which yielded 

proto-porcelain in Guangdong province, while very few were found in Fujian. 

 

Figure 2.9: Proto-porcelain found at the Miantouling Pit Tomb in Guangdong province. Left: 

proto-porcelain stem bowl; right: proto-porcelain yi (匜) (after Wei 2005: 51-102). 
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Name Location Date No. Typology Accompanying artefacts Reference 

Fujian       

Guangze Site Guangze Shang - W.Zhou 13 stem bowl; bowl; jar; bu PO 
Liu and Du 1985: 

1095-1108 KG 

Shanlinzi Site Jianyang E.W.Zhou 24 zun; bu; jar; stem bowl; gui; yu PO; ST 
Chen and Zheng 2002: 

219-225 KG 

Yuewangshan Site Pucheng Zhou --- stem bowl; bowl PO; ST 
Yang and Lin 2007: 

604-613 KG 

Guanjiucun Mound Tomb Pucheng W.Zhou - S&A 67 stem bowl; jar; zun; wen; gui; yu; plate 
146 Stpd; 55 BZ; 7 JD; 7 

ST 

Lin and Zhao 1993 (2): 

122-127, 188 KG 

Tanshishan Site Minhou Early times 14 11 stem bowl; 2 gui; 1 yu PO; ST Fujian Museum 2004 

Guangdong       

Heping Site Heping L.S&A 9 stem bowl; ding; bu; cup PO Liu 1991: 198-205 KG 

Jieyang Pit Tombs Jieyang WS 47 9 yi; 25 cup; 10 bowl; 3 box 36 BZ; 20 PO; 2 ST; 7 LD 
Qiu et al. 1992: 220-226, 

203 KG 

Henglingshan Site Boluo WS 111 105 stem bowl; 1 plate; 1 bowl; 1 cup; 1 zun; 2 jar 122 BZ; 20 ST Guangdong 2005 

Beiling Songshan Pit Tomb Zhaoqing L.WS 10 1 bu; 1 bowl; 8 box 108 BZ; 21 PO; 10 JD Xu 1974: 69-79 KG 

Miantouling Pit Tombs Jiedong L.WS 48 21 cup; 15 bowl; 1 stem bowl; 8 yi; 2 box; 1 lid 32 BZ; 50 PO; 6 ST  Wei 2005: 51-102 

Table 2.4: The proto-porcelain yielding tombs in Fujian and Guangdong provinces during the Shang and Zhou dynasties (for the meaning of the abbreviations see the 

references in the text and Table 2.1) 
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2.2.5 Hubei and Hunan provinces 

 

Only two sites yielding proto-porcelain were excavated in the Hubei and Hunan 

provinces (Table 2.5). The Panlongcheng site in Huangling, Hubei province, was one 

of the important sites because it was thought to have been an early palace in the 

south during the Shang dynasty. 63 pieces of proto-porcelain were unearthed from 

the tombs around the site of this palace. The Zixing Pit Tomb in Hunan province was 

found in 1978 and only very few pieces of proto-porcelain from the Warring States 

period were excavated from this tomb. Unlike all the other tombs in south China, 

large-sized zun (尊) and weng (瓮) are the popular types of proto-porcelain. These 

types probably were influenced by the ‘bronze culture’ of the Shang dynasty located 

in the Central Plain at that time. Some scholars also thought that because Hubei and 

Hunan were rich in deposits of copper and lead, which are the primary raw materials 

for making bronze wares, the central government of the Shang dynasty had a tight 

control of this area and a closer relationship with the people in this area than with 

those in the south-eastern part of China (Hubei Institute of Archaeology 2001: 

497-504). 

 

Name Location Date No. Typology 
Accompanying 

artefacts 

Reference 

Hubei 
    

  

Panlongcheng Site Huangling Shang 63 33 zun; 20 weng; 8 jar; 2 cup BZ; PO; JD Hubei 2001 

Hunan 
    

  

Zixing Pit Tomb Zixing WS few bu; box; jar BZ; PO; JD 
Wu 1983: 93-124 

KGXB 

Table 2.5: The proto-porcelain yielding tombs in Hubei and Hunan provinces during the Shang and 

Zhou dynasties (for the meaning of the abbreviations see the references in the text and Table 2.1) 

 

2.2.6 North China 

 

Overview  

 

As compared to the finds in the south, there are fewer numbers of proto-porcelain 

objects unearthed from the north and fewer sites yielding proto-porcelain. To date, no 

production sites have been discovered and most of the northern sites yielding 

proto-porcelain are high-ranking ones, which is a very distinct characteristic from 

that in the south. 

  

Altogether, 25 sites yielding proto-porcelain have been found in the north and 19 of 

them are pit tombs, which is the dominant burial tradition in the north during the 

Shang and Zhou dynasty (Table 2.6). Except for the Beiyao Pit Tombs in Luoyang 

(洛阳北窑), Henan province, the number of proto-porcelain finds from the other sites 

is less than 40 pieces and most sites had even fewer than 5 pieces. Among all these 

sites, only the Hougudui Pit Tomb No. 1 in Gushi (固始侯古堆), Henan province, is 
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from the Spring and Autumn period, while all the other sites date back to the Shang 

and Western Zhou dynasties. This is very different from the situation in the south, 

where the use of proto-porcelain started to flourish during the Spring and Autumn 

and Warring States periods. The stem bowl is the most common type found in the 

northern sites, and bronze wares in large quantity and delicate jade ornaments are 

usually the accompanying tomb goods discovered with the proto-porcelain. 

Interestingly, very few stamped stonewares have been found in the northern sites. 

 

Henan and Shandong provinces 

 

The proto-porcelain found in Henan province mainly came from capital sites of the 

Shang dynasty and from tombs of the Zhou dynasty. Most of the Shang 

proto-porcelain was found at Anyang (安阳) and Zhengzhou (郑州), while the 

Western Zhou finds were from tombs in Luoyang (洛阳). From the Spring and 

Autumn period, only three pieces of proto-porcelain were found in the Hougudui Pit 

Tomb No. 1 in Gushi. No proto-porcelain from the Warring States period has been 

found so far in Henan province (Fig. 2.10). 

 
Figure 2.10: Two pieces of zun (尊) from the Beiyao tombs at Luoyang (top left) and the Shang site at 

Zhengzhou (top right), and three cups from the Hougudui tombs at Quwo (bottom) (after Luoyang 

Excavation Team 2002: colour plates 1 and 2; Henan Institute of Archaeology 2004: colour plate 3). 
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In Shandong province, proto-porcelain was mainly found in elite burials in Tengzhou 

(滕州) and Jiyang (济阳), but they were all found in small numbers (Fig. 2.11). 

 

 
Figure 2.11: Proto-porcelain excavated from the Qianzhang Pit Tombs at Tengzhou in Shandong 

province. Left: proto-porcelain zun ( 尊 ); top right: proto-porcelain lei ( 罍 ); bottom right: 

proto-porcelain stem bowl (after Institute of Archaeology at Chinese Academy of Social Science 2005: 

colour plates 26, 27, and 28). 

 

Shanxi, Shaanxi, and Gansu provinces 

 

The other major finds of proto-porcelain include those from the cemetery of the 

Marquises of Jin at Quwo (天马—曲村北赵晋侯墓地) in Shanxi province, the 

Rujiazhuang tombs at Baoji (宝鸡茹家庄) in Shaanxi province, and the Baicaopo 

tombs at Lintai (灵台白草坡 ) in Gansu province. All of them are the most 

representative elite burials in north China during the Western Zhou dynasty but once 

again only small numbers of proto-porcelain objects were found together with large 

numbers of elegant bronze wares and delicate jade ornaments (Zou 2000; Li 1995: 

4-39; Li 2001: 4-21). 
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Name Location Date No. Typology Accompanying artefacts Reference 

Henan 
    

  

Yinxu Site Anyang Shang some stem bowl; bu; jar; pot; lid PO IoA-CASS 2001 

Anyang Residential Site Anyang Shang few stem bowl; jar; lid PO; BZ; ST 
Zheng 1976 (4): 264-271 

KG 

Zhengzhou Pit Tomb Zhengzhou Shang 1 zun BZ; JD; BN; PO; ST 
Yu and Chen 1965 (10): 

500-506 KG 

Zhengzhou Shang Site Zhengzhou Shang some 2 zun; sherds PO; BZ Henan IoA 2001 

Zhengzhou Storage Pit Zhengzhou Shang 3 zun PO; Stpd; BZ; ST; BN 
Henan IoA and Zhengzhou 

IoA 1998 (3): 2-27 HXKG 

Pingzhai Site Gushi Shang 1 lei 
66 PO; 2 Stpd; 22 ST; 2 BN; 1 

WD 

Li et al. 2000 (3): 331-354 

KGXB 

Taiqinggong Pit Tomb Luyi L.Shang 12 stem bowl; zun; wen 

197 PO; 85 BZ (ritual); 43 BZ 

(weapon); 14 BZ (tool); 80 BZ 

(chariots); 99 JD; 22 ST 

Han and Zhang 2000: 

789-803 KG 

Xiangxian Pit Tomb Xiangxian E.W.Zhou 1 lei 10 BZ; 2 JD; 2 PO; 10 SL Zheng 1977 (8): 13-23 WW 

Pangjiagou Pit Tomb Luoyang E.W.Zhou 10 
4 stem bowl; 3 lei; 2 gui; 1 

wen 
BZ; SL 

Luoyang Museum 1972 

(10): 20-25 WW 

Linxiao Chariot Pit Luoyang E.W.Zhou 3 1 zun; 2 wen BZ; SL; BN; LQ Yu 1999 (3): 4-18 WW 

Beiyao Pit Tombs Luoyang W.Zhou 290 

133 stem bowl; 17 zun; 31 

gui; 50 lei; 17 bu; 5 jar; 32 

wen; 8 lid; 1 yi; 1 plate 

BZ; PO; JD; SL 
Luoyang Excavation Team 

2002 

Hougudui Pit Tomb No. 1 Gushi S&A 3 cup BZ; WD; LQ; PO; JD 
Wang et al. 1981 (1): 4-14 

WW; Henan 2004 

Shandong 
    

  

Qianzhang Pit Tombs No.3-4 Tengzhou L.Shang 17 
14 stem bowl; 1 zun; 1 lei; 1 

jar 

30 PO; 1 Stpd; 165 BZ; 30 JD; 

45 ST; 172 BN; 857 SL; 14 TQ 

Hu 1992 (3): 365-392 

KGXB 

Qianzhang Pit Tombs No. 119 Tengzhou E.W.Zhou 2 stem bowl 
3 PO; 3 Stpd; 25 BZ; 24 JD; 

ST; BN; SL 

Liang et al. 2000: 589-604 

KG 
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(continued) 

Name Location Date No. Typology Accompanying artefacts Reference 

Shandong 
    

  

Liutaizi Pit Tombs Jiyang E.W.Zhou 4 pot; stem bowl; lid 
446 PO; 916 JD; 1 ST; 9 BN; 498 SL; 

12 WD 
Tong 1996: 4-25 WW 

Qianzhang Pit Tombs Tengzhou L.Shang - E.W.Zhou 28 
23 stem bowl; 1 zun; 1 gui; 1 fu; 1 

lei; 1 jar 
PO; Stpd; BZ; JD; ST; BN; SL; TQ 

Liang 2005: 104-128; IoA-CASS 

2005 

Shanxin       

Tombs of Marquis of Jin Quwo W.Zhou 6 stem bowl BZ (large number); JD; PO 
Li 1995 (7): 4-39 WW; Li 2001 (8): 

4-21 WW 

Shaanxi 
    

  

Rujiazhuang Pit Tombs Baoji M.W.Zhou 2 stem bowl 1300 JD; 200 BZ; 16 PO 
Baoji Excavation Team 1976 (4): 

34-56 WW 

Huangdui Pit Tombs Fufeng W.Zhou 1 stem bowl 124 BZ; 117 JD; 231 BN & SL; 16 PO Luo et al. 2005 (4): 4-25 WW 

Fenggao site Xian W.Zhou 1 jar BZ; SL Wang 2002 (12): 4-14 WW 

Shaolingyuan Pit Tombs Xian W.Zhou 2 stem bowl 458 PO (out of 460) Shaanxi IoA 2009 

Zhangjiapo Pit Tombs Changan W.Zhou 36 
31 stem bowl; 1 zun (glazed 

pottery), 4 lid 
PO; BZ; JD,Stpd IoA-CASS 1999 

Gansu 
    

  

Baicaopo Pit Tombs Lingtai W.Zhou 2 lei; stem bowl 1 PO; 940 BZ; SL; BN Chu 1977: 99-129 KGXB 

Beijing 
    

  

Liulihe Tombs Beijing W.Zhou 6 5 stem bowl; 1 jar PO; BZ Beijing IoA 1995 

Hebei 
    

  

Taixi Site Gaocheng Shang --- Sherds (172) BZ; PO; SL; BN; Stpd; LQ; JD Hebei IoA 1985 

Table 2.6: The proto-porcelain yielding tombs in north China during the Shang and Zhou dynasties CASS: Chinese Academy of Social Science; HXKG: Huaxia Kaogu 华夏

考古 (for the meaning of the other abbreviations see Tables 2.1-2.5).   
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2.2.7 Brief summary 

 

After a general summary of the proto-porcelain finds which have been excavated and 

identified to date, it is easy to see that there is a clear separation between north and 

south China. There are also some intriguing points that are worth discussing.  

 

The number of proto-porcelain vessels and the type of sites 

 

The number of proto-porcelain vessels found in the south is much higher than that 

found in the north. The Jiangsu and Zhejiang provinces ranked at the top in terms of 

the number of proto-porcelain finds and the number of sites where proto-porcelain 

was unearthed. Among 102 sites in the south, 29.4% of them (30 sites) yielded less 

than 10 pieces of proto-porcelain; 39.2% (40 sites) between 10 and 50 pieces; 14.7% 

(15 sites) between 50 and 100 pieces; 7.8% (8 sites) above 100 pieces. Among 25 

sites in the north, more than half of the sites (64%, 16 sites) yielded less than 10 

pieces of proto-porcelain and most of them only yielded 1 or 2 pieces.  

 

The types of sites where proto-porcelain was unearthed in the south and north are 

very different as well. The earlier proto-porcelain found in the south mainly came 

from mound tombs, which were the most common burial type around the Shang and 

Western Zhou periods down in the lower reaches of the Yangtze River, while the later 

ones tend to be found more abundantly in pit burial tombs. It was very common to 

discover several tombs of different time periods under one big mound and not many 

tomb goods were unearthed from each of them, which might indicate that these 

tombs belong to commoners living in that area and they were buried in the same 

mound at different times. In the north, in contrast, proto-porcelain was mainly found 

in the capital sites (those in Henan province) or big pit burial tombs with large 

numbers of coexisting bronze wares and jade ornaments, both of which bear strong 

elite characteristics. 

 

The position 

 

In some of the archaeological reports, the positions where the proto-porcelain was 

unearthed from the tombs were reported. Table 2.7 lists the positions of the 

proto-porcelain finds. It can be seen that some of the proto-porcelain finds were 

discovered by the head or the foot of the owners of the tombs, while others were 

found to form a circle in the tombs (Fig. 2.12). 
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Figure 2.12: Proto-porcelain that was found arranged in a circle in three tombs – left: the 

Henglingshan site at Boluo in Guangdong province; top right: the Zhenshan mound tomb at Suzhou in 

Jiangsu province; bottom right: the Miantouling tombs at Jiedong in Jiangxi province (after Suzhou 

Museum 1999: 34; Wei 2005: 60; Guangdong Institute of Archaeology 2005: colour plate 5). 
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Name Location Date No. Typology Position Accompanying artefacts 

Jiangsu       

Liangshan Stone Tomb Dantu E.S&A 39 13 jar; 26 bowl foot 2 PO; 2 Stpd; 8 BZ; 7 JD; 6 SL 

Jiunv Mound Tomb Pizhou L.S&A 1 yu foot PO; BZ; JD; ST 

Zhenshan Mound Tomb Suzhou L.S&A 15 14 bowl; 1 jar in circle 11280 JD; Stpd; TQ; BZ (looted) 

Fushan Mound Tombs Jurong W.Zhou - S&A 68 42 stem bowl; 19 bowl; 3 jar; 1 yu in circle PO 

Sijiaodun Mound Tomb Dantu W.Zhou - S&A 27 stem bowl; bowl; cup head; foot PO; UST; BZ; JA 

Zhaihuatou Mound Tomb Jurong W.Zhou - S&A 15 1 stem bowl; 12 bowl; 1 jar in circle  

Jurong Jintan Tombs Jurong; Jintan W.Zhou - S&A --- stem bowl; bowl foot PO; Stpd 

Changqiao Pit Tomb Suzhou WS 3 bowl head Stpd; PO; BZ; WD 

Gulong Yongning Mound Tomb Gaochun --- 
 

stem bowl; bowl; jar in circle 
 

Zhejiang       

Xiaorenjian Mound Tomb Huangyan W.Zhou 49 45 stem bowl; 3 jar; 1 gui in circle 22 BZ; 1 PO 

Guangdong       

Heping Site Heping L.S&A 9 stem bowl; ding; bu; cup foot PO 

Henglingshan Site Boluo WS 111 105 stem bowl; 1 plate; 1 bowl; 1 cup; 1 zun; 2 jar in circle 122 BZ; 20 ST 

Miantouling Pit Tombs Jiedong L.WS 48 21 cup; 15 bowl; 1 stem bowl; 8 yi; 2 box; 1 lid in circle 32 BZ; 50 PO; 6 ST 

Jiangxi       

Miantouling Tombs Jiedong W.Zhou - WS 48 21 cup; 15 bowl; 1 stem bowl; 8 yi; 2 box; 1 lid M14 in circle 44 PO; 40 BZ; JD; ST 

Shandong       

Qianzhang Pit Tombs No. 119 Tengzhou E.W.Zhou 2 stem bowl head 3 PO; 3 Stpd; 25 BZ; 24 JD; ST; BN; SL 

Table 2.7: The positions of the proto-porcelain finds unearthed from the tombs of Jiangsu, Zhejiang, Guangdong, Jiangxi, and Shandong (for the meaning of the abbreviations 

see the references in the text and Tables 2.1-2.6) 
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Typology and the tomb goods 

 

Stem bowls, bowls and cups are the three most common types of proto-porcelain 

found in the south and stem bowls are the most common type found in the north. As 

for the accompanying tomb goods, pottery and stamped stonewares are very popular 

in the south while bronze wares and jade ornaments are common in the north. 

Stamped stonewares are very rare among the tomb goods found in the north. Based 

on the observations above, we can work out some criteria to distinguish elite tombs 

from commoners’ ones both in the north and south.  

 

The first criterion concerns the typology of the proto-porcelain unearthed from the 

tombs. As proto-porcelain was a very common find in tombs in the south, the 

distinction between elite tombs and commoners’ ones depends on whether the 

proto-porcelain finds were in the form of functional daily use objects or ritual style 

items. For example, the proto-porcelain in the form of musical instruments unearthed 

from the Bizishan tombs at Changxing in Zhejiang province and the Hongshan 

mound tombs at Wuxi in Jiangsu province are two good examples of the former 

category. Both of these tombs are elite ones. However, the situation is completely 

different in the north, as proto-porcelain was not common among tomb goods there. 

Therefore, in the north the very presence of proto-porcelain suggests that the tomb 

was an elite one. Most of the northern tombs with proto-porcelain are elite tombs.  

 

The second criterion concerns the type of accompanying tomb goods. Pottery and 

stamped stonewares are the most common accompanying tomb goods in the south, 

and proto-porcelain of a functional daily use found with pottery and stamped 

stonewares most probably would not come from an elite tomb. Usually, in an elite 

tomb, the ordinary shaped proto-porcelain would always be found with bronze wares 

or jade ornaments. For example, the Zhenshan mound tomb at Suzhou in Jiangsu 

province was the best one to illustrate this category, as 11280 pieces of jade 

ornaments (the bronze wares had already been looted) were found with only 14 

proto-porcelain bowls and 1 proto-porcelain jar. Interestingly, in the north, the 

stamped stonewares which seem to be very common in the south were only found in 

elite tombs, like the Qianzhang tombs at Tengzhou in Shandong province. 

 

Such a discrepancy between the south and north possibly shows us a dynamic picture 

of cultural interaction. Something common in the south became a symbol of prestige 

in the north (e.g. proto-porcelain and stamped stoneware) and vice versa (e.g. bronze 

wares and jade ornaments). This topic will be discussed further in the following 

chapters. 
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Problems 

 

There are several problems that increase the difficulty of exploring further the 

particularities of proto-porcelain and of the excavated sites. First of all, not all the 

proto-porcelain found at the sites is published. The intact and delicate wares have 

been given more attention (and thus more space) in the archaeological reports than 

sherds. Second, most of the sites have been destroyed or looted throughout history. 

Some of the objects were gone and others were collected from different contexts, an 

aspect which increases the difficulty of deriving complete information from the 

excavation. The original number and the layout of the proto-porcelain finds are 

hardly known. Third, the chronology of the sites is mainly based on the typology of 

the proto-porcelain, which needs crosschecking and further verification with more 

reliable samples yet to be found. Last but not least, there is no systematic and 

consistent descriptive or interpretative framework for the finds in the archaeological 

reports, which makes it very difficult to make reference and carry out reliable 

comparisons between different sites. Therefore, the useful information that can be 

derived from the first-hand archaeological reports is limited, and they have to be 

used with care. 

 

2.3 Previous studies on proto-porcelain 

 

Previous studies on proto-porcelain were mainly carried out by Chinese scholars or 

by collaborations of Chinese scholars and scholars abroad. It is much easier for 

Chinese scholars than for those from overseas to get hold of the necessary first-hand 

material for their studies. Although the first piece of proto-porcelain was unearthed 

from Yinxu in 1929, it was not until the 1950s that scholars recognised this type of 

early high-fired glazed ceramics as ‘proto-porcelain’ and initiated serious research on 

it. Since the 1960s, the origin of the production centres of proto-porcelain and the 

relationship between stamped wares and proto-porcelain have been the most heated 

topics in this field of study. In recent years, new strands also contributed to the 

discussion regarding proto-porcelain. 

 

2.3.1 North or south – that is the question 

 

Because of the obvious imbalance in the quantity of proto-porcelain found in north 

and south China, it is natural to come to the conclusion that most likely 

proto-porcelain originated from or was first produced in south China, based on the 

fact that much more proto-porcelain was found in the south. However, the issue is far 

from being that simple. Since the recognition of proto-porcelain in the 1950s, the 

debate on its north or south Chinese origin has not yet been settled. 
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The southern origin 

 

Traditionally, Chinese scholars tend to believe that south China, especially the 

Zhejiang and Jiangsu provinces, was the most likely early production centre for 

proto-porcelain. In 1960, Zhou et al. (1960: 48-51; 1961: 444-445) found that the 

chemical composition of the sherds from Zhangjiapo in Shanxi province and those 

from Tunxi in Anhui province were very similar. Therefore, they contended that the 

proto-porcelain found in the north was produced in the south, most likely in Zhejiang 

and Jiangsu provinces. This point of view was also supported by Xia’s (1960: 52) 

typological study of these two sites. Li (1998: 132) confirmed it again after many 

years when he analysed the chemical compositions of 71 pieces of sherds from the 

Shang to the Western Han dynasties. Two other scholars, Cheng and Sheng (1987: 

31-47), believed that Zhejiang province was probably the production centre for 

proto-porcelain after chemically and petrographically analysing the proto-porcelain 

unearthed from Beiyao at Luoyang in Shanxi province. Luo et al. (1996: 297-302) 

also argued that the proto-porcelain found in the north shows a clear southern origin 

both in its chemical composition and archaeological contexts. 

 

Some other scholars argued that Wucheng in Jiangxi province is another possible 

southern production centre for proto-porcelain. Chen et al. (1997: 39-52; 2003: 

645-654) carried out studies on the characteristic trace elements of the 

proto-porcelain collected from five different sites, three from the north and two from 

the south, including Wucheng of the Shang and Zhou dynasties. They came to the 

conclusion that all these proto-porcelain finds have the same origin, and Wucheng 

seems to be the most possible one based on the scientific analysis conducted by 

INAA. 

 

Some other scholars attempted to combine these two points of views. Among them, 

Liao (1993: 936-941) looked at both the chemical composition of proto-porcelain 

finds and the historical literature to contend that the southern production centre 

probably gradually moved from Wucheng in earlier times to the Zhejiang and 

Jiangsu provinces in later times. 

 

The northern origin 

 

Compared to the various attempts to pinpoint the exact production centres in the 

south, there are not so many corresponding ones regarding the north. During the 

1950s and 1960s, the interpretation arguing for a southern origin of the 

proto-porcelain was predominant, except for An (1978: 189-194), who insisted that 

the proto-porcelain found in north China was possibly produced locally. It was not 

until recently that some scholars started to consider the possibility of proto-porcelain 

originating in the north and south independently. By using multivariant analysis, Zhu 
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et al. (2004: 19-22) came to the conclusion that this might be the case because the 

chemical compositions of proto-porcelain coming from the same area clustered 

together and each of these areas formed their independent patterns. Of course, more 

reliable finds need to be analysed to further verify this argument. 

 

2.3.2 The relationship between stamped stonewares and proto-porcelain 

 

The beginning of stamped stonewares can be traced back to as early as 3000 BC 

around the Tai Lake in Zhejiang province. There is a close relationship between 

stamped stoneware and proto-porcelain because the raw materials for making these 

wares are very similar. It is commonly thought that the emergence of proto-porcelain 

was largely dependent on the development of the technologies for making stamped 

stoneware, especially the high firing technology, at temperatures around 1100 °C 

(Song 2000: 50). In most of the excavations, both tombs and kiln sites, stamped 

stoneware and proto-porcelain finds co-existed. Stamped stoneware and 

proto-porcelain are usually very similar in style and shape, but the number of 

stamped stoneware finds is much larger than that of proto-porcelain ones. 

 

Because they are contemporary and similar in many ways, some scholars have been 

trying to look into their relationship and mutual influence. Song (2000: 45-53) 

thought that stamped stoneware was the ancestor of proto-porcelain and provided the 

potters with the necessary knowledge regarding raw materials. The further 

improvement of the firing temperature from 1100 °C to 1200 °C made possible the 

production of the first proto-porcelain. Jiang (2001: 70-73) and Liu (2003: 49-69) 

discussed the influence of the emergence of proto-porcelain on the further 

development of stamped stoneware and the possible reasons for the decline of both 

of these wares. 

 

Since no final conclusions have been reached regarding the exact reason for the first 

emergence of proto-porcelain, it is still worthwhile to carry out further research into 

the relationship between stamped stoneware and proto-porcelain, or even between 

other earlier earthenwares and proto-porcelain. 

 

2.3.3 The other trends 

 

Apart from the above two heated topics encountered among the previous studies of 

proto-porcelain, there are also some other trends which focused more on the cultural 

contexts of proto-porcelain production. 
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Yang (2000: 54-62) carried out an overall research on proto-porcelain from all parts 

of China throughout history and divided the finds into different subareas based on the 

typological and production information of the proto-porcelain from published 

archaeological reports. His research focused on the characteristics of proto-porcelain 

discovered from different areas and the possible cultural interaction and transmission 

among these areas, which helped us understand the origins of the proto-porcelain 

production from another valid perspective. 

 

In south China, most of the proto-porcelain was discovered from mound tombs. 

Therefore, some other scholars (Zou 1982: 66-72; Liu 1989: 96-115; Ma 1992: 

172-176; Gu and Lin 1998: 21-34; Yang 1999: 23-71; Geng 2001: 27-39) also 

investigated the characteristics of mound tombs and their developmental stages 

throughout the Shang and Zhou periods in an attempt to understand better the context 

of proto-porcelain and other objects. 

 

2.4 Previous scientific studies on Chinese ceramics 

 

While the scientific research on proto-porcelain was mainly carried out by Chinese 

scholars (which will be discussed in detail in Chapter 6), quite a lot of other scientific 

research on Chinese ceramics of later periods was carried out by both Chinese and 

overseas scholars. The research questions of these studies mainly covered the 

following three aspects: provenance, properties of the raw materials, and 

authentication. 

 

Studies of provenance usually include differentiating the ceramics of different 

origins, especially between north and south China (Schweizer and Toller 1973: 

53-78), by comparing the compositions of raw materials and the possible 

geographical features (Yap and Hua 1994: 63-76; Xu et al. 2001: 35-47; Wu et al. 

2002: 408-413; Zhu et al. 2004: 1685-1691; Lei et al. 2007: 483-494) or by dating 

(Xie et al. 2008: 682-699). 

 

The studies of the properties of the raw materials, especially of body, glaze, and 

pigments, and their related production techniques became very popular among 

scholars with the increasing availability of advanced scientific instruments. These 

types of studies are at the same time much more fruitful for those scholars who are 

less likely to get hold of a large number of samples from various areas. Numerous 

studies discussed the chemical (Tite et al. 1984: 139-154; Pollard and Hatcher 1986: 

261-287; Pollard and Hatcher 1994: 41-62; Guo 1987: 3-19; Wen et al. 2007: 

101-115; Wood et al. 2007: 665-684) and physical (Yang et al. 2005: 301-310; Yang 

et al. 2008: 808-821) properties of the raw materials. 
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Authentication of Chinese ceramics is one of the most important motivations for 

scholars who carried out scientific studies (Yap and Tang 1984: 78-81; Li 1985: 

53-60; Yap 1988: 173-177; Yu and Miao 1996: 257-262; Yu and Miao 1998: 331-339; 

Leung et al. 2000: 129-140; Li et al. 2005: 56-62). Authentication helps to increase 

the value of the objects and to build up the chronology of certain cultures in a certain 

area. 

 

2.5 Review and my contributions 

 

Because of the accessibility of first-hand materials, so far the research on 

proto-porcelain has been mainly carried out by Chinese scholars. Most of the 

previous research focused on the typology and chronology of the delicate 

proto-porcelain wares excavated from burial and residential sites, which is a 

long-term tradition of Chinese archaeology. This helped to provide a big picture of 

the distribution of proto-porcelain; however, the other information derived from 

first-hand materials is still very limited.  

 

The early scientific studies on proto-porcelain were mainly carried out to find out the 

places of origin of proto-porcelain. Chemical comparison between proto-porcelain 

from north and south China was only undertaken among those samples excavated or 

collected from burial or residential sites. In recent years, scientific approaches have 

more frequently been employed to solve questions such as provenance, chemical and 

physical properties of ceramic materials, and authentication, yet few have been 

applied to proto-porcelain. 

 

The present project aims to improve our understanding of the production technology 

of these early glazed ceramics by analysing proto-porcelain from early production 

sites which were excavated in 2007. All of the samples collected were analysed for 

the first time in this study, and the data will be interpreted to understand the early 

production of glazed ceramics, especially their glazing and firing techniques. 

Proto-porcelain from other burial and residential sites can be used for comparison 

with the samples from the production sites so that the potential communication and 

consumption within the area or even beyond can be revealed. 
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Chapter 3  
 

Methodology 

 

3.1 Introduction 

 

The aim of the scientific study of ceramics can be best understood using two 

principal headings: (1) characterisation and (2) technology (Peacock 1970: 376). The 

characterisation of the selected sherds both with the naked eye and using an electron 

microprobe will be the first step in this study. The electron microprobe is mainly 

used for compositional analyses of ceramic bodies and glazes. The results are usually 

quantitative and are expressed in terms of the percentages of different elements and 

oxides present. This procedure will glean information directly from the ceramic 

sherds and constitute the basis for further analysis, helping to establish a preliminary 

idea of the sherds under consideration. According to Peacock’s definition (1970: 356), 

characterisation involves the examination of the properties of ceramics with a view 

to isolating materials of different origin and ultimately establishing their source 

where possible. Most practical applications of compositional analysis fall under one 

of three headings (Orton et al. 1993: 144-145): 

 

1) Pinning down the sources by comparing the composition of the raw materials 

with that of the fired vessels; this is referred to as raw material sourcing. 

2) Comparing only the composition of fired vessels, the origin of some of which is 

known; this is usually known as workshop sourcing. 

3) Comparing sherds whose origin is not known. 

 

The research on the bodies of proto-porcelain sherds from Deqing kilns falls under 

the second heading. In this particular study, apart from sourcing the raw materials of 

the proto-porcelain, characterisation also includes understanding and reconstructing 

the production technology through studying the raw materials of both bodies and 

glazes. 

 

The reconstruction of the technology used to make pottery and ceramics was 

elucidated by many analysts (Shepard 1956; Hodges 1966; Rye 1981; Rice 1987). 

The process involves establishing, first, what raw materials were used and how they 

were prepared. Secondly, it considers how the pottery vessels were formed, 

surface-treated, and fired. For the glazed high-fired ceramics, the process also 

involves understanding how the glazes formed on the surfaces of the bodies. 

Whenever feasible, the reconstruction should start with archaeological fieldwork and 

excavation to locate the workshops and kilns in which the pottery was produced. 
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However, in many parts of the world, such primary evidence of pottery production is 

extremely rare (Tite 1999: 184). Although proto-porcelain sherds from eight different 

kilns in the Deqing area were excavated and collected in this instance, the 

information on the kilns and workshops they came from was still not sufficient due 

to ongoing investigation and incomplete excavations. The reconstruction of 

technology is therefore dependent on the results of ceramic characterisation, 

especially the scientific characterisation of the sherds using the electron microprobe. 

 

3.2 Sampling strategy 

 

A total of 80 excavated or surface collected samples (Table 3.1) from eight kiln sites 

at Deqing, Zhejiang province, were selected for this study. 

 

Name of the sites Time periods Samples Sources 

Xiayangshan 

(XYS 下漾山) 
Shang 

2 sherds of stamped 

stoneware 
Surface collection 

Nanshan  

(NS 南山) 
Shang 

12 sherds; 1 piece of 

kiln wall 
Excavation 

Shuidongwu 

(SDW 水洞坞) 
Shang 

4 sherds; 1 piece of 

kiln wall 
Surface collection 

Huoshaoshan 

(HSS 火烧山) 

Early Spring and 

Autumn period  

(E. S&A) 

6 sherds; 4 pieces of 

supporters; 2 pieces of 

kiln walls 

Excavation and surface 

collection 

Houshan  

(HS 后山) 

Early Spring and 

Autumn period  

(E. S&A) 

4 sherds; 3 pieces of 

kiln walls 

Excavation and surface 

collection 

Chaluling  

(CLL 叉路岭) 

Late Spring and 

Autumn period  

(L. S&A) 

9 sherds Surface collection 

Tingziqiao  

(TZQ 亭子桥) 

Warring States 

period (WS) 
4 sherds Surface collection 

Xiayangshan  

(XYS 下漾山) 

Warring States 

period (WS) 

4 sherds; 4 pieces of 

kiln walls; 2 pieces of 

kiln furniture 

Surface collection 

Wantoushan  

(WTS 弯头山) 

Warring States 

period (WS) 
18 sherds Excavation 

Table 3.1: Basic information on the samples from the eight kiln sites at Deqing, Zhejiang province 

 

Among these eight kilns (Fig. 3.1), the Nanshan (NS) kiln, which is dated to the 

Shang dynasty, is located furthest away from the others, to the north, near Dongyan 

Hill. The other seven kilns are close to each other on the slopes of a small valley, 

alongside the Tiao Creek. The three latest sites, Tingziqiao (TZQ), Xiayangshan 

(XYS), and Wantoushan (WTS), are all near the top of Fenghuang Hill, while the 

earlier sites except NS lie further to the south-west, near where there is a railway line 

today. 
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Figure 3.1: The geographical locations of the eight kilns in Deqing county (drawn and adapted by the 

author). 

 

The samples are thought to be representative of the vast majority of ceramics 

produced at these sites; however, a full typological study of the finds is still ongoing 

and no quantitative assessment of the relative proportions of different vessel types 

and fabrics within and between the kiln sites is possible at present. Instead, we focus 
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on the technical aspects of the ceramic production. The samples analysed here can be 

divided into three categories: proto-porcelain sherds with glaze, stamped stonewares 

and kiln furniture with no glaze, and kiln wall fragments with glassy surfaces. The 

kiln wall fragments and some of the vessel fragments were collected right beside the 

kilns after being excavated, and the rest of the vessel fragments came from the 

excavation. Therefore, the date of each sample is known. Table 3.2 lists the sampling 

areas for different samples and the analytical methods used.  

 

Category Sampling area Analytical methods 

Proto-porcelain sherds 

with glaze 

A small bit of a corner of each sherd (at least 

0.5 cubic centimetre in size) with both the 

interior and exterior glazes on 

SEM-EDS and SEM 

imaging; later refined by 

EPMA-WDS 

Stamped stoneware and 

kiln furniture with no 

glaze 

A small bit of a corner of each sample (at 

least 0.5 cubic centimetre in size) with the 

least alteration on samples’ profiles or 

patterns 

SEM-EDS and SEM 

imaging; later refined by 

EPMA-WDS 

Kiln walls with glassy 

surfaces 

A small bit of a corner with both the black 

glassy surface and the orange body close to 

it 

SEM-EDS and SEM 

imaging; later refined by 

EPMA-WDS 

Table 3.2: The sampling area of each category and the available analytical methods 

 

3.3 Preparation of samples 

 

Full cross sections of the vessel fragments were mounted as polished blocks (Fig. 3.2) 

for optical microscope and electron microprobe analysis, including both the internal 

and external vessel surfaces in order to determine body and glaze compositions, and 

to investigate their chemical relationship. The kiln furniture and wall fragments were 

mounted in a similar manner, exposing a cross section through the body and the 

surface in contact with the kiln atmosphere. 

 

During the preparation of polished blocks, 4 parts of epoxy resin to 1 part of epoxy 

hardener by weight were used to make the resin blocks. The samples embedded in 

epoxy resins were first ground from 300 grades down to 600, 800 and 1,200 grades 

and later polished from 9 µm down to 3 µm, 1 µm and 0.25 µm to expose and 

eliminate the scratches of the cross sections of the samples. In the process of doing 

this, any weathered material, including the scratches on the bodies and glazes, would 

be removed (Hornblower 1963: 37-42). 
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Figure 3.2: The polished blocks with the full cross sections of proto-porcelain vessels. 

 

3.4 Analytical methods 

 

Because this scientific analysis attempts to understand the chemical compositions as 

well as the microstructure of these samples, SEM-EDS (Scanning Electron 

Microscopy– Energy Dispersive X-ray Spectrometry) and EPMA-WDS (Electron 

Probe Microanalysis – Wavelength Dispersive X-ray Spectrometry) were employed 

for the analyses. The bulk chemical compositions and microstructures of the samples 

can be carried out by SEM-EDS and SEM imaging, while at the same time more 

precise data of bulk chemical compositions can be acquired by EPMA-WDS. 

 

3.4.1 SEM-EDS analysis 

 

The SEM consists of two major components: the electron column and the control 

console. The electron column consists of an electron gun and two or more electron 

lenses, which influence the paths of electrons traveling down an evacuated tube. The 

base of the column is usually taken up with vacuum pumps that produce a vacuum of 

about 10-4 Pa. The control console consists of a cathode ray tube (CRT) viewing 

screen and the knobs and computer keyboard that control the electron beam 
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(Goldstein et al. 2007: 21-22). 

 

In SEM, the high energy electron beam, which is emitted from a tungsten cathode 

and accelerated towards an anode in an electron gun, passes through pairs of 

scanning coils in the objective lens, focuses on particular areas of the specimen 

surface, and is scanned across it in a raster fashion, which then sequentially builds up 

the images during the scan (Fig. 3.3). Through these processes, upon entering the 

sample, the primary electron beam effectively spreads and fills a teardrop-shaped 

volume, known as the interaction volume, extending from less than 100 nm to 

around 5 µm into the surface (Fig. 3.4 left). Interactions in this region lead to the 

subsequent emission of electrons, secondary electrons, and backscattered electrons, 

which are then detected to produce an image (Fig. 3.4 right) (Goodhew et al. 2001: 

20-24). X-rays, which are also produced by the interaction of electrons with the 

sample, may also be detected in an SEM equipped with an energy-dispersive 

spectrometer (EDS) or wavelength-dispersive spectrometer (WDS). Not only is 

topographical information produced in the SEM, but information concerning the 

composition near surface regions of the material is provided as well (Bindell 1992: 

71). EDS is therefore an extremely powerful analytical technique of special value in 

conjunction with electron column instruments. In a few seconds, a qualitative survey 

of the elements present in almost any sample can be made, and in only a few minutes 

sufficient data can be collected for quantification (Geiss 1992: 132). 
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Figure 3.3: Schematic drawing of the electron column showing the electron gun, lenses, the deflection 

system, and the electron detector (drawn and adapted by the author based on Reed 1993: 13). 

 

 

 

 
Figure 3.4: Interaction between the electron beam and the specimen (right) and in the part of the 

teardrop-shaped interaction volume where the signal could be detected (left) (drawn and adapted by 

the author based on Goodhew et al. 2001: 20-24). 
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The polished cross-sections were analysed at the UCL Institute of Archaeology 

Wolfson Archaeological Science Laboratories using an SEM Hitachi S-3400N 

equipped with a backscatter detector and an INCA Oxford energy dispersive X-ray 

spectrometer, with which the different phases present can be distinguished on the 

basis of their atomic number contrast and selectively analysed. The heavier the 

element, the brighter it looks in the backscattered electron (BSE) images. Thus, silica 

looks darker than titanium oxide but brighter than porosity in BSE images.  

 

The first batch of 40 ceramic bodies and 36 glazes were examined using SEM-EDS 

analysis. Generally, a minimum of two sites of interest conducted at 200X and 400X 

were selected from both exterior and interior glazes, and a minimum of four sites of 

interest conducted at 400X and 800X were selected from the bodies. Area analysis is 

carried out under lower magnification, while the spot analysis entails higher 

magnification. All the results were averaged and reported as oxide weight percent 

normalised to 100%, while the totals are still reported as they were, for reference 

purposes. 

 

The instrument was run at 20 kV and 15 kV with a working distance of 10 mm, 

processing time at 5 and detector dead time at around 40%. The analyses were 

constantly calibrated with standard cobalt every 15-20 minutes in order to ensure the 

stability of the parameters of the instrument. Certified reference materials were used 

to test the instrumental precision and accuracy. They were run at both 20 kV and 15 

kV. The composition of the reference materials (fused basalts BHVO-2 analysed by 

the United States Geological Survey) and the replicated SEM-EDS analyses are 

listed in Table 3.3.  

 

The standard deviation of all the oxides is lower than 0.3 at both 20 kV and 15 kV. 

The coefficient of variation (CV) of most oxides is all between 0.1% and 5.8%. The 

CV rate is higher for K2O, P2O5, and MnO because the percentages of these oxides 

are very low in the reference material, which below the detection limit of the 

SEM-EDS. 

 

It can be found that the absolute difference is around -0.7 to 1.4% at 20 kV and -0.9 

to 1.4% at 15 kV in all major and minor oxides except for silica, ranging from 2.0 to 

2.9 at 20 kV and 2.4-3.3% at 15 kV. The relative difference of major oxides (SiO2, 

Al2O3, CaO, MgO, K2O, and Na2O) varies from -7.8% to 5.4% at 20 kV and -7.1% to 

6.1% at 15 kV. The detection of silica is always higher, while that of alumina, 

calcium, and magnesium oxides is lower under both 20 kV and 15 kV. The detection 

of potash is a little higher at 20 kV and lower at 15 kV, the opposite is true for 

sodium oxide. The relative difference of minor oxides (FeO, TiO2, P2O5, and MnO) 

fluctuates from -6.2% to 16.8% at 20 kV and -31.4% to 16.8% at 15 kV.  
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  n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Total 

BIR-1 at 

20kV 

Mean 3 50.0 14.9 13.0 9.5 0.1 1.8 9.7 1.0 nd 0.2 112.3 

Given  48.0 15.5 13.3 9.7 0.0 1.8 8.3 1.0 0.02 0.2  

Stdv  0.2 0.0 0.1 0.2 0.0 0.0 0.1 0.0 nd 0.1  

CV (%)  0.3 0.3 0.4 2.0 78.1 2.3 1.2 2.9 nd 38.2  

Absolute  2.0 -0.6 -0.3 -0.2 0.1 0.0 1.4 0.0 nd 0.0  

Rel. (%)  4.2 -3.7 -2.4 -2.5 0.0 0.0 16.8 0.0 nd 0.0  

BIR-1 at 

15kV 

Mean 3 50.4 15.0 12.5 9.6 0.0 1.8 9.7 1.0 nd 0.1 102.9 

Given  48.0 15.5 13.3 9.7 0.0 1.8 8.3 1.0 0.02 0.2  

Stdv  0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.1 nd 0.1  

CV (%)  0.1 1.0 0.3 1.2 50.0 6.3 1.4 5.8 nd 60.1  

Absolute  2.4 -0.5 -0.8 -0.1 0.0 0.0 1.4 0.0 nd -0.1  

Rel. (%)  5.0 -3.5 -5.8 -1.3 0.0 0.0 16.8 0.0 nd -31.4  

BHVO-2 

at 20kV 

Mean 3 52.5 13.1 11.0 7.2 0.5 2.0 10.4 2.8 0.3 0.2 118.9  

Given  49.9 13.5 11.4 7.2 0.5 2.2 11.1 2.7 0.3 0.0  

Stdv  0.1 0.1 0.1 0.2 0.1 0.1 0.2 0.2 0.1 0.0  

CV (%)  0.2 0.6 0.5 2.2 12.6 4.4 2.3 5.6 40.8 18.8  

Absolute  2.6 -0.4 -0.4 0.0 0.0 -0.2 -0.7 0.1 0.0 0.2  

Rel. (%)  5.2 -3.2 -3.8 -0.6 1.3 -7.8 -6.2 2.9 0.0 0.0  

BHVO-2 

at 15kV 

Mean 3 52.3 13.1 11.0 7.2 0.5 2.3 10.5 2.7 0.3 0.2 99.6  

Given  49.9 13.5 11.4 7.2 0.5 2.2 11.1 2.7 0.3 0.0  

Stdv  0.1 0.3 0.1 0.1 0.1 0.0 0.3 0.0 0.0 0.1  

CV (%)  0.2 2.0 0.8 1.3 11.0 1.4 3.0 1.2 4.7 48.1  

Absolute  2.4 -0.4 -0.4 0.0 0.0 0.1 -0.6 0.0 0.0 0.2  

Rel. (%)  4.9 -3.2 -3.6 0.0 0.0 3.3 -5.6 0.0 0.0 0.0  

BCR-2 at 

20kV 

Mean 3 57.0 13.1 6.9 3.6 1.8 3.0 11.9 2.2 0.4 0.1 110.4 

Given  54.1 13.5 7.1 3.6 1.8 3.2 12.4 2.3 0.4 0.0  

Stdv  0.2 0.2 0.1 0.1 0.0 0.1 0.3 0.1 0.1 0.1  

CV (%)  0.3 1.2 1.1 1.7 0.6 3.2 2.6 4.2 27.6 44.9  

Absolute  2.9 -0.4 -0.2 0.0 0.0 -0.2 -0.5 -0.1 0.0 0.1  

Rel. (%)  5.4 -3.0 -2.8 0.0 0.0 -5.1 -4.3 -4.4 0.0 0.0  

BCR-2 at 

15kV 

Mean 3 57.4 12.9 6.9 3.6 1.7 3.2 11.5 2.4 0.3 0.1 104.4 

Given  54.1 13.5 7.1 3.6 1.8 3.2 12.4 2.3 0.4 0.0  

Stdv  0.3 0.2 0.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1  

CV (%)  0.5 1.4 1.5 2.8 6.4 1.5 2.0 3.4 29.5 41.3  

Absolute  3.3 -0.6 -0.3 0.0 -0.1 0.0 -0.9 0.1 -0.1 0.1  

Rel. (%)  6.1 -4.2 -3.7 0.0 -3.7 0.0 -7.1 4.7 -28.6 0.0  

Table 3.3: The precision and accuracy of the composition of reference materials and the repeated 

SEM-EDS analyses conducted at 20 kV and 15 kV (wt%, normalised 800X) 

 

3.4.2 EPMA-WDS analysis 

 

EPMA is a spatially resolved, quantitative elemental analysis technique based on the 

generation of characteristic X-rays by a focused beam of energetic electrons 

(Newbury 1992: 175). The design of the EPMA is very similar to that of the SEM, 

incorporating an ‘electron-optical column’ for the purpose of generating the electron 
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beam, focusing it on the specimen, and scanning it to form images and to provide the 

chemical compositions (Reed 1996: 21). There are differences, however, arising from 

the differing prime functions of each instrument. The most important difference 

between these two instruments is related to the X-ray spectrometers attached and 

used for the analysis. 

 

The X-ray spectrometers attached to SEMs are usually of the energy-dispersive (ED) 

type while those attached to EMPAs are of the wavelength-dispersive (WD) type. 

Although sometimes both types are attached to the instruments, EDS and WDS are 

given the primary consideration for SEM and EPMA analysis respectively.  

 

As mentioned above, EDS is a powerful and fast way to carry out compositional and 

topographical analysis. However, the three areas in which EDS perform badly – light 

element detection, peak separation, and peak to background ratio – are the strong 

points of WDS. The principle of the WDS is that the X-radiation coming from the 

specimen is filtered so that only X-rays of a chosen wavelength (usually the 

characteristic wavelength of the element of interest) are allowed to fall on a detector. 

The ‘filtering’ is achieved by a crystal spectrometer which employs diffraction to 

separate the X-rays according to their wavelength (Goodhew et al. 2001: 166-167) 

(Fig. 3.5). The instrument is commonly fitted with up to five vertical WDS around 

the column. This has the advantage of avoiding crystal changes and saving time in 

multi-element analyses, by measuring several peaks simultaneously (Reed 1996: 59). 

All the proto-porcelain sherds and other non proto-porcelain samples were analysed 

by the EPMA-WDS (JEOL JXA-8100) at the UCL Institute of Archaeology Wolfson 

Archaeological Science Laboratories. Altogether, chemical data for 61 bodies, 52 

glazes, and other non proto-porcelain samples were refined by EPMA-WDS. They 

were analysed by EPMA-WDS at two different times. Because the samples NS-6, 7, 

8, 9, 10, 11, 12, and NS-KW1 were collected from the field later than the first batch, 

they were analysed by EPMA-WDS at a separate time. The purpose of carrying out 

EPMA-WDS analysis was to understand the base composition of the bodies and 

glazes, and thus analysis was conducted on the area rather than spot. Corning D 

Glass was used as a reference material for the first analysis protocol. Because the 

bodies are very homogenous, 10 sites of interest conducted at 800X were selected 

from the bodies. Generally, 5 sites of interest conducted at 2000X were selected from 

both exterior and interior glazes. However, for samples with a small area of glaze in 

which it was difficult to find sufficient sites of interest, only 2-3 sites were analysed 

instead of 5. For some extra thin layers of glazes, analyses were carried out at 4000X. 

The analysis protocol for the rest of the samples was mostly kept the same, except 

that one more reference material, Basalt BHVO-2, was added, and the sites of 

interest for the bodies were conducted at 1000X instead of 800X. All the results were 

averaged and reported as oxide weight percentages normalised to 100%, while the 

totals are still reported as they were analysed for reference purposes. 
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Figure 3.5: A crystal X-ray spectrometer. X-rays emitted from the specimen are collimated by two slits 

S1 and S2, diffracted by the curved crystal, and then focused on to the detector. For maximum 

efficiency the specimen, crystal and detector must all lie on the Rowland circle of radius R (drawn and 

adapted by the author based on Goodhew et al. 2001: 182). 

 

The operating conditions of EPMA were set to 15 kV voltage and 15 nA probe 

current. The calibration of the instrument was tested using Corning D Glass and 

Basalts BHVO-2 (analysed by the United States Geological Survey) as reference 

materials. The composition of Corning D Glass and the EPMA-WDS results are 

shown at magnifications of 800X, 2000X, and 4000X (Table 3.4), while the 

composition of BHVO-2 and the EPMA-WDS results are shown at magnifications of 

1000X, 2000X, and 4000X (Tables 3.5 and 3.6). 18 oxides were selected to be 

separately analysed by EPMA-WDS. Corning D Glass contains oxides such as Sb2O5, 

CuO, and PbO, which were included in the analysis; however, they will not be 

reported in the final results as they are of little interest in the understanding of the 

proto-porcelain samples analysed in this research. From the preliminary examination 

of these samples, it was known that the amount of alkalis, especially the sodium level, 

is less than 1%. Therefore, the potential migration of alkalis during the analysis will 

not be taken into consideration. 
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Table 3.4 shows the standard deviations and absolute difference of the reference 

material analysed by EPMA-WDS for the first batch of samples. It can be observed 

that the standard deviation was kept at a very stable level, below 0.42. The first batch 

of the samples was analysed in the course of two weeks, and therefore these figures 

also showed the operating conditions over the period of 14 days, which did not 

change much. The absolute difference between the measured data and the given data 

is around -0.59 to 1.42 wt% at 15 kV in all major and minor oxides. The relative 

difference of major oxides (SiO2, Al2O3, CaO, MgO, K2O, and Na2O) varies from 

-3.38 to 6.81%. The relative difference of minor oxides (FeO, TiO2, P2O5, and MnO) 

fluctuates from -15 to 11%. The detection of silica is always 1% higher. As compared 

to the SEM-EDS data, the stability of the EPMA-WDS data increased. The 

un-normalised totals of EPMA data are around 97.5%. This little deviation from 100% 

was possibly caused by beam current drift or spectrometer calibration. 

 

Tables 3.5 and 3.6 show the compositions of the reference materials and the 

measured EPMA-WDS data for the samples NS-6, 7, 8, 9, 10, 11, 12, and NS-KW1. 

As they were all analysed within a day, only two sites of interests were selected at 

each magnification for the reference materials. The standard deviations are all below 

0.2. For basalt BHVO-2, the absolute difference between the replicated data and the 

given data is around -0.69 to 0.09 wt% at 15 kV in all major and minor oxides. The 

relative difference of major oxides (SiO2, Al2O3, CaO, MgO, K2O, and Na2O) varies 

from -6.50 to 4.10%. The relative difference of minor oxides (FeO, TiO2, P2O5, and 

MnO) fluctuates from -235.00 to 19.33%. For Corning D Glass, the absolute 

difference between the replicated data and the given data is around -0.33 to 0.40% at 

15 kV in all major and minor oxides. The relative difference of major oxides (SiO2, 

Al2O3, CaO, MgO, K2O, and Na2O) varies from -10.67 to 1.55%. The relative 

difference of minor oxides (FeO, TiO2, P2O5 and MnO) fluctuates from -10 to 12%. 

Most of the measured data are a little higher than the given ones. The un-normalised 

totals of EPMA data are almost around 100%, which might be due to the fact that 

they were analysed within the same day, before the beam current drifted too much. 
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Corn D   n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Cr2O3 BaO Total 

800X 

Mean 28 56.88  5.19  14.98  3.98  11.06  1.29  0.43  0.42  3.36  0.53  0.03  0.32  97.87  

Given  55.46  5.32  14.86  3.96  11.34  1.20  0.47  0.38  3.95 0.55 nd 0.51   

Absolute  1.42  -0.13  0.12  0.02  -0.29  0.08  -0.04  0.04  -0.59 -0.02 nd -0.19   

Rel. (%)  2.57 -2.41 0.83 0.56 -2.53 6.81 -9.07 10.97 -14.85 -4.07 nd -37.79  

Stdv  0.34  0.07  0.15  0.07  0.12  0.04  0.07  0.03  0.47  0.05  nd  0.04   

CV (%)  0.60  1.44  1.00  1.87  1.11  2.75  15.51  8.21  13.94  8.66  nd  12.65   

2000X 

Mean 22 56.85  5.16  15.07  3.94  10.96  1.27  0.42  0.41  3.53  0.52  0.01  0.31  97.68  

Given  55.46  5.32  14.86  3.96  11.34  1.20  0.47  0.38  3.95 0.55  nd 0.51   

Absolute  1.39  -0.16  0.21  -0.01  -0.38  0.07  -0.05  0.03  -0.42 -0.03  nd -0.20   

Rel. (%)  2.51 -2.93 1.45 -0.36 -3.38 5.83 -10.17 7.55 -10.61 -5.82 nd -39.54  

Stdv  0.36  0.06  0.14  0.05  0.10  0.03  0.05  0.02  0.42  0.05  nd  0.04   

CV (%)  0.63  1.20  0.94  1.23  0.92  2.28  12.29  4.67  11.94  10.27  nd  11.85   

4000X 

Mean 22 56.61  5.15  15.11  3.95  11.13  1.26  0.44  0.41  3.54  0.57  0.00  0.29  97.42  

Given  55.46  5.32  14.86  3.96  11.34  1.20  0.47  0.38  3.95  0.55  nd 0.51   

Absolute  1.15  -0.18  0.25  -0.01  -0.21  0.05  -0.03  0.03  -0.40  0.01  nd -0.22   

Rel. (%)  2.08 -3.29 1.67 -0.18 -1.86 4.29 -6.19 6.77 -10.26 2.56 nd -43.47  

Stdv  0.23  0.06  0.13  0.05  0.13  0.03  0.07  0.03  0.36  0.05  nd  0.03   

Stdv%  0.41  1.12  0.84  1.33  1.15  2.69  15.74  7.17  10.09  9.60  nd  11.63   

Table 3.4: The precision and accuracy of the analysis of the composition of Corning D Glass and the replicated EPMA-WDS analyses conducted at 15 kV over 14 days (wt%, 

normalised 800X, 2000X, and 4000X). 
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Table 3.5: The precision and accuracy of the analysis of the compositions of Basalt BHVO-2 and the replicated EPMA-WDS analyses conducted at magnifications of 1000X, 

2000X and 4000X (wt%). 

  

BHVO-2   n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Cr2O3 BaO Total 

1000X 

Mean 2 50.59 13.70 11.51 7.21 0.53 2.15 11.22 2.82 0.24 0.18 0.03 0.03 100.37 

Given  49.90 13.50 11.40 7.20 0.50 2.20 11.10 2.70 0.30 nd 0.03 0.01  

Stdv  0.06 0.10 0.03 0.06 0.00 0.05 0.14 0.04 0.02 nd 0.01 0.01  

CV (%)  0.12 0.73 0.29 0.82 0.66 2.31 1.22 1.51 8.77 nd 26.37 35.88  

Absolute  -0.69 -0.20 -0.11 -0.01 -0.03 0.06 -0.12 -0.12 0.06 nd  0.00 -0.02  

Rel. (%)  -1.39 -1.46 -1.00 -0.08 -6.50 2.50 -1.06 -4.33 19.33 nd 1.67 -235.0  

2000X 

Mean 2 50.18 13.81 11.50 7.17 0.48 2.15 11.21 2.87 0.26 0.15 0.05 0.03 100.09 

Given  49.90 13.50 11.40 7.20 0.50 2.20 11.10 2.70 0.30 nd 0.03 0.01  

Stdv  0.05 0.11 0.16 0.17 0.01 0.05 0.01 0.01 0.03 nd 0.02 0.00  

CV (%)  0.11 0.77 1.38 2.44 2.21 2.20 0.11 0.32 11.97 nd 42.13 11.31  

Absolute  -0.28 -0.31 -0.10 0.03 0.02 0.05 -0.11 -0.17 0.04 nd -0.02 -0.02  

Rel. (%)  -0.55 -2.30 -0.85 0.47 4.10 2.20 -0.95 -6.20 13.33 nd -56.7 -150.0  

4000X 

Mean 2 49.93 13.83 11.51 7.22 0.51 2.11 11.23 2.84 0.26 0.17 0.05 0.03 99.88 

Given  49.90 13.50 11.40 7.20 0.50 2.20 11.10 2.70 0.30 nd 0.03 0.01  

Stdv  0.06 0.08 0.09 0.00 0.01 0.03 0.01 0.05 0.01 nd 0.01 0.01  

CV (%)  0.13 0.61 0.77 0.02 1.94 1.24 0.06 1.85 3.87 nd 13.60 23.22  

Absolute  -0.03 -0.33 -0.11 -0.02 -0.01 0.09 -0.13 -0.14 0.04 nd -0.02 -0.02  

Rel. (%)  -0.06 -2.42 -0.93 -0.31 -2.20 3.98 -1.13 -5.04 14.67 nd -73.3 -235.0  
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Table 3.6: The precision and accuracy of the analysis of the compositions of Corning D Glass and the replicated EPMA-WDS analyses conducted at magnifications of 1000X, 

2000X, and 4000X (wt%). 

  

Corn D   n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Cr2O3 BaO Total 

800X 

Mean 2 55.35 5.34 14.98 3.90 11.67 1.33 0.47 0.40 3.93 0.55 0.01 0.47 100.32 

Given  55.46 5.32 14.86 3.96 11.34 1.20 0.47 0.38 3.95 0.55 nd 0.51  

Stdv  0.13 0.23 0.12 0.04 0.01 0.03 0.01 0.02 0.02 0.01 nd 0.22  

CV (%)  0.23 4.39 0.78 1.00 0.07 2.02 2.11 6.09 0.45 2.46 nd 47.94  

Absolute  0.11 -0.02 -0.12 0.06 -0.33 -0.13 0.00 -0.02 0.02 0.00 nd 0.04  

Rel. (%)  0.19 -0.31 -0.80 1.55 -2.88 -10.67 0.00 -3.95 0.54 0.82 nd 8.04  

2000X 

Mean 2 55.34 5.38 15.14 3.91 11.17 1.31 0.44 0.42 4.02 0.55 nd 0.45 100.18 

Given  55.46 5.32 14.86 3.96 11.34 1.20 0.47 0.38 3.95 0.55 nd 0.51  

Stdv  0.14 0.31 0.14 0.01 0.11 0.04 0.02 0.01 0.00 0.02 nd 0.24  

CV (%)  0.25 5.70 0.94 0.38 1.01 2.80 4.96 3.40 0.02 3.45 nd 54.20  

Absolute  0.12 -0.06 -0.28 0.05 0.17 -0.11 0.03 -0.04 -0.07 0.00 nd 0.06  

Rel. (%)  0.21 -1.15 -1.87 1.28 1.53 -9.25 6.06 -9.47 -1.81 -0.64 nd 12.25  

4000X 

Mean 2 55.06 5.39 14.94 3.92 11.44 1.28 0.46 0.42 4.03 0.55 nd 0.46 99.98 

Given  55.46 5.32 14.86 3.96 11.34 1.20 0.47 0.38 3.95 0.55 nd 0.51  

Stdv  0.15 0.25 0.09 0.03 0.01 0.03 0.00 0.00 0.04 0.04 nd 0.21  

CV (%)  0.27 4.63 0.61 0.74 0.11 2.04 0.47 0.51 1.07 6.57 nd 46.02  

Absolute  0.40 -0.07 -0.08 0.04 -0.10 -0.08 0.01 -0.04 -0.08 0.00 nd 0.05  

Rel. (%)  0.72 -1.25 -0.51 0.95 -0.89 -7.04 3.09 -9.61 -2.09 0.27 nd 9.61  
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3.5 Application and limitation 

 

Scientific analyses are one of the most effective and direct ways to examine closely 

these early high-fired glazed ceramics. SEM imaging will be employed to look at the 

microstructures of ceramic body and glaze, especially the interaction zone between 

them. EPMA-WDS will be mainly used to carry out the bulk and trace elemental 

analyses. It is possible that by analysing the chemical compositions and trace 

elements in the ceramic body, we can relate them to the raw materials of which the 

ceramic was made, understand how they were made, and further determine the 

possible provenance of the ceramic. The following questions can probably be 

answered by careful interpretation of the scientific results: 

 

SEM Imaging EPMA-WDS 

a) Is there any possible physical alteration of 

the clays? 

b) What is the degree of body and glaze 

vitrification? 

c) How do the body and glaze bond? 

d) What kinds of crystals were formed in the 

intersection during the firing? 

e) What are the possible glaze forming 

techniques? 

a) Is there any possible chemical alteration 

of the clays? 

b) What are the possible recipes of the 

glazes? 

c) Where are the possible locations of the 

workshops and what are their 

distributions? 

d) Where are the possible locations of the 

raw materials? 

Table 3.7: The questions likely to be answered by the results obtained from techniques such as SEM 

imaging and EPMA-WDS (some questions are adapted after Orton et al. 1993: 144-145). 

 

However, there is one limitation of EPMA that we should pay attention to. The beam 

of EPMA analysis cannot be defocussed beyond about 100 µm due to the geometric 

problems of the Rowland circle. Therefore, any attempt to provide a bulk 

composition of an inhomogeneous material by EMPA will produce a series of 

compositions that are spreading along a line between the two main phases of the 

material. In order to avoid confusion, only the average values of the body and glaze 

of each sample will be reported on the final graphs. This will be applied to all the 

analyses in this research.   
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Chapter 4  
 

Proto-porcelain in the making 

 

4.1 The material foundation: white-firing clays, stoneware, porcelain and 

proto-porcelain 

 

4.1.1 Clay 

 

Clay is abundant and ubiquitous in the earth’s upper crust. For a very long time, clay 

has been of particular importance to both potters and archaeologists. For potters, clay 

is the major constituent for making ceramics; while for archaeologists, clay and 

clay-based ceramics are intensively studied to decipher the emergence of early 

ceramics and the later development of ceramic production, which is thought to be 

one of the most ancient technologies discovered and mastered by human beings.  

 

Clay is broadly defined as a fine-grained, earthy material that develops plasticity 

when mixed with water (Shepard 1956: 6). A concise definition of clay by the 

American Ceramic Society is as follows (Grimshaw 1971: 1): 

 

Clay is a fine-grained rock which, when suitably crushed and pulverised, becomes 

plastic when wet, leather-hard when dried and on firing is converted to a permanent 

rock-like mass. 

 

Natural clay typically formed from deposits is a mixture of different clay minerals, 

together with various non-clay minerals, as well as unaltered rock fragments and 

incorporated organic material (Grim 1968: 1). These deposits form from the 

weathering of primary rocks. 

 

Clays can be divided into two broad groups – primary clays and secondary clays – 

which differ in their plasticity, workability, and reactions during drying and firing. 

Primary clays are formed on the site of their parent rocks and have not been 

transported, either by water, wind, or glacier. Secondary clays, on the other hand, 

have been transported away from the site of the original parent rock. Water is the 

most common agent of transportation (Rhodes 1973: 11-12). Most clays are 

secondary clays. They are more plastic and contain more impurities than primary 

clays (Hamer and Hamer 1997: 60).  
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Clay minerals 

 

Types of clays are distinguished by their mineral composition and the patterns of 

arrangement of their various mineral constituents (Sinopoli 1991: 10). The main 

groups of clay minerals are kaolinites, halloysites, allophanes, illites (or hydrous 

micas or sericites), chlorites, smectites or montmorillonites (smectite being the more 

recent and preferred name), vermiculites, and attapulgite-palygorskite-sepiolites 

(Worrall 1964: 24; Rye 1981: 30). Among these various kinds of clay minerals, 

kaolinite, smectite / montmorillonite, and illite are the most important for ceramics 

(Lambert 1997: 49). Some of the chemical and mineralogical characteristics of these 

three clay minerals are listed in the following table (Grimshaw 1971: 287; Brown 

1984: 228-235; Newman and Brown 1987: 11-12, 70-71; Rice 1987: 44; Hamer and 

Hamer 1991: 165, 217; Goffer 2007: 234): 

 

Clay Chemical Characteristics Mineralogical Characteristics 

Kaolinite Al2Si2O5(OH)4 

a hydrated aluminum silicate; 

belongs to the kaolinite-serpentine group; 

2-layer clays; 

large particle size; 

less plasticity; 

high refractoriness (1710 °C); 

usually white after firing; 

Smectite/ 

Montmorillonite 

(Na,Ca)1/3(Al,Mg)2(Si4O10)(OH)2 nH2O 

a hydrous aluminum silicate in which part of 

the aluminum is replaced by magnesium or 

sodium; sodium-rich; 

belongs to smectite group; 

3-layer expanding clays 

very small particle size; 

high plasticity; 

moderate refractoriness (1350 – 

1450 °C); 

brown, red or grey after firing; 

Illite (K,H2O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)]  

a hydrous mica, similar to muscovite; 

potassium-rich; 

belongs to mica group; 

3-layer nonexpanding clays; 

small particle size; 

poor plasticity; 

low refractoriness (1000 – 

1300 °C); 

variable colour after firing; 

Table 4.1: Chemical and mineralogical characteristics of kaolinite, montmorillonite and illite (see 

references in the text) 

 

Non-clay minerals 

 

In addition to clay minerals, non-clay minerals are another part of the important 

constituents determining the properties of clays and affecting the firing behaviours of 

ceramics. Non-clay minerals generally include quartz (SiO2), feldspars, micas, 

calcium carbonates (CaCO3), iron oxides, titanium in several forms, various rarer 

minerals (such as zircon and rutile), soluble salts, and organic matter (such as plant 

fragments and animal dung) (Shepard 1956: 18). Some of these minerals or 

impurities are naturally present in the raw materials employed to make ceramics, 

while some of them are intentionally added as temper by the potters. The following 
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discussion focuses on four major kinds of non-clay minerals – quartz, feldspar, 

calcium carbonates, and iron oxides. 

 

Quartz is the most common and abundant non-clay mineral in the bodies of ceramics. 

It reduces the plasticity and shrinkage of the clays. The toughness of the ceramics 

increases with the increasing concentration of quartz temper (Tite et al. 2001: 309). 

The size of the grains of silica is also important, as very small particles will often 

react and act as a flux under conditions where large particles of silica increase the 

refractoriness of the mass (Grimshaw 1971: 273; Tite et al. 2001: 316). 

 

Feldspars are the most abundant primary minerals for the formation of any clay. 

Feldspars contain alumina (Al2O3) and silica (SiO2) combined with one or more other 

oxides of an alkaline nature. Commonly occurring feldspars are as follows: (1) 

orthoclase or potash feldspar (KAlSi3O8); (2) albite or soda feldspar (NaAlSi3O8); (3) 

anorthite or lime feldspar (CaAl2Si2O8) (Rhodes 1973: 7). Feldspars are used as 

fluxes in ceramic production. When finely ground (to 40 µm), feldspars promote 

melting or sintering by virtue of three properties: (1) feldspars have a relatively low 

melting point or high fusibility: potash feldspars begin to melt at 1150 °C, and soda 

feldspars melt at 1118 °C; (2) feldspars are highly viscous on melting and form a 

thick liquid; (3) feldspars are more easily to sinter and fuse by their very fine 

particles (Rice 1987: 97). Therefore, feldspars are very important in achieving a 

lower vitrification temperature. 

 

Lime or calcium carbonate may occur naturally in clays, and then the clay is 

described as calcareous or marly (Rice 1987: 97). Calcium carbonates act as fluxes, 

so they reduce the vitrification temperature and refractoriness of the clay (Grimshaw 

1971: 280). When heated above 750 °C, calcium carbonate begins to decompose 

into CO2 and CaO. The decomposition becomes increasingly rapid as 

temperature increases. The subsequent hydration of CaO is accompanied by volume 

expansion, which sets up stresses in the surrounding clay body, causing cracking. If 

the firing temperature is high enough (in the range between about 750 °C and 

1000 °C) and the lime particles in the clay are comparatively large, the ceramics 

can even be subject to disintegration after firing (Rye 1981: 33; Rice 1987: 98). 

Lime may also contribute to the colour of fired clays if it is present in 

significant quantities. These changes usually take place at moderately high 

temperatures, about 800 °C and above. Once calcium carbonate has decomposed, 

the calcium oxide may react with clay to form calcium silicates (wollastonite) 

with pale yellow or white colours. At high temperatures, above 1000 °C, lime 

may also react with iron to form calcium ferrosilicates, suppressing the red 

colour and contributing to a yellow or olive-greenish tone (Rice 1987: 336). 
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Iron oxides are another very common category of impurities in clays, and the 

clay which is abundant in iron oxides is described as ferruginous clay. Iron 

oxides are the chief colourants for the ceramic bodies (Table 4.2). They may 

reduce the refractoriness of the clay. Very finely divided iron in a reduced state 

(ferrous oxide FeO) may act as a flux at low temperatures, between 800 and 

900 °C (Grimshaw 1971: 275-279). 

 

Firing atmosphere Colour Iron oxide level 

oxidation 

yellowish ≈ 1% 

light brown / orange 1.5-3% 

red >3% 

reduction 

bluish ≈ 1% 

grey 1.5-3% 

black >3% 

Table 4.2: The relationship between colours, iron oxide levels, and firing atmospheres of the ceramic 

bodies (adapted from Shepard 1956; Rice 1987: 333) 

 

4.1.2 White-firing clays in China 

 

The early emergence of high-fired glazed ceramics in China is attributed to the 

abundance of suitable clay deposits and their early recognition and exploitation. 

Raw materials suitable for the production of high-fired ceramics are typically 

white-firing clays rich in the mineral kaolin and low in iron oxides and fluxes 

such as alkalis and lime. Kaolin-rich deposits are formed by the weathering of 

feldspar-rich rocks (Rhodes 1973: 20), and can be found either in situ (primary 

deposits) or transported by wind or water and re-deposited elsewhere (sedimentary or 

secondary deposits). Based on numerous scientific investigations (Sundius and 

Steger 1963: 375-505; Tite et al. 1984: 139-154; Pollard and Hatcher 1986: 261-287; 

Guo 1987: 3-19; Pollard and Hatcher 1994: 41-62; Yap and Hua 1994: 63-76) of the 

bodies of high-fired glazed ceramics both in north and south China, it appears 

that two main types of raw materials were employed to produce ceramics in 

different parts of China. One of the most unusual and significant features of Chinese 

ceramic production is that there is a distinct geographical line separating the types of 

raw materials used. This imaginary line follows the Nanshan and Qingling hill 

systems that cross China from west to east, and then runs north of the Huai River and 

west towards Tibet (Tregear 1980: 5; Wood 1999: 27) (Fig. 4.1). The clays from 

north China are secondary clays and they are rich in true clay minerals – with most 

of these materials deriving from sedimentary geologies, that is, the settling-out of 

wind-borne or water-borne particles into beds of rock or clay. The southern raw 

materials, in contrast, are primary clays and have mostly formed in situ from igneous 

rocks and contain relatively small amounts of true clay, but a large amount of fine 

quartz and secondary potassium mica (Wood 1999: 28). These are typically referred 

to as ‘porcelain stone’. 
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Figure 4.1: Map of China showing the course of the Nanshan-Qinging divide (after Wood 1999: 26). 

 

Thus, the kaolin deposits in north and south China differ in fundamental respects, 

and have produced two types of porcelain body. The kaolinitic clays of northern 

China are sedimentary deposits with a very high alumina content of about 40%; 

therefore, they are plastic for working and very refractory in firing (Guo 1987: 3-4). 

In contrast, the kaolinitic rocks of southern China are of the ‘acidic’ (high silica) 

type, or porcelain stones rich in residual quartz, which have a lower alumina content 
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of about 20%. They are therefore less plastic and less refractory than pure kaolin 

clays (Guo 1987: 3-4; Freestone and Gaimster 1997: 214-215; Harrison-Hall 

1997a: 184; Tite 2008: 220).  

 

Porcelain and stoneware recipes 

 

Both kaolins and porcelain stones are suitable raw materials for making high-fired 

glazed ceramics, also known as stoneware and porcelain. The similarities and 

differences between stoneware and porcelain have already been discussed in the 

previous chapter; however, they are quite on the linguistic side. Based on the 

knowledge of the clays themselves – kaolins and porcelain stones –, the similarities 

and differences between them can be discussed a bit further. 

 

During pre-Song times, kaolins are thought to have been the dominant raw 

materials for northern high-fired ceramics, which are high in alumina, while 

porcelain stones are thought to have been used only for making southern 

high-fired ceramics, which are very siliceous (Guo 1987: 3-4; Chen et al. 2003: 

653). Either because of a shortage of natural material of the correct composition or a 

desire to control the body composition more precisely, from the Song dynasty 

(starting from 960 AD) onwards, the potters at Jingdezhen – the southern production 

centre of both imperial and common ceramics – were prompted to change their body 

recipe to a two-component one. This involved intentionally adding kaolin to 

porcelain stone (Guo 1987: 8; Harrison-Hall 1997b: 196). This distinguishes the 

stoneware (made from a one-component recipe) and porcelain (made from a 

two-component recipe) on the basis of the raw materials (Medley 1976: 14). 

Although porcelain production began in north China during the 6
th

 and 7
th

 centuries 

AD, the production of ‘true’ porcelain did not begin until the 10
th

 century AD, when 

the ceramic bodies were made from the intentional mixture of kaolin and porcelain 

stone. However, this so-called ‘true’ porcelain production mainly referred to that in 

south China, more precisely, at Jingdezhen. The term ‘porcelain’, presumed to derive 

from the Italian porcella – a small white and translucent sea shell – was only 

introduced by Marco Polo, who visited China in the late 13
th

 century (equivalent to 

the Yuan dynasty) (Hamilton 1982: 8). At that time, the mixture of kaolin and 

porcelain stone was already well established as the recipe for making porcelain 

bodies. Pere d’Entrecolles reported that in his day (i.e. 18
th

 century AD) kaolin was a 

necessary ingredient and that the bodies were made from equal parts of kaolin and 

porcelain stone for the best porcelain, from four parts of kaolin and six parts of 

porcelain stone for medium quality porcelain, and from one part of kaolin and three 

parts of porcelain stone for the poorest grade of porcelain. Similar mixtures of 

porcelain stone and kaolin are also used at Jingdezhen in the present-day production 

of porcelain (Tite et al. 1984: 139). 
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As compared to porcelains, stonewares – which, in the context of China, include 

greenware, or celadons – are fired to a somewhat lower temperature but have almost 

the same vitrified, hard, low-porosity bodies (Tite 2008: 220). True stonewares get 

their name from the stone-like way in which they fracture, like chert (Miller 2007: 

107). The main difference between stonewares and porcelain is that stonewares are 

unlikely to be made from a mixture of kaolin and porcelain stone, but from local 

high-fired clays, and therefore their bodies tend to have a wide range of colour, while 

porcelain bodies are always white and sometimes even translucent. Stonewares of 

various depths of colour are based on the various ratios of quartz, feldspar, lime, and 

iron oxide in the clays. In all of them, fine mullite crystals in an alkaline silicate glass 

are an essential element of the microstructure (Kingery and Vandiver 1986: 229). 

 

4.1.3 Ash glaze 

 

Ceramic glazes are a particular kind of glass, a noncrystalline substance cooled from 

a melt of earthy materials. Glazes and glasses have three main components – network 

formers, network modifiers, and intermediates or stabilisers. Network formers create 

the largely unordered structure of the glass by combining oxygen atoms with certain 

cations, and by the arrangement of the resultant tetrahedrons. The most important 

network former for glaze is silica. Network modifiers disrupt the continuity of the 

network, changing its physical and chemical properties. This category includes the 

alkali oxides (e.g. Na2O, K2O) and the alkaline earth oxides (e.g. CaO, MgO). 

Intermediates are oxides that replace part of the silica and usually serve to increase 

the viscosity of the glaze and to strengthen the glaze in firing. Included in this 

category are Al2O3, TiO2, and ZrO2 (Rice 1987: 98-99; Pollard and Heron 2008: 152). 

The network formers – silica (Si2O) and the intermediate alumina (Al2O3) – are 

abundant in clays; however, the discovery and control of the modifiers in the glaze 

recipes are closely related to the early emergence and application of the glazes. 

 

The real origins of Chinese glaze technology are found in the Early Bronze Age, 

when thin and mottled yellowish-green ash-glazes began to appear in south China on 

some wood-fired ceramics (Zhang 1986b: 40). They are high in lime and poor in 

alkalis, and are thus very different from glazes developed in Bronze Age Western 

Asia. They have a few small bubbles and poor body-glaze bonding and are easy to 

peel off (Li 1985: 159). Their origin is thought to be fortuitous; as firing 

temperatures began to exceed approximately 1150 °C, a natural ‘kiln gloss’ tended to 

develop on the surface of the ceramics (Kerr and Wood 2004: 455). The siliceous 

clay bodies were ‘accidentally’ fluxed by calcium oxide (lime) from the wood ashes 

in the kilns. These were true high-temperature glazes that formed the foundations for 

the great ash-glazing tradition that spread throughout southern China during the 

Bronze Age (Kerr and Wood 2004: 606). It is of particular interest that the 

achievement of sustained and controlled high temperatures and the appearance of 
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high-fired glazes occurred even before that of low-fired lead glazes in the 3
rd

 century 

BC (Medley 1976: 12). 

 

Because the compositions of early Chinese glazes are very similar to modern 

European glazes made with feldspar as the flux, therefore, they have previously 

come to be known as ‘feldspathic’ – suggesting that the bulk of their glaze recipes 

was provided by feldspars (Wood 1999: 29). Although the chemical compositions of 

feldspars are similar to that of the early ‘accidental’ ash glazes, they are by no means 

an indispensable ingredient in high-fired glazes. Wood (1999: 29-30) argued that the 

hundreds of chemical analyses of early Chinese glazes that have now been published 

show beyond doubt that true feldspathic glazes are extremely rare in Chinese ceramic 

history. However, we still need to keep an eye on new discoveries to continuously 

cross check the abovementioned conclusion. After examining and considering other 

possible sources of lime, such as carbonate rocks, shells, fusible calcareous clays, as 

well as glassy kiln slag, Zhang (1986a: 166-170) came to the conclusion that, based 

on the contents of phosphorous oxide (P2O5), the most probable main ingredient for 

the Shang and Zhou glazes is wood ash or a mixture of wood ash and clay.  

 

The iron compounds present in the ash or clay resulted in different colours depending 

on the combination of iron oxide levels and firing atmospheres (Table 4.3). Because 

iron oxides are so common and rich in the earth’s crust, it is inevitable to have iron 

oxides as naturally-occurring impurities in the clay. They were also gradually 

discovered as a versatile major colourant for the glazes. After the Shang dynasty, iron 

was widely used as a glaze colouring element by ancient Chinese potters throughout 

the country (Zhang 1986a: 172). Titania is another important presence in most 

ceramic raw materials in China. When titania combines with iron oxide, it has a 

powerful yellowing effect on the colour of the glaze (Wood 1999: 159). 

 

Firing atmosphere Colour Iron oxide level 

oxidation 

white <1% 

yellow 2-3% 

amber 3-5% 

black >5% 

reduction 

icy-blue <1% 

bluish-green 2-3% 

olive-green 3-5% 

black >5% 

Table 4.3: The relationship between colours, iron oxide levels, and firing atmospheres of the ceramic 

glazes (adapted from Wood 1999: 161) 

 

Based on the main ingredients for ash glazes, Rhodes (1973: 164) worked out the 

ideal amount of silica relative to the amount of fluxes. According to Rhodes’ model, 

when combined in the right proportions, the melting point of the mixture drops 
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sharply to about 1170 ºC. The eutectic mixture is as follows: 

 

SiO2 Al2O3 CaO 

62 14.75 23.25 

Table 4.4: Eutectic mixture for ash glazes (wt%) (Rhodes 1973: 164) 

 

Based on the fact that south Chinese ash glazes from the Shang to the Southern Song 

periods show an unusually consistent chemical make-up, Wood (2009: 52) found out 

that it corresponds broadly to the 1185 ºC calcia-alumina-magnesia-silica eutectic 

mixture, sometimes abbreviated to CAMS as follows: 

 

SiO2 Al2O3 CaO MgO 

63.0 14.0 20.9 2.1 

Table 4.5: CAMS eutectic mixture for ash glazes (wt%) (Wood 2009: 52) 

 

This mixture has a silica-alumina ratio of 4.5:1 in real weights, similar to those found 

in typical south Chinese stoneware clays. 

 

4.1.4 Proto-porcelain 

 

According to the above material-based definitions of stoneware, porcelain, and 

high-fired ash glaze, the high-fired glazed ceramics of the Shang and Zhou dynasties 

need to be further discussed in order to place them correctly into the picture.  

 

In 1998, after comparing the chemical composition of proto-porcelain with that of 

‘stamped’ earthenwares in south China and porcelains of later periods, Luo and Li 

(1998: 647) defined proto-porcelain as follows: 

 

Proto-porcelain, emerging during the Shang and Zhou dynasties, is a kind of glazed 

ceramic which was made from porcelain stones alone and has low porosity. 

 

According to the definition of stoneware and porcelain based on their raw materials 

(one-component or two-component recipe), the proto-porcelain we discuss here is 

more likely to fall into the category of stoneware or early stoneware. The name – 

proto-porcelain – actually reflects more the direct translation from the Chinese name 

for early high-fired glazed ceramics, corresponding to Chinese practice (see Chapter 

1), but is not very much representative of the clays and techniques employed, thus 

causing confusion for Western scholars. In this thesis, the term ‘proto-porcelain’ is 
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consistently employed to refer to this type of early high-fired glazed ceramic in 

Zhejiang province because this term has been widely accepted in the relevant 

literature. 

 

4.2 Body 

 

The first batch of 40 proto-porcelain bodies, 2 pieces of kiln furniture, 2 stamped 

stoneware sherds and 2 pieces of kiln walls were initially examined by SEM-EDS 

and the data was later refined by EPMA-WDS. Based on the results from the first 

batch, the second batch of 21 proto-porcelain bodies, 7 pieces of kiln walls and 1 

piece of clay firing supporter were directly analysed by EPMA-WDS. 

 

4.2.1 Body of proto-porcelain sherds 

 

Table 4.6 shows for each site the average chemical compositions of proto-porcelain 

bodies examined by EPMA-WDS; individual measurements are provided in the 

appendices. For ease of comparison and to compensate for porosity, the oxides are 

normalised to 100% while the original analytical totals are given for reference 

purposes. The samples are organised by their dates (from the earliest to the latest) 

and kilns they came from.  

 

The proto-porcelain vessels are dominated by silica (mostly 75 to 80 wt% SiO2) and 

alumina (15 to 18 wt% Al2O3), with minor amounts of potash and iron oxide (mostly 

around 2 wt% each). Titania, soda, magnesia, and lime are all present at between 0.5 

and 1 wt%. This composition is typical of ceramic produced from porcelain stone, 

consistent with the geographical position of this region south of the kaolin/porcelain 

stone line. Within the 61 samples analysed only very little systematic variation 

occurs; most notable is the slightly higher content in iron oxide of the Shang dynasty 

SDW samples. The other Shang samples, NS, have higher than average soda content, 

at around 1 wt%, as well as higher alumina and potash and lower titania than the 

other samples. This suggests that a somewhat different clay raw material was used to 

produce these ceramics, which is consistent with the geographically separate location 

of the NS site as compared to the others (see Fig. 3.1). 
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Table 4.6: EPMA-WDS results of the average chemical compositions (wt%) of the bodies of proto-porcelain sherds from the 8 kiln sites 

n1: the number of the sherds from each site; n2: the number of areas analysed of all the sherds from each site. The low analytical totals are due to the porosity of the ceramic. 

  

Sample Date n1 n2 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

NS Shang 12 220 74.19 17.66 0.45 0.53 2.75 0.95 2.30 0.82 0.03 0.03 0.05 0.10 96.73 

SDW Shang 4 35 75.40 16.09 0.51 0.80 1.53 0.54 4.24 0.98 0.09 0.05 0.15 0.06 85.46 

HSS E.S&A 6 60 76.64 16.00 0.42 0.54 1.98 0.62 2.72 0.97 0.11 0.04 0.14 0.07 83.45 

HS E.S&A 4 40 76.23 16.28 0.44 0.57 2.14 0.63 2.72 0.91 0.10 0.04 0.09 0.05 84.16 

CLL L.S&A 9 90 76.69 16.11 0.47 0.51 2.10 0.74 2.43 0.90 0.06 0.02 0.06 0.06 88.92 

TZQ E.WS 4 40 77.47 15.91 0.41 0.62 1.89 0.61 2.03 0.98 0.05 0.02 0.06 0.06 94.19 

XYS E.WS 4 40 77.05 16.03 0.35 0.58 1.85 0.49 2.61 1.03 0.06 0.03 0.06 0.05 94.81 

WTS WS 18 180 77.99 15.47 0.33 0.60 1.98 0.64 2.02 0.93 0.03 0.03 0.06 0.06 93.91 
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Compared to most Near Eastern ceramics, which were made from clays rich in 

calcium, magnesium, and iron oxides and melted easily at high earthenware 

temperatures (c. 1100-1150 ºC) before the invention of stonepaste bodies in 10
th

 and 

11
th

 century AD Egypt (Zhang 1992: 384; Tite and Mason 1994: 84), these analysed 

ceramic bodies from south China followed a totally separate tradition from those 

made in other parts of the world and such a tradition could possibly be traced as far 

back as the 17
th

 century BC. 

 

Major components 

 

Silica and alumina are the major components of ceramic bodies and the ratio of silica 

to alumina is an important index to distinguish the raw materials used to make the 

ceramic body. The ratio of silica to alumina in the bodies will be later compared to 

the known raw materials so as to further explore their possible origin.  

 

As shown in Figures 4.2 and 4.3, considering the sample as a whole, the 

overwhelming majority of the plotted points on the figures are positioned on a 

straight line, the higher the content of silica, the lower that of alumina. However, the 

fact that the total combined amount of silica and alumina adds up to more than 90% 

weakens the meaning of this straight line and renders it trivial. No distinctive group 

can be found between the silica and alumina levels in different time periods and at 

different kilns. The levels of silica and alumina are mostly between 70 to 80 wt% and 

12 to 20 wt%, respectively.  

 

As shown in Figure 4.2, most of the plotted points from NS and SDW are positioned 

below the line, which shows that there are more impurities in these two batches than 

in those positioned on the line. Some of the plotted points from HSS, HS, and CLL 

are positioned below the line while the others are above it. The majority of the points 

from TZQ, XYS, and WTS are positioned on or above the line.  
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Figure 4.2: Plot of silica versus alumina in 61 proto-porcelain bodies by kiln (wt%). NS: Nanshan; 

SDW: Shuidongwu; HSS: Huoshaoshan; HS: Houshan; CLL: Chaluling; TZQ: Tingziqiao; XYS: 

Xiayangshan; WTS: Wantoushan. 

 

As shown in Figure 4.3, most of the plotted points from the Warring States period are 

typically ‘cleaner’, or lower in minor oxides, than those from the earlier periods. The 

majority of the points from the Shang dynasty, which is the earliest period among all 

those covered by this study, suggested the level of impurities was much higher than 

in the others. This feature roughly shows a changing trend concerning the level of 

impurities, from slightly higher in the earlier periods to slightly lower in the later 

periods. However, considering that all these sherds were found at eight 

geographically close kiln sites and that they are very similar in the ratio of their 

major components, such a subtle difference in minor oxides is likely caused either by 

a slight difference in the properties of local clay beds, or related to changes in 

treatment in different time periods, an issue which needs to be further explored.  
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Figure 4.3: Plot of silica versus alumina in 61 proto-porcelain bodies by date (wt%). Shang: Shang 

Dynasty; E. S&A: Early Spring and Autumn period; L. S&A: Late Spring and Autumn period; E. WS: 

Early Warring States period; WS: Warring States period. 

 

Minor oxides 

 

Apart from silica and alumina, the oxides of calcium, magnesium, potassium, sodium, 

and iron are almost all at low levels (less than 10 wt%) in the 61 proto-porcelain 

sherds analysed. Sometimes they could have acted as fluxes to bring down the 

vitrification temperatures of the body. As shown in Figure 4.4, the levels of calcium, 

magnesium, and iron oxides altogether fall within a narrow range from 2 to 5 wt%, 

except for sample SDW 4 (5.25 wt%), while the levels of potash and soda span 

across the range from 1.8 to 4.1 wt%. 

 

The plotted points of NS are relatively high in the amount of potash and soda, while 

those of SDW are particularly high in iron oxides. The majority of the plotted points 

of the rest of the kilns are positioned in an area relatively low in the amount of 

potash, soda, calcium, magnesium, and iron oxides. Both NS and SDW date back to 

the Shang dynasty, making them the earliest samples in the batch (Fig. 4.5). Whether 

the occurrence of such a slight difference was due to the selection and preparation of 

the raw materials or to the exploitation of different local clay beds is worthy of 

further discussion. 
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Figure 4.4: Plot of CaO+MgO+Fe2O3 versus K2O+Na2O in 61 proto-porcelain bodies by kiln (wt%). 

 

Colourants 

 

Iron oxides are the chief colourant in the ceramic bodies. Titania is also very 

common in the clay and usually occurred in the bodies together with iron oxides. 

 

From Figure 4.6, it can be seen that the levels of iron oxides of all the ceramic bodies 

fall within the range of 1.5-3.0 wt%, except those from SDW, HS, and HSS. The 

titania levels in all the ceramic bodies are less than 1.2%. This may indicate that 

differences do exist among the local clay beds accessible to different workshops 

rather than in the various treatments of the ceramic by the potters. 
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Figure 4.5: Plot CaO+MgO+Fe2O3 versus K2O+Na2O in 61 proto-porcelain bodies by date (wt%). 

 
Figure 4.6: Plot of iron oxides versus titania in 61 proto-porcelain bodies by kiln (wt%). 
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According to the Table 4.2, iron oxides levels between 1.5 and 3% lead to a colour of 

the body that is either light brown / orange or grey, and those above 3% cause the 

body to be either red or black. Based on visual observation, most of the freshly cut 

cross sections of the sherds display a homogenous light grey shade, so it can be 

inferred that these sherds were fired under a reducing atmosphere. However, the 

bodies of the sherds from SDW displayed a red colour (Fig. 4.7), which suggests that 

they might have been fired under an oxidising atmosphere. 

 

 
Figure 4.7: The proto-porcelain sherds from the SDW kiln site. 

 

Other impurities 

 

Beyond the detection limit of the SEM-EDS, the levels of other oxides such as 

phosphate, manganese oxide, chromium oxide, nickel, zinc, strontium oxide, and 

barium oxide can only be detected by the more sensitive EPMA-WDS.  

 

The levels of phosphate and manganese oxide are important indicators in the study of 

the glaze, which will be discussed in detail later on. Their levels are very low in the 

proto-porcelain bodies. As shown in Figure 4.8, the proto-porcelain bodies from the 

later periods of time tend to be positioned in a low P2O5 and low MnO zone. 

However, the fact that some of the bodies from the earlier periods fall within this 

same zone while some others are positioned in a relatively high P2O5 and high MnO 

zone makes the difference between different time periods not that obvious. 
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 Figure 4.8: Plot of phosphate versus manganese oxide in 61 proto-porcelain bodies by date (wt%). 

 

From the SEM-EDS data presented above, it is known that chromium, nickel, and 

zinc are characteristic of the inclusions in the bodies (Fig. 4.9). Figure 4.10 shows 

that the levels of these three metal oxides in most of the samples are higher in those 

from the earlier periods than in those from the later ones. The only exception is 

constituted by several samples from NS, which are very low in these three oxides. 

This might be a result of the fact that a smaller area was selected for EPMA-WDS 

analysis. The selected area was too small to include any of these metal inclusions, 

which might thus not have been picked up by the probe. Again, it is also possible that 

slight differences among the clay beds contributed to this difference. As the amount 

of these metal oxides is very low in the bodies and the difference among the samples 

from different periods of time is not huge, it is most likely that these impurities in the 

bodies were naturally present in the clay rather than being processed by the potters 

intentionally.  
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Figure 4.9: BSE images of the inclusions in the bodies of CLL-7, LSS-5, WTS-9 and WTS-18. 

 

Figure 4.10: Plot of Cr2O3+NiO+ZnO in 61 proto-porcelain bodies by date (wt%). 
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4.2.2 Body of non proto-porcelain samples 

 

In addition to the 61 sherds of proto-porcelain, 2 sherds of stamped stoneware, 2 

pieces of kiln furniture, 7 pieces of kiln walls, and 1 piece of clay firing 

supporter were analysed. Table 4.7 shows the chemical compositions of the 

abovementioned samples. The oxides are normalised to 100% while the original 

totals are given for reference purposes. 

 

 
Figure 4.11: Plot silica versus alumina in 61 proto-porcelain bodies and the other non proto-porcelain 

samples (wt%). 
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Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Cr2O3 BaO Total 

SDW-KW1 Shang 6 79.70 11.72 0.46 0.52 2.28 0.33 3.44 0.93 0.33 0.12 0.11 0.07 87.19 

XYS-Stpd 1 Shang 5 71.49 18.20 0.64 0.91 1.48 0.51 5.37 0.99 0.12 0.03 0.09 0.08 81.86 

XYS-Stpd 2 Shang 5 69.37 19.94 0.57 0.95 1.78 0.54 5.51 1.06 0.09 0.03 0.06 0.03 92.26 

HSS-KW2 E.S&A 3 67.16 19.20 0.15 0.93 2.21 0.26 8.54 1.18 0.10 0.06 0.25 0.03 92.85 

HSS-Spter E.S&A 5 77.27 15.61 0.42 0.61 2.36 0.61 1.69 1.11 0.05 0.07 0.06 0.09 92.44 

HS-KW1 E.S&A 6 76.22 14.41 0.21 0.61 1.65 0.13 5.19 1.13 0.20 0.04 0.04 0.08 92.68 

XYS-KF1 WS 10 75.24 17.65 0.34 0.64 2.00 0.58 2.27 0.97 0.05 0.04 0.06 0.08 97.57 

XYS-KF2 WS 10 72.27 17.87 0.46 0.73 1.43 0.79 5.17 0.89 0.09 0.03 0.10 0.07 72.24 

XYS-KW1 WS 5 79.06 10.99 0.28 0.47 2.31 0.27 5.23 0.99 0.30 0.10 0.03 0.03 90.95 

XYS-KW2 WS 5 77.39 12.98 0.29 0.47 1.53 0.23 5.37 1.36 0.28 0.09 0.04 0.01 80.92 

XYS-KW3 WS 5 81.22 10.62 0.33 0.47 2.14 0.23 3.61 0.96 0.21 0.08 0.03 0.04 87.51 

XYS-KW4 WS 5 79.71 11.99 0.18 0.29 0.75 0.12 5.50 1.05 0.17 0.15 0.05 0.01 81.01 

Table 4.7: EPMA-WDS results of the average chemical compositions (wt%) of the bodies of 2 sherds of stamped stoneware, 2 pieces of kiln furniture, 7 pieces of kiln 

walls, and 1 piece of clay firing supporter 

n: the number of areas analysed per sherd 

KW: kiln wall; Stpd: stamped stoneware; Spter: clay firing supporter; KF: kiln furniture 
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Figure 4.11 shows that the majority of the samples fall within a compact area 

with levels of silica and alumina roughly from 68 to 82 wt% and 10 to 20 wt% 

respectively. The non proto-porcelain samples are richer in the amount of minor 

oxides than those of proto-porcelain, especially in the amount of iron oxides 

(Fig. 4.13). It is possible that either ‘cleaner’ raw material was selected by the 

potters to make proto-porcelain or that the potters consciously treated the raw 

materials to a higher standard in order to produce proto-porcelain.  

 

As shown in Figures 4.12 and 4.13, the levels of alkali in non proto-porcelain 

samples range from 1 to 3 wt% while the oxides of calcium and magnesium 

range from 0.4 to 1.6 wt%. The level of iron oxide in most non proto-porcelain 

samples is higher than in those of proto-porcelain. However, difference and 

diversity still exist. The stamped stonewares are higher in calcium, magnesium 

and iron oxides than the proto-porcelain bodies. In terms of the level of iron 

oxides, one of the samples of kiln furniture (XYS-KF 1) and the clay-firing 

supporter (HSS-Spter) are very similar to the proto-porcelain bodies, while the 

other piece of kiln furniture (XYS-KF 2) is similar to the stamped stonewares. 

The clay part of the kiln walls is similar to the proto-porcelain bodies in the 

level of oxides of calcium and magnesium but is higher in iron oxide.   

 
Figure 4.12: Plot of CaO+MgO versus K2O+Na2O in 61 proto-porcelain bodies and other non 

proto-porcelain samples (wt%). 
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Figure 4.13: The level of iron oxides in 61 proto-porcelain bodies and other non proto-porcelain 

samples in different time periods (wt%). 

 
Figure 4.14: Plot phosphate versus manganese in 61 proto-porcelain bodies and other non 

proto-porcelain samples (wt%). 
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Figure 4.15: The level of Cr2O3+NiO+ZnO in 61 proto-porcelain bodies and other non 

proto-porcelain samples in different time periods (wt%). 

 

Figures 4.14 and 4.15 show that some of the impurities in the non proto-porcelain 

samples are similar to those in the proto-porcelain bodies, but others are very 

different. This fact, considered together with the previous discussion of alkaline and 

iron oxide content, may suggest that the quality requirement of the clay for the kiln 

parts (kiln furniture and kiln walls) was not as consistent as that of the clay used in 

proto-porcelain production. Because the kiln walls and kiln furniture would neither 

be convenient nor economical to transport, they were most possibly made from the 

nearest available local materials. The potters tended to pick out the darker clay, 

which is high in iron oxide, to make the non proto-porcelain samples. Moreover, the 

compositions of stamped stoneware are more similar to those kiln walls and kiln 

furniture rather than to proto-porcelain bodies. This may suggest that not until the 

discovery of ‘cleaner’ clay or of the practice of better clay treatment had 

proto-porcelain developed from low-fired stamped stonewares, which are regarded as 

the ancestor of proto-porcelain. However, because of the limited number of the 

analysed kiln parts, this conclusion is very tentative. 

 

4.3 Glaze 

 

The first batch of 36 glazes of proto-porcelain sherds and the glassy surfaces of 2 

pieces of kiln walls were initially examined by SEM-EDS and the data was later 
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refined by EPMA-WDS. Based on the results from the first batch, the second batch 

of 16 proto-porcelain glazes and the glassy surfaces of 6 pieces of kiln walls were 

directly analysed by EPMA-WDS. 

 

4.3.1 Glaze of proto-porcelain sherds 

 

Table 4.8 shows the average chemical compositions of 52 proto-porcelain glazes 

examined by EPMA-WDS; individual measurements are given in the appendices. 

For ease of comparison, the oxides are normalised to 100% while the original 

analytical totals are given for reference purposes. The samples are organised 

according to their dates (from the earliest to the latest) and kilns they came from.  

 

Except for several outliers, the majority of the glazes are characterised by a high 

level of calcium oxide (10-20 wt%) and low alkali concentrations (typically 2-3 wt% 

K2O and 1 wt% Na2O). The levels of silica (60-70 wt%) and alumina (around 15 

wt%) are also high, but lower when compared to those in the ceramic bodies. The 

levels of magnesia (1-3 wt%) and phosphate (around 1 wt%) are higher than those in 

the bodies. The light green colour of the glazes is due to their iron oxide content, 

similar to that in the bodies, while manganese oxide is slightly elevated, reaching in 

some samples up to 1 wt%. Such compositions are characteristic of glazes from 

south China (Wood 1999: 32-33), suggesting that the samples analysed here are part 

of that broad ceramic tradition. The earlier glazes, up to and including the samples 

from the Late Spring and Autumn period, have low manganese and phosphorous 

oxides, of around 0.1 and 0.6 wt%, respectively. Further differences occur in their 

potash and alumina levels, which tend to be lower in the later samples, while the 

lime and magnesia levels are on average clearly higher. 
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Sample Date n1 n2 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

NS Shang 4 19 61.15  15.47  13.77  1.50  2.49  1.43  2.36  0.82  0.49  0.19  0.01  0.17  98.54  

SDW Shang 3 12 69.39  14.30  5.26  1.38  3.87  0.97  3.79  0.93  0.21  0.13  0.02  0.07  94.91  

HSS E.S&A 6 63 64.58  13.81  12.23  1.72  2.47  0.88  2.80  0.71  0.77  0.09  0.01  0.12  98.64  

HS E.S&A 4 21 64.29  14.53  12.10  1.64  2.65  0.89  2.75  0.70  0.46  0.12  0.01  0.09  96.09  

CLL L.S&A 9 92 65.48  14.15  11.23  2.04  2.08  1.00  2.35  0.78  0.86  0.09  0.01  0.10  98.09  

TZQ E.WS 4 25 61.49  11.82  16.56  2.94  1.37  0.70  2.20  0.81  1.66  0.42  0.01  0.15  96.98  

XYS E.WS 4 20 61.73  12.27  15.18  3.37  1.44  0.61  2.30  0.89  1.59  0.61  0.01  0.15  98.71  

WTS WS 18 173 62.68  12.51  15.42  2.68  1.60  0.75  1.91  0.86  1.12  0.45  0.01  0.13  97.02  

Table 4.8: EPMA-WDS results of the average chemical compositions (wt%) of the glazes of 52 proto-porcelain sherds. n1: the number of the sherds from each site; n2: the 

number of areas analysed of all the sherds from each site 

 

Sample Part Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

SDW-1 ext. Shang 3 76.16  1.52  2.03  3.40  11.06  1.96  1.34  0.14  2.11  0.23  nd 0.01  94.31  

SDW-3 ext. Shang 4 70.97  14.95  3.18  0.97  4.32  1.10  3.15  1.00  0.07  0.17  0.02  0.07 95.58 

TZQ-4 int. E.WS 5 78.04  14.75  0.46  0.56  3.00  0.69  1.62  0.78  0.01  0.02  0.01  0.03 96.04 

XYS-3 ext. E.WS 5 70.90  16.15  1.28  0.82  5.66  1.71  2.35  0.81  0.08  0.08  0.02  0.09 99.78 

XYS-3 int. E.WS 5 72.69  16.84  0.12  0.23  5.71  0.90  2.14  1.24  0.03  0.02  nd 0.03 100.48 

Table 4.9: EPMA-WDS results of the chemical compositions (wt%) of the outliers in the glazes of the proto-porcelain sherds  

n: the number of areas analysed per sherd; nd: not detected 
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Major components   

 

Compared to the levels of silica and alumina in the bodies, the levels of silica in the 

glazes are slightly lower, with the majority falling roughly in a range of 60-70 wt%. 

The levels of alumina in the glazes are roughly the same as those in the bodies, 

falling within a range of 10-20 wt% (Figs. 4.16 and 4.17). The levels of silica and 

alumina are positively correlated. Most of the samples from different kilns or 

different time periods tend to mix with one another and no distinctive pattern can be 

found among them.  

 

One component distinctively different from that of the bodies is calcium oxide, the 

level of which in the glazes is greatly increased, with most of them falling within a 

range of 10-20 wt%. The level of magnesia is also higher in the glazes than in the 

bodies, mainly around 1-3 wt%. In Figures 4.18 and 4.19, it can be noted that 

calcium oxide and magnesia are positively correlated; such a correlation is either due 

to the use of dolomitic limestone or it reflects the limestone environments in which 

the plants grew (Barkoudah and Henderson 2006: 311-313). Therefore, either 

dolomitic limestone or plants grown in a limestone environment were possibly 

employed by the potters to make the glazes. In the analysed glazes, calcium oxide 

and magnesia act as the major fluxes, lowering the maturing temperatures. Based on 

Rhodes’ model of eutectic mixture (Rhodes 1973: 164), the ideal levels of silica, 

alumina, and calcium oxide are 62 wt%, 14.75 wt%, and 23.25 wt% respectively to 

achieve the lowest maturing temperature. The range of silica and alumina in the 

glazes are roughly fitting in the levels of those in this ideal mixture. However, the 

level of calcium oxide in all the glazes analysed is lower than 23.25%. Since the 

other minor oxides, such as magnesia, potash and soda in the glazes, could also be 

acting as fluxes similar to calcium oxide, they will be added to the amount of 

calcium oxide to bring up its weight percentage. Overall, the samples from later time 

periods tend to be positioned a high CaO and high MgO zone. 

 

Among the analysed glazes, there are several outliers, which are falling within a low 

CaO and low MgO zone. At the same time, the potash levels of these outliers are 

higher than those in the other glazes. The outliers among all these samples are 

SDW-1 and SDW-3 from the Shang dynasty, and TZQ-4 and XYS-3 from the Early 

Warring States period (Table 4.9). 
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Figure 4.16: Plot of silica versus alumina in 52 proto-porcelain glazes by kiln (wt%). 

 
Figure 4.17: Plot of silica versus alumina in 52 proto-porcelain glazes by date (wt%). 
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Figure 4.18: Plot of calcium oxide versus magnesia in 52 proto-porcelain glazes by kiln (wt%). 

 
Figure 4.19: Plot calcium oxide versus magnesia in 52 proto-porcelain glazes by date (wt%). 
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Because of the considerable increase in the amount of calcium oxide in most of the 

glazes, it is worth exploring the reason why and the ways in which the potters were 

able to achieve it. On the other hand, the several outliers, which are extremely low in 

calcium oxide, will also be further explored considering also the other related 

evidence. 

 

Other fluxes 

 

The levels of alkalis (potash and soda) in the glazes (Fig. 4.20) are slightly higher 

and more variable than those in the bodies. Potash and soda are also positively 

correlated and the majority of them occur in the ranges of 1-3 wt% and 0.5-1 wt% 

respectively, apart from the outliers listed in Table 4.10. The level of potash of these 

outliers is higher than the others, especially that of the SDW-1 exterior glaze, which 

is as high as 11.06%, an aspect which will be further discussed. 

 

The proto-porcelain sherds from NS, SDW, HSS, and HS, which are the kilns dated 

back to the earliest time period, tend to be higher in the levels of potash and soda 

than those from XYS and WTS, the latest period. The potash level of the samples 

from CLL and TZQ, the period in the middle, are also sitting in the middle. Alkalis 

also act as an important flux to bring down the maturing temperature. However, 

except for the outliers, the levels of alkalis in the glazes of these proto-porcelain 

sherds are much lower than that of calcium oxide, which is the major flux for the 

proto-porcelain sherds analysed in this study. They are also lower than those of the 

glass made in the Near East at the same time, where alkalis usually act as the major 

fluxes and are present in a very high weight percentage (more than 10% at least) in 

the glass production (Tite et al. 2006: 1288).  
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Figure 4.20: Plot of potash versus soda in 52 proto-porcelain glazes by date (wt%). 

 

Colourants 

 

Iron oxide is the main colourant in the glazes. The levels of iron oxides determine the 

colours of ceramics under different firing atmospheres (Table 4.3). From Figure 4.21, 

it can be seen that the contents of iron oxide and titania in the glazes are both very 

similar to those in the bodies, around 1.5-3 wt% and less than 1 wt%, respectively. 

Visual observations showed that the colours of these proto-porcelain glazes are green 

to light green. In view of the content of iron oxide in the glazes, it is highly possible 

that the glazes were fired under a reducing atmosphere, the same as that of the 

bodies. 
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Figure 4.21: Plot iron oxide versus titania in 52 proto-porcelain glazes by kiln (wt%). 

 

The levels of iron oxides in most of the samples from the Shang and Early Spring 

and Autumn periods tend to be slightly higher than those from the later periods. The 

samples from the Early Spring and Autumn period are also slightly lower in titania 

than those from the later periods (Fig. 4.22). Although titania has the effect of 

yellowing the glaze, it seems that this function of titania has not been intentionally 

utilised by the potter. Whether the iron oxides and titania were controlled by the 

potters or naturally present will be discussed further. 
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Figure 4.22: Plot iron oxide versus titania in 52 proto-porcelain glazes by date (wt%). 

   

Important impurities 

 

Even though the levels of phosphate and manganese oxide in the glazes are towards 

the low end, which is around 1 wt% and 0.5 wt% respectively (Fig. 4.23), they are of 

great significance in the further understanding of the glazing technique. Compared to 

the levels of these two oxides in the bodies, which are just around or below 0.1 wt%, 

their higher presence in the glazes indicates that a particular recipe or way of 

processing the raw material must have been adopted by the potters, which 

contributed to the higher level of phosphate and manganese oxide in the glazes. 

 

Phosphate aids melting at middle to high firing temperatures (Jackson and Smedley 

2004: 41). The presence of phosphate is a strong indication of wood ashes being 

added to the glazes. The samples from the later period of time are relatively high in 

the levels of phosphate and manganese oxide, while those from earlier periods are 

slightly lower in manganese oxide. 

 

The positive correlation of magnesia and manganese oxide is another indication of 

the use of wood ashes (Wood 1999: 32). As shown in Figure 4.24, the samples from 

different time periods tend to fall into two areas, albeit not exclusively. Most of the 

samples from the Warring State period are higher in both magnesia and manganese 

oxides than those from earlier time periods. The question whether the wood ashes 

were added intentionally or the glaze formed accidentally will be discussed further. 
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Figure 4.23: Plot of phosphate versus manganese oxide in 50 proto-porcelain glazes by date (wt%). 

 
Figure 4.24: Plot of magnesium oxide versus manganese oxide in 52 proto-porcelain glazes by date 

(wt%). 
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4.3.2 Glaze of non proto-porcelain samples 

 

A total of 9 pieces of glassy surfaces on kiln walls were analysed. All of them are 

covered with glassy surfaces, some of which are quite shiny, while others are duller 

(Fig. 4.25). All of these samples were collected right beside the kilns and are thought 

to be fragments of kiln walls or of other kiln-related facilities. 

 

 

 
Figure 4.25: The black glassy surfaces of 9 kiln wall fragments from NS, SDW, HS, HSS and XYS. 
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Table 4.10 lists the chemical compositions of the glassy surfaces of these kiln walls. 

The levels of silica and alumina in these 9 pieces are within the ranges of those in the 

glazes (Fig. 4.26). However, although the glassy surfaces of these 9 pieces of kiln 

walls are quite similar in appearance to the proto-porcelain glazes, except for their 

darker colours, the levels of the fluxes are in a sharp contrast. Very little calcium 

oxide and magnesia are present in these glassy surfaces, while the level of potash is 

much higher than that of the glazes in most of the proto-porcelain. Potash in 

SDW-KW1 and XYS-KW1 is even higher than 10 wt% (Fig. 4.27). Such an 

interesting contrast will be discussed further. 

 

Figure 4.26: Plot of silica versus alumina in 52 proto-porcelain glazes and the glassy surfaces of 9 

pieces of kiln walls (wt%). 
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Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

NS-KW1 Shang 10 69.54  16.52  0.54  0.28  6.49  2.97  2.74  0.09  0.29  0.04  0.00  0.10  99.78  

SDW-KW1 Shang 7 71.39  10.35  0.56  0.77  10.16  1.45  3.80  0.95  0.23  0.12  0.21  0.06  96.43  

HSS-KW1 E.S&A 5 69.19  14.85  1.58  0.99  5.70  0.57  5.63  1.04  0.11  0.17  0.05  0.06  97.71  

HSS-KW2 E.S&A 3 70.32  15.17  0.57  1.29  3.19  0.32  7.70  1.11  0.15  0.08  0.02  0.03  97.13  

HS-KW1 E.S&A 6 69.75  13.83  1.11  1.04  4.51  0.40  7.96  0.97  0.17  0.11  nd 0.08  97.59  

XYS-KW1 WS 5 70.69  11.90  0.07  0.38  10.96  2.02  2.70  0.94  0.25  0.12  nd 0.10  95.18  

XYS-KW2 WS 5 73.67  15.50  0.98  0.90  6.77  0.93  4.63  0.87  0.21  0.33  nd 0.09  97.25  

XYS-KW3 WS 5 73.64  12.47  0.34  0.78  7.18  0.91  3.28  0.94  0.16  0.16  0.01  0.05  96.39  

XYS-KW4 WS 5 65.83  14.21  1.94  0.98  7.46  1.05  6.79  1.03  0.24  0.27  nd 0.11  95.86  

Table 4.10: EPMA-WDS results of the chemical compositions (wt%) of the glassy surfaces on 9 pieces of kiln walls 

n: the number of areas analysed per sherd; nd: not detected 
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Figure 4.27: Plot of potash versus soda in 52 proto-porcelain glazes and the glassy surfaces of 9 pieces 

of kiln walls (wt%). 

 

4.4 Further discussion 

 

The bodies and glazes of the proto-porcelain sherds and other non proto-porcelain 

samples were separately described in the previous sections, and some outliers were 

also briefly discussed. In order to get a more integrated picture of the production of 

proto-porcelain during this early period of time, the bodies and glazes of the 

proto-porcelain and the other non proto-porcelain samples analysed will be brought 

together and viewed as a whole in this section. 

 

Apart from the chemical compositions of the raw materials accessible to the local 

potters, other factors such as grain size resulting from processing of the raw material, 

firing temperature, firing atmosphere, use and burial conditions may all influence the 

‘composition’ of the ceramic sherd as well. Moreover, the composition of pottery can 

change with time in response to technological development in a well-defined 

geographical area (Heimann 1988: 267). All samples analysed for this study came 

from kiln or production sites within a very close geographical area, and it is 

reasonable to assume that their raw materials were all locally procured. Therefore, 

the differences in the products studied here are likely to represent a combination of 

minor local variation of geology, deliberate choices by the potters, and differences 

and changes in the technological conditions of their production.  
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4.4.1 The raw materials of the ceramic bodies 

 

Analytical data 

 

In all the ceramic materials analysed in this study – proto-porcelain, stamped 

stoneware, kiln furniture, and kiln wall material – the level of silica is between 70 

and 80 wt%, while that of alumina is between 10 and 20 wt%. This is fully consistent 

with the use of porcelain stone as raw material, as expected from the geographical 

position of the region under consideration. The two major oxides frequently make up 

more than 90 wt% of the total composition, resulting in a pronounced negative 

correlation between the two. This negative correlation in the bodies is simply the 

‘closed system’ effect of the main components adding up to more than 90%; an 

increase in one component forces a decrease in the other. The variability in 

composition reflects the varying amounts of residual quartz in the raw material, 

resulting in a wide range of silica to alumina ratios, from 3.7 to about 6.3 for the 

majority of the proto-porcelain bodies.  

 

The main differences among the various materials concern the iron oxide content, 

which is significantly higher in the non proto-porcelain samples, while being 

relatively low and showing a systematic decrease with time for the proto-porcelain 

samples. This pattern could be interpreted to indicate that the early potters exploited 

a regional deposit of porcelain stone which varied locally in its quality. From this, 

they selected more refractory and fine-grained (= low in alkali and alumina-rich) and 

optically lighter (= lower in iron oxide) clays for the proto-porcelain production, 

while using similarly fine but darker (= richer in iron oxide) porcelain stone for the 

stamped stoneware and other kiln-related materials. However, it is also possible that 

the early potters intentionally processed the local deposit of porcelain stone of poorer 

quality to make it suitable for proto-porcelain production. 

 

The selection for whiteness was not fully developed during the early phase of 

production, as indicated by the relatively more variable in iron oxide content (site NS) 

and more iron-rich (site SDW) Shang dynasty samples. Moreover, the iron oxide 

content in SDW samples, especially SDW-4 (5.25 wt%), is very similar to that in the 

stamped stonewares (around 5.5 wt%), which are thought to be the ancestors of the 

glazed high-fired ceramics. During the Early Spring and Autumn period the material 

selection becomes more consistent, with iron oxide content between 2.5 and 2.0 wt% 

and total alkali content around 3 wt%, with few samples outside this range. A further 

improvement is visible beginning with the Early Warring States period, when the kiln 

sites move to the northeast. At this point, iron oxide levels are predominantly 

between 2.0 and 1.5 wt% and total alkali levels are around 2.5 wt%; only the XYS 

site continues to use raw material containing higher average iron oxide (Fig. 4.28). 

As with the Shang dynasty samples from SDW, this material is also characterised by 
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lower soda content, possibly suggesting the exploitation of a different clay bed 

within the region. It is not known whether the change in location of the kiln sites at 

the transition from the Late Spring and Autumn period to the Early Warring States 

period was due to the slightly better/whiter raw material available at the new sites; 

alternatively, the relocation may have become necessary due to the exhaustion of fuel 

supplies in the vicinity of the earlier kiln sites, or even by changes in the political 

climate at the time. 

 

 
Figure 4.28: Plot of date versus iron oxide (wt%) in the bodies of proto-porcelain and stamped 

stoneware samples. 

 

 

 
Figure 4.29: Several pieces of kiln furniture collected from the vicinity of the kiln sites. 
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Among three pieces of kiln furniture collected around the kiln sites, two of them (Fig. 

4.29) are relatively low in the level of iron oxide (around 2 wt%), while one of them 

is high ( >5 wt%). The kiln furniture collected was mainly used to support or hold 

the glazed ceramics in the kiln so that they would touch the surface of the 

proto-porcelain directly. When the temperature reached 1000 °C or more, the body 

materials of kiln furniture and glazed ceramics started to melt and get mixed with 

each other at the touching point. When it cooled down, the kiln furniture might have 

left marks on the surface of the proto-porcelain. The marks could be darker if the kiln 

furniture was high in iron oxide. Therefore, one possible reason for the lower levels 

of iron oxide in some of the kiln furniture is to avoid this kind of contamination.  

 

For the kiln walls, finally, throughout the entire time span under consideration the 

potters used the relatively dark and coarse iron oxide- and silica-rich material which 

was less suited for vessel production. For both kiln furniture and kiln walls, the 

limited number of samples available does not allow drawing any more conclusions 

from the relatively wide scatter of compositions observed. 

 

Literature data 

 

From previous research on ceramics from south China, it is well recognised and 

generally accepted that siliceous clays, or porcelain stones, which are abundant as 

surface deposits throughout southern China, are the major raw material for the 

production of both the ceramic bodies and glazes in this region (Guo 1987: 5; Luo 

and Li 1998: 647; Kerr and Wood 2004: 24; Wood 2009: 52). This region is 

geographically homogeneous. The provinces of Zhejiang, Jiangxi, Fujian, Jiangsu, 

and southern Anhui in the south of China all have vast deposits of porcelain stone 

(Fig. 4.30). The composition of the porcelain stone from different places, used for 

modern ceramic production, is approximately the same (Table 4.11), reflecting its 

broad geological similarity across wide regions. 

 

Location SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 MnO LoI Total 

Shiceng Zhejiang 73.16 17.10 0.75 0.45 4.22 0.46 0.48 nd nd 3.81 100.52 

Wutou Zhejiang 71.82 17.41 nd 0.22 3.87 0.28 1.21 nd 0.08 4.66 99.58 

Maojiashan Zhejiang 76.60 15.33 0.14 0.66 4.39 0.20 0.54 nd 0.07 2.16 99.69 

Yuandi Zhejiang 76.11 14.90 0.60 0.03 1.85 0.70 1.05 nd 0.04 4.65 100.23 

Dayao Zhejiang 71.66 17.96 0.01 0.22 2.13 0.16 0.22 nd 0.02 6.06 99.85 

Dongshanen Zhejiang 76.11 14.84 nd 0.08 4.42 0.18 1.00 nd 0.04 3.32 99.99 

Linggen Zhejiang 74.95 16.21 nd 0.16 3.04 0.25 0.31 nd 0.03 4.69 99.64 

Qimen Anhui 73.05 15.61 1.82 0.31 3.75 0.58 0.56 0.09 0.02 3.87 99.69 

Sanbaopeng Jingdezhen 73.70 15.34 0.70 0.16 4.13 3.79 0.70 nd 0.04 1.13 99.69 

Nangang Jingdezhen 76.12 14.97 1.45 nd 2.77 0.42 0.76 nd 0.06 3.71 100.26 

Siban Fujian 75.91 15.30 0.04 0.05 2.51 0.05 0.62 0.10 0.06 4.88 99.49 

Baomei Fujian 78.61 12.95 0.07 0.07 5.89 0.16 0.31 0.09 0.07 2.30 100.52 

Table 4.11: Chemical compositions of some typical porcelain stones from Zhejiang and other nearby 

provinces, exploited for modern production (LoI: loss on ignition; nd: not detected) (after Guo 1987: 

7) 
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Figure 4.30: The locations of porcelain stone deposits in Zhejiang (right) and the neighbouring 

provinces (drawn and adapted by the author). 

 

The levels of silica and alumina observed in the porcelain stones from Zhejiang and 

other nearby provinces are very close to those in the bodies of the proto-porcelain 

samples analysed here (Fig. 4.31). However, these modern exploited porcelain stones 

are somewhat different in their minor oxides content from those of the bodies and 

glazes of the archaeological samples, especially in the levels of potash, iron oxide, 

and titanium oxide. The level of potash in the porcelain stone used in modern 

ceramic production is more variable but typically higher, while the levels of iron 

oxide and titanium oxide are much lower than those in the bodies and glazes 

analysed here (Fig. 4.32). This reflects the further increased selection of white-firing 

raw materials for modern ceramic production, and at the same time proves the 

previous argument that raw materials of different quality (e.g. different iron content) 

do exist around the research area.  
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Figure 4.31: Plot of silica versus alumina in 61 proto-porcelain bodies, 52 proto-porcelain glazes, and 

porcelain stone samples from Zhejiang and other nearby provinces (wt%). 

 

 
Figure 4.32: Plot of potash versus iron oxide in 61 proto-porcelain bodies, 52 proto-porcelain glazes, 

and porcelain stones from Zhejiang and other nearby provinces (wt%). 
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Ethnographic evidence 

 

The above analytical and literature data confirms the initial assumption that porcelain 

stone, which is abundant in south China, was the raw material for making 

proto-porcelain during the Shang and Zhou dynasties. The following ethnographic 

evidence from other cultures might help to strengthen this conclusion and to further 

explore the reason why local porcelain stone was exploited by the ancient potters as 

the raw material for the production of proto-porcelain.  

 

Distance to resources had a great impact on the decisions regarding which raw 

materials were being procured and it is also thought to be one of the most important 

criteria in their selection. Very little data remains in the archaeological record 

concerning the distance to ceramic resources, yet based on ethnographic 

investigation, Arnold (1985: 35-38) listed several important variables for the 

relationship between distance and resources.  

a) Resource threshold distances may be different for sedentary and non-sedentary 

communities;  

b) One would expect the different types of ceramic resources (clay, fuel, glazes, 

paints, slips, materials for tools, etc.) to have different threshold values; 

c) Spherical distance is probably a more accurate measure of distance than geodesic 

distance; 

d) The transport costs in terms of energy expended to obtain ceramic resources is 

another significant variable; 

e) The relationship of the energy limits of a population to the distance travelled in 

terms of a cost/benefits model is not affected by cultural contact, diffusion, or 

other kinds of historical relatedness. 

 

Sedentary communities tend to procure from local resources because travelling and 

transportation would cost them more than it would people from non-sedentary or 

nomadic communities. Arnold identified the resource threshold values for different 

types of ceramic resources, which were also spelled out by Rice (1987: 116) based 

on her ethnographic observations (Table 4.12). Different ceramic resources do have 

different thresholds. It is less feasible for the potters to procure clay and temper from 

afar than to procure slip and paint. Because clay and temper are relatively heavy and 

in large demand, thus costing more energy to be obtained, it is neither necessary nor 

economical to transport or trade clay and temper in the production of pottery. 

Therefore, porcelain stone, the abundant local raw material in south China, was 

used to make proto-porcelain.  
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Distance (km) Clay Source Temper Source Slip and Paint Sources 

< 1 25 14 -- 

1-2 35 5 -- 

2-3 12 1 4 

3-5 11 6 6 

5-10 15 4 3 

10-15 3 -- 4 

15-25 7 1 2 

25-50 2 -- 6 

> 50 -- -- 11 

Totals 110 31 36 

Table 4.12: Distance between potters and their clay, temper, and slip and paint resources (after Rice 

1987: Table 5.1) 

 

Neither Arnold nor Rice covered the specific distance between potters and the 

materials for kiln tools and other related facilities. However, according to one of 

the criteria listed by Arnold, the transport costs in terms of energy expended to 

procure the raw materials, it is less likely that potters will transport the clay 

from afar to make tools and kiln facilities, which are daily consumables and in 

great demand. Based on the previous discussion of the chemical composition of 

kiln furniture and kiln walls, local raw material was also used to make other 

kiln-related objects, but of different quality from that used for making 

proto-porcelain. 

 

4.4.2 Glazing technique 

 

Most of the proto-porcelain sherds analysed are covered with a layer of shiny 

greenish glaze. Because these sherds were dated as far back as the 17
th

 century BC, 

the glazes on them were thought to be among the earliest high-fired glazes and the 

possible ancestors of the later highly developed Yue green wares in the north 

Zhejiang province. Thus, they may help throw light on the emergence and 

development of these lime-rich glazes. 

 

In situ or pre-fabricated? 

 

It has long been recognised that the early Chinese glazes are based on recipes 

combining silica and alumina from the clay with a lime-rich compound (Guo 1987: 5; 

Luo and Li 1998: 647; Kerr and Wood 2004: 461-462). However, little is known 

about the way in which the glazing material has been applied to the ceramic bodies, 

and how it reacted to form the glaze. Was the glaze mixture prepared in advance by 

mixing the lime-rich compound added to the surface of the vessel? It is proposed 

here that the glaze formation process was based primarily on eutectic melt formation 

during firing, when the lime-rich material and the surface of the ceramic body react 

to form a glaze whose composition is determined by the firing temperature, and 
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possibly duration. 

 

It was shown earlier that in the bodies, silica and alumina are negatively correlated, 

resulting in considerably varying ratios of silica to alumina. This is most likely due to 

varying amounts of fine quartz in the raw material, acting as a dilutant for all the 

other oxides present in the ceramic, which show a positive correlation (Fig. 4.33). In 

stark contrast, there is a weak positive correlation between the two main oxides in 

the glazes, but with a systematically varying ratio, from around 5 to 6 at low total 

silica and alumina, to around 4 to 5 at higher concentrations of silica and alumina 

(Fig. 4.34). The overall lower percentage weight of silica and alumina in the glazes 

results from the presence of high amounts of calcium oxide, added as a flux to 

produce the glaze, which pushed down the levels of silica and alumina. However, the 

slightly positive correlation between the contents of lime and other fluxes and the 

silica to alumina ratio (Fig. 4.35) suggests that other factors also contributed to this 

systematically varying ratio of silica and alumina; otherwise, the same randomly 

variable ratio from the bodies would be preserved in the glaze regardless of how 

much lime was added. 

 

 
Figure 4.33: Plot of alkali, earth alkali and iron oxide versus alumina in proto-porcelain bodies (wt%). 
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Figure 4.34: Plot of silica versus alumina in proto-porcelain bodies and glazes (wt%). 

 
Figure 4.35: Plot of silica-alumina ratio versus fluxes in proto-porcelain glazes (wt%). 
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This change in ratio can be due to several possible reasons, such as the selection of a 

special raw material with a fixed silica to alumina ratio for the glaze layer, different 

for low- and high-lime glaze recipes, or a different preparation of the same raw 

material, for instance by removing the coarser residual quartz through levigation, 

thus changing the silica to alumina ratio. However, neither of these is satisfactory in 

explaining the observed relationships, nor the broad overlap between the ratios for 

early and late periods. Removing some of the quartz from the porcelain stone to 

produce low-lime glazes, either through levigation or through a geological process 

such as re-depositing the primary porcelain stone into a secondary clay bed, could 

probably reduce the silica-alumina ratio from around 6 to near 4. However, it would 

not explain why the silica-alumina ratio varies with the total lime content of the glaze 

(also see Fig. 4.35). A simple reaction between varying amounts of lime-rich material 

with a given clay component would lead to a dilution of the initial silica and alumina, 

but would not affect their ratio. A further argument against the selection of a specific 

clay with a different ratio for the glazes is based on the visual inspection of the 

interface between the glazes and the bodies; here, no distinct separation between 

body and glaze occurs, as one would expect if a ready glaze mixture would have 

been applied to the ceramic bodies. Instead, the glaze seems to develop out of the 

ceramic body (Fig. 4.36), suggesting that the lime-rich compound was applied to the 

ceramic surface, and it interacted with the silica and alumina in the body to form the 

glaze. How, then, does this relate to the observed difference in the silica-alumina 

ratio from body to glaze, as a function of the lime content of the glaze? 

 
Figure 4.36: BSE images of the interaction zones between the body and glaze of CCL-5, HSS-6, 

WTS-9, and WTS-16 under 200X and 400X magnification. 
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This can be best illustrated by using ternary phase diagrams. Although in reality the 

composition of ancient ceramics is always more complex than the three oxides 

specified in such diagrams, it is usually acceptable to combine elements which 

behave similarly into one of the terms, in order to reduce the dimensionality of the 

problem to three, which can then be displayed graphically (Pollard and Heron 2008: 

117). These diagrams show not only the equilibrium crystal phase assemblage for 

any given composition within the system (‘phase diagram’), but also display the 

liquidus temperatures as a network of lines of equal temperature (‘isotherms’), 

illustrating at which temperature a given composition would fully melt. In short, 

within the given system, only compositions within the area surrounded by a specific 

isotherm will fully melt at that temperature. It is the shape of this liquidus surface 

which is particularly important here, since it potentially establishes a clear causal 

relationship between the glaze (= melt) composition and the firing temperature. 

 

Lime-rich glazes as eutectic melts 

 

Following the above rules, Figure 4.37 was produced to illustrate the relationship 

between compositional groups and the liquidus surface of the relevant system. 

Except for a few outliers (which will be discussed separately), most of the plotted 

points of body and glaze cluster in two separate narrow areas on the ternary diagram 

of CaO-Al2O3-SiO2. 

 

Closer inspection of the position of body and glaze compositions within the 

CaO-Al2O3-SiO2 system shows that the bodies will not melt even at the high firing 

temperatures expected for these ceramics. In contrast, the glaze compositions all fall 

into the low-melting region of the system, stretching trough-like from a lime-rich 

lowest melting region to the lower left (nominal eutectic temperature around 1170 °C) 

to a somewhat higher melting region further to the upper right (nominal temperature 

around 1350 °C). It is this close correlation of glaze compositions to the eutectic 

trough which suggests that the formation of the glazes is probably not due to keeping 

strictly to a particular recipe and raw material supply, but is primarily controlled by 

the melting behaviour of the systems themselves (Rehren 2000). 

 

This phenomenon allows a relatively wide range of whole rock start compositions to 

form an initial melt which is very close to the eutectic composition of that system. As 

the temperature increases so does the amount of melt, changing its composition away 

from the initial eutectic compositions to maximize melt formation by selectively 

absorbing more components from the surrounding solid rock. Applying this model of 

eutectic or temperature-controlled melt formation to the formation of the lime-rich 

glazes suggests that this mechanism initially tunes the silica, alumina and lime 

content of the glaze to the eutectic lime-rich composition around 1170 °C, and then 

increases the amount of glaze by absorbing more alumina and silica into the melt as 

the temperature increases further. As a result, the lime concentrations are 
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increasingly diluted from the initial c. 20 wt% CaO until they reach a low of around 

10 wt% CaO with a nominal melt temperature of around 1350 °C. The glazes from 

the earlier period of time tend to be situated at a lower end of lime concentration, 

while those from the later period of time towards a higher end (see Table 4.10). 

 

The shape of the liquidus surface in this region tells us two things. Firstly, the 

absorption of alumina and silica into the melt does not occur at a fixed ratio, but 

increasingly favours alumina over silica with increasing temperature – resulting in 

the systematic shift to a lower silica to alumina ratio observed earlier as the lime 

content decreases (see Fig. 4.35). Secondly, at this stage, any further increase in melt 

formation would require disproportionate increase in temperature, beyond the reach 

of the kilns of the time. Thus, we see a continuum in glaze compositions from about 

20 wt% CaO to c. 10 wt% CaO, but hardly any lower – despite the direct contact of 

the glaze with the ceramic body, which has only a few percent lime.  

 
Figure 4.37: The plotted points of bodies and glazes on the ternary diagram CaO-Al2O3-SiO2. 
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The estimation of firing temperature 

 

The close relationship between firing temperature and melt formation implies that 

the composition of the glazes can also be used as a broad measure to estimate the 

firing temperature of the vessels. It is assumed that the glazes formed at the same 

time as the body was fired, suggesting that the firing temperature for the glazes is 

also the firing temperature for the bodies. The nominal liquidus temperatures for the 

analysed glazes in the pure ternary diagram span from 1200 °C to 1400 °C (see Fig. 

4.38). However, these temperatures cannot be taken at face value, as they represent 

only the pure three-component system (CaO-Al2O3-SiO2). The presence of several 

other minor oxides (particularly K2O, Na2O, MgO, and FeO) in the real glazes is 

likely to bring down considerably the temperatures of melt formation, probably by 

100-200 °C (Thornton and Rehren 2009: 2707). The estimated firing temperatures 

for the vessels studied here therefore conform very well to the established maturing 

temperature for lime glazes – typically 1200-1240 °C (Wood 1999: 30). 

 

In summary, it is argued that the glazes of the proto-porcelain vessels formed in situ 

from the reaction of a lime-rich component on the surface of the vessels with the 

underlying ceramic bodies during firing to around 1200-1250 °C. The initial amount 

of lime-rich material, the final firing temperature, and the body material, which acts 

as an effectively unlimited reservoir of silica and alumina, support the successful 

formation of these early glazes. This does not rule out the existence of silica and 

alumina in the lime-rich material or the possibility that a certain amount of fine clay 

may have been added to the lime-rich material to act as a binder to facilitate both the 

application of the material to the green bodies of the vessels, and the initial formation 

of a melt.  

 

Accidental or intentional? 

 

In the previous section, it was argued that the glazes formed in situ as 

temperature-controlled eutectic melts; however, this does not explain whether the 

lime-rich material was deposited accidentally on the surface, for instance as fly ash 

from the fire box of the kiln (Zhang 1986b: 41; Kerr and Wood 2004: 455), or 

whether it was intentionally applied prior to putting the vessels into the kiln. The 

chemical analysis of the glazes of proto-porcelain and the glassy surfaces of the kiln 

walls helps to shed light on this issue, as it is unlikely that any intentional glazing 

material would have been applied also to the walls of the kiln, while both kiln walls 

and vessels were exposed to the same kiln atmosphere. Therefore, if glazes and 

glassy surfaces are similar in their composition then it is reasonable to assume that 

they formed from a similar, probably unintentional process, while clear differences 

would suggest that the vessels were intentionally treated on their surface with a 

special glaze-forming material. 
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Table 4.10 shows that most of the glassy surfaces of the kiln walls are very high in 

potash, 5.7-10.2 wt% K2O, but all of them are rather low in lime, not exceeding 2 wt% 

CaO. Even the kiln walls from HSS and HS (HSS-KW2 and HS-KW1), which are 

lower in potash than the other samples, are still very low in lime. Thus, there is a 

very clear difference in composition between glazes and glassy surfaces, suggesting 

that they formed from different processes and raw materials. Below, it is argued that 

despite the clear differences in composition between glassy surfaces and glazes, 

wood ash is the relevant material leading to the formation of both these types of 

vitrified surfaces, but different parts of it, and through different processes. 

 

Wood ashes are known to consist predominantly of calcium- and potassium-rich 

compounds, and minor quantities of silica, magnesia, phosphate, and other oxides 

and carbonates (Sanderson and Hunter 1981: 27; Stern and Gerber 2004: 143), with 

potash to lime ratios typically between 0.2 and 0.8 (Stern and Gerber 2004: 137). 

However, in the proto-porcelain glazes, this ratio is rarely higher than 0.3 and often 

well below 0.1 (Fig. 4.38), while it reaches 5 to 10 in the glassy surfaces. As argued 

above, the kiln wall glassy surfaces are likely to represent the unintentional 

vitrification of the ceramic furnace due to firing conditions and kiln atmosphere, 

while the different composition of the proto-porcelain glazes suggest that they were 

intentionally made. This discrepancy is discussed in the following sections.  

 

 
Figure 4.38: Potash-lime ratio over different time periods and of different kinds of wood ash, both 

before and after washing. 
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Kiln wall vitrification 

 

The combustion of fuel results in a large amount of gaseous compounds, mostly 

carbon dioxide and water, and a minor amount of solid ash, containing most of the 

heavier elements in the fuel, i.e. those with an atomic number above 10. However, 

according to Misra et al. (1993: 115), at temperatures above about 900 °C, 

potassium compounds begin to volatilise and are carried with the hot gases into 

the kiln. Where the kiln gases come in contact with the kiln walls or other 

surfaces, the highly reactive potassium compounds combine with the surface 

elements to form a typically glassy deposit. This process, of course, follows the 

same principle as the previously postulated eutectic melt formation process for 

the lime-rich glazes, just in a different system. 

 

Mass transport by vapour phase is not very efficient, and only a small amount of 

potash is likely to reach the vessel surfaces through this process. However, over the 

lifetime of the kiln, with countless successive firings, this leads to the build-up of 

high levels of potash on the surface of the kiln walls, producing relatively thick 

glassy layers. The relatively low percentage of potash in HSS-KW2 and HS-KW1 

may be due to these two pieces of kiln walls not being exposed to the potash vapour 

as much as the other kiln wall samples. Similar potash-rich vitrifications of inner kiln 

surfaces are also known from other wood-fired installations, such as Roman glass 

kilns (e.g. Rehren and Perini 2005). In contrast, most calcium compounds are not 

volatile but remain in the particulate ash fraction, resulting in a sharp separation of 

these two main fuel ash components in the vapour phase, and the very high potash to 

lime ratio observed here. This process of potassium volatilisation demonstrates a 

possible way of glaze formation, which explains the observation of the high potash 

level in the kiln walls. The glaze formed in this way can be called a fuel vapour 

glaze. 

 

However, there is another natural glaze-forming process that is separate and parallel 

to the volatilisation of the potassium, and which Zhang called ‘fly-ash’ (Zhang 1986b: 

41). The lime-rich particulate ash is carried into the kiln when the ash is disturbed by 

the draft of the fire and flies through the kiln with the combustion gases. In 

under-fired wares from a wood-burning kiln, this ‘fly-ash’ is often seen as a rough 

gritty deposit on wares where particulate ash has stuck to the vessels during firing, 

and, at higher temperatures, this will form a recognisable lime-rich ash glaze.  

 

Both of the above effects could easily take place in a high-temperature kiln. If both 

the potash vapour and ‘fly-ash’ particles were responsible for the formation of the 

glassy surface on the kiln walls, one would expect both the potash and lime contents 

in the kiln walls to be high (Table 4.13).  

 



 141 

Ash sample SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO 
Hutian kiln site  78.68 10.82 1.12 0.92 3.48 0.37 3.92 1.07 0.30 0.24 

Modern pine-wood kiln 66.66 16.51 2.99 3.31 5.21 0.15 4.35 0.57 0.44 0.55 
Jingdezhen Ming kiln site 57.80 12.19 11.40 3.96 6.79 0.24 2.89 0.98 1.37 1.88 

Modern kiln 60.37 12.98 9.43 4.00 5.92 0.36 2.24 0.38 1.52 2.62 
Yixing lime kiln 48.26 6.73 15.92 4.03 10.20 1.15 1.85 nt nt nt 

Table 4.13: Chemical composition of the internal surfaces of kilns from various time periods (after 

Zhang 1986b: Table 3) 

 

However, this is not the case for the kiln walls analysed in this study, so where has 

the lime gone? The low level of lime might be explained by the fact that different 

wood species/vegetation have been used as fuel, such as bamboo or straw instead of 

wood, which produce ashes relatively high in potash but low in lime (Table 4.14). 

 

Ash sample SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Totals 
Small bamboo  

twigs and leaves  
60.02 0.76 5.94 2.78 25.56 0.10 0.36 <0.01 2.95 0.89 99.37 

Ash from baby bamboo  20.28 3.80 6.24 4.76 40.82 0.39 3.66 0.29 4.31 0.61 85.16 
Oat straw ash 46.7 nt 7.0 3.7 26.4 3.3 1.2 nt 4.6 nd 100.5 

Table 4.14: Chemical composition of bamboo ashes from Jingdezhen, China (after Zhang 1986b: 

Table 4) and oat straw ash from Tichane’s research (1987: 24) 

nt: not tested; nd: not detected 

 

Wood-ash glazes 

 

Wood (2009: 52) showed that China has always made extensive use of calcareous 

ashes in its stoneware glazes, a feature facilitated by the temperate climates of the 

stoneware-producing areas of China that encouraged the types of vegetation that 

yielded ashes rich in lime. But calcareous ashes, which is high in lime were possibly 

not used intentionally at the very beginning because the accidentally formed glazes 

were thought to be based on the wood ashes high in potash. This process is well 

elaborated by Zhang’s (1986b: 40) speculation regarding the early potters’ 

observation of the following phenomena: (1) ceramics made of fusible clays would 

‘melt’ if fired to high temperature; (2) a layer of kiln slag would form on the internal 

surface of the kiln; (3) wood ashes, produced in the firing process, might deposit on 

the surface of the ceramics and fuse into a glassy layer during firing. It is possible 

that as soon as the potters discovered the causal relationship between the wood ashes 

and the glaze formation, they started to apply the wood ashes deliberately onto the 

bodies.  

 

There is a range in the lime content of the glazes from about 10 to 20 wt% CaO that 

has been explained by the increasing absorption of body material into the glaze layer 

with increasing firing temperatures. Significantly, it also shows an inverse correlation 

between lime and potash in these sherds, suggesting that the two components arrive 
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in the glaze via different pathways. We have shown above that the kiln atmospheres 

were rich in potash vapour, and hence assume that the small amount of potash in the 

glazes probably comes from the vapour phase. At the same time, we cannot fully rule 

out the possibility that the applied wood ash and the digestion of the clay surface also 

contributed a certain amount of potash. 

 

However, if unmodified wood ashes were employed to make the glazes, they should 

be high in lime as well as alkali, but, on the contrary, the ashes used here resulted in 

a glaze high in lime but very low in alkali. Furthermore, when these glazes were 

compared with other Early Bronze Age glazes found in China (Table 4.15), they also 

appeared relatively lower in alkalis. Does this mean that the preparation of the ash 

was somewhat different from or advanced as compared to other places? 

 

Sample SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Totals 
Stoneware glaze  

(Yüan-chhü) 
68.0 7.9 12.9 1.3 3.1 0.4 5.4 1.0 nd nd 100.0 

Stoneware glaze  

(Erh-li-kang) 

54.6 14.7 19.3 2.7 3.5 0.8 2.6 1.4 1.8 0.3 101.7 

57.7 14.0 15.4 2.55 3.9 0.8 2.9 0.7 1.5 0.3 99.8 

Table 4.15: Late Erh-li-kang period glaze from Yüan-chhü, Shanxi province, with two further 

examples of Shang dynasty glazes, excavated from Erh-li-kang (Zhang 1986b: 41) 

 

There are several possible explanations for this observation. Firstly, the added wood 

ash may have been ‘washed’ prior to its application so thoroughly that its alkali 

content was virtually eliminated; secondly, fairly large amounts of limestone could 

have been intermixed with the plant ashes in the original recipes (Wood 1999: 32); 

thirdly, the wood ash in the kiln fireboxes, from which most potash had evaporated, 

could have been used for the glazes. Although it is difficult to state with certainty 

which of these possibilities led to the formation of these glazes, the relatively higher 

levels of magnesia, phosphate, and manganese oxide in the glazes as compared to 

those in the bodies (Fig. 4.39) are a good indication. Magnesia can originate either 

from geological sources through a small dolomitic component in the limestone, or 

from wood ash (Stern and Gerber 2004: 143). In contrast, phosphate and manganese 

oxide are typical minor components of wood ashes, but rarely occur in significantly 

elevated levels in geological limestone. Thus, we conclude that in the glazes 

analysed here, wood ash is the most likely source of the lime-rich component. But 

how did the ancient potters acquire the necessary wood ash for their vessels – by 

separately produced wood ash washed to lose its potash content, or by using the ash 

from the fireboxes? As discussed before and based on the compositions of the glassy 

surfaces of the kiln walls, it is possible that the wood ash generated during the firing 

lost most of its potash to the vapour phase, rendering the remaining ash rich in lime. 

If the same wood ash from the fireboxes were applied on the surface of the ceramic 

body, one would expect that the glaze of proto-porcelain would be low in potash but 

high in lime, similar to the washed wood ash. Which of these scenarios is true is 
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impossible to determine from the analyses alone. 

 

Wood (1999: 32) has argued that the Chinese lime-rich glazes were made using 

washed wood ash rather than unmodified wood ash. From the literature data (Table 

4.16), it can be noted that the level of potash before and after washing changes 

dramatically, from 10.9 wt% to 2.1 wt%. 

 

Sample SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Loss Totals 
Unwashed ash 11.95 6.1 33.6 5.8 10.9 0.2 0.9 trace 1.85 2.85 24.4 98.6 

Same ash washed 11.0 2.9 40.5 5.7 2.1 0.1 0.8 trace 1.9 2.8 32.2 100 

Table 4.16: Wood ash from Fujian province, China, before and after washing (Chen et al. 1986: 237) 

 

 

 
Figure 4.39: Plot of phosphate versus manganese in proto-porcelain bodies and glazes (wt%). 

 

In order to test whether this is true also for other wood ashes, and to further illustrate 

the washing effect on the wood ash, ash produced from willow collected by 

Professor Nigel Wood by the River Itchen in Winchester, south England, was then 

washed four times and a sub-sample analysed by SEM-EDS after each wash. Table 

4.17 shows that the level of potash steadily dropped from 10.5% to 1.0% after three 

washings and stabilised after the third wash. The residue left after the evaporation of 

the solution of the first and second washings (little or nothing was left after the third 

and fourth washing) was almost pure potassium carbonate, which means that 
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washing had little effect on the other components in the wood ash, but impacted 

heavily on the level of potash. Significantly, these ashes also had relatively high 

magnesia and phosphate contents, which were not affected by the washing, while 

they had no manganese oxide above the detection limit of the SEM-EDS system. 

This is consistent with the wood ash data known from the medieval European glass 

making literature (e.g. Smedley and Jackson 2002; Stern and Gerber 2004), showing 

that the manganese content of wood ashes is strongly affected by the tree species 

used; beech in particular is known to be very rich in manganese oxide, while it 

appears that willow does not accumulate this element much. Apart from that, other 

factors such as the different parts of a single plant or the age of the plant may also 

affect the level of manganese oxide. Usually the leaves and younger plants will 

generate ashes with higher levels of manganese oxide. However, the bioavailability 

of manganese oxide in the soil on which the trees grow also plays a role in the 

accumulation of manganese oxide in the tree (Tichane 1987: 23-26). In summary, 

this data indicates that washing wood ash has a very similar effect on its residual 

composition as the selective volatilisation of potash compounds during 

high-temperature burning. 

 

Sample n SiO2 Al2O3 CaO MgO K2O Na2O FeO P2O5 

Unwashed ash 3 1.6 nd 77.3 1.5 10.5 1.2 nd 7.9 

Same ash after 1
st
 wash 3 3.0 0.8 71.2 4.3 5.6 0.8 0.9 14.7 

2
nd

 wash 3 2.8 nd 76.5 5.2 3.6 0.8 nd 11.0 

3
rd

 wash 3 1.5 nd 80.5 4.8 1.0 0.4 nd 12.0 

4
th
 wash 3 2.1 0.6 77.3 4.4 1.1 0.6 nd 13.6 

Residue left after 1
st
 wash 3 0.6 nd nd nd 98.9 0.3 nd 0.7 

2
nd

 wash 3 0.7 6.0 nd 4.4 89.6 2.9 nd nd 

Table 4.17: SEM-EDS results of willow ash from Winchester, south England, before and after several 

washings, and the residues left after evaporation from the solutions of the first and second wash 

(average of three measurements per sample, reported as wt% oxides, recalculated to 100%). The 

original analytical totals ranged from 35 to 45 wt%, reflecting porosity of the material as well as 

compounds not included in the measured total, such as carbonate. Mn and Cl were analysed for, but 

not detected (nd)  

 

Interestingly, the analytical data for the proto-porcelain glazes presented here shows 

a significant change in manganese content, from relatively variable levels rarely 

exceeding 0.2 wt% MnO in the earlier glazes to a very consistent value around 0.5 

wt% MnO from the Early Warring States period onward (see also Fig. 4.39). A 

similar increase is noticeable in the magnesia content, from around 1.5 to 2 wt% 

MgO in the early glazes to around 3 wt% in many of the later ones. Further research 

will have to address whether this is a reflection of a systematic change in tree species 

selection for ash preparation, or whether this is a result of the move of the kiln sites 

at this time to a region with a different soil chemistry.  
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4.4.3 The thickness of the glazes 

 

From the analytical data, the thickness of the glazes seems to be tenuously related to 

the level of calcium oxide. It can be seen from Figure 4.40 that for any particular 

period, the level of calcium oxide in the glazes and the thickness of the glazes have a 

weak positive correlation, and the levels of calcium oxide tend to be higher in the 

later periods than those from earlier periods.  

 

Tichane (1987: 119) once argued that the final glaze thickness might be a bit 

deceptive. This is because wood ash as the major glaze-forming material reacts 

strongly with the body, and therefore the glaze thickness will be due not only to the 

applied glaze, but also to the glaze generated by the reaction of the applied layer with 

the body. As discussed above, the glazes were formed by this temperature-controlled 

mechanism, so the firing temperature together with the length of the reaction time 

should also have a significant relationship with the thickness of the glazes. However, 

the ternary diagram (Fig. 4.41) shows that the thickness of the glazes decreased when 

the firing temperature increased and the level of fluxing material decreased. This is 

counter-intuitive, as a higher firing temperature and lower lime content should result 

in a thicker glaze, not a thinner one. 

Figure 4.40: Calcium oxide (wt%) versus the thickness of the glazes (μm) by date. 

 

It is important to note that the thickness of the glazes can also be affected by the 

different methods of glaze application, such as spraying, dipping, painting, or slip 

trailing (Tichane 1987: 121). These factors may also have changed over time, 



 146 

rendering the interpretation of the data difficult. 

 

Therefore, it is not possible to tell which factors determined the thickness of the 

glazes of these proto-porcelain sherds only based on the analytical data of these 

ancient glazes alone. Consequently, experimental firings were carried out to find out 

more about the relationship between the thickness of the glazes and the above factors, 

which will be further discussed in the following chapter. 

 

 
Figure 4.41: The plotted points of glazes of different thickness on the ternary diagram 

CaO-Al2O3-SiO2. 

 

4.4.4 The outliers 

 

The previous section discussed the possible glaze-forming material, the method of 

glaze application, and the glaze-forming mechanism based on the information 

derived from the majority of the proto-porcelain sherds collected from the field. 

However, how soon did the ancient potters begin to realise that the lime in the wood 
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ash was the major flux for glaze formation, leading them to apply the wood ash onto 

the proto-porcelain bodies to get them glazed intentionally? More evidence is needed 

to answer these questions. The existence of some proto-porcelain glazes with low 

lime and high potash levels (see Fig. 4.20) helps to demonstrate this early trial and 

error process, which probably helped potters to develop a stably performed 

intentional application of the glazes.  

 

Among all the sites, SDW is one of the earliest, dated as far back as the Shang 

dynasty. The pattern of the sherds from this site is very similar to that of the stamped 

stoneware, but with a layer of very fragile greenish glaze. The level of potash in the 

exterior glaze of SDW-1 is very high (11 wt% K2O), similar to that in the glassy 

surface of the kiln wall collected from the same site. However, the level of lime (2 wt% 

CaO) of SDW-1 is higher than that of the kiln walls and the level of phosphate (2.1 

wt% P2O5) is even much higher than most of the proto-porcelain glazes, which 

strongly indicated that wood ash was part of the glaze-forming material. Based on 

the discussion above, it is possible to put forth the hypothesis that the potash vapour 

and ‘fly-ash’ relatively high in lime were both working in the kiln where this vessel 

was fired. If this vessel was put close to the draft leading from the firebox, it is 

possible that most of the ‘fly-ash’ from the firebox would first stick to this vessel, 

and thus both the lime and phosphate contents are high in the glaze. However, the 

extraordinarily low level of alumina (1.5 wt% Al2O3) and high level of phosphate 

(2.1 wt% P2O5) seem to point to another possibility. The potters might have 

intentionally applied bamboo ash (see Table 4.17) or any other similar ashes, which 

are low in alumina and relatively high in lime and phosphate, onto the body of 

SDW-1. Due to insufficient firing temperature and the length of firing time, the ash 

applied had not been fully reacted with the underlying body and thus the body 

contributed little silica and alumina to the glaze. The final composition of the glaze 

of SDW-1 mostly reflected the composition of the ash applied plus the potash vapour 

in the kiln. Therefore, SDW-1 might have been glazed by intentionally applying ash 

onto the surface of the vessel and being fired in a kiln rich in potash vapour.  

 

Sample SDW-3, from the same time period as SDW-1, is slightly different. It is 

higher in lime but lower in potash and phosphate than SDW-1. The high level of 

potash (4.3 wt% K2O) of the SDW-3 glaze might be indicative of an accidental 

formation of the glazes by potash vapour. Unlike SDW-1, the much lower level of 

phosphate (0.1 wt% P2O5) and relatively higher level of lime (3.2 wt% CaO) showed 

that ‘fly-ash’ was possibly the source of the lime in the glaze. However, since the 

level of lime in SDW-3 is higher than that in the glassy surface of the kiln walls, this 

may suggest that different species of plants had been used as fuel.  

 

Therefore, it is possible to speculate that after potters observed the accidental 

formation of the glazes on the surface of the early stamped stoneware, which was a 



 148 

very popular type of ceramic wares during the Shang dynasty and onwards, they tried 

to produce this glazing effect deliberately. However, it might have taken potters some 

time to figure out the most suitable species of vegetation/plants to obtain the best 

fluxing performance. The amount of pre-fabricated wood ash being added onto the 

body was not easily controlled except after many instances of trial and error. This is 

partly because the ‘fly-ash’ phenomenon was so obvious that it would have made the 

potters tend to leave the unglazed wares to be glazed automatically during the firing. 

This is also partly because the function of calcium oxide as flux in the glaze 

formation was only gradually understood and mastered by the potters.  

 

Another two important factors for the glazing effect were firing temperature and the 

length of firing time. The potters in the Shang dynasty probably had not fully worked 

out the length of the firing time or not successfully achieved a temperature high 

enough to stably and successfully bring out such a glazing effect. These two factors 

will be further examined in the following chapter. However, due to the limited 

number of outliers, the conclusion drawn here is rather tentative. 

 

As for the other outliers from later periods of time – the interior glaze of TZQ-4 and 

the glazes of XYS-3 –, the levels of calcium oxide and phosphate in both of them are 

very low, and the levels of potash are towards the lower end as compared to those of 

the kiln walls. From visual observation, it can be noted that these glazes took on a 

very dull brown colour, which is similar to that on the kiln walls – HSS-KW2 and 

HS-KW1. It is possible that these glazes were formed by potash vapour only. But is 

it because the potters had not fully grasped the glazing technique even during the 

Warring States period? This is probably not the case, because all the other glazes 

from the Early Warring States period are reasonably thick and high in calcium oxide, 

from 10 to 20 wt%; the exterior glaze of TZQ-4 was especially nicely fired to a 

greenish turquoise colour. It is possible that the interior surface of TZQ-4 and both 

sides of XYS-3 were accidentally glazed when the bodies of these two vessels were 

being fired in the kiln. Another possibility is that the surfaces were intentionally left 

unglazed in order to meet the functions of these wares after being fired. However, as 

both sherds are very small, it is impossible to tell the original shape of the vessels 

and thus difficult to tell which of these possibilities is closer to the truth. 

 

4.5 Summary 

 

From this preliminary analysis of 61 proto-porcelain sherds and 18 non 

proto-porcelain samples, it is evident that all ceramic materials were made from 

the local raw material – porcelain stone – which is abundant in south China. The 

bodies of proto-porcelain sherds from the earlier periods and those of non 

proto-porcelain samples, however, are richer in the minor oxides, especially iron 

oxide, than those from the later periods. The later samples are slightly lower in 
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iron oxide, indicating that similar raw materials of different quality were 

discovered and selected by the potters over time.  

 

Washed or otherwise processed wood ashes, high in lime and low in potash, 

were intentionally added by the potters onto the ceramic vessels to make a 

high-fired lime-based glaze; the exact compositions of the glazes were then 

automatically tuned by a temperature-controlled mechanism through selective 

absorption of ceramic material into the melting glaze. The fluctuating levels of 

lime in the glazes between different sherds are probably an indication of the 

potters’ early attempt to explore the ideal formula for the glaze formation, and of 

varying firing temperatures and/or durations. The firing temperature for most of 

these proto-porcelain glazes is around 1200-1250 °C, the maturing temperature 

for lime glazes, which shows that the potters were able to attain the high 

temperature necessary for producing such glazes in the kilns from such an early 

time.  

 

Subtle differences in body and glaze composition between earlier finds from the 

Shang to the Late Spring and Autumn period and later ones from the Early 

Warring States period onward suggest that at the time of the move of the kiln 

sites to the north-eastern part of the study region a change in raw materials and 

fuel selection took place. The later bodies are systematically lower in iron oxide, 

while the glazes have higher manganese oxide, phosphate and magnesia contents. 

It is unclear at present whether this is a coincidence related to the move, or 

whether the move was triggered by conscious decisions in search of better raw 

materials or more standardised production procedures and fire wood selection. 
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Chapter 5  
 

Modern replication of the ancient technique 
 

5.1 Introduction 

 

The core of the successful ceramic production in early China was the invention of 

lime-rich high-fired glazes. The reasons for the emergence of such glazes during the 

early Shang dynasty and the later highly developed firing technique are a matter of 

on-going debate, and several different scenarios have been put forward in the 

previous chapters. On a technical level, explanations are mostly based around the 

fortuitous recognition of accidental glaze formation during firing, followed by 

periods of trial and error to improve the effect (Sato 1981: 14-15; Zhang 1986b: 40; 

Kerr and Wood 2004: 134). In this chapter, some of the mechanisms behind the 

formation of high-fired lime-rich glazes will be explored in order to better 

understand those parameters that the early potters would have needed to control 

when producing these glazes on a regular basis. As a starting premise, I adhere to the 

widely accepted assumption that lime-rich glazes formed in situ during firing at 

temperatures in excess of 1200 °C, from a reaction of wood ash as the main fluxing 

agent with alumina and silica either from the ceramic material from the underlying 

body, or from clay added to the glazing mixture. 

 

This research has several related aims. Firstly, I will test the hypothesis that melt 

formation and composition are controlled by a eutectic / cotectic reaction between 

ash and ceramic, that this composition can therefore be used as a broad ‘thermometer’ 

for the firing temperatures, and that it enabled the potters to work with a rather broad 

and flexible mixture of raw materials while still predictably achieving a remarkably 

consistent end product (see also Rehren 2000). Proving or dismissing this hypothesis 

will have significant implications for any further discussion, and is fundamental to 

the understanding of the mechanisms that led to the emergence of the earliest 

high-fired lime-rich glazes. 

 

Secondly, of particular interest is the low level of potash in these glazes, which is 

often unchanged from or even slightly lower than the roughly 2 wt% K2O found in 

the ceramic bodies, even though the lime content increases from an initial less than 

0.5 wt% in the bodies to more than 10 or 15 wt% in the glazes. This differs from the 

relatively high potash levels commonly encountered in raw wood ash. The reason for 

this discrepancy will be explored. Published data for wood ash compositions indicate 

a typical ratio of CaO to K2O between less than 4 and 10, which should result in a 

measurable increase of the potash content in the glaze if it really formed from a 

complete reaction between the underlying ceramic and added raw wood ash. Adding 
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sufficient wood ash to form a glaze with 10 to 15 wt% lime should result in an 

increase of the potash content from 2 wt% in the ceramic body to about 3 wt% in the 

glaze, but no such increase is seen in most archaeological proto-porcelain glazes. In 

the previous chapter, it was suggested that the ash was processed prior to its 

application as a glaze-forming material, for instance by washing the ash in water to 

remove the soluble potash compounds (Wood 1999: 32). Thus, the experiment 

outlined in the present chapter included testing the effect of using washed ash as 

compared to unwashed raw ash on the appearance and ease of formation of the glaze, 

and its composition. 

 

Finally, archaeological glazes sometimes show a pronounced ‘reaction zone’ rich in 

newly formed crystals between the glaze and the ceramic body, which had been 

linked to different application methods or the preparation of the ceramic body. 

Therefore, we tested the effect of applying pure ash as compared to the use of a mix 

of ash and clay, and different applications methods, such as applying dry ash to a dry 

or wet body, or a wet ash suspension to a dry body. The effect of pre-firing the bodies 

to a biscuit state before applying the glazing material is also tested in the following 

experimental firing. 

 

5.2 Methodology 
 

5.2.1 The parameters 

 

Building on earlier work on the eastern Mediterranean soda-lime-silica glass-forming 

system (Rehren 2000; Shugar and Rehren 2002; Rehren and Pusch 2005; Tanimoto 

and Rehren 2008; Smirniou and Rehren 2011) and the detailed chemical 

characterisation of the early Shang and Zhou proto-porcelain bodies and glazes from 

Zhejiang in the previous chapter, a series of firing experiments using willow ash and 

Hyplas 71 ball clay has been undertaken to explore the different possibilities raised 

in the previous chapter, and to see how they worked out in reality. Table 5.1 details 

the ash and glaze preparation and firing parameters used in this experiment.  
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Parameters Details 

Conditions of the test tiles 
Raw body (leather hard) 

Biscuit body (slowly fired to 1000 °C) 

Recipes of the glaze-forming material 
100 wt% ash (pure-ash) 

50 wt% ash + 50 wt% clay (half-ash) 

Number of times ash washed 

Unwashed (0) 

After 1
st
 wash (1) 

After 2
nd

 wash (2) 

After 3
rd

 wash (3) 

Methods of glaze application 

Dry powered ash on dry (raw/biscuit) body 

(DDR/DDB) 

Dry powered ash on wet (raw/biscuit) body 

(DWR/DWB) 

Wet ash (ash slurry) on dry (raw/biscuit) body 

(WDR/WDB) 

Firing temperatures 
1240 °C (slowly fired as shown in 5.2.5) 

1300 °C (slowly fired as shown in 5.2.5) 

Table 5.1: Parameters applied in this experiment and their details 

 

5.2.2 The clay 

 

The raw material used for making Shang and Zhou proto-porcelain was shown to be 

the typical porcelain stone from south China (see Chapter 4), which is high in silica 

and relatively low in alumina. Based on this result, the clay chosen to make the test 

tiles was Hyplas 71 ball clay, which is compositionally similar to porcelain stone 

from south China (Table 5.2), mixing 80 wt% of dry powdered clay with 20 wt% 

water to make it plastic, and kneading the wet clay thoroughly to eliminate any 

lumps. The wet clay was then shaped into test tiles. The size of each tile was 5 cm 

long, 1.5 cm wide, and 0.3 cm thick. 

 

Sample SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 MnO LoI Total 

Hyplas 71 ball clay 71.0 19.0 0.1 0.14 (KNa2O 2.3) 0.6 1.5 -- -- -- 

Shiceng Zhejiang 73.16 17.10 0.75 0.45 4.22 0.46 0.48 nd nd 3.81 100.52 

Wutou Zhejiang 71.82 17.41 nd 0.22 3.87 0.28 1.21 nd 0.08 4.66 99.58 

Maojiashan Zhejiang 76.60 15.33 0.14 0.66 4.39 0.20 0.54 nd 0.07 2.16 99.69 

Yuandi Zhejiang 76.11 14.90 0.60 0.03 1.85 0.70 1.05 nd 0.04 4.65 100.23 

Dayao Zhejiang 71.66 17.96 0.01 0.22 2.13 0.16 1.45 nd 0.02 6.06 99.85 

Dongshanen Zhejiang 76.11 14.84 nd 0.08 4.42 0.18 1.00 nd 0.04 3.32 99.99 

Linggen Zhejiang 74.95 16.21 nd 0.16 3.04 0.25 0.31 nd 0.03 4.69 99.64 

Qimen Anhui 73.05 15.61 1.82 0.31 3.75 0.58 0.56 0.09 0.02 3.87 99.69 

Sanbaopeng Jingdezhen 73.70 15.34 0.70 0.16 4.13 3.79 0.70 nd 0.04 1.13 99.69 

Nangang Jingdezhen 76.12 14.97 1.45 nd 2.77 0.42 0.76 nd 0.06 3.71 100.26 

Siban Fujian 75.91 15.30 0.04 0.05 2.51 0.05 0.62 0.10 0.06 4.88 99.49 

Baomei Fujian 78.61 12.95 0.07 0.07 5.89 0.16 0.31 0.09 0.07 2.30 100.52 

Table 5.2: Chemical compositions of Hyplas 71 ball clay (after Wood 1999: 266) and some typical 

porcelain stones from Zhejiang and other nearby provinces, exploited for modern production (LoI: 

loss on ignition; nd: not detected) (after Guo 1987: 7) 

 

Altogether, 52 test tiles were made of the Hyplas 71 ball clay. All of them were left at 
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room temperature until they became leather hard. After that, 16 of them were 

selected and slowly fired to 1000 °C. These 16 biscuit tiles, together with the 36 

others left as raw tiles, were then ready for ash application and firing. 

 

5.2.3 The ash   

 

As discussed above, wood ash is thought to be the glaze-forming material on the 

surface of the proto-porcelain body. For the experiments, I used willow ash provided 

by Professor Nigel Wood from willows by the River Itchen in Winchester, south 

England. Some 30 kg of willow ash were collected, which is equivalent to more than 

4 tonnes of wood. Based on Wood’s calculation, the ash yield from the burning 

process tends to be small, typically from 0.2 to 6.5% of the original weight of the dry 

material (Wood 2009: 54). Although the ash yield from burning saline plants in 

Western Asia and Europe tends to be much higher, reaching nearly 40% (Tite et al. 

2006: 1287), Wood (2009: 54) proposed that many of the ashes used for glazing 

stonewares in southern China may have been derived from botanic materials that 

yielded only 0.4% of ash, which means that 1 kg of wood only produces 4 g of wood 

ash.   

 

The weighed amount of fresh dry willow ash was sieved to remove any chunks of 

charcoal and then clean water, three-times the volume of the ash, was added. This 

ash-plus-water suspension was stirred thoroughly and allowed to settle overnight. 

The next day, after carefully and slowly decanting the discoloured water, the residual 

ash at the bottom was dried out overnight in an oven at 100 °C. The willow ash was 

washed three times and sub-samples were separately collected after each wash 

together with the unwashed ash (see Table 4.18). 

 

For the application, I tried two different recipes as the glaze-forming material – 100 

wt% pure willow ash and a mixture of 50 wt% willow ash and 50 wt% Hyplas 71 

ball clay. 

 

5.2.4 Methods of glaze application 

 

Three different methods were tried for the application of the ash on the surface of the 

tiles. First, a sieve was used to evenly dust the different dry ash samples on the dry 

surfaces of both raw and biscuit tiles, without any binding material between ash and 

body of the tiles (labelled Dry (ash) on Dry Raw / Biscuit (body): DDR or DDB). 

Secondly, cotton buds were used to apply water to the surfaces of the tiles and then a 

sieve to evenly spray the different dry ash samples on the slightly wet surfaces of 
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both raw and biscuit tiles, with water as the binder (DWR or DWB). Thirdly, the 

same weight of ash and clean water were mixed, stirred thoroughly, and this 

ash-plus-water suspension poured on the dry surfaces of the tiles (WDR or WDB).  

 

5.2.5 Firing temperature 

 

A Lenton UAF 14/5 Chamber Furnace at the Wolfson Archaeological Science 

Laboratories at the UCL Institute of Archaeology was used to fire these test tiles. The 

maximum temperature this furnace can reach is 1400 °C. The firing protocols for 

temperatures up to 1000 °C, 1240 °C, and 1300 °C were set to raise the temperature 

at 30 °C per hour up to 200 °C, then increasing by 150 °C per hour to 900 °C and 

holding for 30 minutes, then increasing to 1000 °C (for biscuit firing) or 1200 °C (for 

all other firings) and holding for 30 minutes to an hour, and finally heating to the 

maximum glazing temperature (1240 °C or 1300 °C) and holding for a further hour. 

The tiles were then allowed to cool freely in the closed kiln overnight, until they 

reached room temperature. Modifications of the above firing protocol were used to 

test other hypotheses. For some experiments, instead of being held at 1300 °C for an 

hour, the soaking times of the tiles were extended to ten hours. For others, after firing, 

the tiles were held for ten hours at 1100 °C before being allowed to cool naturally. 

 

A temperature of 1000 °C was used for biscuit firing; at this stage, the clay loses all 

the water and becomes sintered, changing its mineralogy and therefore potentially 

changing the subsequent reactions between ash and body material. The 

glaze-forming temperatures were set to match the typical maturing temperature for 

lime glazes (usually in a range of 1200-1240 °C) and lime-alkali glazes 

(1240-1300 °C) (Wood 1999: 30). Therefore, temperatures of 1240 °C and 1300 °C 

were selected to test the behaviour of the glazes formed at different temperatures. 

The slow ramping rate at the very first stage of firing (30 °C / hour) was to ensure 

that the clay was dried evenly both inside and outside, as well as to prevent water 

vapour explosions damaging the tiles. The test tiles were then held at 1200 °C for at 

least 30 minutes or one hour to initiate the reaction with the ash coat before reaching 

the final temperature. Two different soaking times were selected to test whether the 

glaze formation was completed quickly (within one hour), or continued over an 

extended period of time.  

 

Finally, the cooling regime was varied to include natural cooling of the tiles in the 

closed kiln (overnight), and holding the glazed tiles for an extended period at 

intermediate temperatures to allow glaze annealing and further reactions between 

body and glaze to take place. 
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5.2.6 SEM-EDS and EPMA-WDS analyses 

 

Samples from all bodies and glazes were then mounted as polished cross sections 

and analysed by SEM-EDS and EPMA using the same protocol reported in Chapter 3. 

Due to the large number of samples, EPMA had to be restricted to selected samples 

where it was felt that data quality was particularly important. Comparison of results 

from several samples analysed by both instruments and methods demonstrated the 

close similarity of results for all oxides present at levels above c. 1 wt%, firmly 

verifying that the data set is internally consistent and reliable in its quality. For ease 

of comparison, the oxide concentrations are recalculated to 100%. Deviations from 

the 100 wt% analytical total are due to the porosity of the bodies and the varying 

beam intensity of the SEM system. These effects do not affect relative element 

concentrations, and therefore can be compensated for by simple recalculation. 

EPMA-WDS analyses of glazes provided better totals, close to 100 wt%, due to the 

more stable beam intensity, and also provided a better detection limit than SEM-EDS, 

increasing data quality particularly for oxides present at levels below 1 wt%. 

 

5.3 Results 
 

5.3.1 The appearance of the glazed tiles 

 

After being fired at a temperature above 1200 °C, all surfaces of the test tiles were 

covered with a thin layer of glaze, whether applied pure willow ash (Fig. 5.1) or the 

mixture of willow ash and ball clay (Fig. 5.2). Lumps of unmelted or un-reacted ash 

were found on the surface of some tiles where the willow ash was applied a bit more 

thickly than on other parts of the tiles. Apart from this, there is no distinctive 

difference between the tiles being fired at different temperatures or between the 

pure-ash glazed tiles and the half-ash glazed ones. There is also little difference in 

appearance whether unwashed or washed willow ash was used. The colour of the 

glaze is light green and some even look transparent. Areas where the glazes are 

thicker show a dark green or brown colour, probably due to the relatively high 

concentration of iron oxide. 
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Figure 5.1: The pure-ash glazed raw tiles (left) and the pure-ash glazed biscuit tiles (middle) were 

fired to 1240 °C, while the pure-ash glazed raw tiles (right) were fired to 1300 °C. Numbers 0 to 3 

indicate the number of times the ash had been washed before being applied to the bodies. 
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Figure 5.2: The half-ash glazed raw tiles (left) and the half-ash glazed biscuit tiles (right) were fired to 

1300 °C. Numbers 0 to 3 indicate the number of times the ash had been washed before being applied 

to the bodies. 

 

5.3.2 The chemical analysis of the glazed test tiles 

 

Tables 5.3 and 5.4 show the average compositions, determined by SEM-EDS 

analyses, of the bodies and glazes of the tiles produced using different protocols. 

Individual measurements are provided in the appendices.  
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Sample n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 

1240 °C bodies 24 76.4 18.5 0.2 0.3 1.9 0.3 0.8 1.3 0.2 

1300 °C bodies 80 76.5 18.7 0.2 0.3 1.9 0.4 0.7 1.2 0.2 

Raw bodies 72 76.5 18.6 0.1 0.3 1.9 0.4 0.8 1.2 0.2 

Biscuit bodies 32 76.6 18.6 0.2 0.3 1.9 0.3 0.7 1.1 0.2 

Hyplas 71 ball clay -- 75.0 20.1 0.1 0.1 (KNa2O 2.4) 0.6 1.6 -- 

Table 5.3: SEM-EDS results of the average normalised chemical compositions (wt%) of the tile 

bodies, sorted by different firing temperature (1240 and 1300 °C) or firing protocol (raw / biscuit). 

Firing times and temperatures do not seem to affect the final composition at the level detected by 

SEM-EDS analysis. MnO was found consistently at 0.1 wt%. The normalised reported composition of 

the Hyplas 71 ball clay is listed for comparison; the slight difference in composition is thought to 

reflect the different analytical methods used. 

n: the number of areas analysed in each group 

 

Sample n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 

All glazes 145 58.1 13.2 20.6 1.2 1.8 0.5 0.7 1.3 2.5 

1240 °C pure-ash glazes 38 61.2 14.1 16.8 1.2 1.5 0.5 0.8 1.5 2.3 

1300 °C pure-ash glazes 59 57.6 13.0 21.3 1.2 1.9 0.6 0.6 1.3 2.5 

1300 °C half-ash glazes 48 57.1 12.9 21.8 1.3 1.9 0.5 0.7 1.3 2.6 

Unwashed pure-ash glazes 26 57.8 13.9 20.0 1.1 2.1 0.7 0.7 1.5 2.2 

Unwashed half-ash glazes 12 57.5 13.1 20.7 1.2 2.7 0.6 0.7 1.3 2.2 

1
st
 wash pure-ash glazes 24 60.3 13.6 17.8 1.3 2.0 0.7 0.8 1.4 2.1 

1
st
 wash half-ash glazes 12 56.5 13.4 21.4 1.4 1.9 0.6 0.7 1.3 2.8 

2
nd

 wash pure-ash glazes 22 59.6 13.2 19.6 1.2 1.6 0.5 0.6 1.3 2.4 

2
nd

 wash half-ash glazes 12 55.9 12.6 23.5 1.4 1.6 0.4 0.7 1.3 2.6 

3
rd

 wash pure-ash glazes 25 58.8 13.2 20.3 1.2 1.3 0.4 0.7 1.4 2.8 

3
rd

 wash half-ash glazes 12 58.4 12.5 21.6 1.1 1.3 0.4 0.6 1.2 2.8 

Table 5.4: SEM-EDS results of the average normalised chemical compositions (wt%) of all glazes 

(first row) sorted by firing temperature and ash mixture (second to fourth rows) and by ash 

preparation and mixture (last eight rows). There is a degree of variation across the data, see text for 

discussion. MnO was found consistently at 0.1 wt%.   

n: the number of areas being analysed in each group 

 

The ceramic body 

 

As expected, the bodies of the tiles, regardless of their firing history, are dominated 

by silica (76.5 wt% average SiO2) and alumina (18.7 wt% average Al2O3), with 

minor amounts of alkali (2.3 wt% average K2O and Na2O). The iron oxide content is 

very low (below 1 wt% Fe2O3), while titania is relatively high (1.2 wt% average 

TiO2). The levels of calcium oxide, magnesia, phosphate, and manganese oxide are 

very low, at or even below the detection limit. The low level of iron oxides and 

relatively higher level of titania resulted in a creamy colour of the body, which was 

fired in an oxidising atmosphere. Overall, it can be seen from Table 5.4 that the 

chemical compositions of the bodies, when compared to the composition of the clay, 

changed very little during the firing. It seems that the different firing temperatures 

and protocol (fired once or twice) do not affect the compositions of the bodies. 
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The glaze 

 

Table 5.4 shows the average chemical composition of the glazes made from 100 wt% 

ash (pure-ash glaze) and of the glazes made from 50 wt% ash and 50 wt% Hyplas 71 

ball clay (half-ash glaze). From this table, it can be seen that all the glazes are 

characterised by a much higher level of calcium oxide (20.6 wt% average CaO) and 

lower levels of silica (58.1 wt% average SiO2) and alumina (13.2 wt% average Al2O3) 

than the bodies. The alkali concentrations (1.8 wt% K2O and 0.5 wt% Na2O) are 

similar to those in the bodies. The levels of magnesia (1.2 wt% average MgO) and 

phosphate (2.5 wt% average P2O5) are significantly higher than those in the bodies, 

consistent with the earlier suggestion that the high level of phosphate in the glaze is a 

strong indication of the use of wood ash in the glaze-forming material (Wood 1999: 

32). The light green or transparent colour of the glazes is due to the low level of iron 

oxide (below 1 wt% Fe2O3), similar to that in the bodies. 

 

Table 5.4 also lists the chemical compositions of the glazes arranged according to 

different parameters. When the temperature increased from 1240 °C to 1300 °C, the 

average level of calcium oxide also increased from 16.8 wt% to 21.8 wt%, which at 

the same time pushed down the average contents of silica and alumina by about 4 wt% 

and 1 wt% respectively. These averages hide a significant degree of scatter in the 

individual measurements. The overall level of calcium oxide at 1240 °C is between 

11.3 and 21.8 wt%, while at 1300 °C most of the samples have CaO contents 

between 12.1-28.7 wt%, with two samples having 31.4 wt% and 35.3 wt% with CaO 

respectively. The compositional difference between the pure-ash glaze and half-ash 

glaze at the same temperature (1300 °C) was not very obvious, with the possible 

exception of a higher potash content in the latter. Differences in ash preparation are 

most clearly visible in the resulting potash and soda contents of the glazes, which are 

significantly lower in the glaze made from washed ash. It is however noteworthy that 

even in the glazes made from unwashed ash, the potash concentration is only 

marginally higher than in the underlying bodies, with the highest levels recorded in 

glazes using unwashed ash mixed with clay (‘half-ash’ glazes). 

   

5.4 Discussion 

 

The experimental firing of the test tiles was carried out in order to test several related 

issues – whether the wood ash had to be washed or not before being applied on the 

ceramic bodies in order to produce a low-potash glaze; whether the glaze formation 

is controlled by a eutectic melt formation, linking the firing temperature, the length 

of firing time, and chemical compositions of the glazes to each other; and whether 

the cooling regime affects the appearance of the interaction layer or zone between the 

glaze and the body. 
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5.4.1 Washed or unwashed? 

 

It had been argued in Chapter 4 that the relatively low level of potash (around 2-3 

wt%) in archaeological proto-porcelain glazes was probably due to the use of washed 

wood ash as the glaze-forming material. However, the experiments suggest that this 

is not necessarily true. It can be seen from Table 5.5 that the average level of potash 

in the glazes made from unwashed ash is around 2 wt%, only slightly higher than the 

level of about 1.5 wt% present in those glazes made from the ash after repeated 

washing. The overall level of potash recorded in the individual measurements of 

glazes made from unwashed ash is mostly between 1.0 and 2.8 wt%, with two 

samples at 4.0 wt% and 5.8 wt% respectively, and dropping to a range between 0.8 

and 1.8 wt% in those glazes made from the ash after the 3
rd

 wash. The average 

potash content in the glazes overall (1.8 wt% K2O) is almost identical to that in the 

bodies (1.9 wt% K2O). It has to be borne in mind that the glazes are formed from 

wood ash and ceramic material, at a ratio of around 20 wt% wood ash component in 

the glaze, and 80 wt% ceramic. An almost unchanged or even slightly lower level of 

potash in the glaze as compared to the dominant ceramic material indicates that the 

wood ash component has a similar or even lower potash content than the ceramic, 

which is in contrast to the analytical data for the unwashed wood ash, which has 

about five times as much potash as the ceramic. A simple mass balance estimate 

indicates that a glaze made from these raw materials should have twice as much 

potash than the ceramic, i.e. about 4 wt%. However, it seems that the high percentage 

of potash in the unwashed glazing material does not result in a similarly high 

percentage in the fired glazes. In contrast, the repeatedly washed wood ash resulted 

in a glaze with slightly lower potash than the ceramic body, consistent with the 

expected dilution of the ceramic material by the (almost) pure lime from the washed 

ash.  

 

How can the lack of potash enrichment in the ‘unwashed’ glazes be explained, and 

how does this relate to the historically reported practice of washing the ash? Can the 

washing of wood ash by the potters before applying it as a glaze-forming material 

still be considered a necessity? In order to answer this question, it would be helpful 

to look into the details of the ash washing and its related process of preparation. 

 

Although there are benefits to washing the ash, such as eliminating the unburned bits 

of wood and charcoal and removing the soluble alkali salts in the glaze slip, Tichane 

(1987: 57) still raised two important issues related to washing the ash. In the first 

place, the physical process of washing the ash is difficult. One starts out with a light, 

fluffy, voluminous material and then adds a great deal of water to it, after which the 

remaining precipitate will have to be dried. And, obviously, since the ash is very 

fine-grained, it may not all precipitate readily in a short period of time. Consequently 

the process can be very labour intensive and time consuming. Wood (2009: 54), 
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however, argued that in China the following method of washing wood ash was often 

practiced: placing the wood ash in a densely woven bag, submerging the ash-filled 

bag in water, and allowing the alkalis in the ash to diffuse away. But even in this less 

labour-intensive practice, the ash would still have to be dried before it could be 

applied. 

 

Of course, one cannot completely deny the existence of the practice of washing wood 

ash, but the results of this experiment show that washing ash is only directly related 

to a significant reduction of the potash level in the ash itself (see Table 5.2), without 

necessarily affecting the level of potash in the glaze. As such, at the very least it 

seems possible to use unwashed wood ash, high in potash, to make a glaze low in 

potash. Besides, it is important to remember that the historical record pertaining to 

the washing wood ash was derived from a Chinese book called Tian Gong Kai Wu – 

Chinese Technology in the Seventeenth Century by Sung Ying Xing (Sung 1959), 

which does not suggest that the same practice was carried out several millennia 

earlier, during the Shang and Zhou dynasties, when proto-porcelain was first 

produced. The observed slight difference in the potash levels in the glazes produced 

during the experiments suggest that it might be possible to detect the use of ‘washed’ 

ash by a lower potash level in the glaze as compared to the body material, while 

unwashed wood ash results in similar or only slightly enhanced potash levels in the 

glazes as compared to the bodies. If this can be shown to be consistently the case, 

also in other sample sets, then it may become possible to trace the introduction of ash 

washing through the analysis of glaze / body pairs. The Shang and Early Zhou 

proto-porcelain, as well as that from the Late Spring and Autumn period, has glazes 

which are slightly richer in potash than the underlying bodies, while among the 

proto-porcelain data from the Warring States data the glazes have noticeably less 

potash than their underlying bodies. This, however, does not necessarily indicate an 

early introduction of ash washing, but could be a side effect of the major changes in 

raw material supply noticed for the same period, resulting in a subtly different glaze 

composition overall, not just in terms of the potash content. 

 

A second negative factor raised by Tichane (1987: 58) regarding the washing of 

wood ash is the fact that some of the fluxing ability of wood ash is lost with the 

washing operation. One of the benefits of using ash in a glaze is its fluxing capability, 

and if ash is washed, it may lose same of its fluxing capacity. When Tichane talks 

about the fluxing capacity, it is mainly about the levels of alkali and calcium oxide in 

the ash, which are the two major fluxes in the wood ash. Because calcium oxide is 

not water soluble, the washing will only eliminate most of the alkali (mostly potash). 

It might be argued again that because alkali is a very violent chemical that renders 

the glaze caustic, eliminating the water-soluble alkali by washing actually helps to 

produce a more stable glaze. However, as noted above, there is no obvious difference 

in terms of visual appearance between the glazes of the test tiles made from 
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unwashed ash and of those made from washed ash. Similarly, the BSE images of the 

intersection between glaze and body show no obvious interaction zones between the 

two, whether the glaze was made from unwashed ash or from washed ash (Fig. 5.3). 

Therefore, removing the alkali through washing does not make a systematic 

difference on the actual appearance of the glazes, or their bonding to the underlying 

body. If no significant difference was achieved by washing the ash, it is not apparent 

why the potters should have been bothered to carry out this labour-intensive and 

time-consuming work in ancient times. It is therefore quite possible that ash washing 

was not a common or necessary procedure in the ceramic production, even if the 

glazes appear low in potash. 

 

 

Figure 5.3: BSE images of the glazes made of unwashed ash and washed ash on various test tiles, at 

400X magnification. 
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This does not explain, however, why the potash level is not increased in most of the 

glazes made from unwashed wood ash. One possibility is that the potash content was 

lost through volatilisation prior to the formation of the glaze. Potassium compounds 

are highly volatile and their volatilisation occurs mostly at 800-900 °C (Misra et al. 

1993: 116). Thus, it is assumed that the potash evaporated when the temperature of 

the furnace exceeded 900 °C, and before it started to react with the underlying body. 

Another possibility is that because water was used with the ash during the process of 

glaze preparation, such as sieving, grinding, or levigation, the potash might have 

been accidentally lost because of the presence of water in these processes. The ash 

application might also accelerate the loss of potash, as most of the water-soluble 

alkalis would be removed, by capillary action, from the ash and water slurry into the 

body of the tiles, while the less soluble alkali earth components would remain in the 

applied layer (Rehren 2008: 1352). Therefore, before the glazed tiles reached the 

furnace, most of the water-soluble potash had already been absorbed into the body. 

While it is still uncertain how the ancient potters applied their ash onto the surface of 

the ceramic bodies, one thing worth noting in this experiment is that even when dry 

ash was applied on a dry body and no water was used for the glaze application, the 

potash levels of these glazes are also lower than 3 wt%. Therefore, the low level of 

potash in the glazes is not determined by a single factor. The composition of the body 

clay, the different methods of ash preparation and application, and the volatilisation 

of potassium in the furnace might all influence the final potash levels in the glazes. 

 

5.4.2 Eutectic melt formation 

 

One of the hypotheses to be tested in this research is that under equilibrium 

conditions the melt composition follows a eutectic melt formation model, and is thus 

determined by the firing temperature. In previous publications, it had been argued 

that under certain conditions the position of glass composition within the 

soda-lime-silica ternary diagram is a function of the firing temperature of the glass 

(Rehren 2000; Shugar and Rehren 2002; Tanimoto and Rehren 2008). This 

mechanism was also applied to the possible formation of archaeological 

proto-porcelain glazes in the previous chapter. The mechanism should result in a melt 

composition that follows closely the shape of the liquidus surface of the relevant 

ternary diagram, with increasing temperatures leading to increasingly broader 

possible melt compositions, like rising water behind a dam covers an ever larger area, 

whose outline is closely determined by the contour lines of equal height of the 

surrounding mountains. A key condition for this model to work is that one 

component is limited in supply, while others are effectively unlimited, therefore 

acting as a buffer or reservoir from which the melt can draw additional material as 

the temperature increases. Here, the relevant system is CaO-Al2O3-SiO2, with lime 

from the added ash the limited component and alumina and silica being available in 

excess from the ceramic body. Although in reality the composition of ceramics is 

always more complex than the three oxides specified above, it is usually acceptable 
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to combine elements which behave similarly into one of the three principal terms 

(Pollard and Heron 2008: 117). Based on this, iron oxide and phosphate were added 

to alumina, while potash, soda, and magnesia were added to lime on the ternary CAS 

diagram presented below. 

 

Plotting the data points for ceramic bodies and glazes onto this diagram yielded 

several important results. Figure 5.4 shows that the compositions of bodies and 

glazes cluster in two separate narrow areas, very similar to those of the previously 

analysed ancient proto-porcelain samples (see Fig. 4.37 in Chapter 4). Significantly, 

the compositions of the glazes do not scatter randomly along the mixing line between 

the ash and the ceramic body, but cluster narrowly around the eutectic composition, 

where melt formation is expected to start. About half of the glazes fall into the 

low-melting region of this system, stretching from the eutectic composition at 

1170 °C towards the ceramic composition, and therefore indicating that the 

melt-forming model does work as expected. However, a substantial number of 

analyses extend in the opposite direction, forming a straight tail with no relation to 

the shape of the liquidus surface of the ternary diagram. This aspect will be discussed 

later; first, the postulated effects of firing temperature on melt composition will be 

explored. 
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Figure 5.4: Projection of body and glaze compositions on the ternary diagram CaO-Al2O3-SiO2. The 

position of the tile bodies shows no relationship to the liquidus surface of the system, while the glaze 

compositions follow closely the low-melting area, on a mixing line between the two components of 

the batch. 

 

5.4.3 Firing temperature 

 

During the experiment, the firing temperature and firing time were both pre-set, and 

the chemical composition of the glazes were later analysed, which provided us with a 

good opportunity to further explore the relationship between firing temperature, 

firing time, and the chemical composition of the glaze.  

 

Figure 5.4 shows all glaze compositions plotted together; to explore the effect of 

firing temperature, the data points of 1240 °C pure-ash glaze, 1300 °C pure-ash glaze, 

and 1300 °C half-ash glaze are separately presented in Figures 5.5, 5.6 and 5.7, 

together with the composition of the applied glazing material. It can be seen that all 

the plotted points of the glazes made from 100% willow ash (both washed and 
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unwashed) and fired to 1240 °C are closely sitting on the eutectic trough starting 

from 1170 °C and spreading predominantly towards the higher end of increased 

silica concentrations. They are roughly within a range from 1170 °C to 1240 °C (Fig. 

5.5), the latter being the pre-set highest firing temperature of these glazes.  

 

The glazes fired to 1300 °C and made from pure willow ash or from half willow ash 

and half Hyplas 71 ball clay (both washed and unwashed) do not differ much in their 

position on the ternary diagram (Figs. 5.6 and 5.7). Some of these plotted points 

cluster in an area starting from the eutectic point of 1170 °C and spreading towards 

the higher concentration of silica, like those of the glazes fired to 1240 °C. However, 

the glazes fired to 1300 °C developed a ‘tail’ stretching towards increased 

concentrations of calcium oxide and higher theoretical melting temperatures, the 

opposite direction to what would be expected by increasing absorption of ceramic 

material. Notably, only few of the plotted points exceeded the temperature of 

1300 °C, which is the pre-set highest temperature at which these glazes were formed.  

 

Figure 5.5: Projection of pure-ash glaze compositions fired to 1240 °C, using unwashed wood ash and 

washed wood ash, onto the ternary diagram CaO-Al2O3-SiO2. 
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Figure 5.6: Projection of pure-ash glaze compositions fired to 1300 °C, using unwashed wood ash and 

washed wood ash, onto the ternary diagram CaO-Al2O3-SiO2. 
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Figure 5.7: Projection of half-ash glaze compositions fired to 1300 °C, using half unwashed wood ash 

and half washed wood ash, onto the ternary diagram CaO-Al2O3-SiO2. 

 

This suggests that the recipe of the glaze-forming material has a strong effect on the 

initial melt formation. Firstly, the direction of the ‘tail’ from the eutectic composition 

leads directly to the pure-ash or half-ash composition, suggesting its origin as a pure 

mixing line rather than a melt formation driven by the shape of the liquidus surface 

of the phase diagram. Thus, the composition of the more lime-rich samples of the 

ash-only glazes extends to higher lime values cutting across several lines of equal 

temperature, while the half-ash mixture results in high-lime glazes with increased 

alumina levels, leading to a ‘dog leg’ shape of the overall compositional spread. The 

mixing line here falls into a cotectic line of the liquidus surface, making it difficult to 

decide what the driving mechanism of melt composition is. Secondly, and as shown 

in Figure 5.8, there are still lumps of un-melted ash left in some parts of the test tiles, 

where the ash was applied more thickly than in other parts of the tiles, suggesting 

incomplete reaction between the raw materials. Overall, the pure-ash glaze seems to 
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have much more un-melted ash than the half-ash glaze. Under ideal conditions, if the 

underlying ceramic body was acting as an unlimited reservoir providing silica and 

alumina, the application of more lime-rich ash should have simply produced a 

thicker glaze, but of the same composition as the thinner glaze. However, in reality 

this was not the case, at least not for this batch of glazed test tiles. Overall, it seems 

that the glazes started to melt at the eutectic composition, but did not reach 

equilibrium conditions, resulting in their rather variable composition and the 

persistence of the mixing line or tail in some of them. 

 

 

Figure 5.8: The pure-ash glazed tiles (left) and the half-ash glazed tiles (right) were fired to 1300 °C. 

The ash was applied a bit more thickly on the right hand side of each tile.  

 

What is the reason behind this phenomenon? The following picture (Fig. 5.9) shows 

a test bar, made by Nigel Wood, with different glazes made from different blending 

percentages of clay and ash, from 100% siliceous clay (Hyplas 71 ball clay) (left) to 

100% high-calcium mixed wood ash (right), fired to 1200 °C in reduction. The 

eutectic mixture is at about 60 wt% clay with 40 wt% ash. Based on this test result, it 

is possible to assume that the ancient potters gradually found that only a fixed 

amount of ash, which was in direct contact with the underlying ceramic body, would 

react with it to produce a glaze during a certain length of time and at a certain firing 

temperature. In order to improve the quantity and quality of the glaze, Chinese 

potters may have used similar tests to establish the best clay-and-ash mixtures for 

their stoneware glazes (Wood 1999: 32). This probably helps explain why fewer 

un-melted ash lumps were found among the half-ash glaze samples, because they are 

closer to the ideal clay-and-ash mixture. A likely reason for this is that the ash in the 

half-ash glaze tended to have a much better contact with the pre-mixed clay, leading 

to a quicker and more effective melt formation than the pure ash in the pure-ash 

glaze. This is consistent with the observation that the tail on the diagram of half-ash 

glazes is shorter than that of pure-ash glazes when they were fired to the same 

temperature (1300 °C), probably because less body material needs to migrate into the 
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glaze layer for melt formation as compared to the pure-ash glazes. This increased 

reaction also explains the higher potash levels in the majority of the half-ash glazes 

as compared to the pure-ash glazes (Table 5.5); evaporation of potassium from the 

mixed ash-clay layer would be less than from a pure-ash layer, due to the increased 

contact and reaction speed between ash and clay. 

 

 

Figure 5.9: Test bar showing the effects of blending a high-calcium wood ash with a siliceous clay 

(from 100% clay on the left to 100% wood ash on the right) (after Wood 1999: 32). 

 

5.4.4 The duration of the firing 

 

As discussed in the previous section, the firing temperature is expected to have a 

major influence in determining the composition of the glazes, but is still not 

sufficient to explain the appearance of the tails on the ternary diagrams of the 

pure-ash glazes and half-ash glazes fired at 1300 °C, where the lime content is much 

higher than expected, often exceeding 20 wt%. The same tails were not found on the 

ternary diagram of the ancient proto-porcelain glazes, where the lime contents are all 

around or less than 20 wt%. Instead, plotting the pure ash into the ternary CAS 

diagram (Fig. 5.4) reveals that the tail sits on the projection line between ash and 

body – a typical mixing line rather than a system-driven reaction. While the glazes 

already formed, they apparently did not yet reached the equilibrium point, probably 

due to a too short reaction time. Figure 5.10, showing cross sections through glazes 

positioned the tail formed at 1300 °C, demonstrates that these glazes are not very 

homogenised, with only a part of the glazes that fully reacted with the underlying 

body material (cf Fig. 5.3), while other parts, often near the surface of the glazes, did 

not have enough time to do so, pushing up the levels of calcium oxide to 25 wt% or 

even higher.  

 

It is assumed that this heterogeneity of the glazes is due to their viscosity and that 

even at 1300 °C they would need considerable time to homogenise and reach 

equilibrium across their entire thickness. If this is the case, then a longer firing time 

should result in a shortening and finally disappearance of the tail while moving the 

melt compositions overall to lower lime concentrations, a feature which is consistent 

with the archaeological samples.  
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Figure 5.10: BSE images of the glazes fired at 1300 °C, at magnifications of 200X and 400X. Their 

calcium oxide levels are: 35.3 wt% (1300-DDR-0), 31.4 wt% (1300-WDB-2), 28.7 wt% 

(1300-DDB-2), and 27.4 wt% (1300-DWB-2). They are all sitting on the tail of the ternary CAS 

diagram. 

 

More experimental firings were therefore carried out to test this hypothesis. During 

the initial experiments, the maximum firing temperature of 1300 °C was only 

maintained for one hour before the kiln was allowed to cool down to room 

temperature. In order to prolong the reaction time, two different methods were tried 

out. 

 

The first attempt used four fresh test tiles. 100% willow ash was applied on two of 

them, one with unwashed ash and the other with the ash washed 3 times, and 50% 

willow ash and 50% clay were mixed to be applied on the other two, one with 

unwashed ash mixed with clay and the other with washed ash mixed with clay. These 

four tiles were fired as before, but then held at 1300 °C for ten hours, after which all 

of them were covered with a shiny layer of glaze (Fig. 5.11). Even the areas where 

the willow ash was applied a bit more thickly (right hand side of each tile) were 

covered with a layer of thicker and shiny glazes, with no visible ash lumps remaining. 

This indicates that a longer reaction time leads to an increased reaction of the body 

material with the willow ash, until the applied ash is fully consumed. 
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Figure 5.11: The pure-ash glazed tiles and the half-ash glazed tiles were fired to 1300 °C and held at 

that temperature for ten hours. Numbers 0 and 3 indicate the number of times the ash had been washed 

before being applied to the bodies. 

 

Table 5.5 shows the EPMA-WDS results of the chemical compositions of the glazes 

of these tiles after being held at 1300 °C for ten hours, and for comparison the data of 

the equivalent glazes being held at 1300 °C for one hour. The oxides are normalised 

to 100% while the original analytical totals are given for reference purposes. The 

bodies of the test tiles were also analysed by EPMA-WDS so that they can be put 

onto the ternary diagram together with the glazes. 

 

Sample washing hr n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300 °C  

pure-ash glazes 

0 10 5 60.00 14.35 18.42 1.12 1.51 0.35 0.75 1.38 2.09 0.04 98.62 

0 1 5 63.95 15.44 13.12 1.03 1.92 0.45 0.98 1.33 1.76 0.02 98.97 

3 10 5 63.88 14.66 14.18 0.95 2.51 0.53 0.77 1.36 1.14 0.02 98.37 

3 1 5 56.71 15.25 20.15 1.08 2.46 0.51 0.66 1.28 1.86 0.04 99.67 

1300 °C  

half-ash glazes 

0 10 5 60.78 14.45 18.20 0.89 1.48 0.37 0.77 1.42 1.60 0.04 99.29 

0 1 5 53.92 12.57 25.84 1.21 1.41 0.33 0.62 1.14 2.92 0.06 99.88 

3 10 5 59.97 13.20 19.46 1.22 1.23 0.46 0.87 1.35 2.19 0.05 98.78 

3 1 5 56.71 12.07 23.55 1.36 1.11 0.39 0.67 1.22 2.90 0.02 98.89 

Table 5.5: The EPMA-WDS results of the average chemical compositions (wt%) of the glazes fired to 

1300 °C and held at that temperature for one hour and ten hours respectively  

n: the number of areas being analysed of all the samples 

 

It can be seen from this table that the calcium oxide content is between 15 and 20 wt% 

for those tiles which were held at 1300 °C for ten hours, while three of the four 

glazes fired only for one hour at that temperature had calcium oxide levels above 20 

wt%. The projections of the glaze compositions from these four tiles onto the ternary 

diagram extend from the eutectic point at 1170 °C towards the higher end of silica 

concentration, but no longer show a ‘tail’ of high-lime compositions (Fig. 5.12). Also, 

in cross section all glazes now appear homogenous and fully reacted (Fig. 5.13). The 

results indicate that the previous soaking time of 1 hour was insufficient for the 
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glazes to fully form and reach their equilibrium composition; only the 10-hour firing 

achieved this. 

 

 

Figure 5.12: Projection of pure-ash glaze and half-ash glaze compositions of tiles being fired to 

1300 °C and held at that temperature for 1 hour and 10 hours, respectively, onto the ternary diagram 

CaO-Al2O3-SiO2. 
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Figure 5.13: BSE images of the glazes being fired to 1300 °C and held at that temperature for 10 

hours under various magnifications. 

 

The second extended firing experiment concerned the cooling protocol; for this, the 

kiln was set to repeat the original firing protocol, but with 10 hours at 1300 °C, and 

then to hold the samples at 1100 °C for 10 hours before allowing free cooling in the 

kiln. Four pure-ash glazed tiles and six half-ash glazed tiles from the original batch 

were selected, and re-fired according to this new cooling protocol. The glazes of 

these tiles were originally situated on the tails on the ternary diagrams and their 

calcium oxide contents were all higher than 20.9 wt%, the eutectic point of the 

CaO-Al2O3-SiO2 system. After being held for ten hours at 1300 °C during firing and 

at 1100 °C for another 10 hours during the cooling process, the un-melted lumps on 

these tiles had disappeared and more shiny green glazes had formed on some of their 

surfaces (Fig. 5.14), without any further ash being added during the re-firing process. 

This again shows that more body material will react with the applied willow ash 

when held at a higher temperature for a longer reaction time. Three of the pure-ash 

glazed tiles and three half-ash glazed tiles were selected for EPMA analysis, with 

samples taken before and after the re-firing process (Table 5.6).  

 



 175 

 

Figure 5.14: The pure-ash glazed tiles and the half-ash glazed tiles were fired to 1300 °C and held at 

1100 °C for 10 hours during the cooling process. 

 

 

Sample washing hr n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300 °C  

pure-ash glazes 

0 10 5 65.50 14.82 12.08 0.94 3.06 0.55 0.75 1.40 0.88 0.02 99.34 

0 n/a 5 41.21 13.88 34.88 2.08 1.35 0.43 0.76 1.50 3.79 0.12 98.75 

1 10 5 63.52 15.18 13.42 1.07 2.47 0.49 0.88 1.43 1.51 0.03 99.10 

1 n/a 5 57.23 12.84 22.32 1.27 2.64 0.59 0.53 1.12 1.39 0.07 99.26 

2 10 5 56.83 13.64 22.14 1.19 1.62 0.34 0.64 1.26 2.29 0.05 99.60 

2 n/a 5 51.85 12.43 27.00 1.44 1.75 0.50 0.64 1.14 3.19 0.06 99.48 

1300 °C  

half-ash glazes 

2 10 5 64.52 15.52 12.21 0.90 2.64 0.48 0.84 1.50 1.35 0.03 99.01 

2 n/a 5 48.36 13.23 29.87 2.09 1.65 0.34 0.65 1.20 2.52 0.09 99.66 

2 10 5 61.84 14.52 16.31 0.94 2.16 0.40 0.76 1.36 1.69 0.02 99.24 

2 n/a 5 46.76 13.06 30.05 2.31 1.61 0.39 0.69 1.26 3.75 0.12 99.52 

3 10 5 63.63 15.56 12.81 1.14 2.28 0.46 0.89 1.57 1.61 0.04 99.10 

3 n/a 5 60.22 12.86 20.92 0.99 1.12 0.31 0.63 1.18 1.74 0.03 98.73 

Table 5.6: The EPMA-WDS results of the chemical compositions (wt%) of some glazes slowly fired 

to 1300 °C and held at 1100 °C for 10 hours during their cooling process, and of those fired to 

1300 °C and later freely dropped to room temperature 

n: the number of the areas being analysed of all the samples 

n/a: the temperature was allowed to drop freely to room temperature 

 

It can be seen from this table that the calcium oxide content is mostly around 15 wt% 

or below for those tiles which were held at 1100 °C for ten hours during the cooling 

process. Their calcium oxide contents were much lower than those of the tiles for 

which the temperature was allowed to drop freely to room temperature. As with the 

previous extended firing experiment, the plotted points of these six tiles also extend 

from the eutectic point at 1170 °C towards the higher end of silica concentration, and 

the tails disappear (Fig. 5.15). However, the most important difference between the 

samples held at 1100 °C for ten hours and those cooled freely is visible in their cross 

sections of the glazes. It can be seen from Figure 5.16 that crystal-rich interaction 

zones were formed in the glazes held at 1100 °C for extended periods of time. This 

indicates that when the length of cooling time was prolonged at a relatively high 

temperature as 1100 °C, crystals started to form in the interface of body and glaze. 
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Figure 5.15: Projection of pure-ash glaze and half-ash glaze compositions of tiles fired to 1300 °C for 

10 hours and then held at 1100 °C for another 10 hours during their cooling process, and of those fired 

to 1300 °C for one hour and later freely dropped to room temperature, onto the ternary diagram 

CaO-Al2O3-SiO2. 
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Figure 5.16: BSE images of the glazes fired to 1300 °C and held at 1100 °C for ten hours under 

various magnifications, showing crystal growth in all cases and typically at the interface of glaze and 

body material. The crystals might be anorthite.  

 

5.4.5 The thickness of the glaze 

 

Following the previous discussion about the lumps of un-melted ash on some parts of 

the test tiles, it is obvious that the thickness of the ash applied on the ceramic bodies 

is not automatically equal to the thickness of the glaze after firing. However, if given 

enough time for the glaze-forming material to fully react with the underlying body 

material to reach the ideal temperature-controlled composition, then the thickness of 

the ash applied on the ceramic bodies might determine the thickness of the glaze 

after firing. The applied glaze-forming material contains a limited or fixed amount of 

calcium oxide, and the temperature-controlled melt-forming mechanism will 

automatically select how much of the underlying body material will react with that 

given amount of calcium oxide, at the given temperature (Rehren 2000; Shugar and 

Rehren 2001). In this system here, the calcium oxide content of the melt will 

decrease with increasing temperature, starting from around 20 wt% CaO at the first 

eutectic melt formation at around 1170 °C, and then decreasing through further 

absorption of body material into the melt to around 10 wt% CaO at c. 1300 °C. 

Therefore, for a given amount of ash and assuming that full equilibrium is reached 

and that sufficient firing time is allowed, the firing temperature should determine the 

thickness of the glaze. 
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Figure 5.17: Plot of the levels of calcium oxide (wt%) versus the thickness of the glazes in the 1240 

pure-ash glaze, 1300 pure-ash glaze, and 1300 half-ash glaze. 

 

Figure 5.17 shows that the level of calcium oxide in the glaze is in a positive 

correlation with the thickness of the glaze, as had been observed also for the 

archaeological glazes. It seems that a higher concentration of calcium oxide would 

produce thicker glazes. But is this the reality? The argument here is that the thickness 

of the glazes has more to do with the reaction time rather than the temperature. One 

possibility for this unexpected positive correlation is that the glazes have not yet 

reached their equilibrium composition, which for the eutectic temperature is around 

20 wt% calcium oxide in contact with the body material acting as an unlimited 

reservoir of silica and alumina. The dissolution of the body into the glaze takes time, 

and further diffusion of body material into the glaze takes even longer time. Thicker 

glazes need longer to equilibrate, and thus have higher levels of calcium oxide left 

unreacted when the firing time or reaction time is not long enough. In contrast, the 

thinner glazes equilibrate faster due to shorter diffusion paths. The ternary diagram 

(Fig. 5.18) illustrates these diffusion rates. It can be seen that when the thickness of 

the glazes is less than 100 μm, the plotted points of the glaze are situated in an area 

where the temperature is higher than 1170 °C and the level of calcium oxide is below 

20 wt%. When the thickness is 100-200 μm, most of the plotted points are clustering 

around the eutectic point and the level of calcium oxide is around 20-30 wt%. The 

rest of the plotted points are stretching to another area where the temperature 
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increases again towards 1300 °C. The level of calcium oxide of the glazes in this area 

is above 30 wt% and the thickness of the glazes is 200-300 μm. 

 

 

Figure 5.18: Projection of glazes of different thickness on the ternary diagram CaO-Al2O3-SiO2. 

 

5.5 Conclusion 

 

The experiments presented in this chapter constitute a sound basis to better 

understand the various factors affecting the glaze development in lime-rich glazes 

typical of early Chinese high-fired ceramics, and provided some important 

unexpected results. 

 

Firstly, after comparing the appearance and chemical compositions of the glazes 
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made from both washed and unwashed ash, one can state that ash washing is not 

necessary to produce a low-potash glaze, as washing will not significantly affect the 

appearance of the fired glaze. The formation of low-potash glazes is consistent with 

the application of raw, unwashed wood ash, provided a slight increase over the 

potash content of the underlying ceramic body is present. In the experiments, washed 

ash produced glazes whose potash content was lower than that of the ceramic body. 

Therefore, it appears unlikely that the potters from the Shang and early Zhou 

dynasties, whose products were analysed in the previous chapter, practiced deliberate 

ash washing, while the later glazes under consideration in this study do seem to be 

consistent with a washed-ash recipe. 

 

This experiment also lends strong support to the hypothesis that the formation of the 

glazes is strongly controlled by the temperature-controlled mechanism of eutectic 

melt formation. Both the firing temperature and the duration of firing play a strong 

role in the glaze forming process and determine where along the mixing line melt 

formation takes place. Melt formation starts at and near the eutectic composition but 

also stretches as a tail along the mechanical mixing line towards the ash component, 

with evidence for incomplete reaction in glazes fired for relatively short periods. The 

glaze composition is then increasingly determined by the shape of the cotectic trough 

as reaction times (extended firing/interrupted cooling) or opportunities (half-ash 

glazes) increase, with the tail first shortening and changing into a dog leg to conform 

better with the shape of the cotectic trough at lime-rich compositions, before then 

disappearing, and the glaze composition clustering towards the silica-rich end of the 

possible melt range. A detailed assessment of the relative effects of simple mixing 

and eutectic/cotectic melting on the glaze composition is difficult to achieve with the 

given materials, due to the close overlap of the mixing line between ash and ceramic 

and the particular cotectic trough. The experiments have shown that higher firing 

temperatures and longer firing time result in more homogenous glazes, approaching a 

eutectic composition and better glaze only after extended firing. However, it also 

appears that even in the longest firing experiments, full equilibrium conditions were 

not reached, and a certain spread of glaze compositions remained. 

 

Although temperature and reaction time are very important in the glaze-forming 

process, the experiments also confirmed that the different recipes also affected the 

quality of the glaze. It seems that mixing wood ash with clay produced a better glaze 

than that made from pure wood ash, probably because the ash would have a better 

and more immediate reaction with the clay material to form the glaze. 

 

Finally, the experiments indicate that the formation of a transitional layer between 

glaze and body, rich in newly-formed crystals, is mostly due to an extended soaking 

time just below the liquidus temperature of the system, as part of a particular cooling 
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regime. In contrast, the method of ash application seems to have no relevance for the 

formation of this layer. Thus, the presence of an interaction layer tells us more about 

the operation of the kiln than about the ash application process.  

 

The experiments presented here are only a first step, and will not solve every 

question related to the study of the emergence and development of the early Chinese 

glazing technique. However, they help us to better understand some of the 

fundamental mechanisms involved, and to isolate the influence of specific variables 

on melt and glaze formation. Far from suggesting that the glaze composition is only 

determined by the melt behaviour of the ternary system, it is believed that a better 

understanding of this system enables us to identify more clearly those parameters 

that were culturally determined, such as ash preparation and mixing, firing times, 

maximum temperatures, cooling regimes, and selection of and change in raw 

material use (Table 5.7), once we understand which parameters are determined by the 

melt-forming reactions. Luckily, the slow process of some of the involved reactions 

prevents the swift formation of a eutectic melt, giving us an opportunity to observe 

the anthropogenic effects more easily. 

 

Measurement Interpretation Reference 

Silica and alumina levels in 

body 

Broad geographical origin of raw material (north 

/ south China) 

Chapter 4 

Minor element concentrations 

in body 

Raw material selection (clay quality) and origin Chapter 4 

Relative levels of potash and 

lime in glaze 

Glaze type (potash vapour or lime ash); 

accidental or intentional formation 

Chapter 4 

Total alkaline earth content of 

glaze 

Maximum firing temperature Chapter 5 

Potash in glaze to potash in 

body ratio 

Ash preparation (washing and mixing) Chapter 5 

Phosphate and manganese oxide 

contents in glaze 

Raw material selection (wood ash type, 

limestone) 

Chapter 4 

Homogeneity of glaze 

composition 

Firing time Chapter 5 

Crystal growth at glaze – body 

interface 

Cooling regime / annealing below liquidus 

temperature 

Chapter 5 

Table 5.7: Scientifically analysed parameters and their interpretation in terms of cultural practices 
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Chapter 6  
 

Deqing – the central production site? 
 

6.1 Introduction 

 

As a country boasting a long and successful history of ceramic production, 

archaeologists and historians in China have always been interested in understanding 

the origin, or the birthplace of the earliest high-fired glazed ceramics – 

proto-porcelain. In Chapter 2, the distribution of the proto-porcelain found so far in 

tombs, kiln sites, and residential sites across the country was presented, and the 

earliest occurence of this type of high-fired glazed ceramic, based on our current 

knowledge, was during the Shang dynasty (c. 1700 to 1027 BC). It can also be seen 

that in terms of the numbers, many more proto-porcelain samples have been found in 

south China than in the north. Among all the provinces in the south, Jiangsu ranks 

first in the number of proto-porcelain sites, as well as of proto-porcelain samples.  

 

As for the kiln or production sites, however, none has been found in the north of 

China so far; more surprisingly, among all the proto-porcelain sites in Jiangsu 

province, none of them are kiln sites either. The currently known kiln sites producing 

proto-porcelain were mainly found in the provinces of Zhejiang and Jiangxi in the 

south.  

 

The proto-porcelain and other non proto-porcelain samples analysed in this research 

all came from Deqing, which is located in the northern part of Zhejiang province, 

south China. More than 60 kiln sites have been discovered over the past several years 

in this area, and almost all of them specialised in producing proto-porcelain, covering 

a long time span, from as early as the Shang dynasty until no later than the Warring 

States period.  

 

The proto-porcelain samples excavated or collected from tombs and residential sites 

have been studied since the 1960s, but most of the research focused on the 

typological and chronological aspects of the artefacts. Only in recent years have 

scientific analyses of proto-porcelain samples started to be employed by scholars in 

order to retrieve more information from the artefacts. The proto-porcelain samples 

unearthed from this group of kiln sites in Deqing have been the largest discovery of 

its kind since the 1960s, thus providing a unique opportunity for us to compare the 

compositional characteristics of proto-porcelain both from tombs and production 

sites so that the possible relationship between production and its consumption might 

be revealed and understood. 
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Therefore, in this chapter, three tomb sites from the south of China yielding 

proto-porcelain will be chosen to compare with the production sites in Deqing. This 

comparison is aimed at a better understanding of the compositional characteristics of 

proto-porcelain on a larger scale and, if possible, also at tracing the possible 

production centres of this type of ceramics. At the same time, data from kiln sites 

producing proto-porcelain in Zhejiang, Jiangxi, and Guangdong will also be used to 

compare with the production site in Deqing in order to study the general production 

techniques of proto-porcelain during the period under consideration, especially the 

emergence of this earliest glazing technique. Proto-porcelain excavated in the north, 

although in small numbers, will also be brought into the discussion in order to 

explore its possible relationship with the proto-porcelain production in the south. The 

later highly-developed Yue greenwares in Zhejiang province and other mature 

porcelains from both the south and north will also be included in the present 

argument, to see whether the proto-porcelain and the production sites in Deqing 

could be the ancestor and the early inspiration of this long-standing tradition of 

porcelain production in China, and how this glazing technique continued to develop 

and flourish in the next 1000 years. 

 

6.2 Tombs 
 

6.2.1 Overview 

 

In this section, three tomb sites in south China were selected and the analytical data 

of the proto-porcelain excavated from these tombs will be compared with the data 

from the samples originating from the Deqing area presented above.  

 

The first reason for selecting these three tombs is because they are of different nature 

and located in three different places. The elite cemetery in Hongshan (HSH 鸿山), 

Jiangsu province, is situated in the lower reaches of the Yangtze River and reflects 

the wealth and power of the upper class of the Yue Kingdom during the Warring 

States period. The Wucheng (WC 吴城) site, Jiangxi province, is located in the 

middle reaches of the Yangtze River. The tombs were mainly occupied by 

middle-class merchants living in that area during the Shang dynasty. The 

Henglingshan (HLS 横岭山) tombs are located in the Pearl River Basin in 

Guangdong province. These tombs are all of low-ranking people and not many tomb 

goods were unearthed at this site.  

 

Another important reason to select these three sites is due to the availability of 

published analytical data for the proto-porcelain from the tombs. Not many analyses 

have been carried out on the proto-porcelain samples excavated from tombs, and thus 

the choice of tomb sites for comparison is limited. For ease of comparison with the 
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proto-porcelain samples from the kiln sites in Deqing, the oxides both from the 

present research and from published data are normalised to 100%, while the original 

analytical totals are kept as reported. The specific analytical methods will also be 

mentioned where they are known. However, because the analytical data from 

previous publications was obtained over several years and at different laboratories, 

and some of the analytical methods were not specified, the quality of the data might 

not all be up to the same standard. Althought most of the analytical data was still 

comparable with the data retrieved from this research, the possibility of inaccuracy 

will not be overlooked. 
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Figure 6.1: Map of China showing various tombs and kiln sites producing proto-porcelain and 

porcelain in north and south China (drawn and adapted by the author).   

HSH: Hongshan (鸿山); XS: Xiaoshan (萧山); SY: Shangyu (上虞); SX: Shaoxing (绍兴); WC: 

Wucheng (吴城); JS: Jiaoshan (角山); HLS: Henglingshan (横岭山); MHD: Meihuadun (梅花墩). 
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The Yue elite cemetery in Hongshan 

 

This elite cemetery is located in Hongshan, which is located on the boundary of 

Suzhou and Wuxi in Jiangsu province. More than 100 mound tombs were found in 

the Hongshan area and excavations in 2004-2005 focused on seven big mound tombs. 

This was the first time when archaeologists discovered such a large high-ranking and 

well-preserved Yue cemetery in the lower reaches of the Yangtze River. The tombs 

can be traced back to 473-468 BC (the Early Warring States period), which is 

thought to have been the most flourishing time of the Yue Kingdom reigning over the 

area at that time (Li 2007: 3). Among all the unearthed tomb goods, the musical 

instruments made of proto-porcelain are the most distinguished and extraordinary 

ones. In 2007, more than 30 pieces of proto-porcelain samples from three mound 

tombs, Qiuchengdun (QCD 邱承墩), Wangjiafen (WJF 万家坟), and Laohudun 

(LHD 老虎墩) were analysed by non-destructive XRF (Tables 6.1 and 6.2) (Wu et al. 

2007: 354-364). Among the mound tombs, QCD is the largest one and yielded more 

than 1098 pieces of tomb goods, among which 581 are proto-porcelain samples. 153 

pieces of proto-porcelain samples were excavated at LHD and 300 pieces of stamped 

stonewares were discovered at WJF (Nanjing Museum 2007: 57, 115, 172). Although 

the samples from WJF were initially categorised in the archaeological report as 

stamped stonewares, the scientists were later able to detect glazes on these samples 

and analysed them. Therefore, in the following discussion, the samples from WJF 

will be considered as proto-porcelain and compared with the other samples, either 

from the tombs or from the kiln sites. 

 

No kiln site producing proto-porcelain has been found to date in Jiangsu province, 

making the newly excavated kiln sites in Deqing the nearest known production sites 

to these tombs. As they are separated by less than 200 km (see Fig. 6.1), it is possible 

that the large amount of high-quality proto-porcelain samples unearthed from the 

elite tombs in Hongshan were produced at and imported from the Deqing area. The 

scientific analysis of these tomb samples will probably be useful for the further 

examination of the relationship between them. 

 

Tables 6.1 and 6.2 show the average chemical compositions of proto-porcelain 

bodies and glazes from three mound tombs in Hongshan; individual XRF 

measurements are provided in the appendices.  

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

QCD 24 74.11 17.87 0.66 0.85 2.32 0.60 2.85 0.69 0.04 0.03 99.03 

WJF 8 72.00 18.42 0.60 1.19 2.20 1.03 3.88 0.64 0.03 0.02 99.04 

LHD 8 75.32 17.67 0.32 0.60 1.69 0.52 3.16 0.69 0.01 0.03 99.03 

Table 6.1: The average normalised chemical compositions of the proto-porcelain bodies from three 

mound tombs (QCD, WJF, and LHD) in Hongshan, Jiangsu province, analysed by XRF (after Wu et al. 

2007: 356-358, Tables 1 and 2) 
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Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

QCD 21 62.84 12.94 15.10 3.26 2.06 0.45 2.11 0.42 0.52 0.29 99.81 

WJF 8 71.52 14.04 1.70 1.31 5.26 1.45 3.80 0.72 0.17 0.06 99.21 

LHD 6 64.39 12.64 13.70 3.10 2.15 0.53 2.30 0.44 0.46 0.30 99.91 

Table 6.2: The average normalised chemical compositions of the glazes of proto-porcelain samples 

from three mound tombs (QCD, WJF, and LHD) in Hongshan, Jiangsu province, analysed by XRF 

(after Wu et al. 2007: 358-361, Tables 3 and 4) 

 

The Wucheng site in Qingjiang
3
 

 

Wucheng is located to the southwest of Qingjiang, which is in the centre of Jiangxi 

province. This site was first discovered in 1973 and the excavation and investigation 

continued until 2002. The Wucheng site comprises 23 Shang tombs, which were 

among the earliest sites discovered to date in the middle reaches of the Yangtze River. 

Around 1500 BC, Wucheng was already a prosperous town along the south bank of 

the Yangtze River. As the town was an important connecting point of the kingdoms in 

the north and south, the artefacts yielded from this site blend the characteristics of 

both northern and southern cultures (Jiangxi Institute of Archaeology 2003: 1-5, 86).  

 

In the 1990s, 13 pieces of proto-porcelain samples from Wucheng were analysed by 

Li and other scholars (Li et al. 1992: Tables 1-2; Li 1998: Tables 1-4); these samples 

will be used for comparison with the proto-porcelain samples from the kiln sites in 

Deqing. 

 

Table 6.3 shows the average chemical compositions of proto-porcelain bodies and 

glazes from Wucheng; individual measurements are provided in the appendices. 

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

WC body 13 75.64 16.87 0.33 0.72 1.72 0.41 2.95 1.16 0.15 0.04 99.56 

WC glaze 10 64.31 14.68 6.47 2.02 5.12 0.70 4.86 1.20 0.29 0.35 100.00 

Table 6.3: The average normalised chemical compositions of the bodies and glazes of proto-porcelain 

samples from the Wucheng (WC) site in Qingjiang, Jiangxi province (after Li et al. 1992: Tables 1-2; 

Li 1998: Tables 1-4) 

 

The Henglingshan cemetery in Boluo 

 

The Henglingshan cemetery is located in Boluo, the Pearl River Basin in Guangdong 

province. It was excavated by the Institute of Archaeology of Guangdong province in 

2000. This big cemetery consisted of 332 tombs, 302 of which can be dated to a time 

antedating the Warring States period (Wu et al. 2005: 57). More than 60 tombs with 

                                                        
3
 Qingjiang is one of the counties in Jiangxi province. In 1988, Qingjiang was renamed as Zhangshu. Because 

the denomination Qingjiang was used widely in many previous studies of Wucheng, for purposes of consistency 

the present research will also refer to it as Qingjiang. 
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buried proto-porcelain artefacts (Guangdong Institute of Archaeology 2005: Table 7) 

were found. Unlike those from the Hongshan elite cemetery in Jiangsu, the 

proto-porcelain samples from Boluo were low-ranked ones and produced for 

commoners. Commonly only 1-2 pieces of proto-porcelain were found in each tomb. 

In 2005, 11 proto-porcelain samples were selected and analysed by EDXRF (Table 

6.4) (Wu et al. 2005: 59-61 Table 3-6; Wu et al. 2005: 443-444 Table 3-6).  

 

Table 6.4 shows the average chemical compositions of proto-porcelain bodies and 

glazes from Henglingshan; individual EDXRF measurements are provided in the 

appendices.  

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

HLS body 11 67.92 25.93 0.12 0.58 1.82 0.29 2.58 0.71 0.03 0.01 98.70 

HLS glaze 8 64.16 15.30 11.09 2.64 2.77 0.57 2.42 0.44 0.33 0.30 99.63 

Table 6.4: The average normalised chemical compositions of the bodies and glazes of proto-porcelain 

samples from the Henglingshan (HLS) site in Boluo, Guangdong province (after Wu et al. 2005: 

59-61 Table 3-6; Wu et al. 2005: 443-444 Table 3-6). 

 

6.2.2 The bodies of proto-porcelain from tombs 

 

The relationship between the two major components of the proto-porcelain samples 

from these tombs is shown in Figure 6.2. It can be seen that most of the plotted 

points of the HSH bodies are positioned to those from the kiln sites in Deqing. 

However, the mound tombs in Hongshan from which the proto-porcelain samples 

were excavated dated to the Warring States period, whereas the plotted points of the 

HSH bodies tend to be closer to Deqing bodies from the earlier periods than to those 

from the Warring States period. A few HSH bodies are slightly higher in other minor 

oxides than those of the kiln samples.  

 

Compared to Deqing bodies, WC bodies tend to be more dispersed, being either high 

in silica (more than 80 wt%) or high in alumina (more than 20 wt%). Despite this 

difference, they are still reasonably similar to Deqing bodies.  

 

However, the major components silica and alumina in the HLS bodies occupy a very 

different area from the other bodies on this figure, with a lower silica level (60-70 

wt%) and a significantly higher alumina level (20-30 wt%). Henglingshan (HLS) 

samples are from Guangdong province, which is located in south China, i.e. the same 

area as for the samples from HSH and WC. It is well known that the alumina content 

of the clay in south China is usually around 20 wt%, like the one observed in the 

bodies of HSH and WC; however, the alumina level of HLS bodies regularly exceeds 

20 wt% and in some of them even exceeds 30 wt%. Such a difference indicates that 

either the clay was imported from somewhere else in the north or that the local clay 
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in Guangdong province does not belong to the ‘true’ southern clay type. Because 

Guangdong province is situated at the southern end of China, it would have been 

very inconvenient to transport the clay from a distant area. However, even though the 

alumina level of HLS bodies sometimes exceeds 30 wt%, when compared to the 40 

wt% alumina level in most of the northern clay, it is still not high enough to 

categorise as the northern type. It is most possible that the clay type in south China is 

largely the same, but with slight differences in different areas. Guangdong province 

is close to the south coast of China and is located in the Pearl River Basin, while both 

Zhejiang and Jiangxi provinces are close to the east coast of China and are located in 

the Yangtze River Basin. This geographical difference might cause the clay bed in 

Guangdong province to be slightly different from the others in south China. However, 

the analytical data of the samples from HLS is not sufficient so as to allow us to infer 

that all the proto-porcelain from Guangdong province would be of the same typology 

as these samples. More analysis of the samples from this area should be carried out 

in order to get a more complete picture of the proto-porcelain production along the 

southern coast of China.  

 

Figure 6.2: Plot of silica versus alumina in the proto-porcelain bodies from Hongshan (HSH), 

Wucheng (WC), Henglingshan (HLS), and Deqing (wt%) (See text for sources of data, which applies 

to the other figures in this chapter). 

 

Figure 6.3 shows that the combined levels of lime and magnesia in the HSH bodies 

are spreading over a wider area (0.5-3 wt%) than those in the other bodies, which are 

all under 1.5 wt%. The combined level of alkalis in all the bodies fluctuates from 1 to 
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4 wt%, except for one sample from HSH, where it is as high as 6.5 wt%.  

 

The iron oxide level in most of the proto-porcelain bodies from the tombs is quite 

similar to that in the kiln samples (1.5-4 wt%) (Fig. 6.4). The iron content in the 

tomb samples is more similar to that in the kiln samples from the earlier period of 

time, most of which are above 2 wt%. The analytical data from the literature suggests 

that the potters from the later period might have practiced a selection of raw material 

of a lighter colour (i.e. lower iron oxide level). Interestingly, when it comes to the 

levels of titanium oxide, most of the plotted points of the HSH bodies are clustering 

in a separate area which is under 0.75 wt% TiO2, while most of the other samples are 

above this value. The majority of the WC bodies have TiO2 contents even higher than 

1 wt%. 

 
Figure 6.3: Plot of CaO+MgO versus K2O+Na2O in the proto-porcelain bodies from Hongshan (HSH), 

Wucheng (WC), Henglingshan (HLS), and Deqing (wt%). 
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Figure 6.4: Plot of iron oxide versus titania in the proto-porcelain bodies from Hongshan (HSH), 

Wucheng (WC), Henglingshan (HLS), and Deqing (wt%). 

 

The compositional comparison presented above clearly shows that the HLS bodies 

are quite different from the other bodies, which means that these samples might have 

been produced at a different production site employing a slightly different type of 

clay. The HSH and WC bodies were similar to those from the kilns in Deqing. 

However, the mere similarity between the bodies of proto-porcelain from tombs and 

kilns does not necessarily mean that the proto-porcelain from the tombs was 

produced in this specific Deqing area. At the same time, the quality of the data also 

prevented us from going further to say that this is the case. Therefore, it is safer at 

this stage to come to the conclusion that the use of similar clay sources in these two 

areas – Zhejiang and Jiangxi (both located along the Yangtze River and in the 

Yangtze River Basin) – resulted in similar compositions in terms of major 

components. The difference in the level of other minor oxides, especially the level of 

titanium oxide, might support the argument that at least these two batches of tomb 

samples were not necessarily coming from the kiln sites that were previously 

analysed in the present research.  

 

6.2.3 The glazes of proto-porcelain from tombs 

 

Compared to the levels of silica and alumina in the glazes of kiln samples, some of 

the glazes of tomb samples did not show such a neat positive correlation, as shown in 
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Figure 6.5. The silica levels of the majority of the plotted points from QCD-HSH, 

LHD-HSH, and HLS are falling roughly in a range of 60-70 wt%. The levels of 

alumina in these glazes are also roughly the same, in a range of 10-20 wt%. The 

proto-porcelain samples from WJF-HSH and WC are the outliers and both of them 

seem slightly negatively correlated. Some of them are relatively high in the silica 

level (more than 70 wt%). However, the glaze analysed by XRF is not an ideal 

example, as the underlying body data might be included and the data of light 

elements in the glazes might not be accurate due to the fact that the analysis was 

carried out in air. 

 

Figure 6.5: Plot of silica versus alumina in the proto-porcelain glazes from Qiuchengdun (QCD-HSH), 

Wanjiafen (WJF-HSH), Laohudong (LHD-HSH), Wucheng (WC), Henglingshan (HLS), and Deqing 

(wt%). 

 

The levels of calcium oxide and magnesia in the glazes from tombs QCD-HSH and 

LHD-HSH are very similar to the glazes of kiln samples from the later period of time, 

which are all closely clustered in a high CaO and high MgO zone (Fig. 6.6). 

However, for the glazes from tomb WJF-HSH, the levels of calcium oxide and 

magnesia are much lower than for the samples from the other two HSH tombs, and 

they are also very different from the majority of the kiln samples. Most of the WC 

glazes from the Shang dynasty are clustered in a low CaO and low MgO zone, and 

thus close to those from WJF-HSH, while most of the HLS glazes from the Warring 

States period are clustered in a high CaO and high MgO zone, thus close to 

QCD-HSH, LHD-HSH, and the Deqing glazes from the later period.  
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Figure 6.6: Plot of calcium oxide versus magnesia in the proto-porcelain glazes from Qiuchengdun 

(QCD-HSH), Wanjiafen (WJF-HSH), Laohudong (LHD-HSH), Wucheng (WC), Henglingshan (HLS), 

and Deqing (wt%). 

 

Most of the glazes from QCD-HSH, LHD-HSH, and HLS are similar in the level of 

potash (1-3 wt%) but lower in the level of soda (< 0.5 wt%) than those from the kiln 

sites (Fig. 6.7). The glazes from WJF-HSH and WC are relatively higher in both 

potash and soda levels (4-9 wt% K2O, 0.5-2.3 wt% Na2O) but lower in alkaline earth 

oxides (0.5-3.5 wt% CaO, 0.2-3.1 wt% MgO). The potash level in some of the 

WJF-HSH and WC samples can be as high as 9 wt%, similar to the potash level in 

the glassy surfaces of the kiln walls analysed in the previous chapters. The high 

potash level is a very strong indication that the glazes of these samples were formed 

naturally from potash vapour; therefore, even if some ‘glazed’ area on the surface of 

these samples were visible, they are not yet proto-porcelain but stamped stoneware 

with natural glazes. 
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Figure 6.7: Plot of potash versus soda in the proto-porcelain glazes from Qiuchengdun (QCD-HSH), 

Wanjiafen (WJF-HSH), Laohudong (LHD-HSH), Wucheng (WC), Henglingshan (HLS), and Deqing 

(wt%). 

 

The other impurities, such as iron oxide, show that the proto-porcelain glazes from 

QCD-HSH, LHD-HSH, and HLS (below 3 wt% Fe2O3) are very similar to the kiln 

samples, while some of the WJF-HSH and WC glazes are much higher in iron oxide 

(up to 9 wt%) (Fig. 6.8). The level of titanium oxide is also very different in the 

glazes from QCD-HSH, LHD-HSH, and HLS, the majority of which are below 0.5 

wt%, while most of the glazes from WJF-HSH, WC, and the kiln sites are above this 

level.  

 

Phosphate and manganese are both important indicators of the application of wood 

ash in the glazes. Again, the glazes from QCD-HSH, LHD-HSH, and HLS are 

clustering closely to each other and in an area where the level of phosphate and 

manganese are above 0.25 wt% and 0.1 wt% respectively, altogether reaching up to 

0.5-1 wt% (Fig. 6.9). However, the glazes from WJF-HSH and WC are low in both 

oxides, with phosphate below 0.25 wt% and manganese around or below 0.1 wt%. 

All of these tomb glazes have lower phosphate levels than most of the kiln samples, 

where phosphate often exceeds 0.5 wt% and reaches up to 2 wt%. 
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Figure 6.8: Plot of iron oxide versus titanium oxide in the proto-porcelain glazes from Qiuchengdun 

(QCD-HSH), Wanjiafen (WJF-HSH), Laohudong (LHD-HSH), Wucheng (WC), Henglingshan (HLS), 

and Deqing (wt%). 

 
Figure 6.9: Plot of Phosphate versus manganese in the proto-porcelain glazes from Qiuchengdun 

(QCD-HSH), Wanjiafen (WJF-HSH), Laohudong (LHD-HSH), Wucheng (WC), Henglingshan (HLS), 

and Deqing (wt%). 
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Overall, the proto-porcelain glazes from the tombs can be roughly divided into two 

different groups in terms of their compositional characteristics. Group 1 includes the 

QCD-HSH, LHD-HSH, and HLS glazes, and Group 2 the WJF-HSH and WC glazes. 

The Deqing glazes more or less overlapped with all these glazes. It is easy to 

understand that QCD-HSH, LHD-HSH, and HLS shared some similarity in their 

glaze composition, as both the HSH and HLS tombs are dated back to the Warring 

States period. They also show similarity with those Deqing glazes from the later 

period of time. Although the WJF-HSH and WC glazes are neither from the same 

time period nor from the same site, most of them are quite similar in terms of the 

glaze composition and both showed a distinctive difference from the other samples. 

 

Because most of the glazes from WC and WJF-HSH are high in potash, the glazes of 

Groups 1 and 2 are therefore plotted into the ternary diagram K2O-Al2O3-SiO2, while 

all the glazes from Deqing are still plotted into the ternary diagram CaO-Al2O3-SiO2. 

From Figures 6.10, it can be seen very clearly that the glazes from Group 1 and 2 are 

located in different areas. The glazes from Group 1 are nicely overlapped with most 

of the glazes from the Deqing kiln site. From the previous chapter, it is known that 

the potters’ discovery or awareness of the effect of wood ash on the surface of the 

silica-rich clay reacting in the high-firing kiln is one of the crucial steps leading to 

the emergence of these ancient glazes. However, the successful formation of the 

glazes is probably not only due to keeping strictly to a particular recipe and raw 

material supply, but is primarily controlled by the melting behaviour of the systems 

themselves (Rehren 2000). In terms of the compositions of bodies, we have seen that 

the proto-porcelain samples from HLS are very different from the others. However, 

HLS glazes are very similar to the glazes from QCD-HSH, LHD-HSH, and Deqing. 

This aspect proves once again that it is the eutectic melt system that controls the final 

composition of the glazes rather than the raw material. Therefore, no matter where 

the glazes come from, as long as the ancient potters at that place discovered the right 

control of the temperature in the kiln, the glazes would be falling in a certain 

compositional range. 

 

All these samples from Group 1 are dated to the Warring States period. It is possible 

that the glazing technique was better understood and mastered by the potters during 

the later period of time. Even though the proto-porcelain objects from QCD-HSH 

and LHD-HSH were made for elite tombs while those from HLS were for 

low-ranking people, no distinctive difference was found between the compositions of 

their glazes. This aspect also suggests that it was not the quality of glazes that 

separated the quality of these objects, in turn corresponding to the ranks of these 

tombs, and that this glazing technique was widespread among the potters, at least 

those living in south China, no later than the Warring States period. 
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Most of the glazes from Group 2 are located a bit far away from the eutectic trough 

on the ternary diagram, which means the glazes from these two sites did not reach 

the eutectic state. The glazes from WC are very similar to most of those from 

WJF-HSH. The only difference is that the WC samples are from an earlier period – 

Shang dynasty – while WJF-HSH samples are from the Warring States period. Most 

of them are very high in potash but very low in phosphate. Some of them are also 

very high in iron oxide. Based on the research presented in the previous two chapters, 

these characteristics might indicate that the raw material had not been processed 

properly, which resulted in high iron oxide content, and that the glazes possibly 

formed accidentally in the kilns rich in potash vapour. It is possible that the 

production of WC glazes during the Shang dynasty was still undergoing a trial and 

error process, which eventually enabled the potters to find a better formula for glaze 

formation. Although the WJF-HSH glazes are from a later period of time, they are 

still off the eutectic trough. This find was also in agreement with the description of 

the archaeological report, i.e. that these samples were merely considered ‘unglazed’ 

stonewares before being analysed. During the analysis, very thin layers of glaze were 

detected on the surface of these stonewares and subsequently analysed. This feature 

once again supports the hypothesis of the close relationship but also the fundamental 

difference between stamped stoneware and proto-porcelain. The two pottery types 

still co-existed after the discovery of the glazing technique. It is highly possible that 

in the earlier times potters might have got their inspiration from those accidentally 

glazed stamped stonewares. 
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Figure 6.10: The plotted points of the proto-porcelain glazes from Qiuchengdun (QCD-HSH), 

Wanjiafen (WJF-HSH), Laohudong (LHD-HSH), Wucheng (WC), and Henglingshan (HLS) on the 

ternary diagram K2O-Al2O3-SiO2. 
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Figure 6.11: The plotted points of the proto-porcelain glazes from Deqing on the ternary diagram 

CaO-Al2O3-SiO2. 

 

6.3 Kilns 
 

6.3.1 Overview 

 

In the previous section, the proto-porcelain samples from the tombs have been 

studied and compared with the kiln samples from Deqing compositionally. At this 

stage, it is contended that the proto-porcelain originating from the tombs in Jiangsu 

did not necessarily come from the production sites in Deqing, although this 

possibility is not entirely eliminated. As for the proto-porcelain from the other tombs 

in the Jiangxi and Guangdong provinces, it is highly possible that the proto-porcelain 

was in both cases locally produced using a similar glazing technique. In order to gain 

a better understanding of the production of proto-porcelain during the Shang and 

Zhou dynasties, kiln sites other than the kilns analysed in this research are also 

brought into the discussion in this section. 
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In the previous section, proto-porcelain samples originating from tombs in the 

Jiangsu, Jiangxi, and Guangdong provinces were discussed; therefore, kiln sites from 

these three areas were also selected for analysis (see Fig. 6.1). Over the years, many 

kiln sites producing proto-porcelain were found and studied in Zhejiang province. 

Since the large-scale discovery of kiln sites in Deqing in 2007, Zhejiang was once 

again brought to the spotlight and was thought to be one of the major production 

centres of proto-porcelain during the Shang and Zhou periods (Zhejiang Museum 

2009; Zhu 2009). The Jiaoshan kiln in Jiangxi province is also a well-studied site and 

before the excavation of the Deqing kiln sites in 2007, Jiaoshan had been the earliest 

known proto-porcelain production site in China (Liao 1996: 445). Some scholars 

even argued (Li et al 1987: 33; Liao 1996: 445) that the Jiaoshan kiln was the 

production site for the proto-porcelain found in the tombs from the Wucheng site. 

Similarly, the Meihuadun kiln in Guangdong province was found at the same place 

as the Henglingshan tombs and it is highly possible that Meihuadun could be the 

production site for the proto-porcelain from Henglingshan.  

 

Apart from the abovementioned possible relationships between the tombs and their 

production sites, another reason why these specific kiln sites are selected is again due 

to the availability of published analytical data on proto-porcelain samples. Because 

the analytical data was obtained over several years and some of the analytical 

methods were not specified, for ease of comparison with the proto-porcelain samples 

from the tombs and kiln sites analysed in this research, the oxides are normalised to 

100% while the original analytical totals are kept as reported. 

 

Kilns in Zhejiang province 

 

There is a long-standing tradition of making ceramics in Zhejiang province. 

Xiaoshan, Shaoxing, Shangyu, Yuyao, Ningbo, and Shanglinghu in Zhejiang 

province were all reported to have kiln sites producing proto-porcelain (Li 1984: 1). 

Because to date not a single kiln site producing proto-porcelain has been discovered 

in Jiangsu province, located next to Zhejiang province, the large number of kiln sites 

in Zhejiang was naturally treated as possible production sites for the high-quality 

proto-porcelain yielded from many mound tombs in Jiangsu. Tables 6.5 and 6.6 show 

the average chemical compositions of proto-porcelain bodies and glazes from five 

kiln sites – Jiangshan (JSH 江山), Shaoxing (SX 绍兴), Shanglinghu (SLH 上林湖), 

Xiaoshan (XS 萧山), and Shangyu (SY 上虞) – all in Zhejiang province, together 

with the data from Deqing kilns analysed by other scholars (DQ-others 德清) before 

this research; individual measurements are provided in the appendices.  
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Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

DQ-others 52 75.87 17.05 0.54 0.48 2.04 0.65 2.45 0.88 0.02 0.03 99.64 

JSH 5 75.69 17.67 0.15 0.45 2.77 0.28 1.94 0.93 0.10 0.02 100.48 

SX 10 77.03 15.40 0.34 0.65 2.46 0.84 2.21 1.00 0.05 0.03 100.11 

SLH 2 76.08 16.64 0.47 0.60 1.88 0.66 2.52 1.09 0.06 0.03 99.51 

XS 1 79.78 13.74 0.38 0.45 2.51 0.73 1.69 0.70 nd 0.02 100.30 

SY 1 76.60 16.25 0.40 0.25 2.84 0.35 2.02 1.23 nd 0.07 100.20 

Table 6.5: The average normalised chemical compositions of the bodies of proto-porcelain samples 

from various kiln sites in Zhejiang province (after Li 1998: 87-92, Tables 1-2; Wu et al. 2007: 

361-362, Tables 5 and 6; Xiong 2008: 157-160) 

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

DQ-others 51 62.96 13.78 12.86 2.35 2.52 0.77 2.98 0.62 0.87 0.27 99.89 

JSH 4 62.69 18.11 9.73 1.53 3.52 0.50 2.35 0.81 0.46 0.31 98.69 

SLH 1 66.8 11.65 9.58 2.13 1.9 2.47 3.28 1.11 0.78 0.31 97.95 

Table 6.6: The average normalised chemical compositions of the glazes of proto-porcelain samples 

from various kiln sites in Zhejiang province (after Li 1998: 98-100, Tables 3-4; Wu et al. 2007: 

363-364, Tables 7 and 8; Xiong 2008: 157-160) 

 

The Jiaoshan kiln in Yingtan, Jiangxi province 

 

The Jiaoshan kiln (JS 角山) is located in Yingtan, in the northeast of Jiangxi 

province. It was discovered in the early 1980s (Li et al 1987: 32). Because more than 

12 kilns were found at Wucheng sites even before the Jiaoshan kiln was discovered, 

many scholars tend to believe that the proto-porcelain found at the Wucheng site was 

produced locally rather than imported from other places (Zhou 2003: 525-530). 

However, as a kiln site dated back to the Shang dynasty, Jiaoshan is still a very early 

production site of proto-porcelain which is worth looking into so as to uncover the 

possible relationship between the Jiaoshan and Wucheng sites.  

 

Table 6.7 shows the average chemical compositions of proto-porcelain bodies and 

glazes from Jiaoshan kiln sites; individual measurements are provided in the 

appendices. 

  

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

JS body 11 70.14 21.10 0.40 1.11 1.68 0.50 4.15 0.88 0.06 0.03 99.29 

JS glaze 10 62.30 15.88 8.75 2.63 4.74 0.72 3.86 0.70 0.21 0.21 99.61 

Table 6.7: The average normalised chemical compositions of the bodies and glazes of proto-porcelain 

samples from the Jiaoshan (JS) kiln site in Yingtan, Jiangxi province (after Li 1998: 87-92, 98-100, 

Tables 1-4; Wu et al 2005: 35) 

 

The Meihuadun kiln in Boluo, Guangdong province 

 

The Meihuadun (梅花墩 MHD) kiln site is located in the central Guangdong 

province, and was found in 1975. It is very close to the Henglingshan cemetery and 
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is thought to be the production site for the proto-porcelain found in the tombs (Liu 

and Yang 1998: 604-620). Very few proto-porcelain samples were excavated from 

Meihuadun, and Table 6.8 lists the average chemical compositions of three 

proto-porcelain bodies and glazes from the Meihuadun kiln site; individual 

measurements are provided in the appendices. 

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

MHD body 3 66.98 26.17 0.54 0.48 2.50 0.60 1.79 0.91 0.01 0.01 99.46 

MHD glaze 3 63.96 16.27 10.10 2.94 3.25 0.63 1.85 0.41 0.33 0.26 99.54 

Table 6.8: The average normalised chemical compositions of the bodies and glazes of proto-porcelain 

samples from the Meihuadun (MHD) kiln site in Boluo, Guangdong province (after Wu et al 2005: 

59-61, Tables 3-6) 

 

6.3.2 The bodies of the proto-porcelain from kiln sites 

 

In this section, the analytical data from the Deqing samples and that from other kiln 

samples will be brought together in order to see their similarities and differences. 

The tomb samples will also be brought into the discussion where necessary. The 

major components in the body material are both closely clustered in an area where 

silica is around 70-80 wt% and alumina around 12-20 wt% (Fig. 6.12). Most of those 

plotted points of the samples from the Zhejiang area are clustered in this range. No 

distinctive difference can be found among them. 

 

Figure 6.12: Plot of silica versus alumina in the proto-porcelain bodies from Deqing kiln sites, various 

kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site in Jiangxi 

province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 
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However, there are several plotted points from the JS and MHD sites that are sitting 

in a different area, where the plotted points of tomb samples HLS bodies are also 

situated there (see Fig. 6.2). This analytical data is in agreement with the hypothesis 

put forth in previous research that the MHD site is most possibly the production site 

for the proto-porcelain from HLS. However, because there are only three samples 

from MHD, other variability might exist and consequently other possibilities will not 

be completed eliminated. Compared to the tomb samples in Figure 6.2, the JS bodies 

show a very different characteristic from those from the WC site, and 

compositionally they are very similar to the samples from Guangdong province. It is 

therefore highly likely that JS is not the production site for WC samples, and the 

samples from kiln sites excavated at WC should be analysed instead in order to gain 

a better understanding of their provenance.  

 

Although the clay in south China is of the ‘acid’ (high silica) type, during the 

different clay deposit forming processes, the chemical compositions of the clay 

might be slightly altered. One type of this raw material for ceramic making was 

represented by the gritty masses of rotten rock, which were transformed from 

igneous rocks by deep chemical weathering; another type is constituted by the 

siliceous muds, clays and silts that represent the down-wash from the first weathered 

rocks. They are rich in the valleys, paddy fields, and river plains of the south. During 

water transportation, the coarser mineral grains (usually coarse quartz) settle out, 

which results in a decrease of the silica content in the raw material (Kerr and Wood 

2004: 132-133, 142). Therefore, those samples that are low in silica might have been 

made from raw material being washed or transported by water.  

 

All the other minor oxides in the body material are towards the low end. Most of the 

samples tend to fall in an area where lime and magnesia are lower than 2 wt%, while 

the total alkali content is lower than 4 wt% (Fig. 6.13). But when the samples from 

the Deqing area were plotted separately, subtle differences can still be found among 

them (Fig. 6.14). The alkali level of the majority of these Deqing samples is quite 

similar. However, the lime and magnesia levels of HSH tomb bodies are more similar 

to those from the FJS and TZQ kiln sites than to those from the HSS kiln sites. In the 

previous section, it was argued that the HSH samples were not necessarily made at 

the Deqing kiln sites analysed in this research because of their difference in minor 

oxides. However, based on the chemical analyses of the kiln samples carried out by 

other scholars in the same area, it seems possible that the FJS and TZQ kilns, both of 

which can be dated back to the Warring States period, might be among the 

production sites for the proto-porcelain excavated from the HSH tombs. The iron 

oxide and titanium oxide contents from these kiln sites can be of help to further 

support this possibility (Fig. 6.15). The proto-porcelain from the FJS and TZQ kilns 

and the HSH tombs is higher in iron and lower in titanium oxide, while that from the 

HSS kiln shows the opposite pattern. The JS bodies and WC bodies are also different 
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from each other and from the HSH bodies in iron and titania contents (Fig. 6.16), an 

aspect which supports the argument that they were not produced at the same 

production site. For other samples, no distinctive pattern can be found, as the number 

of samples that were analytically examined is not sufficient to draw any further 

conclusions at this stage. Another thing worth noticing is that the differences 

discussed and conclusions drawn here are only some of the possibilities. Because the 

analytical data quoted here was collected from various sources, the inconsistent data 

quality and unknown analytical methods employed in the study of some samples 

might affect the basis of some of the discussions. 

 

Figure 6.13: Plot of CaO+MgO versus K2O+Na2O in the proto-porcelain bodies from Deqing kiln 

sites, various kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site 

in Jiangxi province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 
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Figure 6.14: Plot of CaO+MgO versus K2O+Na2O in the proto-porcelain bodies from Deqing kiln 

sites and the HSH tombs in Jiangsu province (wt%). 

 
Figure 6.15: Plot of iron oxide versus titanium oxide in the proto-porcelain bodies from Deqing kiln 

sites and the HSH tombs in Jiangsu province (wt%). 
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Figure 6.16: Plot of iron oxide versus titanium oxide in the proto-porcelain bodies from Deqing kiln 

sites, various kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site 

in Jiangxi province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 

 

6.3.3 The glazes of the proto-porcelain from kiln sites 

 

Most of the glazes of the kiln samples are quite similar in their silica and alumina 

levels (Fig. 6.17). The plotted points are clustering in an area where silica is 58-60 wt% 

while alumina is 10-20 wt%. The levels of lime and magnesia do not show any 

distinctive pattern among the kiln glazes. Lime and magnesia are positively 

correlated and the majority of the plotted points tend to scatter around this positive 

line (Fig. 6.18). When it comes to the level of alkali in the kiln glazes, most of the 

glazes are below 1.5 wt% in soda and below 4 wt% in potash (Fig. 6.19), but some of 

the glazes from the JS kiln are very high in potash, reaching up to 5-11 wt%, which 

is very similar to the potash levels in WC tomb samples (see Fig. 6.7). The samples 

from these two sites were produced during the Shang dynasty, when the production 

of proto-porcelain had just started. These glazes might therefore have been produced 

accidentally, due to the high concentration of potash vapour in the kilns.  
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Figure 6.17: Plot of silica versus alumina in the proto-porcelain glazes from Deqing kiln sites, various 

kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site in Jiangxi 

province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 

 
Figure 6.18: Plot of calcium oxide versus magnesia in the proto-porcelain glazes from Deqing kiln 

sites, various kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site 

in Jiangxi province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 
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Figure 6.19: Plot of potash versus soda in the proto-porcelain glazes from Deqing kiln sites, various 

kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site in Jiangxi 

province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 

 

The majority of the iron oxide levels in the glazes are between 0.5 and 4 wt%, while 

the samples can be divided into two different groups according to their levels of 

titanium oxide (Figs. 6.20 and 6.21). The HSH glazes from the tombs tend to be 

more similar to those from the kilns in the Deqing area analysed by other scholars 

than to the kiln samples analysed in this research. Together with the evidence from 

the body material, it is highly possible that the proto-porcelain from the HSH tombs 

might have been produced in the kilns of FJS and TZQ in the Deqing area, dated 

back to the Warring States period. For other samples, no such differentiation could be 

made, as the number of samples is not sufficient. However, as discussed before, such 

a conclusion is also built on the assumption that the analytical data of this research 

and the literature data were compatible. 

 

Compositionally speaking, the major and minor oxides in the glazes from both kilns 

and tombs show some slight difference. As discussed previously in section 6.3.2, this 

kind of similarity is largely due to a temperature-controlled eutectic melt system 

tuning the compositions of the major components automatically. Despite this, it is 

still possible to draw the conclusion to a certain extent that HSH glazes might have 

been produced in kilns located in the Deqing area, based on their minor oxides, such 

as titanium oxide. However, as it can be seen from the following ternary diagram 
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(Fig. 6.22), the glazes from the kilns and tombs are both sitting on this eutectic 

trough and they almost completely overlap each other. Therefore, it is difficult to use 

glaze as an indicator of provenance for the proto-porcelain samples, as the final glaze 

composition does not necessarily reflect the compositional characteristics of the raw 

material. However, the analysis of trace elements such as titanium in the glazes 

might help to better trace the provenance of the production area for a specific type of 

proto-porcelain. 

 

Figure 6.20: Plot of iron oxide versus titanium oxide in the proto-porcelain glazes from Deqing kiln 

sites, various kiln sites (JSH, XS, SY, SX, and SLH) in Zhejiang province, the Jiaoshan (JS) kiln site 

in Jiangxi province, and the Meihuadun (MHD) kiln site in Guangdong province (wt%). 
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Figure 6.21: Plot of iron oxide versus titanium oxide in the proto-porcelain glazes from Deqing kiln 

sites, the kiln sites in Deqing area analysed by other scholars, and Hongshan (HSH) tombs (wt%). 

 

Based on these available analytical data, it is obvious that the glazing technique and 

the high-firing technique developed with time into more mature processes. However, 

it is still unknown whether the glazing technique employed by the potters at different 

places developed separately, or whether the potters at that time established a 

communication system allowing them to exchange information about technological 

innovation. More research should be carried out on proto-porcelain samples and clay 

samples from different areas to solve this problem.  
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Figure 6.22: The plotted points of the proto-porcelain glazes from various kilns and tombs in south 

China on the ternary diagram CaO-Al2O3-SiO2. 

 

6.4 The northern proto-porcelain samples 

 

As discussed in Chapter 2, there are only few proto-porcelain samples excavated 

from tombs and residential sites in north China. On top of that, no kiln sites have 

been found in the north. Questions such as where did this northern proto-porcelain 

come from and what is its relationship with the numerous proto-porcelain samples 

excavated in the south have long been discussed. It is not the aim of this section to 

answer these ‘big’ questions. It simply tries to look into the production techniques of 

the northern samples analysed to date and to raise several hypotheses based on the 

compositional characteristics of the proto-porcelain from the north and south.  

 

Over the years, several scientific studies have been carried out on these samples from 

the north. Li (1998: 87-100, Tables 1-4) and other scholars (Zhang 1986; Kerr and 

Wood 2004) collected some of these data and reported them (Tables 6.9 and 6.10). 
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Tables 6.9 and 6.10 show the average chemical compositions of proto-porcelain 

bodies and glazes from different provinces in north China (see Fig. 6.1); individual 

measurements are provided in the appendices. Where only one sample had been 

reported, no standard deviation was calculated. For ease of comparison with the 

proto-porcelain samples from the kiln sites in Deqing, the oxides are normalised to 

100% while the original analytical totals are kept as reported. 

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Shanxi 2 78.46 14.97 0.11 0.67 2.75 0.22 1.86 0.88 0.08 0.02 100.56 

Shaanxi 7 76.82 15.66 0.57 0.66 2.82 0.44 1.89 1.07 0.03 0.03 100.25 

Henan 12 75.72 17.16 0.34 0.57 2.82 0.56 1.84 0.92 0.02 0.04 100.10 

Beijing 1 76.83 16.95 0.26 0.53 2.39 0.19 2.07 0.75 nd 0.02 100.04 

Hebei 1 73.11 18.04 0.29 1.00 2.49 0.52 3.52 1.02 nd 0.02 100.07 

Table 6.9: The average normalised chemical compositions of bodies of proto-porcelain samples from 

the Shanxi, Shaanxi, Henan and Hebei provinces, and the Beijing area in the north (after Li 1998: 

87-92, Tables 1-2) 

 

Name n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Shaanxi 1 68.02 7.88 12.88 1.34 3.06 0.38 5.44 1.00 --- --- 99.99 

Henan 5 59.73 15.57 13.62 2.25 3.70 0.65 2.73 0.73 0.65 0.37 99.50 

Table 6.10: The average normalised chemical compositions of glazes of proto-porcelain samples from 

the Shaanxi and Henan provinces in the north (after Li 1998: 98-100, Tables 3-4) 

 

Figure 6.23 plots the major components of the proto-porcelain samples from both the 

north and south. The northern bodies are very similar to most of the southern bodies, 

with the levels of silica and alumina in a range of 70-80 wt% and 10-20 wt% 

respectively. These northern bodies are also very similar to those from the south in 

minor oxides (Figs. 6.24 and 6.25). Thus, chemically, the northern bodies are similar 

to those from the south. The easiest conclusion would be that the northern samples 

were produced in the south and transported to the north. This is also the conclusion 

that most of the scholars have been maintaining over the years (Zhou et al. 1960: 

48-52; Zhou et al. 1961: 444-445; Cheng and Sheng 1987: 35-40; Liao 1993: 

936-943; Luo et al. 1996: 39-52; Chen et al. 1997: 39-52; Li 1998: 111; Chen et al. 

2003: 645-654). 

 

However, based on the analysis of trace elements in the proto-porcelain bodies from 

the south and north, and their difference, some other scholars (Zhu et al. 2004: 19-22) 

argued that the northern and southern proto-porcelain were not necessarily produced 

in a single area or in a single production centre in the south, but possibly produced in 

multiple centres both in the north and south, where the clay or raw materials for 

making ceramics were readily available for the potters living in that particular area.  
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Figure 6.23: Plot of silica versus alumina in the proto-porcelain bodies from various sites in the north 

and south (wt%). 

 

Figure 6.24: Plot of CaO+MgO versus K2O+Na2O in the proto-porcelain bodies from various sites in 

the north and south (wt%). 
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From the previous comparison, it is known that at least the proto-porcelain coming 

from Zhejiang and Guangdong in the south was not produced in the same place, 

because the local kiln samples at both sites showed a strong similarity to the local 

tomb samples, while differing from each other. But can this be applied to the samples 

from the north, thus coming to a conclusion that the northern proto-porcelain 

samples were produced in multiple production sites in the north? The first problem is 

that no kiln samples have been found to date in the north, and therefore no direct 

comparison can be carried out. The second problem is that no one can be sure that 

the kiln samples excavated so far in the south completely represent all the 

compositional characteristics and patterns. The northern samples might be produced 

in certain kilns in the south which have not yet been discovered or analysed.  

 

It can also be seen from Figure 6.23 that the northern samples show less variation 

than the southern ones, an aspect which is probably due to the fact that the number of 

northern samples is smaller than of those from the south. It is also possible that the 

production sites producing the northern samples were fewer than those for the 

southern ones. The northern samples might have been produced in fewer production 

sites in the north or might have been imported from few production sites in the south.  

 

At this moment, it is too early to answer this ‘big’ question concerning the origin of 

northern proto-porcelain based on the samples presently available to us. Archaeology 

is a field entailing an ongoing discovery of the past. Not until more samples from 

both the north and south are analysed can we have a more convincing answer to this 

question. 

 

Among the bodies of the proto-porcelain samples from the north, only six samples 

with glazes are included in this research. The level of silica for these samples is in a 

range of 55-70 wt% and that of alumina is between 8 and 17 wt%, both of which are 

very similar to those of the glazes from kilns and tombs in the south. The level of 

lime, the major flux in the glazes, is reasonably high (10-20 wt%), while the level of 

potash is below 5 wt%. The level of iron oxide fluctuates between 2 and 5.5 wt%, 

which indicates that the preparation of the glazing material and the presence of 

impurities were not under close control. In some samples from the Shanxi and Henan 

provinces, phosphate and manganese were not found in their glaze compositions. 

Unfortunately, the information reported in the literature does not specify whether 

these elements were not sought for or not detected. If these two oxides were analysed 

for but not detected, then it is possible that glazing material other than wood ash had 

been playing a role in the formation of the glazes. More analyses should be carried 

out on these samples in order to find out more about this potential difference in 

glazing material. 
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Figure 6.25: Plot of iron oxide versus titanium oxide in the proto-porcelain bodies from various sites 

in the north and south (wt%). 

 

6.5 Ancestors and successors of proto-porcelain in China 

 

Over the past 1000 years in the history of porcelain making, porcelain stone from 

south China has been the most important raw material for producing both the body 

and the glaze, and there has been gradual progress in the development of the 

manufacturing technology and industrial production of porcelain (Guo 1987: 5-6). 

The historical and technological roots of the later mature high-fired glazed ceramics 

are extremely deep, reaching back into the Early Bronze Age. Their essential glaze 

and clay compositions had been established in south China as early as the Warring 

States period (Wood 1999: 36), when the proto-porcelain production reached its 

relatively mature stage from a technological point of view.  

 

In this section, the body composition of the stamped stoneware produced at various 

sites in the south during the Bronze Age will be compared with that of the 

proto-porcelain and the later high-fired glazed ceramics in the south using both 

analytical and literature data. At the same time, the glaze composition of the 

high-fired glazed ceramics produced after the Shang and Zhou periods, especially the 

glaze of Yue greenwares, will also be compared with that of proto-porcelain. In order 

to have a better overview of the production of these high-fired ceramics in China, the 
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unglazed whitewares produced during the Shang dynasty in the north and the other 

northern high-fired glazed ceramics produced between the 1
st 

and 10
th

 centuries AD 

will also be included for the purposes of comparison. 

 

6.5.1 Stamped stonewares in the south and whitewares in the north  

 

Tables 6.11 and 6.12 show the average chemical compositions of stamped stoneware 

bodies from the south and whiteware bodies from the north; individual 

measurements are provided in the appendices. Where only one sample had been 

reported from some of the areas, no standard deviation was calculated. For ease of 

comparison with the proto-porcelain samples from the kiln sites in Deqing, the 

oxides are normalised to 100% while the original analytical totals are kept as 

reported. 

 

Time n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Shang 38 69.76 20.49 0.36 0.89 1.77 0.42 5.02 1.16 0.10 0.04 99.86 

W.Zhou 16 67.94 22.04 0.33 0.89 2.32 0.50 4.69 1.07 0.19 0.04 99.76 

S&A 8 67.57 18.96 0.48 1.03 2.19 1.01 7.56 1.02 0.10 0.07 99.92 

WS 2 69.28 19.74 0.57 1.07 1.97 0.83 5.45 0.97 0.07 0.06 99.24 

Table 6.11: The average normalised chemical compositions of the bodies of stamped stoneware 

samples from the Zhejiang, Jiangxi, and Fujian provinces in the south from the Shang dynasty to the 

Warring States period (after Li 1998: 71-76) 

 

Time SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Shang 51.3 40.8 1.6 0.5 0.5 0.7 1.1 2.2 --- --- --- 

Shang 57.2 35.5 0.8 0.5 2.3 1.3 1.2 0.9 --- --- --- 

Shang 57.7 35.2 0.8 0.6 2.2 1.0 1.6 0.9 --- --- --- 

Table 6.12: The chemical compositions of the bodies of whitewares produced in the north during the 

Shang dynasty (after Wood 1999: 93, Table 33) 

“---” means either that the oxide was not looked for in analysis or that it was sought but not found. 

The original source did not make this distinction. The same rule applies to the appendices. 

 

In terms of major components, as compared to the proto-porcelain bodies, the 

stamped stonewares from the south are relatively lower in silica (60-75 wt%) and 

higher in alumina (15-25 wt%). Considering this feature together with the fact that 

the levels of iron oxide in these bodies are relatively higher (2-10 wt%) and also 

cover a wider range, it is possible that a slightly different local raw material, which 

was higher in iron oxide (darker in appearance), had been used to make stamped 

stonewares (Figs. 6.26 and 6.27). Apart from these oxides, the levels of calcium 

oxide and magnesia in the stamped stoneware bodies are very similar to those in the 

proto-porcelain bodies, below 0.5 wt% and around 1 wt% respectively. The level of 

total alkali in the stamped stoneware bodies is slightly more variable (0.5-5 wt%) 

than in the proto-porcelain bodies, where it is between 1 and 4 wt%. As discussed in 

Chapter 4, this shows once again that the raw material used for making the 
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proto-porcelain bodies had undergone a better screening by the potters. No 

distinctive pattern can be found among the samples from different time periods. It 

seems that the difference is mainly between the types of vessels – stamped stoneware 

and proto-porcelain.  

 

Although the literature data on whitewares from the north is far from sufficient, it 

still shows a distinctive compositional difference from all the other samples produced 

in the south. The level of silica is much lower at 50-60 wt%, while the level of 

alumina is much higher at 35-40 wt% than those in the southern bodies. These 

ceramics are very white because their iron oxide levels are all below 2 wt%. Their 

lime contents tend to be slightly higher than those from the south, while their 

magnesia and alkali contents are very similar to the southern samples. This type of 

Shang whitewares seem to have been the first true stonewares (fired to higher 

temperature, c. 1150 °C) of north China (Wood 1999: 108), and they are believed to 

have been produced locally in the north. In the previous section, it was shown that 

the composition of proto-porcelain found in the north is relatively similar to that 

from the south. This compositional characteristic of Shang whiteware, however, 

suggests that the raw materials used for making the ceramic in the north are indeed 

very different from those in the south, due to the fundamental difference in northern 

and southern geology. The similarity between the northern and southern bodies of 

proto-porcelain observed in the analytical data might thus indicate that they were 

possibly produced in the same region, where the geological features are similar, i.e. 

in the south.  

 

Figure 6.26: Plot of silica versus alumina in the stamped stoneware bodies from the south, 

proto-porcelain bodies from Deqing, and whiteware bodies from the north (wt%).  
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Figure 6.27: Plot of iron oxide versus titanium oxide in the stamped stoneware bodies from the south, 

proto-porcelain bodies from Deqing, and whiteware bodies from the north (wt%).  

 

6.5.2 Porcelain bodies  

 

Tables 6.13 and 6.14 list the average chemical compositions of porcelain bodies from 

the south and north according to their time periods; individual measurements are 

provided in the appendices. Where only one sample had been reported from certain 

time periods, no standard deviation was calculated in the appendices. For ease of 

comparison with the proto-porcelain samples from the kiln sites in Deqing, the 

oxides are normalised to 100% while the original analytical totals are kept as 

reported. 

 

Time n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Han 2 76.41 17.01 0.35 0.55 2.84 0.54 2.72 0.84 --- 0.04 101.28 

3 Kingdoms 1 75.83 16.60 0.33 0.54 2.90 0.60 4.21 0.84 --- 0.02 101.87 

W Jin 1 76.60 16.09 0.30 0.57 3.00 0.89 3.40 0.85 --- 0.02 101.72 

Tang 4 74.28 17.89 0.27 0.46 3.20 0.49 2.78 0.80 --- 0.02 100.17 

5 Dynasties 3 75.36 17.05 0.52 0.49 3.40 0.40 2.31 0.81 --- 0.03 100.17 

Song 9 71.99 19.95 0.64 0.45 3.80 0.47 2.08 0.47 --- 0.06 99.88 

Yuan 1 70.77 20.13 0.17 0.74 5.50 0.82 1.63 0.16 --- 0.07 99.99 

Ming 1 70.18 20.47 0.16 0.29 6.02 0.97 1.71 0.19 --- 0.10 100.09 

Table 6.13: The average chemical compositions of the bodies of porcelain from Zhejiang province 

(except one body from Jiangxi province) in the south from the Han to the Ming dynasty (c. 1
st
 century 

BC to 16
th

 century AD) (after Pollard and Hatcher 1986: 273-274). 
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Time n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Tang 13 61.87 31.86 0.68 0.55 2.35 0.68 0.78 0.85 0.10 0.04 --- 

5 Dynasties 1 61.20 32.90 3.40 0.90 1.25 0.10 0.60 0.60 --- 0.02 --- 

Song 8 65.96 27.59 0.73 0.56 1.90 0.50 1.74 1.19 0.10 0.05 --- 

Jin 1 59.20 32.70 0.80 1.10 1.70 0.30 0.70 0.75 --- 0.01 --- 

Qing 1 65.10 28.10 0.60 0.40 2.30 0.30 2.20 1.50 --- 0.04 --- 

Table 6.14: The average chemical compositions of the bodies of porcelain from the Hebei, Henan, and 

Shaanxi provinces in the north from the Tang to the Qing dynasty (c. 7
th

 century AD to 18
th

 century 

AD) (after Wood 1999: 93, 97, 98, 100, 103, 112, 127, 133). 

 

Because of the independent invention of northern and southern porcelain and the 

different geological features of south and north China, not surprisingly, the bodies of 

mature porcelain from the south and north are distinctively different from each other 

in terms of their major components (Fig. 6.28). Most of the northern porcelain bodies 

are lower in silica (50-65 wt%) and higher in alumina (25-40 wt%) than those from 

the south. In contrast, the proto-porcelain bodies produced in the Deqing area are 

very similar to the porcelain bodies from later periods produced in the same area. 

Even the levels of iron oxide in proto-porcelain bodies are very much within the 

range of those in porcelain bodies both from the south and north (0.5-3 wt%) (Fig. 

6.29). The quality of the proto-porcelain bodies is almost equal to that of the mature 

porcelain which was produced hundreds of years later. Clearly, the high quality of 

the raw material in China was the most important determining factor for the 

successful emergence of porcelain and its later prosperity. 

 

Figure 6.28: Plot of silica versus alumina in the porcelain bodies from the south and north, and 

proto-porcelain bodies from Deqing (wt%).  
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Figure 6.29: Plot of iron oxide versus titanium oxide in the porcelain bodies from the south and north, 

and proto-porcelain bodies from Deqing (wt%). 

 

6.5.3 Porcelain glazes 

 

After the potters of the Shang and Zhou periods from south China had discovered the 

technique of lime glaze, it was inherited and later developed by the potters of the 

period following the Bronze Age. Table 6.15 shows the average chemical 

composition of the glazes of Yue-type greenwares from the south. Yue greenware 

from Zhejiang province was believed to have directly developed out of the 

proto-porcelain production in the same region. Table 6.16 covers the average 

chemical compositions of the glazes from other kilns both from the south and north. 

 

Kiln n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Yue 12 59.3 12.8 18.4 2.3 1.7 0.7 2.0 0.7 1.2 0.5 99.3 

Table 6.15: The average chemical composition of the glazes of Yue-type wares from the Zhejiang, 

Hunan, and Sichuan provinces in the south, mainly from the Han dynasty (c. 1
st
 century BC to 1

st
 

century AD) (after Wood 1999: 22, 32, 40, 116). 
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Time Kiln Province n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

E.Han Qingzhusi 
Hunan 

(South) 
2 59.0 13.8 18.0 1.8 2.9 0.5 1.9 0.7 1.2 0.4 99.9 

Song Longquan 
Zhejiang 

(South) 
5 67.2 14.5 9.3 0.9 4.9 0.4 0.6 0.1 0.7 0.3 98.5 

Tang Gongxian 
Henan 

(North) 
5 66.3 14.8 10.6 1.4 3.3 1.7 0.8 0.2 0.6 0.1 --- 

Tang Xing 
Hebei 

(North) 
4 65.4 17.9 10.4 2.4 1.3 0.6 0.7 0.1 --- 0.1 --- 

Song Yaozhou 
Shaanxi 

(North) 
6 67.3 14.7 10.5 1.7 2.5 0.4 2.4 0.3 0.7 0.1 100.2 

Song Linru 
Henan 

(North) 
5 67.4 14.9 8.3 0.8 3.9 1.6 1.7 0.3 0.4 --- 99.2 

Table 6.16: The average chemical compositions of the glazes of Yue-type wares from the Hunan and 

Zhejiang provinces in the south and the Shaanxi, Henan, and Hebei provinces in the north from the 

Han to the Song dynasty (ca. 1
st
 century BC to 11

th
 century AD) (after Wood 1999: 93, 97, 98, 100, 

116). 

 

Figure 6.30: Plot of silica versus alumina in the porcelain glazes from various kiln sites in the south 

and north, and proto-porcelain glazes from Deqing in the south (wt%).  

 

Generally speaking, the above analyses from the Yue, Qingzhusi, Longquan, 

Yaozhou, Linru, Gongxian, and Xing kilns, combined with the analyses of the 

proto-porcelain glazes from Deqing, clearly demonstrate that despite the wide 

geographical spread of the kilns concerned, these glazes are remarkably similar in 

composition, especially in their major components silica (55-70 wt%) and alumina 

(10-20 wt%) (Fig. 6.30). The early southern glazes of Yue greenwares and Qingzhusi 

wares, which are mainly from the Han dynasty, are clustered in a low silica and low 
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alumina region, while those from the later period of time are in an opposite area. This 

is probably due to the relatively higher level of lime (around 20 wt%) and magnesia 

(2-3 wt%) in those Han (Yue and Qingzhusi) glazes, which pushed down slightly the 

levels of their major components. Looking at the later glazes, the level of lime is 

considerably down, to only around 10 wt% (Fig. 6.31). At the same time, the alkali 

contents of the early southern glazes are mostly below 3 wt%, while those of the 

early northern glazes from the Tang dynasty are between 1.5 and 6 wt%. The potash 

level of some of the late southern glazes from Longquan is as high as 5.4 wt% (Fig. 

6.32). Such a difference between the glazes from different time periods becomes 

even clearer when analysing the levels of iron oxide and titanium oxide. The samples 

are clustered in two different areas, where the southern glazes from the earlier time 

period are higher in both iron oxide and titanium oxide (Fig. 6.33). Overall, the 

proto-porcelain glazes are more similar to the early southern glazes. As was shown 

by the experimental firing in Chapter 5, higher temperature and longer firing time 

can bring out a better equilibrium state, pushing down the level of calcium oxide 

from 20 wt% to around 10 wt%. However, from the observation of the phosphate and 

manganese levels in these glazes, this is probably not the major reason explaining the 

decrease of lime content in these glazes. The phosphate and manganese levels of 

those glazes from the later period of time are below 1 wt% and 0.2 wt% respectively, 

while those of the glazes from the earlier time period are all higher (Fig. 6.34). 

Because the presence of these two elements are a strong indication of the use of 

wood ash in the glaze-forming material, the lower levels of both of them might 

suggest that wood ash was no longer the major or sole component for making the 

glazes.  
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Figure 6.31: Plot of calcium oxide versus magnesia in the porcelain glazes from various kiln sites in 

the south and north, and proto-porcelain glazes from Deqing in the south (wt%).  

 

Figure 6.32: Potash versus soda in the porcelain glazes from various kiln sites in the south and north, 

and proto-porcelain glazes from Deqing in the south (wt%).  
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Figure 6.33: Plot of iron oxide versus titanium oxide in the porcelain glazes from various kiln sites in 

the south and north, and proto-porcelain glazes from Deqing in the south (wt%).  

 

Figure 6.34: Plot of phosphate versus manganese in the porcelain glazes from various kiln sites in the 

south and north, and proto-porcelain glazes from Deqing in the south (wt%).  
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6.6 Summary 

 

The discussion in this chapter was mainly based on the analytical data on 

proto-porcelain samples and other related ceramics, both from tombs and kiln sites in 

China, published so far. The aim of this research is to contribute to the big picture of 

the production of proto-porcelain during the Shang and Zhou periods, and its 

relationship with the earlier unglazed high-fired ceramic production and the later 

mature porcelain production.  

 

The compositions of the proto-porcelain bodies bear a clear characteristic indicative 

of the southern raw material – porcelain stone, except for those from the HLS tombs 

and the MHD and JS kilns, which are lower in silica and higher in alumina. The 

lower level of silica might be due to the transportation of the raw material by the 

river, so that the coarser quartz minerals were washed away and the level of alumina 

was heightened. Even the proto-porcelain bodies found in the north shared this 

characteristic with those from the south.  

 

However, the bodies of earlier high-fired unglazed whitewares and the later mature 

porcelain produced in the north show completely different compositions, which bear 

a strong characteristic indicative of northern clay. This shows that the potters in the 

north did employ the local clay to make high-fired ceramics in early times. Therefore, 

the distinct compositional difference between the whitewares and northern 

proto-porcelain samples indicates that the small number of proto-porcelain samples 

found in the north were most possibly produced in the south, or at least produced 

from the southern raw material. However, within the broadly similar composition, 

there appear to be clear sub-groups, suggesting the possible existence of multiple 

production centres. 

 

The proto-porcelain glazes are remarkably similar among the samples from tombs 

and kilns. This aspect once again supports the hypothesis developed in Chapter 4 that 

the formation of the glazes is probably not due to keeping strictly to a particular 

recipe and raw material supply, but is primarily controlled by the melting behaviour 

of the eutectic melting systems themselves. The glazes from tombs WC and WJF are 

quite high in potash and low in lime, and these glazes might have been produced 

accidentally by the potash-rich vapour in the kilns, while the others were 

intentionally processed by the potters. Whether this glazing technology was 

discovered in a single area and later spread to the others or whether it was discovered 

in multiple areas at different times is still not clear. However, one thing is certain: 

that the glazes produced in the later period of time clearly developed from this early 

glazing technology, especially the Yue-type greenwares and other stonewares before 

the Tang dynasty.  
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The emergence of the whitewares in the north showed that careful screening of the 

raw material and the high-firing technology had long been mastered by the potters in 

the north, as far back as the Early Bronze Age; however, the mature glazing 

technology was not as widely practised in the north as in the south until the 7
th

 

century AD, when the world’s first porcelains were made in north China. A gap of 

some 1800 years separates the Shang whitewares from the first true Chinese 

porcelains, and this was a period that saw very little use of stoneware materials in the 

north, whether glazed or unglazed (Wood 1999: 39-40). However, during this long 

gap in the north, in south China the potters discovered the world’s first high-fired 

lime glaze and gradually developed it into one of the most successful and 

long-standing industries of high-fired glazed ceramics in the world, lasting for more 

than 2000 years.   
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Chapter 7  
 

The meaning of proto-porcelain 
 

7.1 Introduction 

 

For archaeological scientists, the artefact itself is the first tangible encounter in 

research. Therefore, the aim of the scientific study of any archaeological artefact can 

be best understood using two principal headings: (1) characterisation and (2) 

technology (Peacock 1970: 376). This is what this research attempted to do with 

regards to the proto-porcelain presented in the previous chapters; the compositional 

characteristics of the proto-porcelain and the earliest high-fired glazing techniques in 

China can be known through observation and direct scientific analysis on these 

tangible proto-porcelain sherds excavated or collected from archaeological sites.  

 

Although most of the efforts have been directed to reconstructing the ancient 

technology and to expanding our understanding of the proto-porcelain itself, these 

technological data must subsequently be interpreted in order to provide a better 

understanding of the behaviour of the people who produced, distributed, or used the 

pottery. It is only thus that the final objective can be reached, which is “not to 

describe microscale activities, but to understand macroscale social processes” 

(Dobres and Hoffman 1994: 213). One particular thing that intrigues archaeologists 

from generation to generation is the possibility of knowing and understanding the 

past, especially the various activities of human beings, from the mute archaeological 

remains preserved in modern times. These remains, including the artefacts and other 

burial monuments, continue to impress and to awe us, although we no longer have 

access to the underlying narrative and myth that would allow us to interpret them 

fully (Renfrew 2001: 137-138). Indeed, we do not have a time machine to travel to 

the past and know exactly what happened to our ancestors, and the back-projection 

of modern perceptions further prevents us from getting closer to the past truth; 

however, various theoretical models and paradigms developed by scholars in 

previous decades might help us to stretch our knowledge a bit further towards the 

past. Like Renfrew contended in his article, “by their works ye shall know them” 

(Renfrew 2001: 138), we might be able to say for the present research that ‘by the 

potters’ works (proto-porcelain) ye shall know the potters and other people living in 

the Shang and Zhou periods’. 

 

Therefore, at this stage, the questions being asked include, typically, how ceramic 

production or distribution was organised and what were the reasons for technological 

innovation and technological choice (Tite 1999: 183). Scientific analysis is 

indisputably an important and interesting element in its own right; however, in 
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isolation it cannot answer all the questions. At the interpretation stage, archaeological 

input is again crucial. It defines the overall contextual aspects: from the 

environmental and technological constraints, through subsistence, the economic base 

and the social and political organisation, to the religious and belief systems of the 

people under consideration. It might help to decipher not only the reason for the 

early emergence of high-fired glazed ceramics, but also the social and possibly 

ideological meanings related to them.  

 

In addition to the discussion regarding proto-porcelain, its relationship with bronze 

vessels will also be examined in order to look at (1) the differences between societies 

and cultures; (2) the cross-cultural and cross-craft interactions and their social and 

cultural implications. 

 

7.2 Technological choices and innovation  

 

Schiffer and Skibo (1987: 595) stated that “a technology is a corpus of artefacts, 

behaviours, and knowledge for creating and using products that is transmitted 

inter-generationally”. It involves not only the passive objects being produced as a 

result of technology, but also the active human behaviours that are necessary to make 

the technology happen. The production of every piece of artefact requires the 

craftsman to make a series of choices. There are five main areas of ‘choice’ within 

any technology: (1) raw materials; (2) tools used to shape the raw materials; (3) 

energy sources used to transform the raw materials and power the tools; (4) 

techniques used to orchestrate the raw materials, tools, and energy to achieve a 

particular goal; (5) the sequence (or chaîne opératoire) in which these acts are linked 

together to transform raw materials into consumable products (Sillar and Tite 2000: 

4). All these choices are interdependent but are also affected by various factors. 

Some of them have direct influence on people’s choices, such as natural environment, 

technological knowledge, economic systems, and social, political, and ideological 

contexts; while some of them bear an indirect influence, such as the mode of 

production and the extent of craft specialisation (Schiffer and Skibo 1997; Sillar and 

Tite 2000). Therefore, in this section, the behaviour of human beings (mainly 

concerning the technological choices made by them) and the knowledge leading to 

innovation and the emergence of a new technology will be discussed within the 

context of proto-porcelain production during the period of the Shang and Zhou 

dynasties. We will look specifically into the reasons why and the ways in which the 

high-fired glazed ceramics first appeared in south China, employing this theoretical 

framework of technological choices and their constraints to see how the factors 

influencing the technological choices worked within a specific production industry in 

early China. Because the contemporary bronze production was flourishing in the 

north, this will also be discussed, so as to compare it with the proto-porcelain 

production in the south, in order to see their similarities and particularities. 
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7.2.1 Natural environment 

 

The knowledge which enabled craftsmen to decide which raw materials, tools, and 

energy sources were the most suitable for producing certain objects is largely shaped 

by the natural environment where these people lived. At the same time, active 

decisions made by the craftsmen regarding their natural environment sometimes led 

to technological innovation.  

 

First of all, we have to admit that under most circumstances the craftsmen are 

constrained in their selection of material by its availability and accessibility. Wood 

(2009: 51-52) contended that the success and continuity of south China’s 

long-running stoneware tradition seem to have depended on three essential elements 

– the use of naturally siliceous stoneware clays; the use of the dragon kiln principle; 

and a simple and effective method for glaze-making that combined body-clays with 

calcareous wood ashes to create stoneware glazes. 

 

As was discussed in the previous chapters, siliceous clays, or porcelain stones, which 

are abundant as surface deposits throughout south China, are the major raw material 

employed to make both the ceramic bodies and glazes in this region (Guo 1987: 5; 

Luo and Li 1998: 647; Kerr and Wood 2004: 24; Wood 2009: 52). Based on Rice’s 

(1987: 116) research, proximity to resources also had a great impact on the decisions 

regarding which raw material was being procured, and is therefore thought to be one 

of the most important criteria in this respect. Therefore, one of the most important 

reasons for the early emergence of the high-fired glazed ceramics in south China is 

largely attributed to the abundant deposits of raw material and the easy access to it.  

Apart from the clay, other elements of the natural environment in the south also 

inspired potters to choose the technique and energy sources favouring the emergence 

of proto-porcelain. South China, especially southeast China, mainly comprises plains 

and small hills, which are interwoven by numerous river systems leading into the 

Yangtze River. The warm-temperate climate in southeast China also contributes to 

the growth of a special pine – horsetail pine (pinus massoniana) – which is suitable 

for long-term firing in this region (Shaw 1914: 52). Most of the proto-porcelain kilns 

in Deqing are dragon kilns, built up along the slopes of small hills. Such construction 

allowed the hot air to travel upward from the firebox at the bottom and to create a 

slowly but evenly heated environment in the kiln (Kerr and Wood 2004: 249-251). 

All of these kilns are situated close to river systems, because these provided the 

cheapest way of transporting the end product (proto-porcelain) to other parts of the 

country. Another important reason for this is that ceramic production usually 

involved a large consumption of water.  

 

During the modern excavation of these kilns in Deqing, a lot of bamboo was found 
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growing on top of the kiln remains, and no horsetail pine was found. This might be 

due to a reason that has been stated clearly as follows (Cai 1994: 42): 

 

After the middle of the Northern Song Dynasty, the ceramic industry on the northern 

Zhejiang plains, the central Zhejiang basin and the coastal areas of southeast 

Zhejiang saw a rapid decline. This was partly due to the gradual exhaustion of good 

clay after long years of celadon production, and partly a result of an acute shortage 

of firewood for firing the dragon kilns. 

 

This explanation shows that at least before the Song Dynasty (11
th

 century AD), 

south China was still a region abundant in good clay for making proto-porcelain and 

in suitable firewood for firing the clay to the end product. Therefore, the natural 

environment in the south prepared the ‘good soil’ for the seeds to grow into the 

production of the earliest high-fired glazed ceramics in south China. 

 

7.2.2 Technological knowledge 

 

However, all the advantages from the natural environment do not take away the 

credit for the active responses to the environment from the potters, who discovered 

the ideal compositional proportion for the proto-porcelain bodies and the first glazing 

techniques, and were also able to pass on this technological knowledge to the next 

generations.  

 

The craftsmen actively accumulated technological knowledge so that they could 

respond to the various advantages and constrains of the natural environment. 

Technological knowledge has three essential components: recipes for action, 

teaching frameworks, and techno-science (Schiffer and Skibo 1987: 597). The 

potters played an active role in all three aspects. The first two aspects mainly include 

finding out the ideal recipes within the given environment, and teaching through 

practice and oral instruction in order to transmit the knowledge inter-generationally 

or inter-regionally. Techno-science accounts for why recipes for action lead to the 

making of the intended product and why that product, once made, can perform its 

function. The technologist, striving to solve immediate practical problems, often 

stumbles into domains not previously explored scientifically. By using trial-and-error 

and more structured methods of experimentation, the artisan forges new basic 

science in a technological context. This model also echoes Zhang’s (1986b: 40) 

speculation regarding the accidental discovery of the earliest glazing technique by 

repeated observation and intentional imitation on a trial-and-error basis by Chinese 

potters, who eventually developed this technique into a major innovation and 

breakthrough in China’s long history of ceramic production. 
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7.2.3 Economic and political organisation 

 

When it comes to the discussion regarding the influence of economic and political 

organisation, the production of bronze vessels in the north will be looked at 

alongside the production of proto-porcelain in the south.  

 

It seems that the production of bronze vessels in the north was less constrained by 

the natural environment but more by the technological knowledge, and the economic 

and political organisation. Most parts of China were not copper- and tin-rich regions, 

and the ancient deposits of the metals were few, small, and easily exhausted (Shi 

1955: 102). A recent comprehensive and inter-disciplinary research combining 

geology, geochemistry, and lead isotope tracing on almost 300 pieces of Shang 

bronze vessels found that the ratio of 206Pb and 204Pb reaches 20 to 24, while the ratio 

of 207Pb and 204Pb is larger than 15.8. Such lead isotope ratios occurring in the ore 

deposits are only found in the northeast Yunnan Province, Qinling, and Liaodong 

Peninsula (Chang et al. 2003: 324). No such ores are found at Anyang, or in Henan 

province, where the centre of the Shang dynasty was then located. However, 

practically all the bronze vessels have been excavated or found in tombs in Anyang 

or its vicinity. It has been suggested that the reason why the Three Dynasties (Xia, 

Shang and Zhou dynasties) all moved their capital cities several times was so as to be 

near new exploitable fields from which adequate supplies of the pertinent metals 

could be acquired (Chang 1984: 55).  

 

The casting of some of the large and complicated bronze vessels by the 

section-mould (or piece-mould) technique was a difficult undertaking that required 

ample labour, precise organisation, and complex management. Furthermore, before 

bronzes could be cast at the foundries in the cities, copper and tin ore had to be 

mined and smelted at the sources, and ingots had to be transported to the cities 

through territories that may or may not have been occupied by friendly neighbours 

(Rawson 1980: 57-60; Chang 1991: 16-17).  

 

Therefore, in order to secure a sufficient supply of raw materials and the intensive 

investment of labour necessary to produce the bronze vessels, there had to be a 

strong and centralised power, which has the capacity to modify or transform the raw 

materials into the final products, enabling individuals to alter the conditions of their 

existence and the outcomes of determinated situations (Miller and Tilley 1984: 5). 

The shift of capital cities and the migration of labour also required huge economic 

investment, vast manpower, and strong military protection. Bronze production 

flourished most during the Shang and Western Zhou dynasties. After the fall of the 

Western Zhou, the Eastern Zhou dynasty experienced intense social turmoil and 

reforms, which challenged the original ritual and musical systems. Various beautiful 
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bronze objects of the Shang and Western Zhou dynasties were replaced by wooden 

items (Li 2011: 18-20); this was due to the collapse of the strong and centralised 

power of the previous Shang and Western Zhou dynasties. This might suggest that 

economic and political power was one of the major driving forces behind the 

production of bronze vessels. 

 

However, the situation in the south was totally different from that in the north. As in 

the north, the southern kingdoms did not have sufficient raw materials for making 

bronze vessels in the first place. Apart from that, south China was historically 

divided into several different kingdoms, which in turn enjoyed short-term military 

success over the others. None of these kingdoms were strong enough to secure the 

raw material for making bronze vessels, which was not readily available nearby. 

Because they were constantly at war for claiming more territories, it was less 

possible for a complex and organised management system to arise to coordinate the 

complicated bronze production process. Although bronze vessels were unearthed 

from various tombs in the Jiangsu and Anhui provinces (Ma 2003: 483-490), they 

never held as significant a position as their counterparts in the north. 

 

However, proto-porcelain production is completely different from bronze production 

regarding its economic and political organisation. The raw material for making 

proto-porcelain is so abundant in the south that it cost little to procure and its 

procurement was hardly affected by the shift of political power. Although 

proto-porcelain production is also labour-intensive, the technological knowledge 

necessary for making ceramics is less complicated than that for making bronze 

vessels. The production of ceramics can even be carried out within a single 

household by women (Arnold 1985: 99). Therefore, it is possible for ceramic 

production to survive and even to flourish without the presence of a strong and 

centralised power. A good example confirming this aspect is that after the collapse of 

the Shang and Western Zhou dynasties in the Central Plain, bronze production 

seemed to experience a significant decline, while the proto-porcelain production, on 

the contrary, went through a period of big leaps in both quality and quantity. The 

difference in economic and political organisation led to a clear discrepancy in terms 

of the respective societies’ choices, favouring bronze production in the north and 

ceramic production in the south. 

 

7.2.4 Extent of craft specialisation 

 

While the natural environment, technological knowledge, and economic and political 

situations are all direct factors influencing the technological choices of craftsmen, the 

extent of craft specialisation has an indirect influence over such choices.  
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During the investigation of ceramic technology in South America, Arnold (1985: 99, 

229) observed that pottery-making was scheduled so as not to interfere with other 

subsistence activities, and that the most basic level of manufacture in households was 

often carried out by women. As household manufacture developed into industry with 

specialised production, the second stage in his model of development was reached, 

when both men and women were involved in the work. The third stage of 

development was marked by workshop industry, and the emergence of pottery 

making as a full-time occupation. Although no direct comparison can be made 

between China and South America, the basic principles behind Arnold’s model can 

be used to provide clues. 

 

The consistency of the chemical compositions of the bodies and glazes, and the 

widespread glazing technique might imply that a mature workshop industry was in 

place at the Deqing kilns. The compositional comparison between the 

proto-porcelain samples excavated from Deqing and other nearby areas also indicates 

that there might have been an even larger production region for proto-porcelain 

during the Shang and Zhou periods. However, we always need to bear in mind that 

the compositional similarity among the proto-porcelain samples might not be the 

outcome of craft specialisation but simply of the use of similar raw materials in the 

south throughout the period under consideration. The evidence from the excavations 

might help to solve this dilemma. More than 60 kilns dated back to the Shang and 

Zhou periods were found clustering on the slopes in a small valley by the East Tiao 

Creek. As discussed in Chapter 6, most of the kiln sites producing proto-porcelain 

were found concentrated in a small number of areas – Deqing and Xiaoshan in 

Zhejiang province, Jiaoshan in Jiangxi province, and Meihuadun in Guangdong 

province. Compared to kilns, there are many more tombs and residential sites where 

proto-porcelain was found. This might indicate that the proto-porcelain was produced 

in these areas and then distributed to other regions. This helps to explain why even 

though not a single proto-porcelain production site has yet been found in Jiangsu 

province and in north China, still a large number of proto-porcelain sherds were 

discovered in tombs across Jiangsu, and a small amount of proto-porcelain was 

found in various tombs across the north. If this is the case, then the situation 

corresponds to the third stage in Arnold’s model and should be characterised by 

full-time potters who produced similar ceramic vessels in different workshops and 

during different time periods. From an economic point of view, specialisation allows 

for the exploitation of differences in the natural abilities of individuals and in the 

natural resources of geographic regions. It permits the emergence of economies of 

scale and minimises investment in duplicating the tools of production (Brumfiel 

1980: 459). However, not until the full discovery of proto-porcelain production sites 

can the exact extent of craft specialisation during the Shang and Zhou periods be 

known. 
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From a political and ideological perspective, Peregrine (1991: 1) also provided us 

with another way to measure the extent of craft specialisation. As he said, “there is a 

close relationship between the advances in craft specialisation and the emergence of 

powerful elites”. The best example of this in the context of China is that the bronze 

vessels in the north appear to have been uniquely associated with elites, linked with 

ancestral spirits and acting as a potent display of wealth. Both functions served to 

legitimate the elites’ political authority (Chang 1983: 95-108). Therefore, we can 

expect that elites will attempt to maintain a monopoly on control over those items 

that act as manifestations of political authority (Miller 1982: 90). More monopoly 

control means more requirements for special sectors or a group of specialists to 

produce the objects with political and status significance. It is thus clear that bronze 

production in north China should have involved a relatively high extent of craft 

specialisation.  

 

But what was the situation in south China? No clear evidence can be convincingly 

used to illustrate the extent of craft specialisation during the Early Bronze Age. But 

the excavation of large amounts of proto-porcelain, including many distinguished 

musical instruments, from an elite tomb dating from the Warring States period might 

enable us to get a glimpse of the elites’ control over these objects. All of these 

proto-porcelain vessels, including the musical instruments, exhibited a similar 

appearance, and they have only been found with the elites at that time (Fig. 7.1). The 

highly standardised organisation of these objects, together with the compositional 

similarity among all the proto-porcelain produced in the Zhejiang area, might to a 

certain extent demonstrate that craft specialisation had already come into existence 

on two levels. On the first level, the majority of potters were working at the kilns 

scattered across the Zhejiang, Jiangxi and Anhui provinces to produce the 

proto-porcelain meeting the demands of ordinary people at that time; while on the 

second level, a small number of potters produced the proto-porcelain for the elites 

under a centralised supervision, either by the head of the workshop or directly by the 

members of the ruling classes. 
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Figure 7.1: The proto-porcelain vessels (middle: stem bowls) and musical instruments (upper: hanging 

bells 悬铃; bottom: chimes 磬) unearthed from the Hongshan mound tomb exhibited a high degree 

of standardisation in their appearances (after Nanjing Museum 2007: Plates 84, 111 and 132). 

 

7.3 Interaction and cultural expression 

 

The previous section tried to sketch out the factors that influenced the technological 

choices of the ancient craftsmen and the possible organisation of the production. A 

distinctive difference can be found between north and south China, where bronze and 

ceramics were respectively produced. The following section aims to focus on the 

similarities between these two technologies so that the interactions between them and 

the factors that encouraged such interactions might be revealed.  

 

According to Wright’s (1985: 23) understanding, three different levels of craft 

interaction can be distinguished. One level of interaction involved the sharing of 

technology in which cultural boundaries were easily crossed. It is possible that in the 

ancient world technologies were not monopolised and probably were not exhibitors 

of cultural identity. A second level of interaction involves shared stylistic traits, 

which encompassed a more circumscribed area. A third level of interaction involved 

the actual exchange of ceramics, ranging from long-distance to short-distance 

exchange.  

 

All of these three levels can be illustrated by three corresponding examples of both 
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bronze and ceramic production during the Shang and Zhou periods. In terms of level 

one – sharing of technology –, the highly developed bronze production in China was 

indebted to ceramic production. Because the moulds for casting bronze vessels were 

high-fired ceramics, it was not until the development of a very high level of 

competence in ceramic manufacture during the Shang dynasty that the complicated 

method of bronze casting became available to the Chinese craftsmen.  

 

As discussed in Chapter 2, the style of some proto-porcelain in south China during 

the Shang and Zhou dynasties is very similar to that of contemporary bronze vessels 

in the north. The influence of early Chinese bronzes was initially exerted on ceramics 

as decoration; later, the shapes of bronze vessels were copied or adapted in porcelain 

(Vickers et al. 1986: 1-2). During the Bronze Age in China, ceramics seem to have 

been used in two ways. Simple pottery was manufactured for domestic use, while 

fine vessels were made in imitation of bronze (Kerr 1989: 301).  

 

Some styles are simple, and very similar object forms such as bowls and containers 

may be arrived at independently by several groups. Others are complex and are 

unlikely to have been developed independently: their presence indicates cultural 

contact or a common ancestor. Changes in style often provide archaeologists with 

evidence of contact (Caple 2006: 46). The proto-porcelain found in big elite tombs 

during the Warring States period mainly imitates the shapes and decoration details of 

bronze ritual vessels and musical instruments, which are bearing complex shapes and 

decorations (see Fig. 2.5 in Chapter 2). This is a very obvious example of cultural 

contact – shared stylistic traits due to level two interaction. Moreover, the tombs 

discovered with bronze vessels in the north and proto-porcelain imitating bronze 

vessels in the south are all bearing strong elite characteristics, which might indicate 

that the meaning of the style and decoration had also been transmitted together with 

the stylistic traits. 

 

Although most of the proto-porcelain was found in south China, several pieces of 

proto-porcelain were also found in some of the elite tombs in the north. All of these 

northern proto-porcelain samples are in the styles of the vessels employed for daily 

use. Because of their similarity both in appearance and composition, it is possible 

that proto-porcelain from the south had been transported to the north. This situation 

is very similar to the third level of interaction, involving long-distance exchange, but 

in this case it is only a one-way exchange – the southern proto-porcelain traded to the 

north. 

 

Because the interaction between the bronze production in the north and the ceramic 

production in the south is already beyond the scope of interaction within the same 

region and same craft, such cross-craft and cross-cultural interactions encompass 
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several aspects: (1) the borrowing (transfer or diffusion) of styles and / or 

manufacturing techniques unchanged, (2) the adaptation of the latter to a different set 

of circumstances, often involving innovation, or (3) the imposition of styles and 

techniques from the outside with little regard for the peculiarities and integrity of the 

recipient craft (Cullen 1985: 78). The first aspect has already been discussed above, 

i.e. that the bronze vessels in the north and the proto-porcelain in the south were 

produced by different manufacturing techniques while the styles were unchanged. 

The third aspect does not apply to the situation under consideration in this research. 

It is worth noting that the second aspect mentioned that the adaptation often involved 

innovation. Because the potters in the south tried to adapt the style and decoration of 

the bronze vessels to proto-porcelain, there are functionless decorations such as 

perforations on the neck of the jars and rivets on the surfaces of the bells (Fig. 7.2), 

for which the clay is ill fitted. Apart from the decorations, some of the musical 

instruments are of an awkward shape, which would be easy to be cast while difficult 

to be fired in the kiln. In order to produce the same effect as that of the bronze 

vessels, the potters came up with the idea of kiln furniture, which supported gou diao 

(one type of musical instrument) to stand upright in the kilns (Fig. 7.3).  

 

 
Figure 7.2: Examples of functionless decorations on the surface of proto-porcelain vessels that 

imitated the decorations on bronze vessels (after Zhu 2009: 115, 128, 133). 
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Figure 7.3: The musical instrument gou diao (勾鑃) from the Hongshan elite tomb and the kiln 

furniture (top right: the holder; bottom right: the base of the holder) collected from Deqing kiln sites 

(after Nanjing Museum 2007: Plate 112). The handle of the gou diao could be inserted into the hole of 

the holder during the firing to avoid contamination of the glazes. 

 

Such a type of direct interaction usually occurs between individuals, groups, or entire 

societies as a result of trade connections, political alliances, joint religious 

ceremonies, transhumance, intermarriage, itinerant craftsmen, travel and education 

abroad, foreign conquest or occupation, population movements, etc. (Cullen 1985: 

79). Therefore, the interaction between north and south China might enable us to see 

the human activities and perceptions behind it, which are the ultimate driving forces 

that make the interactions happen. This aspect will be discussed in the following 

sections. 

 

7.3.1 Skeuomorphism and some additional thoughts 

 

Childe (1956: 13) gave the credit to Sir John Myres for being the first one to use the 

term ‘skeuomorph’, describing objects aping in one medium shapes proper to another. 

For example, if one culture views ceramic materials as inferior to leather, then often 

the ornamentation on a pot designed to enhance its resemblance to a stitched leather 

bottle would be considered to be a skeuomorphic pattern. Skeuomorphism often 

gives us a glimpse into productive activities and artistic media of which no direct 

evidence survives. 
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According to the above definition, some of the proto-porcelain in the south can be 

regarded as a skeuomorph, or inferior copy, of bronze vessels, which were thought to 

be the original material. Cases like this are cross-culturally common throughout time.  

 

Although the criteria for deciding which is the product of skeuomorphism, or the 

inferior imitator, should be defined culturally, ceramics always seem to have a lower 

status than metal. The potters of the Greek town of Naucratis in Egypt would ‘baptise’ 

their vessels in order to make them look like silver (Vicker and Gill 1994: 106). A 

similar phenomenon occurred in the Roman world in the 1
st
 century BC. The change 

from silver to gold in wealthy Roman households was reflected in a change from 

black to orange-red pottery in Italy. In the Islamic world, there is an obvious 

hierarchical relationship between metal and ceramics, with metal almost always 

taking precedence (Vickers et al. 1986: 1-2).  

 

It is true that proto-porcelain copied the shape of bronze vessels and adapted their 

decoration styles. In this section, several other considerations will be addressed to 

enable us to not jump too quickly to the conclusion that all the proto-porcelain 

produced in the south is merely a copy of the bronze vessels in the north, and is thus 

inferior to them. The similarity in style might indicate interaction on an equal basis 

rather than the imposition of one culture upon another. According to what has been 

observed from the excavation of many tombs yielding proto-porcelain both in the 

south and north, and considered together with the early history of the Yangtze River 

Basin in south China, is not necessarily evident that this idea of ceramics always 

being the inferior imitator to bronze vessels. 

 

Historically, the Yangtze River Basin, with its ethnically and linguistically distinctive 

populations, manifested itself in material culture complexes that were highly 

idiosyncratic. Major unassimilated non-Zhou polities existed in two areas: the lower 

reaches of the Yangtze River in northern Zhejiang province, and the Sichuan Basin in 

southwest China. Although they had long been in intermittent contact with the early 

dynasties in the Yellow River Basin (central and middle China), they remained in a 

state of relative political and cultural isolation until the second half of the Spring and 

Autumn period (Falkenhausen 2006: 262-263). This helps to explain why the 

ceramics started to imitate the style of bronze vessels during this time period and 

flourished in the following Warring States period. The high-fired glazed ceramics 

characterising this area are technologically unique and show aesthetic preferences 

quite different from those of the Zhou culture sphere (Falkenhausen 2006: 271). 

Therefore, the imitation does not necessarily mean that ceramic is inferior to bronze. 

Another possibility might be that bronze and ceramics, as materials, were simply the 

different vehicles chosen by the craftsmen to convey the northern and southern 

cultural expressions.  
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The tombs with bronze vessels as tomb goods would be thought of having an elite 

origin, such as with the Muzidun Mound Tomb and the Mopandun Mound Tomb in 

Jiangsu province (Ma 2003: 483-490); yet bronze artefacts never constitute major 

components of material culture in southeast China during the Bronze Age. The most 

conspicuous materials are still ceramics and stone artefacts (Jiao 2010: 79). 

Therefore, the appreciation of bronze vessels over ceramics might mainly come from 

the rareness / scarcity of the bronze, or later from the northern influence. The same 

scenario can be said to have occurred in the north as well. A small number of 

proto-porcelain samples in the style of vessels employed for domestic use were 

discovered from elite tombs with bronze vessels in the north. Their styles are very 

much like those discovered in the commoners’ tombs in the south. Although it is still 

difficult to say whether the proto-porcelain found in the north is of local origin or of 

southern origin, it might be sufficient in itself to indicate that proto-porcelain, even in 

an ordinary style, was pursued and highly recognised by the northern elites during 

the Bronze Age. It is interesting to see how the significance of certain objects 

changes within different cultural contexts through contact and interaction.  

 

From an outsider’s point of view, the political entities in the Central Plain of China 

were the leading forces in fostering Chinese civilisation while the kingdoms down in 

the south only acted as subsidiaries. Therefore, the bronze culture in the Central Plain 

is seen by default as the leading culture, while the successful production of the early 

high-fired glazed ceramics is viewed as only a simple and inferior imitation. But if 

we put ourselves in the shoes of those people living in the Yangtze River Basin, we 

would probably adopt a different point of view. As was seen from several major elite 

tombs in Jiangsu province during the Warring States period, most of the tomb goods 

are high-quality proto-porcelain bearing a striking resemblance to bronze vessels of 

the same types. Actually, in such cases, the bronze vessels in the north and the 

proto-porcelain in the south function in the same way to define the hierarchy of 

society.  

 

Although the different material does not appear to make any difference in terms of 

symbolic function, the gradual movement towards similarity of styles in the north 

and south still indicates an assimilation within society. Style is an important medium 

for fostering internal unity in a society and for orchestrating the interaction between 

distant groups (Wright 1985: 22). Style may be viewed in more dynamic terms as the 

visible outcome of a particular manner of acting, specific to time and place, based on 

a conceptual outlook, a system of values, and standards of appropriateness (Sackett 

1977: 369-380; Conkey 1978: 61-85). Style in material culture comprises a form of 

communication critical to forming and maintaining social interdependencies. The 

fact that the same style was adopted by different groups of craftsmen indicates that 

the society and culture they represented shared a similar system of values and a 

similar outlook. The proto-porcelain in the south imitating the styles of bronze 
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vessels in the north was one of the signs marking a starting point of the gradual unity 

of south and north China during the later period of the Bronze Age. 

 

7.4 Symbolic meaning and beyond 

 

As early as 1954, Hawkes (1954: 155-168) postulated that there was an ascending 

scale of difficulty in interpreting archaeological data in terms of human activities: 

technology was the easiest category, while economic, social and political 

organisation, and ideology entailed escalating difficulties. Technology, economic, 

social and political organisation have been discussed in the previous sections. In this 

section, we are going to climb to the top of Hawkes’ ladder and try to understand 

more about the ideology of the society in Bronze Age China. 

 

In a later paper, Hodder (1992: 11) pointed out that the difficulties encountered by 

Hawkes in his pursuit of a historical and humanistic discipline concerned with 

culture and ideas resulted from a lack of theory concerning the links between 

different aspects of life. Therefore, it is necessary to view material culture as part of 

cultural expression and conceptual meaning, making it possible to go beyond the 

immediate physical uses and constraints of objects to the more abstract symbolic 

meanings. These symbolic meanings are organised according to rules and codes 

which seem to be very different from culture to culture and which do not seem to be 

strongly determined by economic, biological, and physical matters (Hodder 1992: 

11-12). Although the study of the religious and belief systems behind the artefacts 

and technology may be the most difficult area of interpretation, it is also one of the 

most interesting. 

 

As was discussed in the previous sections, technological innovation and the 

organisation of production in a society could to some extent influence the structure of 

that society and the cultural perceptions of the people who live in that society. 

However, the social, economic, and ideological context is a more dynamic agency 

which has a much stronger influence on shaping the organisation of production and 

on determining which technologies would be employed to create the order of a 

certain society. The comparison between bronze production in north China and 

proto-porcelain production in south China will be used to further explore the 

symbolic and ideological meanings behind these delicate artefacts made by the 

craftsmen thousands of years ago, and see how the ideological context of a certain 

society facilitated the emergence of these early advanced technologies. 
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7.4.1 Prestige technology 

 

According to modern common sense, the existence of technology should help 

improve efficiency and decrease the production cost, thus making possible a better 

life for human beings. The same common sense applies to the ancient societies as 

well and is called practical technology, which is meant to solve the practical 

problems of survival and basic comfort. One of the underlying principles in practical 

technology is to satisfactorily perform tasks in an efficient and effective way 

(Hayden 1993: 203), and to create or adapt the forms of physical objects to meet 

functional needs within the context of known materials, technology, and social and 

economic conditions (Horsfall 1987: 333). 

 

However, when we looked at the production of bronze vessels during the Shang and 

Zhou periods, it was found that it could not be fitted into this category of practical 

technology, as the craftsmen performed their tasks in a neither efficient nor effective 

way. Raw materials are important to almost all production in ancient times. Due to 

the inconvenience of transportation and in order to reduce the production time, 

ancient people tended to use local resources (Rice 1987). As was discussed in the 

previous section, according to the compositional results of the ore deposits, the most 

likely raw materials for the bronze vessels produced during the Shang dynasty came 

from the eastern part of Yunnan province, which is more than 2,000 km away from 

Shang’s capital – Anyang – in Henan province. Modern geological survey proved 

that Henan province does have copper ore deposits, but with different proportions of 

lead when compared to those found in Yunnan province. Thus, the technological 

knowledge of the craftsmen during the period under consideration in this study was 

good enough for them to realise that different ore deposits could affect different 

characteristics of the end products and tell apart which the ideal end products were. 

From an economic point of view, travelling afar to get the raw materials was a very 

time-consuming activity and also involved the risk that not all the raw material 

brought from afar was of an ideal quality. 

 

Therefore, when we come to solve this contradiction – why people occasionally 

travel so far to get raw materials – we have to skip over the direct influence of the 

technological choices, such as natural environment, technological knowledge, and 

the economic systems (Sillar and Tite 2000), and find that it might be driven by the 

ideological systems in that society. In order to understand more about the ideology, 

the concept of ‘prestige technology’ will be introduced to solve this contradiction 

between quality and efficiency.  

 

A ‘prestige technology’ does not aim to perform a practical task, but to display 

wealth, success, and power. The purpose of creating prestige artefacts is to solve a 
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social problem or accomplish a social task such as attracting productive mates, 

labour, and allies, or bonding members of social groups together via displays of 

success (Earle 1978: 195; Clark 1986: 83; Costin 1991: 2-3; Hayden 1998: 11).  

 

The Shang people devoted a great deal of attention to the burial of their dead and 

sacrificed animals and human beings to propitiate the spirits (Carter 1951: 21). 

Almost all the bronze vessels discussed in this study are found in tombs dating from 

the Shang and Western Zhou dynasties, especially in elite tombs. They were all 

excavated in well-arranged groups and in large numbers. It is believed that bronze 

vessels played an important role in ritual ceremonies and were also a mark of wealth 

and hierarchy. They were cast into different shapes and sizes and their complicated 

combinations were usually closely associated with different classes in society. The 

production of bronze vessels used up a large amount of raw materials, which were 

brought all the way to central China, and which were originally ideal for making 

effective weapons (Rawson 1993: 805). One of the Shang people’s most important 

concepts that was documented in the ancient book Zuo Zhuan (Chronicle of Zuo 左

传) states that ritual ceremonies and wars are the main concerns for a nation. The fact 

that raw materials brought from far away were mostly used for the production of 

bronze vessels shows that rituals were even more significant than wars. Therefore, 

this could be the reason why Shang people at that time would choose to travel afar to 

get the raw materials, namely because raw materials determined the final quality of 

the bronze vessels, which were highly valued in rituals and burials, especially among 

kings and other elites. 

 

Another very important characteristic of prestige technologies is that they tend to 

employ as much surplus labour as possible to create attractive objects that will 

greatly enhance the appeal and the impressiveness of those objects and their owners 

for others. The surplus labour invested in prestige technology may be expressed in a 

number of ways, including the use of surplus labour to travel to distant locations in 

order to obtain exotic and rare raw materials or objects made at such locations, to 

create local labour-intensive objects, and to produce practical goods that can be 

exchanged for prestige items originating elsewhere (Hayden 1998: 11-12). For the 

production of bronze vessels, labour was mainly invested in securing the raw 

materials and carrying out the labour-intensive process of bronze production. Such 

highly standardised organisation and large scale of production could only be 

accomplished under the control of a powerful and centralised government, which 

controlled a large number of resources and labour.  

 

Objects that successfully achieve the goal of appealing to and impressing others also 

make other people want to possess such objects, sometimes even to the point of 

having them only for their own gratification or self esteem, without using them for 
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display (Hayden 1998: 11). This might be an important reason driving the southern 

potters to imitate the shapes and styles of bronze vessels in proto-porcelain 

production. 

 

The first reason for this is very obvious, as the bronze vessels were such a strong 

symbol associated with the powerful control of resources, labour, elite status, and 

ritual traditions. The second reason is associated with the historical background at 

that time. Unlike the time of the Shang and Western Zhou dynasties, the Spring and 

Autumn and Warring States periods were among the most restless time periods in 

Chinese history, and scholars described this period as ‘collapse in ritual hierarchy’ or 

‘collapsed ritualism’ (in Chinese: 礼崩乐坏 Li Beng Yue Huai). Instead of contending 

that prestige items only passively reflect already established privileges, Hayden 

(1998: 14) argued that prestige technologies play a key active role in acquiring power. 

Because the Shang and Western Zhou elites lost their monopoly control over bronze 

production, many other powerful military forces usurped the central power and 

started to justify their newly acquired ruling authority by producing bronze vessels. 

However, none of these new authorities was as strong as those of the Shang and 

Western Zhou dynasties, and thus the quality and delicacy of the bronze vessels were 

not as good as those of their predecessors. 

 

The emergence of proto-porcelain imitating bronze vessels mainly occurred during 

this period of time. This type of proto-porcelain was only found in tombs and no use 

wear traces have been found on the vessels, which means that they were most likely 

not produced for practical reasons. As was mentioned above, ore for bronze 

production is very scarce in the south; therefore, the elites in the south had to turn to 

another way to display their wealth and success, which promoted the potters to 

employ the available high-fired glazed technology and actively adapt it. Therefore, 

the elites were able to keep the ‘prestige concept’ behind the bronze production in the 

north unchanged when it was applied to the proto-porcelain production in the south. 

The elite in the south played an active role in employing ceramic materials and the 

newly discovered high-fired glazed technology to intentionally imitate the shapes 

and styles of bronze vessels. By doing this, the elite in southeast China re-defined the 

prestige items and created a new set of rituals to claim their control over political 

power by means of proto-porcelain imitating bronze vessels being buried exclusively 

in the elite tombs. 

 

7.4.2 The perception of afterlife 

 

In the previous sections, we discussed the possibility that the technology, the stylistic 

traits, and the prestige concept of the objects were transmitted and shared between 

the people in the north and south. However, did these two groups of people also 
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share the same belief system? As we mainly talked about the artefacts from burials, 

the question arises whether these two groups of people adopted the same perception 

of afterlife.  

 

When it comes to answering questions about ideology, it is always remarkably hard 

to do so. Ideology can be seen as a system of beliefs through which the perceived 

world of appearances is interpreted as a concrete and objectified reality (Pearson 

1982: 100). Therefore, archaeologists today recognise that the grave goods in a 

burial are chosen so as to provide a representation or ‘construction’ of the identity of 

the deceased individual, because material possessions buried with individuals offer 

information about differences in wealth and status within the community. The 

deposition of objects with the dead is sometimes assumed to indicate a belief in an 

afterlife (Renfrew and Bahn 2008: 409, 418). The large amounts of bronze vessels 

unearthed from tombs in the north and of proto-porcelain from tombs in the south act 

as significant indicators of the belief systems at that time. 

 

In order to understand more about the relationship between grave goods and the 

belief system they represent, evidence from ancient Chinese literature and 

anthropological observations will be used to bridge the gap between them. 

 

From the ancient literature, it is known that at least until the Han dynasty (206 BC – 

220 AD), the ancestors of Chinese people adopted an outlook of ‘everlasting souls’, 

i.e. the belief that the souls of human beings would live forever even after the flesh 

was gone. The following record is found in the ancient book Li Ji (Record of Rituals

礼记) (Long 1995) 

 

殷人尊神，率民以事神。先鬼而后礼……周人尊礼尚施，事鬼敬神而远之…… 

The Shang people honoured gods and all of them served gods. They put ritual after 

gods and ghosts… The Zhou people put ritual first. Although they also served gods 

and ghosts, they kept distance from them (author’s translation). 

 

This record shows that the Shang and Zhou people had a reverence for both gods and 

ghosts. Chinese people did not have the concept of souls travelling far away or going 

to heaven after death. Because of this, they always treated the burials as homes of 

the deceased in another world. We can clearly see this characteristic in many elite 

burials across China. Some of the tombs were built in a form similar to the palace 

where the kings or elites lived when they were alive. The accompanying tomb goods 

were always arranged in such a way so as to express their desire to continue their 

earthly lives even after they were dead. Both the Shang and the Zhou people relied 

upon ritual practice and ceremony, rather than images in paintings or sculpture, to 

proclaim their powers and view of the universe (Rawson 1996: 19). The bronze 
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vessels, which were so closely connected to social status and clearly bore 

hierarchical meanings for the living, were also buried with the deceased to continue 

showing their royalty and privileges in another world. The lower ranking people 

would have never had access to bronze vessels as their accompanying tomb goods. 

The people who trespassed this set of rituals would even risk the death penalty 

during the Shang and Western Zhou dynasties.  

 

However, we need to be cautious sometimes when we talk about tomb goods. In 

some societies and cultures, the possessions of the deceased are so firmly associated 

with him or her that it is considered to bring ill luck for another to own them, and 

there is therefore a need to dispose of them with the dead, rather than for the future 

use of the deceased (Renfrew and Bahn 2008: 419). This might be the case for the 

tomb goods in some of the commoners’ tombs, where proto-porcelain for ordinary 

use was found in small numbers. It is possible that the stem bowls, bowls, and plates 

which were discovered from commoners’ tombs were used by these people before 

they died. However, it would be difficult to explain why a large number of musical 

instruments were buried in elite tombs. Unlike their counterparts in the north, the 

proto-porcelain musical instruments can never play the music like bronze musical 

instruments do. Therefore, this functionless proto-porcelain was mainly produced for 

burial purposes. As seen from the existing archaeological records, the delicate 

proto-porcelain imitating bronze vessels was only found in elite tombs; therefore, it 

is most likely that they were buried with the elites at that time to continue 

representing their status. 

 

From an anthropological perspective, Dickson (1990: 198-204) described four types 

of cults in her research. The individualistic cult is the simplest and most basic type of 

religious institution. This type of cult is not performed by specialists and mainly 

characterises traditional hunting-gathering cultures. Shamanistic cults are a common 

religious form occurring in relatively simple social systems, and they are usually 

referred to as witchcraft. Communal cults are characterised by more elaborate beliefs 

and practices than shamanistic cults and are usually associated with socio-cultural 

systems that have achieved a moderate population size and density, and a more 

complex level of political and economic development. Ecclesiastical cults are the 

most complex form of religious institution and are found only in the more highly 

developed socio-cultural systems.  

 

Although shamanism is a common form of religion in primitive societies, the power 

of access to God thought to be possessed by shamans was still an indispensable 

power on which governors relied to seize political authority in the later period of the 

Shang dynasty. One of the most important characteristics of ancient Chinese culture 

is a view of the world as divided into two strata – heaven and earth (Chang 2000: 
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197). In early times, everybody had had access to heaven and earth through the 

shamans. Since heaven had been severed from earth, only those who controlled that 

access had the wisdom – hence the authority – to rule. Shamans, therefore, were a 

crucial part of every state court; in fact, scholars of ancient China agree that the king 

himself was actually the head shaman. Therefore, Wu-shi (shamanesses and shamans) 

still played a substantial role in religious ceremonies in the Shang, Zhou, Qin, and 

Han periods, which were all considered to be more complex societies than the 

primitive ones (Chang 1983: 45).  

 

However, did this religious system spread to the south and influence the people there 

as well? It is difficult to tell just from the proto-porcelain itself. More artefacts and 

patterns have to be studied in order to reach a more convincing conclusion. 

 

7.5 Summary 

 

This chapter mainly looked at some other important aspects of the proto-porcelain 

production, beyond the technological level. In order to understand more about the 

emergence of an advanced ancient technology, it is not sufficient to merely 

understand the technology itself. The environmental and technological constraints, 

economic and political forms of organisation, together with the religious and belief 

systems should also be taken into consideration. 

 

The natural environment in the south and the potters’ active trial-and-error 

experiments with glazing techniques following accidental observation are two 

important factors for the successful emergence of this earliest high-fired glazing 

technique. The economic and political differences between north and south China 

explain the discrepancy between the elite bronze production in the north and the 

proto-porcelain production in the south. The similarity in the shapes and styles of 

some proto-porcelain samples and bronze vessels shows the interaction between 

north and south China. The discussions of the belief systems of these two groups of 

people are all very tentative, and call for more study in the future. 
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Chapter 8  
 

Conclusions and future work 
 

8.1 Introduction 

 

China has a long history, boasting many independent inventions throughout the 

history. The invention of high-fired lime-rich glazes, with maturing temperature in 

excess of 1200 °C, is among these. Such glazes began to appear in China during the 

Shang dynasty (c. 1700 to 1027 BC) and became more widespread during the 

subsequent Zhou dynasty (1027 to 221 BC, including the Spring and Autumn period 

and the Warring States period). These early glazes in China differ fundamentally 

from the relatively low-melting soda-lime-silica glazes of contemporary Egyptian 

faience and Mesopotamian glazed tiles, in that their composition is dominated by 

around 60 to 65 wt% silica, around 15 wt% alumina, and 15 to 20 wt% lime and 

magnesia, but less than 5 wt% total alkali oxides. The differences in firing 

temperature and composition underpin the suggestion that the Chinese lime-rich 

glazes are an independent invention, as part of the highly developed kilns and 

ceramic technology emerging during the Shang and Zhou dynasties. The chemical 

consistency of these early glazes across a wide range of production sites, and their 

close similarity to the eutectic composition of the system CaO-Al2O3-SiO2 (CAS – 

SiO2 62.00 wt %; Al2O3 14.75 wt%; CaO 23.25 wt%, or CMAS – SiO2 63.0 wt%; 

Al2O3 14.0 wt%; CaO 20.9 wt%; MgO 2.1 wt%) has been noted early on (Rhodes 

1973: 164; Wood 2009: 52). These glazes typically cover light-pale ceramic bodies 

rich in silica and alumina with a well-matured and dense matrix based on kaolin-rich 

raw materials. Following high-temperature firing these come to be dominated by 

mullite and various silica phases (for mullite formation in archaeological ceramics 

see Martinón-Torres et al. 2006; 2008 and literature therein). The raw materials for 

the Chinese ceramics are porcelain stone, a rock abundant in southern China which is 

composed mostly of quartz and sericite mica, with minor amounts of kaolin clay and 

feldspars (Wang 2002: 126), or kaolin clay rich in quartz, as found in northern China. 

In the West, such non-translucent high-fired ceramics would be called ‘stonewares’, 

while in a Chinese context, these earliest high-fired glazed ceramics are more 

commonly known as ‘proto-porcelain’ (Luo and Li 1998: 647; Wood 1999: 21; Wang 

2002: 193). 

 

Because of the distinct characteristics and early appearance of these glazed ceramics, 

the questions regarding how these earliest glazes start to appear on the surface of the 

ceramics and what their meaning and function are intrigued many scholars over the 

years. The large-scale discovery of proto-porcelain production sites at Deqing in 

Zhejiang province provided us with a unique opportunity to acquire a better 
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understanding of the technology of the earliest glazed high-fired ceramic production 

in China and its meanings within the cultural context. 

 

This chapter presents some of the most important findings of this PhD research, as 

well as summarises the limitations of this research and possible future work.  

 

8.2 New findings and understanding 
 

8.2.1 Technological aspect 

 

The glaze application 

 

The first and foremost research question put forward by this research entailed 

understanding the mechanism behind the glaze forming process and exploring further 

whether the glazes on these proto-porcelain sherds formed accidentally or were 

applied intentionally by the ancient potters. The starting point for tackling this 

question lies in the fact that the potash level in the glazes of the proto-porcelain 

sherds is much lower than that in the non proto-porcelain samples – kiln walls and 

kiln furniture. Because it is agreed that wood ash is the main glazing material for the 

early Chinese ceramics and wood ash is very high in potash, the discrepancy of the 

potash levels in the glazes of proto-porcelain sherds and non proto-porcelain samples 

raised an interesting question – were they formed in different ways?  

 

The most popular and accepted scenario to explain this question is that of the 

accidental glaze formation by the ‘fly-ash’ effect raised by Zhang (1986b: 40). It is 

argued that the wood ash flying from the kiln firebox, depleted in potash content, 

will form a recognisable lime-rich ash glaze on the surface of ceramics at the high 

firing temperature. After repeated observations, the potters started to imitate this 

effect and went through a period of trial and error to improve this glazing effect until 

they fully mastered the glazing technique (Sato 1981: 14-15; Kerr and Wood 2004: 

134). Apart from this assumption of ‘fly-ash’ from the kiln firebox, there are two 

other possible explanations for the low potash level in the proto-porcelain glazes. 

Firstly, the added wood ash may have been ‘washed’ prior to its application so 

thoroughly that its alkali contents were virtually eliminated; secondly, fairly large 

amounts of limestone could have been intermixed with the plant ashes in the original 

recipes (Wood 1999: 32).  

 

On the other hand, according to Misra et al. (1993: 115), at temperatures above about 

900 °C potassium compounds begin to volatilise and are carried with the hot 

gases into the kiln. Because wood was the major fuel for the ceramic production 

during the Shang and Zhou periods, the potassium compounds in wood would 
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have evaporated when the temperature exceeded 900 °C. The potash-rich vapour 

came in contact with the kiln walls or other surfaces, and the highly reactive 

potassium compounds combined with the surface elements to form a typically 

glassy deposit. This helps explain the higher potash level of the glazes on the 

surfaces of those non proto-porcelain samples which were thought to have 

formed accidentally. 

 

Therefore, it is argued in this research that wood ashes were intentionally added by 

the potters onto the ceramic vessels to make a high-fired lime-based glaze.  

 

The eutectic melt 

 

Regardless of whether the glazes were intentionally applied or accidentally 

formed, the exact compositions of the glazes were all automatically tuned by a 

temperature-controlled mechanism through selective absorption of ceramic 

material into the melting glaze.  

 

This can be best illustrated by using the appropriate ternary phase diagram, and 

this research also demonstrates the usefulness of such diagrams in the study of 

archaeological science. For the archaeological samples in this research, most of the 

plotted points of body and glaze cluster in two separate narrow areas on the ternary 

diagram of CaO-Al2O3-SiO2. Closer inspection of the positions of body and glaze 

compositions within the CaO-Al2O3-SiO2 system shows that the bodies will not melt 

even at the high firing temperatures expected for these ceramics. In contrast, the 

glaze compositions all fall into the low-melting region of the system, stretching 

trough-like from a lime-rich lowest melting region to the lower left (nominal eutectic 

temperature around 1170 °C) to a somewhat higher melting region further to the 

upper right (nominal temperature around 1350 °C). It is this close correlation of 

glaze compositions to the eutectic trough which suggests that the formation of the 

glazes was probably not due to keeping strictly to a particular recipe and raw 

material supply, but is primarily controlled by the melting behaviour of the systems 

themselves (Rehren 2000). This hypothesis that the formation of the glazes is 

primarily controlled by the temperature-controlled mechanism of eutectic melt 

formation was later supported by the evidence from experimental firings. The firing 

temperature, together with the duration of firing, plays a decisive role in the 

glaze-forming process. The higher the firing temperature and the longer the firing 

time, the more glaze-forming material will be produced from the reaction between 

the ash and the body material, approaching a eutectic composition and thus better 

glaze only after extended firing. However, it also appears that even in the longest 

firing experiments, full equilibrium conditions were not reached, and a certain spread 

of glaze compositions was retained. 
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Unwashed and washed wood ash 

 

This research also found out that ash washing is not necessary to decrease the potash 

level in the proto-porcelain glazes. Although in Chapter 4 it was argued that washed 

wood ash was probably used as the glaze forming material, the results of the later 

experimental firing in Chapter 5 argued against this assumption, because the use of 

neither washed or unwashed wood ash would not greatly affect the appearance and 

chemical compositions of the glazes.  

 

8.2.2 Cultural context 

 

Following research on many archaeological reports, it was found that much more 

proto-porcelain is found in the south than in the north of China. On top of that, not a 

single production site was found in the north to date. The type of sites where 

proto-porcelain was unearthed in the south and north is very different as well. The 

earlier proto-porcelain found in the south mainly came from mound tombs, which 

were the most common burial type during the Shang and Western Zhou periods down 

in the lower reaches of the Yangtze River, while the later examples tend to be found 

more abundantly in pit burial tombs. In the north, on the contrary, proto-porcelain 

comes mainly from the capital sites (in Henan province) or big pit burial tombs with 

large numbers of coexisting bronze wares and jade ornaments, both bearing strong 

elite characteristics. Stem bowls, bowls, and cups are the three most common types 

of proto-porcelain found in the south and stem bowls are the most common type 

found in the north. As for the accompanying tomb goods, pottery and stamped 

stonewares are very popular in the south, while bronze wares and jade ornaments are 

common in the north. 

 

Such a clear discrepancy of societies’ choices, favouring bronze production in the 

north and ceramic production in the south, demonstrates that they actively 

accumulated technological knowledge so that they could respond to the various 

advantages and constraints of the natural environment. The difference in economic 

and political organisation also led to this discrepancy.  

 

The most interesting phenomenon is that the proto-porcelain in the south, especially 

those objects found in elite tombs, tends to imitate the styles of bronze vessels in the 

north. The first reason for doing this is very obvious, because the bronze vessels, as a 

type of prestige artefacts, were such a strong symbol associated with the powerful 

control of resources, labour, elite status, and ritual traditions. By consuming 

proto-porcelain imitating bronze vessels, the elite in the south attempted to achieve 

the same goal of appealing to and impressing others. The second reason is associated 

with the historical background at that time. Unlike the time of the Shang and Western 
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Zhou dynasties, the Spring and Autumn and Warring States periods were among the 

most restless time periods in Chinese history, and scholars described this period as 

‘collapse in ritual hierarchy’. The emergence of proto-porcelain imitating bronze 

vessels mainly occurred during this period of time. This type of proto-porcelain was 

only found in tombs and no use wear traces have been found on the vessels, which 

means that they were most likely not produced for practical purposes. The elites in 

the south most possibly kept the ‘prestige concept’ behind the bronze production in 

the north unchanged when it was applied to the proto-porcelain production in the 

south. The elite in the south played an active role in employing ceramic materials and 

the newly discovered high-fired glazed technology to intentionally imitate the shapes 

and styles of bronze vessels. By doing this, the elite in southeast China re-defined the 

prestige items and created a new set of rituals to claim their control over political 

power by means of proto-porcelain imitating bronze vessels being buried exclusively 

in the elite tombs. The similarity in styles of the bronze vessels in the north and 

proto-porcelain in the south was one of the signs marking a starting point of the 

gradual unity of south and north China during the later period of the Bronze Age. 

 

The highly standardised organisation of this type of objects unearthed from big elite 

tombs, together with the compositional similarity among all the proto-porcelain 

produced in the Zhejiang area, might to a certain extent demonstrate that craft 

specialisation had already come into existence on two levels. On the first level, the 

majority of potters were working at the kilns scattered across the Zhejiang, Jiangxi 

and Anhui provinces to produce the proto-porcelain meeting the demands of ordinary 

people at that time; while on the second level, a small number of potters produced 

the proto-porcelain for the elites under a centralised supervision, either by the head 

of the workshop or directly by the members of the ruling classes. 

 

8.3 Limitations and future work 

 

Although this PhD research answered important questions regarding early glaze 

formation and the relevant glazing technique of the proto-porcelain in southeast 

China, many more questions remain unanswered and further study should be carried 

out to investigate further the earliest high-fired glazed ceramics. 

 

8.3.1 Field investigation 

 

The proto-porcelain production site at Deqing in Zhejiang province was found in 

2007 and the samples analysed in this research are thought to be representative of the 

vast majority of pottery produced at this site. However, a full typological study of the 

finds is still ongoing and no quantitative assessment of the relative proportions of 

different vessel types and fabrics within and between the kiln sites is possible at this 
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stage. Because all the sites are now covered with agricultural lands, only the cross 

sections of most kilns were unearthed. Information about the complete structure of 

the kilns is not available. 

 

A full survey of the kiln sites and of the base structure of each of them will help us to 

acquire a better understanding of the kiln structures, such as the length of the kiln, 

the position of the firebox, and the possible superstructure of the kiln. If possible, the 

further study should also focus on identifying the layout of the kilns in that area and 

the use time of each kiln, so that the extent of the craft specialisation can be better 

understood, not only according to theories and ethnographic evidence, which, 

although very useful in filling the gaps in the archaeological data, cannot represent 

the whole variety of the real production processes. 

 

8.3.2 The parameters in the experimental firings 

 

In the experimental firings, different parameters were used to test different 

possibilities for the glaze forming process. The firing temperatures and protocols, 

and the ash species applied probably need further refinement.  

 

Firing estimates for early high-fired glazed stonewares seem to fall between about 

1150 °C and 1250 °C, with 1200 °C being perhaps a typical ‘good’ firing temperature. 

However, due to the limited time and available instruments, only the extreme firing 

conditions (1240 °C and 1300 °C) and longer soaking time were applied to this 

experiment, which is not quite imitating the real situation. More temperatures, such 

as 1200 °C, 1150 °C, or even lower, can be set to test other possibilities. Moreover, 

the firing protocols, or the soaking time, can also be adjusted to see what the ideal 

soaking time to produce reasonably looking glazes is. 

 

Because willow ash was the only ash available to be used as the glazing material for 

the test tiles, the result is not completely representative of all the circumstances. The 

species, portion, age, and growing environment of plants will all have a certain 

impact on the final chemical compositions of the ashes they generate (Tichane 1987: 

23-26). It might be worthwhile to collect more ash species from different parts of the 

world and different climatic environments to further test the individual glazing effect 

and compare the results with one another. It is also important to test whether ash 

washing has the same effect with different kinds of ashes. 

 

All these studies might take up an enormous amount of time, but the results will help 

us to further understand the variability of the behaviour of materials generating 
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glazes and the relevant firing conditions. They may also tell us more about the 

agency of the craftsman taking into consideration all kinds of constraints. 

 

8.3.3 Insufficient northern samples 

 

Although this research has no intention to solve the ‘origin’ problem, i.e. whether 

proto-porcelain first appeared in north or south China, the available analytical results 

for the northern samples were still used to compare with those from the south. The 

numbers of northern proto-porcelain samples were far less than those in the south, 

and not a single production site has been found so far in the north. Even in the south, 

production sites were only discovered in a few provinces, including Zhejing, Anhui, 

Fujian, Jiangxi, and Guangdong. After combining the available analytical data and 

the accompanying archaeological information, it is more convincing to say at this 

stage that south China, especially the southeastern part of China, was the main 

production centre for proto-porcelain during the period of the Shang and Zhou 

dynasties.  

 

But archaeology entails an ongoing discovery of new things, and therefore the 

possibility that more proto-porcelain samples or production sites will be unearthed 

from north China in the future cannot completely be eliminated. 

 

8.4 Last but not least 

 

This PhD research on the earliest high-fired glazed ceramics in China not only 

demonstrated the potential of understanding archaeological questions using scientific 

means, but also brought the wisdom and experience of ancient potters, which were 

preserved in many proto-porcelain sherds scattered throughout the landscape for 

thousands of years, to life. 

 

For a country named after its most famous ceramic products – china, it is intriguing 

to trace back the earliest formation of glazes and their production technology, which 

later developed into a strong tradition that lasted for almost 2,000 years. This 

research is only the beginning of this journey of tracing the past of these 

proto-porcelain production sites in the Deqing area. Every single proto-porcelain 

sherd lying in the field will tell a story. 
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Appendix 1 
 

EPMA-WDS results of the chemical compositions of the bodies of proto-porcelain sherds from eight kiln sites 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes, n: the number of areas analysed per sherd)  

  

A 1.1 NS 1 – 12 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

NS-1 Shang 10 72.09 19.43 0.57 0.69 2.76 0.94 2.45 0.79 0.04 0.04 0.13 0.09 90.73 

Stdv 0.44 0.22 0.07 0.05 0.07 0.05 0.17 0.12 0.02 0.04 0.12 0.03 5.69 

CV (%) 1 1 11 7 2 5 7 15 44 183 148 32 6 

NS-2 Shang 10 72.93 18.22 0.46 0.58 2.89 1.07 2.71 0.87 0.04 0.04 0.07 0.11 93.28 

Stdv 1.40 1.15 0.02 0.06 0.13 0.07 0.32 0.22 0.02 0.02 0.05 0.05 1.83 

CV (%) 2 6 5 10 5 6 12 25 59 105 169 50 2 

NS-3 Shang 10 74.82 17.27 0.44 0.45 2.66 1.16 2.08 0.75 0.04 0.04 0.15 0.09 88.41 

Stdv 1.26 0.87 0.08 0.04 0.19 0.08 0.18 0.14 0.02 0.03 0.10 0.04 3.40 

CV (%) 2 5 19 9 7 7 9 19 45 109 101 42 4 

NS-4 Shang 10 75.46 16.40 0.43 0.45 2.80 1.29 1.98 0.96 0.02 0.04 0.01 0.09 94.77 

Stdv 1.63 1.28 0.12 0.02 0.28 0.19 0.13 0.49 0.01 0.02 0.00 0.04 2.98 

CV (%) 2 8 27 5 10 15 7 51 84 71 316 48 3 

NS-5 Shang 10 75.81 16.30 0.44 0.42 2.64 1.22 2.18 0.73 0.03 0.03 0.09 0.10 96.78 

Stdv 0.99 0.64 0.06 0.04 0.15 0.10 0.18 0.16 0.01 0.03 0.05 0.03 1.19 

CV (%) 1 4 13 10 6 8 8 21 54 113 173 27 1 
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A 1.1 NS 1 – 12 (continued) 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

NS-6 Shang 25 75.59 16.25 0.44 0.42 2.63 1.22 2.18 0.73 0.03 0.03 0.09 0.10 100.29 

Stdv 4.07 3.22 0.37 0.09 0.40 0.15 0.40 0.43 0.03 0.01 0.00 0.03 0.28 

CV (%) 5 18 83 18 14 19 20 57 111 53 148 29 0 

NS-7 Shang 25 72.98 18.84 0.41 0.55 2.99 0.76 2.31 0.83 0.02 0.03 nd 0.09 98.81 

Stdv 3.99 3.14 0.10 0.10 0.43 0.16 0.53 0.93 0.01 0.01 nd 0.02 0.39 

CV (%) 6 17 24 18 15 21 23 114 52 30 147 26 0 

NS-8 Shang 25 71.84 20.00 0.41 0.63 2.93 0.71 2.43 0.72 0.02 0.03 0.01 0.09 99.40 

Stdv 3.16 2.32 0.10 0.19 0.28 0.06 0.32 0.19 0.01 0.01 0.02 0.02 0.38 

CV (%) 4 12 24 31 9 9 13 26 57 36 237 26 0 

NS-9 Shang 25 77.77 14.99 0.44 0.49 2.23 0.77 2.00 0.82 0.02 0.02 nd 0.08 99.45 

Stdv 4.14 2.74 0.11 0.11 0.30 0.10 0.56 0.47 0.02 0.01 0.01 0.03 0.44 

CV (%) 5 18 24 23 13 13 28 58 74 53 125 45 0 

NS-10 Shang 20 73.45 17.77 0.56 0.66 2.60 0.67 2.81 0.93 0.08 0.03 0.01 0.07 99.57 

Stdv 5.58 3.77 0.13 0.19 0.79 0.16 1.73 0.52 0.09 0.05 0.01 0.03 0.53 

CV (%) 8 21 23 29 31 24 62 56 118 150 115 38 1 

NS-11 Shang 25 73.68 18.19 0.38 0.50 2.96 0.77 2.21 0.82 0.02 0.03 nd 0.10 99.54 

Stdv 3.52 2.73 0.07 0.10 0.24 0.07 0.48 0.78 0.01 0.01 0.01 0.03 0.35 

CV (%) 5 15 18 20 8 9 22 96 50 33 127 28 0 

NS-12 Shang 25 73.88 18.24 0.38 0.50 2.96 0.77 2.21 0.83 0.02 0.03 nd 0.10 99.73 

Stdv 3.65 2.76 0.09 0.13 0.41 0.07 0.39 0.19 0.02 0.01 nd 0.02 0.46 

CV (%) 5 15 17 19 16 11 15 23 33 43 159 29 0 

 

Table A 1.1: Chemical compositions of the bodies of proto-porcelain sherds from the Nanshan (NS) kiln site. nd: not detected. 
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A 1.2 SDW 1 – 4 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

SDW-1 Shang 10 77.44  14.72  0.47  0.74  1.52  0.51  3.38  0.98  0.08  0.06  0.15  0.06  90.49  

Stdv 2.26 1.60 0.06 0.09 0.29 0.10 0.61 0.13 0.03 0.05 0.08 0.04 2.47 

CV (%) 3 11 12 12 19 21 18 14 37 110 169 100 3 

SDW-2 Shang 10 77.22  15.48  0.42  0.73  1.47  0.44  3.05  0.94  0.06  0.04  0.10  0.05  88.90  

Stdv 1.05 0.62 0.02 0.05 0.11 0.04 0.28 0.15 0.02 0.02 0.07 0.02 1.23 

CV (%) 1 4 6 7 7 9 9 16 30 190 145 44 1 

SDW-3 Shang 10 75.24  16.45  0.57  0.72  1.41  0.47  3.60  1.07  0.13  0.06  0.17  0.07  86.03  

Stdv 1.09 0.81 0.05 0.14 0.09 0.05 0.22 0.18 0.04 0.04 0.11 0.04 2.69 

CV (%) 1 5 8 19 6 11 6 17 28 73 91 56 3 

SDW-4 Shang 5 71.70  17.70  0.60  1.03  1.72  0.75  5.25  0.94  0.08  0.06  0.19  0.08  76.43  

Stdv 3.57 2.18 0.04 0.10 0.31 0.08 1.24 0.18 0.03 0.04 0.11 0.06 3.08 

CV (%) 5 12 6 10 18 10 24 20 35 81 154 71 4 

 

Table A 1.2: Chemical compositions of the bodies of proto-porcelain sherds from the Shuidongwu (SDW) kiln site.  

  



 258 

A 1.3 HSS 1 – 6 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

HSS-1 E.S&A 10 78.50  14.61  0.34  0.52  1.68  0.53  2.39  1.09  0.16  0.03  0.12  0.06  85.32  

Stdv 1.26 0.76 0.01 0.04 0.11 0.05 0.17 0.32 0.03 0.02 0.06 0.03 2.20 

CV (%) 2 5 4 8 7 9 7 29 16 90 165 50 3 

HSS-2 E.S&A 10 76.10  15.20  0.38  0.59  2.03  0.60  3.39  1.16  0.18  0.04  0.16  0.07  84.49  

Stdv 1.09 0.60 0.08 0.07 0.19 0.06 0.50 0.12 0.10 0.03 0.10 0.04 6.02 

CV (%) 1 4 20 12 9 10 15 10 55 144 64 63 7 

HSS-3 E.S&A 10 75.93  16.88  0.47  0.60  2.11  0.50  2.27  0.97  0.05  0.03  0.10  0.08  79.22  

Stdv 1.03 0.70 0.07 0.04 0.14 0.04 0.19 0.19 0.02 0.02 0.08 0.05 4.30 

CV (%) 1 4 14 7 7 9 8 19 45 104 127 79 5 

HSS-4 E.S&A 10 77.36  15.45  0.41  0.50  2.06  0.74  2.28  0.82  0.08  0.03  0.15  0.09  85.45  

Stdv 1.68 1.04 0.08 0.06 0.40 0.15 0.24 0.27 0.03 0.02 0.10 0.06 1.82 

CV (%) 2 7 19 13 20 21 11 33 31 109 131 73 2 

HSS-5 E.S&A 10 76.83  16.15  0.45  0.51  1.91  0.69  2.19  0.88  0.12  0.04  0.16  0.04  86.78  

Stdv 1.26 0.99 0.08 0.04 0.35 0.14 0.21 0.22 0.04 0.03 0.10 0.03 3.28 

CV (%) 2 6 18 8 18 20 10 24 34 94 109 73 4 

HSS-6 E.S&A 10 75.14  17.69  0.46  0.55  2.09  0.64  2.21  0.90  0.04  0.04  0.17  0.06  79.43  

Stdv 1.09 0.72 0.07 0.04 0.11 0.04 0.21 0.26 0.02 0.03 0.12 0.05 4.60 

CV (%) 1 4 14 7 5 7 9 29 42 99 145 91 6 

 

Table A 1.3: Chemical compositions of the bodies of proto-porcelain sherds from the Huoshaoshan (HSS) kiln site.  
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A 1.4 HS 1 – 4 
 

 Sample Date n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

HS-1 E.S&A 10 73.65  17.67  0.55  0.60  2.28  0.67  3.22  0.87  0.12  0.08  0.14  0.04  86.31  

Stdv 1.39 1.18 0.11 0.08 0.17 0.04 0.43 0.22 0.04 0.10 0.15 0.03 3.80 

CV (%) 2 7 20 13 8 6 13 26 32 133 109 61 4 

HS-2 E.S&A 10 74.43  17.99  0.51  0.65  2.25  0.69  2.29  0.87  0.03  0.04  0.14  0.06  85.51  

Stdv 0.92 0.69 0.07 0.02 0.08 0.04 0.14 0.13 0.02 0.04 0.14 0.03 5.07 

CV (%) 1 4 15 3 4 6 6 15 52 106 101 56 6 

HS-3 E.S&A 10 76.24  16.71  0.36  0.57  2.25  0.56  2.12  0.97  0.04  0.01  0.05  0.04  78.18  

Stdv 1.23 0.75 0.03 0.03 0.25 0.06 0.18 0.38 0.03 0.02 0.10 0.05 5.77 

CV (%) 2 4 8 5 11 10 8 40 72 151 209 133 7 

HS-4 E.S&A 10 80.59  12.73  0.34  0.45  1.81  0.60  2.18  0.92  0.22  0.01  0.02  0.05  86.63  

Stdv 1.54 1.08 0.03 0.05 0.27 0.07 0.21 0.22 0.12 0.02 0.04 0.04 5.08 

CV (%) 2 8 9 12 15 12 10 24 52 127 211 77 6 

 

Table A 1.4: Chemical compositions of the bodies of proto-porcelain sherds from the Houshan (HS) kiln site.  
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A 1.5 CLL 1 – 9 
 

 Sample Date n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

CLL-1 L.S&A 10 80.10  13.26  0.48  0.48  2.11  0.90  1.82  0.65  0.04  0.02  0.02  0.05  97.66  

Stdv 0.65 0.53 0.09 0.03 0.18 0.12 0.12 0.11 0.04 0.02 0.05 0.02 1.56 

CV (%) 1 4 20 7 9 14 7 17 92 102 316 36 2 

CLL-2 L.S&A 10 75.41  17.50  0.67  0.56  1.88  0.58  2.22  0.86  0.08  0.01  0.08  0.06  92.09  

Stdv 0.90 0.54 0.11 0.06 0.09 0.04 0.20 0.15 0.02 0.02 0.07 0.03 5.25 

CV (%) 1 3 16 11 5 7 9 17 23 154 86 53 6 

CLL-3 L.S&A 10 77.28  15.22  0.48  0.43  2.63  1.06  1.89  0.74  0.02  0.04  0.04  0.08  96.75  

Stdv 1.36 0.97 0.08 0.03 0.16 0.08 0.17 0.09 0.01 0.03 0.06 0.04 1.52 

CV (%) 2 6 17 6 6 7 9 12 73 73 155 44 2 

CLL-4 L.S&A 10 76.00  16.66  0.55  0.48  2.10  0.73  2.24  0.90  0.08  0.02  0.08  0.06  91.05  

Stdv 1.35 0.88 0.05 0.07 0.22 0.07 0.21 0.16 0.04 0.03 0.10 0.06 1.63 

CV (%) 2 5 9 15 11 10 9 18 46 106 130 91 2 

CLL-5 L.S&A 10 74.87  17.41  0.43  0.58  2.12  0.79  2.38  1.11  0.05  0.01  0.07  0.07  83.59  

Stdv 0.90 0.68 0.03 0.03 0.14 0.04 0.17 0.28 0.02 0.02 0.07 0.05 5.92 

CV (%) 1 4 7 5 7 5 7 25 49 257 97 70 7 

CLL-6 L.S&A 10 78.67  14.18  0.42  0.52  2.22  0.89  1.98  0.88  0.05  0.03  0.04  0.07  96.45  

Stdv 1.09 0.63 0.08 0.08 0.19 0.10 0.10 0.27 0.01 0.02 0.07 0.04 1.73 

CV (%) 1 4 19 15 8 11 5 31 26 70 184 62 2 
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A 1.5 CLL 1 – 9 (continued) 
 

 Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO  Cr2O3 BaO Total 

CLL-7 L.S&A 10 75.59  17.61  0.38  0.56  1.81  0.63  2.23  0.83  0.09  0.02  0.10  0.05  87.88  

Stdv 0.73 0.67 0.06 0.04 0.13 0.03 0.21 0.15 0.03 0.02 0.12 0.03 1.63 

CV (%) 1 4 15 8 7 5 9 18 32 117 124 54 2 

CLL-8 L.S&A 10 75.34  16.99  0.53  0.52  2.11  0.70  2.59  0.93  0.07  0.02  0.04  0.05  78.14  

Stdv 1.00 0.77 0.08 0.05 0.12 0.05 0.18 0.19 0.03 0.02 0.06 0.03 3.16 

CV (%) 1 5 16 10 6 6 7 21 41 118 165 50 4 

CLL-9 L.S&A 10 76.91  16.14  0.34  0.48  1.90  0.42  2.37  1.15  0.04  0.02  0.06  0.06  76.65  

Stdv 0.88 0.67 0.10 0.05 0.16 0.05 0.09 0.11 0.01 0.02 0.09 0.03 3.38 

CV (%) 1 4 30 10 8 11 4 10 35 101 145 49 4 

 

Table A 1.5: Chemical compositions of the bodies of proto-porcelain sherds from the Chaluling (CLL) kiln site.  
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A 1.6 TZQ 1 – 4 
 

 Sample Date n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

TZQ-1 E.WS 10 76.29  17.06  0.28  0.69  1.94  0.50  1.93  1.04  0.04  0.02  0.04  0.07  94.26  

Stdv 1.06 0.78 0.04 0.05 0.10 0.03 0.12 0.20 0.02 0.02 0.08 0.03 1.02 

CV (%) 1 5 15 7 5 6 6 20 42 76 207 47 1 

TZQ-2 E.WS 10 77.55  15.94  0.38  0.61  2.00  0.70  1.66  0.91  0.02  0.03  0.09  0.05  95.13  

Stdv 0.90 0.63 0.03 0.04 0.09 0.03 0.15 0.19 0.01 0.02 0.08 0.03 1.40 

CV (%) 1 4 9 6 5 4 9 20 80 81 90 63 1 

TZQ-3 E.WS 10 77.37  15.75  0.59  0.57  1.81  0.76  1.86  0.99  0.08  0.03  0.05  0.07  92.50  

Stdv 1.09 0.65 0.09 0.05 0.11 0.05 0.18 0.28 0.02 0.03 0.11 0.04 4.72 

CV (%) 1 4 16 9 6 6 10 28 32 101 207 68 5 

TZQ-4 E.WS 10 78.68  14.89  0.39  0.62  1.79  0.48  1.87  0.99  0.06  0.02  0.07  0.07  94.88  

Stdv 1.07 0.74 0.02 0.04 0.15 0.04 0.11 0.14 0.01 0.02 0.08 0.04 1.91 

CV (%) 1 5 5 7 9 9 6 14 22 113 109 61 2 

 
Table A 1.6: Chemical compositions of the bodies of proto-porcelain sherds from the TZQ (Tingziqiao) kiln site.  
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A 1.7 XYS 1 – 4 
 

 Sample Date  n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

XYS-1 E.WS 10 78.37  14.86  0.28  0.55  1.82  0.48  2.32  1.09  0.05  0.03  0.02  0.05  97.20  

Stdv 1.04 0.78 0.03 0.03 0.07 0.02 0.31 0.25 0.02 0.03 0.05 0.02 0.70 

CV (%) 1 5 11 5 4 4 13 23 32 81 223 39 1 

XYS-2 E.WS 10 77.12  15.82  0.32  0.59  1.79  0.45  2.57  1.11  0.03  0.03  0.09  0.03  92.15  

Stdv 1.12 0.78 0.02 0.06 0.18 0.05 0.14 0.14 0.03 0.03 0.09 0.03 2.19 

CV (%) 1 5 6 9 10 10 5 13 100 111 98 107 2 

XYS-3 E.WS 10 75.48  17.43  0.42  0.58  1.91  0.53  2.33  0.98  0.12  0.04  0.04  0.06  95.53  

Stdv 1.19 0.87 0.05 0.05 0.20 0.06 0.22 0.34 0.03 0.03 0.06 0.03 3.01 

CV (%) 2 5 11 9 11 11 10 35 25 64 157 44 3 

XYS-4 E.WS 10 77.22  15.99  0.37  0.61  1.88  0.51  2.20  0.94  0.05  0.03  0.07  0.07  94.38  

Stdv 1.42 0.98 0.05 0.05 0.07 0.06 0.22 0.13 0.02 0.02 0.09 0.04 1.52 

CV (%) 2 6 12 9 3 11 10 14 40 75 136 64 2 

 

Table A 1.7: Chemical compositions of the bodies of proto-porcelain sherds from the XYS (Xiayangshan) kiln site.  
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A 1.8 WTS 1 – 18  
 

 Sample Date  n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

WTS-1 WS 10 78.54  15.41  0.30  0.60  1.90  0.73  1.37  0.97  0.02  0.02  0.03  0.07  89.87  

Stdv 0.71 0.43 0.03 0.04 0.09 0.02 0.12 0.27 0.02 0.02 0.05 0.02 1.78 

CV (%) 1  3  11  7  5  3  9  28  72  136  154  26  2  

WTS-2 WS 10 77.60  15.94  0.34  0.63  1.98  0.73  1.64  0.94  0.02  0.03  0.04  0.04  97.88  

Stdv 0.88 0.67 0.02 0.07 0.06 0.03 0.12 0.19 0.01 0.02 0.06 0.03 0.83 

CV (%) 1  4  6  11  3  5  7  21  82  78  126  78  1  

WTS-3 WS 10 77.49  16.14  0.34  0.61  2.03  0.70  1.54  0.87  0.03  0.05  0.04  0.08  90.36  

Stdv 1.61 1.17 0.02 0.08 0.19 0.09 0.18 0.10 0.05 0.05 0.07 0.02 0.80 

CV (%) 2  7  6  14  10  13  12  12  143  101  174  31  1  

WTS-4 WS 10 78.98  14.78  0.25  0.48  2.10  0.82  1.53  0.82  0.03  0.01  0.07  0.06  97.77  

Stdv 1.00 0.74 0.06 0.03 0.28 0.11 0.11 0.17 0.01 0.02 0.07 0.03 1.03 

CV (%) 1  5  23  7  13  13  7  21  43  180  101  59  1  

WTS-5 WS 10 79.38  14.37  0.31  0.47  2.14  0.89  1.39  0.83  0.03  0.02  0.06  0.03  95.70  

Stdv 1.29 0.81 0.06 0.05 0.32 0.16 0.12 0.12 0.02 0.03 0.11 0.03 0.67 

CV (%) 2  6  18  11  15  18  9  15  52  131  164  94  1  

WTS-6 WS 10 76.99  16.13  0.31  0.62  2.07  0.52  2.15  0.98  0.04  0.02  0.08  0.05  88.33  

Stdv 0.71 0.47 0.04 0.03 0.07 0.03 0.11 0.13 0.02 0.02 0.12 0.02 1.07 

CV (%) 1  3  13  4  3  5  5  13  51  126  155  38  1  

WTS-7 WS 10 79.63  14.16  0.40  0.62  1.95  0.42  1.57  0.91  0.05  0.04  0.11  0.06  91.76  

Stdv 0.97 0.64 0.05 0.03 0.09 0.02 0.15 0.11 0.02 0.02 0.12 0.04 2.97 

CV (%) 1  5  12  5  5  6  9  12  44  59  112  68  3  
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A 1.8 WTS 1 – 18 (continued) 
 

 Sample Date  n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

WTS-8 WS 10 76.10  16.93  0.36  0.65  1.94  0.64  2.13  1.01  0.03  0.04  0.02  0.07  95.19  

Stdv 0.88 0.65 0.04 0.04 0.06 0.04 0.11 0.16 0.02 0.04 0.04 0.04 1.03 

CV (%) 1  4  10  6  3  6  5  15  53  83  171  56  1  

WTS-9 WS 10 79.17  14.66  0.29  0.49  2.14  0.75  1.49  0.82  0.02  0.02  0.06  0.04  94.12  

Stdv 1.15 0.89 0.02 0.04 0.11 0.06 0.13 0.20 0.01 0.03 0.09 0.03 1.08 

CV (%) 1  6  8  8  5  8  9  25  59  105  142  72  1  

WTS-10 WS 10 78.52  14.89  0.28  0.53  2.12  0.81  1.67  0.91  0.02  0.03  0.08  0.07  95.88  

Stdv 1.07 0.80 0.04 0.05 0.12 0.07 0.12 0.23 0.01 0.02 0.11 0.03 1.07 

CV (%) 1  5  14  10  6  8  7  25  48  77  138  41  1  

WTS-11 WS 10 77.90  15.60  0.32  0.58  2.01  0.59  1.77  0.98  0.02  0.03  0.05  0.07  88.50  

Stdv 0.50 0.43 0.03 0.04 0.06 0.02 0.09 0.15 0.01 0.02 0.09 0.04 0.91 

CV (%) 1  3  9  7  3  4  5  15  52  86  164  67  1  

WTS-12 WS 10 76.77  16.03  0.44  0.63  1.82  0.58  2.41  1.03  0.03  0.03  0.10  0.06  87.10  

Stdv 1.30 1.06 0.08 0.06 0.11 0.04 0.25 0.12 0.02 0.03 0.12 0.05 2.16 

CV (%) 2  7  17  10  6  7  10  12  63  112  128  84  2  

WTS-13 WS 10 76.46  16.43  0.32  0.73  1.92  0.43  2.57  0.86  0.05  0.03  0.06  0.03  96.37  

Stdv 0.91 0.69 0.01 0.04 0.10 0.03 0.26 0.06 0.02 0.03 0.07 0.03 1.05 

CV (%) 1  4  3  5  5  7  10  7  43  108  118  83  1  
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A 1.8 WTS 1 – 18 (continued) 
 

 Sample Date  n SiO2 Al2O3 CaO MgO K2O    Na2O   Fe2O3   TiO2    P2O5    MnO   Cr2O3 BaO Total 

WTS-14 WS 10 77.74  15.81  0.36  0.63  1.88  0.54  1.88  0.88  0.03  0.01  0.07  0.08  95.12  

Stdv 1.24 0.88 0.03 0.05 0.09 0.03 0.16 0.14 0.02 0.02 0.08 0.04 1.65 

CV (%) 2  6  10  7  5  6  9  16  71  131  129  48  2  

WTS-15 WS 10 77.33  16.06  0.38  0.57  1.95  0.74  1.79  0.91  0.03  0.04  0.05  0.06  96.02  

Stdv 0.87 0.67 0.10 0.04 0.06 0.03 0.15 0.18 0.01 0.04 0.06 0.03 2.74 

CV (%) 1  4  25  7  3  4  9  19  34  106  110  55  3  

WTS-16 WS 10 79.88  14.17  0.30  0.58  1.81  0.57  1.51  0.96  0.03  0.02  0.05  0.08  98.00  

Stdv 0.64 0.38 0.02 0.03 0.09 0.03 0.08 0.14 0.01 0.02 0.05 0.03 0.53 

CV (%) 1 3 7 4 5 5 5 15 55 83 104 41 1 

WTS-17 WS 10 78.03  14.84  0.29  0.66  1.93  0.49  2.41  1.06  0.05  0.04  0.05  0.07  94.44  

Stdv 1.04 0.76 0.04 0.05 0.08 0.03 0.25 0.25 0.02 0.03 0.06 0.04 1.40 

CV (%) 1 5 12 8 4 6 10 24 36 69 119 58 1 

WTS-18 WS 10 77.30  16.17  0.30  0.68  1.94  0.51  1.84  1.01  0.03  0.04  0.05  0.06  97.91  

Stdv 0.74 0.52 0.02 0.04 0.05 0.03 0.16 0.10 0.02 0.03 0.06 0.04 0.60 

CV (%) 1 3 7 5 3 6 9 10 63 71 123 65 1 

Table A 1.8: Chemical compositions of the bodies of proto-porcelain sherds from the WTS (Wantoushan) kiln site.  
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Appendix 2 
 

EPMA-WDS results of the chemical compositions of the bodies of non proto-porcelain samples 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes, n: the number of areas analysed per sample)  

 

A 2.1 SDW-KW 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

SDW-KW1 Shang 6 79.70  11.72  0.46  0.52  2.28  0.33  3.44  0.93  0.33  0.12  0.11  0.07  87.19  

Stdv 1.90 1.08 0.04 0.10 0.26 0.05 0.49 0.18 0.07 0.06 0.10 0.04 4.58 

CV (%) 2 9 8 19 11 14 14 20 21 48 141 95 5 

Table A 2.1: Chemical compositions of the bodies of kiln wall fragment from the SDW (Shuidongwu) kiln site.  

 

A 2.2 HSS-KW and HSS-Spter 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

HSS-KW2 E.S&A 3 67.16  19.20  0.15  0.93  2.21  0.26  8.54  1.18  0.10  0.06  0.25  0.03  92.85  

Stdv 5.45 3.88 0.01 0.01 0.16 0.05 1.61 0.14 0.03 0.05 0.14 0.00 1.87 

CV (%) 8 20 7 1 7 19 19 12 30 76 169 15 2 

HSS-Spter E.S&A 5 77.27  15.61  0.42  0.61  2.36  0.61  1.69  1.11  0.05  0.07  0.06  0.09  92.44  

Stdv 1.96 0.50 0.22 0.06 0.50 0.20 0.09 0.63 0.01 0.04 0.03 0.05 0.47 

CV (%) 3 3 51 9 21 34 5 57 29 53 211 56 1 

 

Table A 2.2: Chemical compositions of the bodies of kiln wall fragment and clay firing supporters from the HSS (Huoshaoshan) kiln site.   
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A 2.3 HS-KW 
 

Sample Date  n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

HS-KW1 E.S&A 6 76.22  14.41   0.21  0.61  1.65  0.13  5.19  1.13  0.20  0.04  0.04  0.08  92.68  

Stdv 4.36  2.47  0.09 0.19 0.71 0.07 1.17 0.21 0.08 0.04 0.05 0.03 2.95 

CV (%) 6   17   42 30 43 54 23 19 40 110 111 38 3 

 

Table A 2.3: Chemical compositions of the bodies of kiln wall fragment from the HS (Houshan) kiln site.  
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A 2.4 XYS-Stpd, XYS-KF, and XYS-KW 
 

Sample Date  n  SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

XYS-Stpd 1 Shang 5 71.49  18.20  0.64  0.91  1.48  0.51  5.37  0.99  0.12  0.03  0.09  0.08  81.86  

Stdv 2.75 1.58 0.13 0.06 0.18 0.08 0.59 0.14 0.03 0.03 0.10 0.04 12.76 

CV (%) 4 9 21 7 12 16 11 14 24 115 110 56 16 

XYS-Stpd 2 Shang 5 69.37  19.94  0.57  0.95  1.78  0.54  5.51  1.06  0.09  0.03  0.06  0.03  92.26  

Stdv 1.70 1.06 0.02 0.08 0.12 0.05 0.58 0.26 0.03 0.02 0.10 0.03 0.42 

CV (%) 2 5 3 8 7 9 11 24 31 60 160 104 0 

XYS-KF1 WS 10 75.24  17.65  0.34  0.64  2.00  0.58  2.27  0.97  0.05  0.04  0.06  0.08  97.57  

Stdv 1.00 0.74 0.03 0.03 0.10 0.03 0.11 0.22 0.02 0.05 0.08 0.04 1.30 

CV (%) 1 4 9 5 5 6 5 23 40 114 123 59 1 

XYS-KF2 WS 10 72.27  17.87  0.46  0.73  1.43  0.79  5.17  0.89  0.09  0.03  0.10  0.07  72.24  

Stdv 1.21 0.58 0.05 0.06 0.20 0.07 0.91 0.11 0.03 0.03 0.13 0.04 7.89 

CV (%) 2 3 10 8 14 9 18 13 37 95 130 58 11 

XYS-KW1 WS 5 79.06  10.99  0.28  0.47  2.31  0.27  5.23  0.99  0.30  0.10  0.03 0.03  90.95  

Stdv 2.98  1.87  0.05  0.10  0.70  0.03  0.67  0.21  0.03  0.14  0.05 0.04  3.45  

CV (%) 4  17  18  21  30  11  13  21  10  138  167  133  4  

XYS-KW2 WS 5 77.39  12.98  0.29  0.47  1.53  0.23  5.37  1.36  0.28  0.09  0.04 0.01  80.92  

Stdv 2.65  2.49  0.06  0.12  0.46  0.04  0.76  0.25  0.05  0.04  0.03 0.02  3.77  

CV (%) 3  19  21  25  30  17  14  18  18  46  75  200  5  
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A 2.4 XYS-Stpd, XYS-KF, and XYS-KW (continued) 
 

 

Sample Date  n  SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

XYS-KW3 WS 5 81.22  10.62  0.33  0.47  2.14  0.23  3.61  0.96  0.21  0.08  0.03  0.04  87.51  

Stdv 1.53 1.18 0.07 0.10 0.50 0.05 0.70 0.16 0.02 0.06 0.04 0.04 3.05 

CV (%) 2 11 21 21 23 20 19 17 11 71 128 95 3 

XYS-KW4 WS 5 79.71  11.99  0.18  0.29  0.75  0.12  5.50  1.05  0.17  0.15  0.05  0.01  81.01  

Stdv 3.03 2.43 0.02 0.04 0.18 0.02 0.55 0.14 0.04 0.25 0.07 0.01 3.79 

CV (%) 4 20 9 13 25 21 10 13 25 170 141 98 5 

 

Table A 2.4: Chemical compositions of the bodies of 2 sherds of stamped stoneware, 2 pieces of kiln furniture and 4 pieces of kiln walls from the XYS 

(Xiayangshan) kiln site. 
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Appendix 3 
 

EPMA-WDS results of the chemical compositions of the glazes of proto-porcelain sherds from eight kiln sites 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes, n: the number of areas analysed per sherd)  

 

A 3.1 NS 1, 4, 8 and 11 
 

Sample Date Part n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

NS-1 Shang 

rim 2 54.54  13.95  22.42  1.90  1.62  1.01  2.29  0.77  0.86  0.37  nd 0.18  95.27  

Stdv 0.71 0.36 0.28 0.08 0.10 0.04 0.16 0.01 0.02 0.00 nd 0.04 3.48 

CV (%) 1 3 1 4 6 4 7 1 3 1 nd 23 4 

NS-4 Shang 

int. 3 68.26  17.24  5.12  0.82  3.00  1.62  2.54  0.90  0.22  0.04  0.01  0.14  99.40  

Stdv 1.63 2.25 3.05 0.33 0.44 0.05 0.78 0.43 0.19 0.03 0.02 0.02 0.88 

CV (%) 2 13 60 40 15 3 31 47 84 91 122 13 1 

NS-8 Shang 

ext. 7 58.56 16.20 14.76 1.71 2.91 1.67 2.43 0.79 0.42 0.18 nd 0.17 99.67  

Stdv 4.18 1.03 4.37 0.61 0.76 0.24 0.73 0.10 0.19 0.07 0.01 0.03 0.17 

CV (%) 7 6 30 36 26 14 30 13 46 39 265 17 0 

NS-11 Shang 

ext. 7 63.23  14.48  12.81  1.57  2.44  1.42  2.18  0.81  0.47  0.16  nd 0.17  99.83  

Stdv 5.90 0.58 4.37 0.63 0.53 0.13 0.72 0.17 0.20 0.06 0.00 0.03 0.25 

CV (%) 9 4 34 41 22 9 33 21 43 38 363 20 0 

 

Table A 3.1: Chemical compositions of the glazes of proto-porcelain sherds from the NS (Nanshan) kiln site.  

nd: not detected  
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A 3.2 SDW 1 – 3  
 

 

Sample Date  Part  n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

SDW-1 Shang 

ext. 3 76.16  1.52  2.03  3.40  11.06  1.96  1.34  0.14  2.11  0.23  nd 0.01  94.31  

Stdv 2.80 1.63 0.19 0.35 0.41 0.18 0.13 0.07 0.82 0.06 nd 0.01 0.68 

CV (%) 4 107 9 10 4 9 10 51 39 24 nd 95 1 

SDW-2 Shang 

ext. 5 67.81  13.66  7.34  1.79  3.42  0.83  3.68  0.86  0.34  0.08  nd 0.08  94.25  

Stdv 4.41 0.88 3.67 0.54 1.25 0.16 0.82 0.10 0.15 0.03 nd 0.04 1.43 

CV (%) 7 6 50 30 36 19 22 11 43 38 nd 48 2 

SDW-3 Shang 

ext. 4 70.97  14.95  3.18  0.97  4.32  1.10  3.15  1.00  0.07  0.17  0.02  0.07  95.58  

Stdv 1.78 1.26 0.31 0.38 0.65 0.16 1.29 0.35 0.04 0.06 0.01 0.05 0.38 

CV (%) 3 8 10 39 15 15 41 35 50 32 200 75 0 

 
Table A 3.2: Chemical compositions of the glazes of proto-porcelain sherds from the SDW (Shuidongwu) kiln site.  

nd: not detected 
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A 3.3 HSS 1 – 6  
 

Sample Date  Part  n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

HSS-1 E.S&A 

ext. 5 62.43  12.04  15.76  2.00  1.92  0.79  2.62  0.81  1.32  0.11  0.01  0.10  97.89  

Stdv 2.01 0.60 3.15 0.33 0.33 0.09 0.68 0.04 0.28 0.03 0.01 0.02 0.21 

CV (%) 3 5 20 16 17 11 26 5 21 25 112 17 0 

int. 5 65.99  13.03  12.03  1.64  2.31  0.84  2.07  0.82  1.01  0.07  0.02  0.10  98.27  

Stdv 4.15 0.43 3.93 0.47 0.57 0.12 0.39 0.05 0.42 0.03 0.01 0.05 0.53 

CV (%) 6 3 33 29 25 14 19 7 41 42 70 53 1 

HSS-2 E.S&A 

ext. 5 66.65  12.34  12.16  1.47  2.29  0.73  2.45  0.80  0.89  0.08  nd 0.08  98.34  

Stdv 2.88 0.45 2.39 0.30 0.41 0.08 0.34 0.04 0.43 0.03 nd 0.03 0.30 

CV (%) 4 4 20 21 18 11 14 4 48 34 nd 35 0 

int. 5 61.15  11.68  17.13  1.98  2.22  0.70  2.61  0.79  1.33  0.17  nd 0.12  98.94  

Stdv 2.29 0.80 2.60 0.27 0.44 0.06 0.29 0.09 0.11 0.06 nd 0.05 0.25 

CV (%) 4 7 15 14 20 8 11 11 8 38 nd 39 0 

HSS-3 E.S&A 

ext. 5 68.03  14.53  8.88  1.25  2.84  0.84  2.16  0.69  0.52  0.02  0.01  0.12  97.96  

Stdv 2.89 1.07 3.75 0.43 0.90 0.17 0.60 0.05 0.39 0.02 0.01 0.03 2.73 

CV (%) 4 7 42 34 32 21 28 7 75 97 77 24 3 

int. 5 64.19  14.09  12.37  1.84  2.66  0.70  2.57  0.72  0.54  0.11  0.01  0.11  99.44  

Stdv 3.04 1.08 4.34 0.31 0.55 0.12 0.41 0.07 0.16 0.05 0.01 0.04 0.11 

CV (%) 5 8 35 17 21 17 16 10 30 41 117 36 0 

rim 3 66.04  15.64  8.20  1.38  3.69  0.87  2.82  0.76  0.36  0.04  nd 0.12  99.14  

Stdv 0.73 0.57 1.17 0.23 0.44 0.06 0.30 0.03 0.10 0.06 nd 0.03 0.37 

CV (%) 1 4 14 17 12 7 11 3 28 147 nd 28 0 
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A 3.3 HSS 1 – 6 (continued) 
 

Sample Date  Part  n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

HSS-4 E.S&A 

ext. 5 64.41  13.76  12.82  1.89  1.68  0.85  3.03  0.72  0.55  0.08  nd 0.11  97.86  

Stdv 0.40 0.47 1.78 0.14 0.37 0.11 0.70 0.10 0.05 0.03 nd 0.02 3.32 

CV (%) 1 3 14 8 22 13 23 14 9 42 nd 16 3 

int. 5 63.68  13.87  13.45  1.87  1.94  0.86  2.74  0.65  0.61  0.06  0.01  0.11  99.28  

Stdv 2.06 1.02 3.32 0.28 0.54 0.20 0.30 0.09 0.12 0.02 0.02 0.03 0.36 

CV (%) 3 7 25 15 28 24 11 14 19 37 109 22 0 

HSS-5 E.S&A 

ext. 5 62.72  13.54  14.63  1.84  2.44  1.23  2.13  0.54  0.64  0.04  0.01  0.19  98.31  

Stdv 3.29 3.33 7.65 0.82 1.86 1.02 0.54 0.28 0.37 0.04 0.01 0.17 0.23 

CV (%) 5 25 52 44 76 83 26 53 58 97 158 92 0 

int. 5 65.56  14.60  10.74  1.57  2.94  1.16  2.11  0.52  0.53  0.03  nd 0.16  98.44  

Stdv 2.87 2.56 4.37 0.73 1.16 0.34 0.74 0.27 0.37 0.04 nd 0.17 0.72 

CV (%) 4 18 41 46 39 29 35 52 70 136 nd 105 1 

HSS-6 E.S&A 

ext. 5 66.08  15.78  7.77  1.65  2.88  1.01  2.92  0.67  0.93  0.09  0.02  0.13  99.22  

Stdv 1.57 1.36 1.46 0.52 0.75 0.14 0.88 0.26 0.41 0.03 0.02 0.02 0.54 

CV (%) 2 9 19 31 26 14 30 39 45 28 131 12 1 

int. 5 62.60  14.59  13.10  2.02  2.31  0.86  2.51  0.71  0.84  0.23  nd 0.14  99.28  

Stdv 3.62 1.08 3.79 0.61 0.60 0.16 0.54 0.05 0.40 0.09 nd 0.04 0.45 

CV (%) 6 7 29 30 26 18 22 8 47 41 nd 30 0 

 

Table A 3.3: Chemical compositions of the glazes of proto-porcelain sherds from the HSS (Huoshaoshan) kiln site.  

nd: not detected  



 275 

A 3.4 HS 1 – 4  
 

Sample Date  Part  n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

HS-1 E.S&A 

ext. 5 75.32  8.96  5.17  1.51  4.53  0.94  1.68  0.47  1.17  0.11  0.01  0.08  98.59  

Stdv 3.99 1.21 1.44 0.40 0.54 0.17 0.28 0.10 0.14 0.03 0.01 0.03 1.62 

CV (%) 5 13 28 26 12 18 17 21 12 26 199 32 2 

int. 4 62.18  14.45  14.58  1.83  2.22  0.74  2.59  0.70  0.41  0.17  nd 0.08  99.37  

Stdv 0.85 0.29 1.07 0.23 0.38 0.09 0.14 0.03 0.01 0.04 nd 0.02 1.17 

CV (%) 1 2 7 13 17 13 5 5 3 23 nd 24 1 

HS-2 E.S&A 

ext. 5 57.17  9.85  20.74  2.59  3.79  0.80  3.08  0.75  0.60  0.38  nd 0.17  97.37  

Stdv 1.13 1.36 2.08 0.28 0.33 0.09 0.28 0.06 0.07 0.05 nd 0.06 0.27 

CV (%) 2 14 10 11 9 11 9 8 12 14 nd 33 0 

int. 5 68.70  18.14  3.68  1.32  3.45  1.00  2.46  0.73  0.28  0.04  nd 0.11  96.03  

Stdv 3.11 0.75 1.98 0.60 0.32 0.08 0.75 0.15 0.28 0.02 nd 0.03 2.12 

CV (%) 5 4 54 45 9 8 30 21 99 64 nd 31 2 

HS-3 E.S&A 

ext. 5 65.84  15.63  10.09  1.20  2.90  0.93  2.24  0.62  0.35  0.06  nd 0.08  94.16  

Stdv 2.48 1.34 3.27 0.54 1.09 0.27 0.81 0.26 0.20 0.04 nd 0.04 0.43 

CV (%) 4 9 32 45 38 29 36 42 57 66 nd 51 0 

int. 5 61.58  13.46  15.75  2.13  2.34  0.76  2.43  0.72  0.40  0.23  0.01  0.09  94.48  

Stdv 0.82 0.19 0.95 0.11 0.19 0.05 0.21 0.05 0.05 0.01 0.01 0.02 0.35 

CV (%) 1 1 6 5 8 7 8 7 11 6 141 23 0 

HS-4 E.S&A 

ext. 2 63.15  10.94  16.38  1.70  2.35  1.00  2.66  0.70  0.84  0.09  0.02  0.11  96.42  

Stdv 0.70 0.38 0.77 0.16 0.14 0.04 0.49 0.02 0.06 0.01 0.02 0.03 0.72 

CV (%) 1 3 5 9 6 4 18 3 7 10 114 24 1 

 

Table A 3.4: Chemical compositions of the glazes of proto-porcelain sherds from the HS (Huoshaoshan) kiln site. nd: not detected   
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A 3.5 CLL 1 – 9 
 

Sample Date    Part    n   SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

CLL-1 L.S&A 

ext. 3 68.06  15.02  9.16  1.18  2.36  1.39  1.67  0.66  0.32  0.04  0.01  0.06  98.64  

Stdv 1.37 2.33 2.13 0.62 0.38 0.25 0.29 0.21 0.37 0.02 0.01 0.05 0.87 

CV (%) 2 15 23 53 16 18 18 32 113 69 89 73 1 

int. 5 61.47  11.25  18.21  2.58  1.33  0.89  1.95  0.77  1.32  0.06  nd 0.07  99.42  

Stdv 1.71 0.33 1.52 0.11 0.10 0.05 0.15 0.05 0.22 0.01 nd 0.02 0.33 

CV (%) 3 3 8 4 7 6 8 6 17 23 nd 22 0 

rim 4 67.79  11.91  10.58  2.54  2.36  1.14  1.92  0.67  0.79  0.10  0.01  0.07  99.05  

Stdv 6.59 1.17 5.53 1.90 1.21 0.31 0.49 0.24 0.63 0.07 0.01 0.05 0.63 

CV (%) 10 10 52 75 51 27 25 35 80 65 188 65 1 

CLL-2 L.S&A 

ext. 5 69.40  16.34  5.82  1.58  2.38  0.85  2.11  0.87  0.40  0.07  0.01  0.09  96.40  

Stdv 4.09 2.32 3.04 0.86 0.50 0.09 0.56 0.33 0.49 0.02 0.01 0.03 2.50 

CV (%) 6 14 52 54 21 10 26 38 121 36 135 31 3 

int. 5 63.45  15.17  11.00  2.70  2.00  0.74  2.61  0.85  1.25  0.08  nd 0.10  99.65  

Stdv 1.93 0.46 2.95 0.33 0.69 0.15 0.29 0.04 0.20 0.04 nd 0.02 0.24 

CV (%) 3 3 27 12 35 21 11 5 16 55 nd 22 0 

CLL-3 L.S&A 

ext. 5 64.62  12.30  14.42  1.47  2.39  1.35  1.70  0.67  0.79  0.08  0.01  0.10  99.49  

Stdv 6.99 1.53 4.82 0.50 0.31 0.10 0.25 0.15 0.25 0.04 0.01 0.03 0.33 

CV (%) 11 12 33 34 13 8 15 23 31 57 91 30 0 

int. 5 61.11  12.77  17.72  1.87  1.44  1.01  2.06  0.78  0.98  0.11  nd 0.08  98.64  

Stdv 0.86 0.13 1.10 0.13 0.12 0.09 0.20 0.07 0.08 0.05 nd 0.05 0.99 

CV (%) 1 1 6 7 8 9 10 8 8 46 nd 57 1 
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A 3.5 CLL 1 – 9 (continued) 
 

Sample Date  Part  n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

CLL-4 L.S&A 

ext. 5 68.36  17.05  5.23  1.55  2.78  1.27  2.36  0.59  0.53  0.10  0.01  0.12  99.11  

Stdv 1.50 1.83 1.44 0.76 1.03 0.43 1.10 0.37 0.45 0.04 0.01 0.01 0.65 

CV (%) 2 11 28 49 37 34 47 63 85 39 224 12 1 

int. 5 71.49  15.72  4.27  1.25  2.53  1.10  2.25  0.84  0.28  0.09  0.01  0.11  98.44  

Stdv 1.13 0.21 0.66 0.22 0.19 0.05 0.43 0.08 0.17 0.02 0.01 0.02 1.01 

CV (%) 2 1 16 17 7 4 19 9 59 24 122 23 1 

CLL-5 L.S&A 

ext. 5 66.32  14.68  10.36  1.60  2.34  1.15  1.97  0.75  0.61  0.05  0.01  0.07  99.55  

Stdv 5.39 0.57 5.35 0.68 0.92 0.33 0.21 0.02 0.45 0.02 0.01 0.05 0.07 

CV (%) 8 4 52 43 39 29 11 3 73 41 103 69 0 

int. 5 65.84  14.51  11.27  1.88  1.91  1.02  1.93  0.73  0.66  0.08  0.01  0.08  99.56  

Stdv 3.98 0.24 3.61 0.58 0.60 0.20 0.24 0.08 0.32 0.03 0.01 0.05 0.29 

CV (%) 6 2 32 31 32 19 12 11 48 35 118 55 0 

CLL-6 L.S&A 

ext. 5 61.03  11.23  18.86  2.65  1.17  0.87  1.83  0.76  1.34  0.07  nd 0.12  98.68  

Stdv 1.51 0.22 1.78 0.15 0.14 0.06 0.14 0.04 0.16 0.03 nd 0.04 0.65 

CV (%) 2 2 9 6 12 6 8 6 12 44 nd 34 1 

int. 5 63.29  12.06  14.81  2.63  1.81  1.04  2.03  0.79  1.30  0.07  nd 0.10  97.32  

Stdv 1.46 0.48 1.60 0.33 0.29 0.10 0.14 0.02 0.19 0.02 nd 0.03 1.83 

CV (%) 2 4 11 13 16 10 7 3 15 30 nd 30 2 
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A 3.5 CLL 1 – 9 (continued) 
 

Sample Date  Part    n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

CLL-7 L.S&A 

ext. 5 63.58 15.41  10.99  2.36  1.98  0.92  2.30  0.79  1.35  0.12  nd 0.10  94.71  

Stdv 0.61 0.45 1.02 0.11 0.47 0.13 0.11 0.08 0.11 0.03 0.01 0.05 0.34 

CV (%) 1 3 9 5 24 14 5 10 8 30 224 54 0 

int. 5 62.10 14.48  15.00  2.38  1.17  0.65  1.92  0.76  1.21  0.15  0.01  0.09  94.60  

Stdv 1.26 0.29 1.34 0.17 0.09 0.04 0.13 0.04 0.16 0.04 0.01 0.04 0.30 

CV (%) 2 2 9 7 8 6 7 5 14 24 129 43 0 

CLL-8 L.S&A 

ext. 5 66.40 15.66  7.92  2.13  2.21  0.97  2.67  0.84  0.89  0.13  0.01  0.11  96.18  

Stdv 1.63 0.46 1.27 0.34 0.28 0.08 0.29 0.07 0.24 0.03 0.01 0.03 1.90 

CV (%) 2 3 16 16 13 8 11 8 27 21 202 27 2 

int. 5 65.65 14.40  9.91  2.75  1.88  0.93  2.49  0.75  0.89  0.15  nd 0.15  97.53  

Stdv 1.67 1.06 1.35 0.81 0.31 0.12 0.27 0.09 0.31 0.05 0.00 0.05 0.25 

CV (%) 3 7 14 30 16 13 11 12 35 36 224 32 0 

CLL-9 L.S&A 

ext. 5 66.57 14.35  8.55  1.82  3.56  0.99  2.24  0.94  0.70  0.11  nd 0.12  98.38  

Stdv 1.04 0.40 0.91 0.22 0.34 0.07 0.20 0.05 0.16 0.06 nd 0.06 0.44 

CV (%) 2 3 11 12 10 7 9 6 23 55 nd 48 0 

int. 5 67.65 14.58  9.28  1.80  1.85  0.72  2.23  0.96  0.62  0.09  0.01  0.11  98.34  

Stdv 0.62 0.25 0.88 0.08 0.16 0.05 0.10 0.07 0.09 0.02 0.01 0.03 0.35 

CV (%) 1 2 9 4 9 7 4 7 15 20 114 29 0 

  
Table A 3.5: Chemical compositions of the glazes of proto-porcelain sherds from the CLL (Chaluling) kiln site.  

nd: not detected 
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A 3.6 TZQ 1 – 4  
 

Sample Date  Part   n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

TZQ-1 E.WS 

ext. 5 58.33  10.77  21.15  3.12  1.02  0.48  1.64  0.83  1.87  0.46  0.01  0.22  97.60  

Stdv 1.51 0.36 1.73 0.09 0.05 0.01 0.18 0.19 0.16 0.06 0.01 0.01 3.59 

CV (%) 3 3 8 3 5 2 11 23 8 12 120 5 4 

TZQ-2 E.WS 

int. 5 65.53  13.65  12.39  2.23  1.61  0.89  1.53  0.74  0.84  0.37  0.01  0.12  97.31  

Stdv 2.89 1.17 2.79 0.66 0.32 0.18 0.20 0.09 0.41 0.05 0.02 0.07 0.31 

CV (%) 4 9 23 29 20 20 13 12 48 13 155 58 0 

TZQ-3 E.WS 

ext. 5 59.58  11.42  16.91  3.49  1.59  0.86  2.39  0.78  2.26  0.49  0.01  0.15  98.01  

Stdv 1.26 0.43 1.27 0.43 0.27 0.09 0.35 0.02 0.35 0.10 0.01 0.04 1.25 

CV (%) 2 4 8 12 17 11 14 2 15 20 137 27 1 

int. 5 61.93  11.19  14.94  3.63  1.43  0.82  2.23  0.75  2.35  0.51  0.01  0.15  98.14  

Stdv 2.37 0.33 1.56 0.85 0.22 0.08 0.16 0.03 0.63 0.06 0.01 0.03 1.15 

CV (%) 4 3 10 23 16 10 7 4 27 11 224 20 1 

TZQ-4 E.WS 

ext. 5 62.08  12.07  17.39  2.26  1.18  0.46  2.10  0.93  0.99  0.30  0.01  0.13  93.85  

Stdv 1.22 0.25 1.51 0.19 0.17 0.04 0.08 0.04 0.07 0.03 0.02 0.04 1.23 

CV (%) 2 2 9 8 14 8 4 4 8 9 205 30 1 

int. 5 78.04  14.75  0.46  0.56  3.00  0.69  1.62  0.78  0.01  0.02  0.01  0.03  96.04  

Stdv 5.82 4.03 0.14 0.21 0.61 0.18 0.52 0.20 0.02 0.03 0.01 0.02 3.50 

CV (%) 7 27 31 37 20 26 32 26 125 172 173 86 4 

 

Table A 3.6: Chemical compositions of the glazes of proto-porcelain sherds from the TZQ (Tingziqiao) kiln site.  
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A 3.7 XYS 1 – 4  
 

Sample Date  Part   n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

XYS-1 E.WS 

ext. 5 61.16  12.07  15.15  3.67  1.22  0.56  2.31  0.88  2.01  0.74  0.01  0.17  99.97  

Stdv 1.35 1.16 1.06 0.41 0.15 0.06 0.32 0.03 0.28 0.12 0.01 0.03 1.45 

CV (%) 2 10 7 11 12 11 14 3 14 17 101 20 1 

int. 5 60.75  11.43  16.51  3.68  1.34  0.57  2.02  0.92  1.79  0.74  0.01  0.16  99.13  

Stdv 0.47 0.23 0.40 0.28 0.09 0.02 0.08 0.05 0.15 0.10 0.01 0.02 0.50 

CV (%) 1 2 2 8 6 3 4 5 8 14 132 12 1 

XYS-2 E.WS 

ext. 5 65.62  13.15  11.77  2.63  1.74  0.65  1.98  0.84  1.01  0.39  nd  0.13  97.83  

Stdv 5.32 0.55 3.77 1.08 0.47 0.11 0.37 0.18 0.57 0.17 nd 0.02 1.80 

CV (%) 8 4 32 41 27 17 19 22 56 42 nd 14 2 

XYS-3 E.WS 

ext. 5 70.90  16.15  1.28  0.82  5.66  1.71  2.35  0.81  0.08  0.08  0.02  0.09  99.78  

Stdv 2.74 1.86 0.55 0.25 0.50 0.24 0.35 0.18 0.06 0.07 0.01 0.04 0.56 

CV (%) 4 12 43 31 9 14 15 22 78 92 72 46 1 

int. 5 72.69  16.84  0.12  0.23  5.71  0.90  2.14  1.24  0.03  0.02  nd  0.03  100.48  

Stdv 1.82 1.47 0.08 0.03 0.80 0.24 0.22 0.25 0.02 0.02 nd 0.06 0.52 

CV (%) 3 9 73 11 14 27 10 20 65 85 nd 177 1 

XYS-4 E.WS 

ext. 5 59.39  12.41  17.32  3.52  1.45  0.65  1.99  0.91  1.57  0.58  nd  0.16  97.92  

Stdv 0.59 0.30 0.99 0.12 0.13 0.05 0.19 0.06 0.05 0.02 nd 0.04 0.25 

CV (%) 1 2 6 4 9 8 10 7 3 4 nd 28 0 

 

Table A 3.7: Chemical compositions of the glazes of proto-porcelain sherds from the XYS (Xiayangshan) kiln site. 

nd: not detected 
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A 3.8 WTS 1 – 18 
 

Sample Date  Part   n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

WTS-1 WS 

ext. 5 63.66  12.75  13.91  3.16  1.34  0.77  1.51  0.84  1.34  0.52  0.01  0.12  92.79  

Stdv 0.71 0.45 0.68 0.15 0.10 0.04 0.05 0.08 0.13 0.02 0.02 0.03 0.52 

CV (%) 1 4 5 5 7 6 3 9 10 5 127 26 1 

int. 5 62.58  11.63  15.66  4.27  1.04  0.71  1.31  0.80  1.22  0.52  0.01  0.14  93.45  

Stdv 0.76 0.46 1.18 0.62 0.11 0.06 0.15 0.06 0.09 0.10 0.01 0.04 0.14 

CV (%) 1 4 8 15 10 9 12 8 7 19 76 29 0 

rim 4 64.64  11.43  13.58  2.96  2.09  0.75  1.66  1.02  1.20  0.45  0.01  0.11  85.74  

Stdv 0.81 0.33 0.61 0.26 0.21 0.08 0.11 0.10 0.05 0.02 0.02 0.02 7.51 

CV (%) 1 3 5 9 10 11 7 9 4 3 124 23 9 

WTS-2 WS 

ext. 5 60.62  12.19  18.51  2.60  1.29  0.78  1.37  0.82  1.12  0.45  0.01  0.14  99.52  

Stdv 0.79 0.14 0.76 0.24 0.08 0.02 0.07 0.03 0.08 0.03 0.02 0.02 0.29 

CV (%) 1 1 4 9 6 2 5 4 7 7 152 15 0 

int. 5 64.42  12.77  14.12  2.59  1.30  0.77  1.55  0.84  1.01  0.42  0.02  0.14  99.06  

Stdv 0.78 0.60 1.39 0.17 0.14 0.07 0.12 0.06 0.15 0.09 0.02 0.05 0.51 

CV (%) 1 5 10 7 11 9 7 7 14 22 102 34 1 

WTS-3 WS 

ext. 5 62.44  13.99  13.66  2.30  2.39  1.16  1.50  0.84  1.07  0.44  0.01  0.11  91.62  

Stdv 1.58 0.68 1.71 0.41 0.30 0.14 0.20 0.05 0.21 0.10 0.01 0.02 0.40 

CV (%) 3 5 13 18 13 12 14 6 20 22 171 15 0 

int. 5 59.66  10.86  19.98  3.19  1.30  0.68  1.50  0.70  1.39  0.51  0.01  0.13  91.91  

Stdv 0.30 0.69 0.79 0.23 0.03 0.03 0.14 0.03 0.04 0.02 0.01 0.04 0.43 

CV (%) 1 6 4 7 2 4 9 4 3 4 89 33 0 
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A 3.8 WTS 1 – 18 (continued) 
 

Sample Date  Part   n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

WTS-4 WS 

ext. 5 59.31  11.76  19.48  2.57  1.17  0.78  1.56  0.79  1.70  0.68  0.01  0.10  99.86  

Stdv 0.52 0.41 0.60 0.18 0.11 0.01 0.18 0.03 0.10 0.02 0.01 0.03 0.56 

CV (%) 1 3 3 7 10 2 12 4 6 3 151 27 1 

int. 5 60.63  11.49  18.94  2.54  1.25  0.87  1.23  0.75  1.44  0.60  0.01  0.15  99.93  

Stdv 1.14 0.47 1.19 0.30 0.14 0.06 0.09 0.03 0.10 0.06 0.01 0.02 0.24 

CV (%) 2 4 6 12 11 7 7 4 7 11 83 10 0 

WTS-5 WS 

ext. 5 60.69  11.71  18.26  2.50  1.18  0.79  1.54  0.86  1.63  0.62  0.00  0.12  98.92  

Stdv 0.30 0.16 0.16 0.05 0.08 0.03 0.08 0.03 0.07 0.05 0.01 0.04 0.28 

CV (%) 0 1 1 2 7 4 5 4 4 8 224 34 0 

int. 5 60.55  11.26  18.78  2.61  1.44  0.89  1.23  0.80  1.59  0.62  0.00  0.11  99.00  

Stdv 0.56 0.14 0.49 0.11 0.13 0.04 0.05 0.03 0.11 0.06 0.01 0.02 0.31 

CV (%) 1 1 3 4 9 5 4 3 7 10 137 19 0 

WTS-6 WS 

ext. 5 63.11  13.30  14.17  2.67  1.30  0.55  2.12  0.94  1.20  0.47  0.01  0.11  94.12  

Stdv 1.15 0.45 1.74 0.05 0.16 0.05 0.17 0.03 0.13 0.02 0.02 0.05 0.90 

CV (%) 2 3 12 2 13 9 8 4 11 5 113 43 1 

int. 5 60.92  11.69  18.18  2.72  1.45  0.60  1.77  0.78  1.22  0.49  0.00  0.14  93.99  

Stdv 1.31 0.57 0.66 0.25 0.22 0.06 0.16 0.08 0.15 0.04 0.00 0.04 0.58 

CV (%) 2 5 4 9 15 11 9 10 12 8 224 26 1 
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A 3.8 WTS 1 – 18 (continued) 

 
 

Sample Date  Part   n     SiO2 Al2O3 CaO  MgO   K2O   Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

WTS-7 WS 

ext. 5 60.45  11.29  18.88  3.63  1.36  0.49  1.31  0.89  0.99  0.47  0.01  0.14  100.27  

Stdv 0.45 0.14 0.47 0.13 0.09 0.01 0.10 0.04 0.08 0.09 0.01 0.05 0.41 

CV (%) 1 1 2 4 7 3 7 5 8 20 115 32 0 

int. 5 61.06  11.27  18.17  3.45  1.65  0.54  1.40  0.87  0.91  0.49  0.01  0.12  100.58  

Stdv 1.85 0.23 2.17 0.18 0.20 0.06 0.20 0.04 0.18 0.04 0.01 0.04 0.41 

CV (%) 3 2 12 5 12 10 15 5 19 7 101 30 0 

WTS-8 WS 

ext. 5 62.91  14.52  13.67  2.44  1.20  0.63  2.20  0.96  0.92  0.31  0.01  0.17  99.32  

Stdv 0.53 0.27 0.91 0.09 0.10 0.07 0.10 0.06 0.07 0.02 0.01 0.02 0.86 

CV (%) 1 2 7 4 8 10 4 6 8 7 65 13 1 

int. 5 57.91  12.95  20.28  2.59  1.05  0.54  1.97  0.85  1.13  0.44  0.00  0.23  99.93  

Stdv 0.54 0.17 0.68 0.07 0.05 0.03 0.23 0.03 0.08 0.05 0.00 0.05 0.37 

CV (%) 1 1 3 3 5 5 12 3 7 11 224 22 0 

WTS-9 WS 

ext. 5 64.82  12.92  13.62  1.59  2.80  1.42  1.18  0.77  0.48  0.20  0.01  0.13  97.46  

Stdv 4.30 1.33 5.44 0.69 0.82 0.33 0.18 0.12 0.27 0.10 0.01 0.05 0.47 

CV (%) 7 10 40 44 29 24 15 16 56 50 103 36 0 

int. 5 62.27  9.96  19.19  3.03  1.12  0.78  1.29  0.71  0.95  0.43  0.01  0.13  97.42  

Stdv 1.52 0.91 0.86 0.26 0.09 0.04 0.12 0.05 0.13 0.01 0.01 0.04 0.22 

CV (%) 2 9 5 9 8 6 9 7 13 3 102 33 0 
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A 3.8 WTS 1 – 18 (continued) 

 
 

Sample Date  Part   n SiO2 Al2O3 CaO MgO K2O  Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

WTS-10 WS 

ext. 5 63.05  12.15  15.25  2.87  1.37  0.81  1.61  0.83  1.26  0.49  0.01  0.16  97.95  

Stdv 1.83 0.83 0.33 0.17 0.13 0.06 0.26 0.05 0.09 0.10 0.01 0.03 0.44 

CV (%) 3 7 2 6 10 7 16 6 7 20 179 16 0 

int. 5 62.62  11.71  16.00  3.23  1.16  0.75  1.51  0.83  1.48  0.49  0.01  0.13  97.43  

Stdv 0.78 0.31 1.06 0.37 0.09 0.05 0.13 0.05 0.12 0.04 0.03 0.03 0.38 

CV (%) 1 3 7 11 8 6 8 5 8 7 206 21 0 

WTS-11 WS 

ext. 5 69.74  13.87  6.62  1.75  3.36  1.21  1.97  0.74  0.42  0.20  0.01  0.07  93.25  

Stdv 1.20 1.03 1.31 0.30 0.30 0.15 0.16 0.08 0.23 0.05 0.01 0.04 0.44 

CV (%) 2 7 20 17 9 12 8 11 55 23 138 59 0 

int. 5 67.90  14.22  8.54  2.13  2.37  0.91  2.06  0.94  0.54  0.23  0.00  0.11  91.47  

Stdv 2.38 0.88 2.60 0.58 0.60 0.18 0.37 0.11 0.26 0.05 0.00 0.02 1.74 

CV (%) 4 6 30 27 25 20 18 11 48 20 224 15 2 

WTS-12 WS 

ext. 5 60.79  12.54  17.07  2.42  1.50  0.69  2.20  0.92  1.31  0.34  0.00  0.13  90.25  

Stdv 1.45 0.11 1.43 0.19 0.14 0.02 0.18 0.05 0.19 0.14 0.00 0.05 4.33 

CV (%) 2 1 8 8 9 2 8 5 15 41 119 40 5 

WTS-13 WS 

ext. 5 67.50  14.86  9.20  1.40  2.65  0.80  1.90  0.96  0.42  0.15  0.00  0.09  98.63  

Stdv 2.40 0.74 1.96 0.48 0.27 0.05 0.35 0.09 0.29 0.04 0.01 0.03 0.81 

CV (%) 4 5 21 34 10 7 18 10 69 27 181 35 1 

int. 5 61.98  13.64  13.52  2.40  2.85  0.73  2.67  0.98  0.77  0.31  0.01  0.10  97.88  

Stdv 2.48 0.92 4.15 0.25 1.09 0.21 0.28 0.03 0.21 0.10 0.01 0.03 1.75 

CV (%) 4 7 31 10 38 29 10 3 28 32 130 29 2 
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A 3.8 WTS 1 – 18 (continued) 

 
 

Sample Date  Part   n SiO2 Al2O3 CaO MgO K2O  Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

WTS-14 WS 

ext. 5 63.30  12.78  14.49  2.35  1.91  0.77  1.97  0.83  0.94  0.47  0.00  0.11  100.07  

Stdv 7.20 0.73 5.44 1.14 0.40 0.13 1.03 0.16 0.47 0.18 0.00 0.05 0.48 

CV (%) 11 6 38 48 21 17 52 20 50 39 137 42 0 

int. 5 61.64  12.87  15.76  2.72  1.35  0.67  2.23  0.90  1.15  0.52  0.00  0.12  98.85  

Stdv 1.41 0.39 1.97 0.09 0.24 0.07 0.47 0.06 0.07 0.07 0.00 0.03 2.41 

CV (%) 2 3 13 3 18 11 21 7 6 13 114 25 2 

WTS-15 WS 

ext. 5 73.22  14.04  4.55  1.24  2.77  1.21  1.51  0.87  0.24  0.12  0.01  0.10  97.26  

Stdv 4.96 2.46 1.47 0.70 0.24 0.17 0.58 0.22 0.28 0.06 0.01 0.03 2.30 

CV (%) 7 18 32 56 9 14 39 26 116 53 143 31 2 

WTS-16 WS 

ext. 5 62.40  12.48  15.05  3.40  1.22  0.60  1.64  0.91  1.50  0.61  0.00  0.14  99.30  

Stdv 0.48 0.51 1.15 0.07 0.10 0.06 0.30 0.03 0.09 0.07 0.00 0.03 0.24 

CV (%) 1 4 8 2 8 9 18 4 6 12 224 21 0 

int. 5 62.65  12.56  14.89  3.34  1.24  0.61  1.53  0.90  1.51  0.59  0.00  0.13  99.94  

Stdv 0.48 0.55 1.22 0.08 0.13 0.05 0.17 0.03 0.05 0.05 0.00 0.03 0.18 

CV (%) 1 4 8 2 11 9 11 4 4 8 137 26 0 

WTS-17 WS 

ext. 4 63.18  12.44  14.59  2.84  1.12  0.44  2.39  0.97  1.37  0.45  0.00  0.11  99.47  

Stdv 1.10 0.36 1.38 0.17 0.19 0.06 0.11 0.02 0.15 0.07 0.01 0.03 0.28 

CV (%) 2 3 9 6 17 14 5 2 11 16 200 31 0 

int. 6 61.40  12.06  16.86  2.81  1.22  0.45  2.17  0.89  1.46  0.46  0.01  0.12  99.73  

Stdv 1.46 0.46 1.97 0.15 0.20 0.07 0.22 0.03 0.15 0.09 0.01 0.04 0.12 

CV (%) 2 4 12 5 17 15 10 4 10 19 174 35 0 
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A 3.8 WTS 1 – 18 (continued) 

 
 

Sample Date  Part   n SiO2 Al2O3 CaO MgO K2O  Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

WTS-18 WS 

ext. 4 60.38  13.24  17.26  2.72  1.14  0.53  1.88  0.91  1.14  0.61  0.01  0.15  99.48  

Stdv 1.17 0.34 1.48 0.13 0.11 0.06 0.03 0.00 0.07 0.04 0.01 0.02 0.39 

CV (%) 2 3 8 4 10 12 1 0 6 6 200 16 0 

int. 5 59.37  12.69  18.89  2.86  1.07  0.47  1.79  0.88  1.12  0.64  0.01  0.14  99.73  

Stdv 1.09 0.30 1.33 0.11 0.10 0.05 0.04 0.01 0.07 0.08 0.02 0.02 0.36 

CV (%) 2 2 7 4 9 11 2 1 7 13 156 18 0 

 

Table A 3.8: Chemical compositions of the glazes of proto-porcelain sherds from the WTS (Wantoushan) kiln site. 

nd: not detected 
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Appendix 4 
 

EPMA-WDS results of the chemical compositions of the glassy surfaces of non proto-porcelain samples 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes, n: the number of areas analysed per sample)  

 

A 4.1 NS-KW 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O  Na2O  Fe2O3  TiO2  P2O5  MnO  Cr2O3 BaO Total 

NS-KW1 Shang 10 69.54  16.52  0.54  0.28  6.49  2.97  2.74  0.09  0.29  0.04  nd 0.10  99.78  

Stdv 6.54 5.07 0.42 0.19 1.10 0.88 1.19 0.08 0.59 0.03 nd 0.10 0.57 

CV (%) 9 31 77 69 17 30 44 85 207 78 nd 97 1 

 

Table A 4.1: Chemical compositions of the glassy surface of kiln wall fragment from the NS (Nanshan) kiln site.  nd: not detected 

 

A 4.2 SDW-KW 
 

Sample Date n SiO2 Al2O3 CaO MgO     K2O     Na2O    Fe2O3   TiO2  P2O5  MnO  Cr2O3 BaO Total 

SDW-KW1 Shang 7 71.39  10.35   0.56  0.77  10.16   1.45   3.80  0.95  0.23  0.12  0.21  0.06  96.43  

Stdv 3.89  0.61  0.34 0.30  1.68  0.49  1.51 0.13 0.07 0.08 0.13 0.04 0.86 

CV (%)   5   6   61  39   17   34   40 14 30 73 147 79 1 

 

Table A 4.2: Chemical compositions of the glassy surface of kiln wall fragment from the SDW (Shuidongwu) kiln site.  
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A 4.3 HSS-KW 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O  Na2O   Fe2O3 TiO2 P2O5 MnO Cr2O3 BaO Total 

HSS-KW1 E.S&A 5 69.19  14.85  1.58  0.99  5.70  0.57  5.63  1.04  0.11  0.17  0.05  0.06  97.71  

Stdv 6.12 1.29 2.17 0.75 1.94 0.23 2.57 0.10 0.11 0.14 0.06 0.08 0.43 

CV (%) 9 9 138 76 34 41 46 9 104 85 136 139 0 

HSS-KW2 E.S&A 3 70.32  15.17  0.57  1.29  3.19  0.32  7.70  1.11  0.15  0.08  0.02  0.03  97.13  

Stdv 1.36 1.29 0.17 0.18 0.18 0.03 0.51 0.13 0.11 0.07 0.02 0.01 1.10 

CV (%) 2 8 30 14 6 10 7 12 73 88 94 39 1 

 
Table A 4.3: Chemical compositions of the glassy surfaces of kiln wall fragment from the HSS (Huoshaoshan) kiln site.  

 

A 4.4 HS-KW 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Cr2O3 BaO Total 

HS-KW1 E.S&A 6 69.75  13.83  1.11  1.04  4.51  0.40  7.96  0.97  0.17  0.11  nd 0.08  97.59  

Stdv 5.79 3.12 1.66 0.44 1.17 0.29 3.99 0.13 0.23 0.07 0.00 0.04 0.93 

CV (%) 8 23 149 43 26 72 50 14 134 68 206 54 1 

 

Table A 4.4: Chemical compositions of the glassy surface of kiln wall fragment from the HS (Houshan) kiln site.  

nd: not detected 

  



 289 

A 4.5 XYS-KW 
 

Sample Date n SiO2 Al2O3 CaO MgO K2O Na2O FeO TiO2 P2O5 MnO Cr2O3 BaO Total 

XYS-KW1 WS 5 70.69  11.90  0.07  0.38  10.96  2.02  2.70  0.94  0.25  0.12  nd 0.10  95.18  

Stdv 2.84  1.50  0.08  0.04  3.12  1.56  2.31  0.05  0.02  0.03  nd 0.06  0.90  

CV (%) 4  13  119  11  28  77  86  5  8  25  nd 60  1  

XYS-KW2 WS 5 73.67  15.50  0.98  0.90  6.77  0.93  4.63  0.87  0.21  0.33  nd 0.09  97.25  

Stdv 3.59  1.91  0.23  0.28  1.43  0.70  1.56  0.45  0.04  0.12  nd 0.07  1.10  

CV (%) 5  12  23  31  21  76  34  52  19  36  nd 78  1  

XYS-KW3 WS 5 73.64  12.47  0.34  0.78  7.18  0.91  3.28  0.94  0.16  0.16  0.01  0.05  96.39  

Stdv 3.44 1.48 0.17 0.36 2.33 0.68 1.09 0.05 0.02 0.04 0.02 0.05 0.70 

CV (%) 5 12 50 47 32 75 33 6 13 24 192 102 1 

XYS-KW4 WS 5 65.83  14.21  1.94  0.98  7.46  1.05  6.79  1.03  0.24  0.27  nd 0.11  95.86  

Stdv 2.22 0.75 0.93 0.27 0.50 0.16 1.76 0.37 0.07 0.10 nd 0.05 3.08 

CV (%) 3 5 48 28 7 15 26 36 28 37 nd 42 3 

 

Table A 4.5: Chemical compositions of the glassy surfaces of kiln wall fragment from the XYS (Xiayangshan) kiln site.  

nd: not detected  
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Appendix 5 
 

SEM-EDS results of the chemical compositions of the bodies of the glazed test tiles 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes, n: the number of areas analysed per sample)  

 

A 5.1 1240 °C and 1300 °C / 100% willow ash 
 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1240-DWR 2 0 78.1 17.3 0.2 0.3 1.8 0.3 0.8 0.8 0.2 nd 104.6 

 

2 1 78.1 17.5 0.1 0.2 1.7 0.3 0.8 1.0 0.1 nd 103.6 

 

2 2 76.6 18.5 0.2 0.2 1.9 0.4 0.7 1.3 0.2 nd 105.2 

 

2 3 77.9 17.5 0.3 0.2 1.7 0.3 0.7 1.2 0.2 nd 102.0 

1240-DDR 2 0 76.6 18.2 0.2 0.3 1.8 0.3 0.8 1.6 0.3 nd 108.6 

 

2 1 78.4 17.1 0.2 0.2 1.7 0.3 0.7 1.0 0.2 0.1 109.2 

 

2 2 74.9 20.1 0.2 0.3 2.0 0.4 0.8 1.1 0.2 0.1 109.8 

 

2 3 74.1 20.5 0.2 0.3 2.1 0.5 0.9 1.0 0.2 0.1 103.9 

1240-WDR 2 0 74.9 19.4 0.2 0.3 1.9 0.4 0.7 2.0 0.2 nd 103.3 

 

2 1 77.9 17.4 0.3 0.2 1.9 0.3 0.7 1.1 0.2 nd 95.0 

 

2 2 74.3 20.0 0.2 0.4 2.0 0.3 1.0 1.8 0.2 nd 93.4 

 

2 3 75.6 18.9 0.2 0.3 1.9 0.3 0.7 1.9 0.3 nd 94.6 

1300-DWR 2 0 75.5 19.4 0.1 0.3 2.0 0.4 0.7 1.3 0.3 0.1 100.4 

 

2 1 76.1 19.1 0.1 0.3 2.0 0.4 0.8 1.0 0.2 nd 101.0 

 

2 2 76.3 18.7 0.1 0.3 2.0 0.4 0.8 1.4 0.2 nd 102.2 

 

2 3 73.4 21.5 0.1 0.3 2.2 0.4 0.7 1.3 0.3 nd 104.7 
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A 5.1 1240 °C and 1300 °C / 100% willow ash (continued) 
 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300-DDR 2 0 75.6 19.3 0.1 0.2 2.0 0.4 0.7 1.1 0.2 nd 103.0 

 

2 1 78.2 17.4 0.1 0.3 1.9 0.3 0.7 0.9 0.3 nd 103.2 

 

2 2 76.3 18.4 0.1 0.3 1.9 0.3 0.8 1.7 0.2 0.1 98.9 

 

2 3 77.4 18.1 0.1 0.3 1.9 0.3 0.7 1.1 0.3 nd 103.2 

1300-WDR 2 0 78.2 17.4 0.1 0.3 1.9 0.3 0.6 1.1 0.1 nd 99.1 

 

2 1 76.4 18.7 0.2 0.3 1.9 0.3 0.7 1.3 0.3 nd 98.0 

 

2 2 80.1 15.2 0.6 0.2 1.6 0.5 0.6 1.0 0.2 nd 100.6 

 

2 3 71.6 21.5 0.4 0.4 2.2 0.4 0.8 2.1 0.4 nd 101.4 

1300-WDB 2 0 79.0 16.4 0.1 0.2 1.9 0.3 0.8 1.2 0.1 nd 102.2 

 

2 1 74.9 19.9 0.3 0.3 2.0 0.4 0.8 1.2 0.2 nd 101.7 

 

2 2 77.8 17.8 0.1 0.4 1.9 0.4 0.7 0.9 0.1 nd 98.9 

 

2 3 75.1 19.8 0.2 0.3 2.0 0.4 0.7 1.3 0.2 0.1 101.1 

 

Table A 5.1: Chemical compositions of the bodies of the glazed test tiles. The glaze-forming material is 100% willow ash. 

washing: the number of the times the willow ash being washed; 

nd: not detected 
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A 5.2 1300 °C / 50% willow ash + 50% Hyplas 71 ball clay 
 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300-DWR 2 0 79.3 16.5 0.0 0.2 1.8 0.3 0.7 1.0 0.2 nd 100.9 

 

2 1 77.2 18.1 0.1 0.3 1.9 0.4 0.6 1.3 0.1 nd 95.8 

 

2 2 76.1 18.6 0.1 0.3 1.8 0.3 0.9 1.7 0.1 nd 104.4 

 

2 3 79.0 16.9 0.1 0.2 1.7 0.3 0.7 0.9 0.2 nd 102.0 

1300-DDR 2 0 79.3 16.7 0.1 0.3 1.8 0.3 0.6 0.8 0.1 nd 95.6 

 

2 1 76.4 19.2 0.1 0.2 2.0 0.3 0.6 1.3 nd nd 83.7 

 

2 2 73.1 21.3 0.1 0.4 2.2 0.4 1.0 1.4 0.2 nd 76.6 

 

2 3 74.5 20.2 0.1 0.3 1.9 0.3 0.9 1.2 nd nd 75.5 

1300-WDR 2 0 76.5 19.0 0.1 0.3 1.9 0.4 0.8 0.9 0.1 0.1 98.5 

 

2 1 75.3 20.0 0.1 0.3 2.0 0.4 0.9 1.1 0.1 nd 99.2 

 

2 2 73.6 21.1 0.1 0.3 2.0 0.4 0.8 1.4 0.3 nd 93.7 

 

2 3 78.1 17.7 0.2 0.3 1.7 0.3 0.7 0.9 0.1 nd 99.6 

1300-DWB 2 0 80.7 15.7 0.1 0.3 1.6 0.3 0.6 0.7 0.2 nd 102.7 

 

2 1 76.9 18.3 0.1 0.2 2.0 0.3 0.8 1.4 0.1 nd 104.8 

 

2 2 76.1 19.5 0.1 0.3 1.9 0.4 0.5 1.1 0.3 nd 106.6 

 

2 3 72.4 22.7 0.2 0.3 2.1 0.4 0.8 1.0 0.2 nd 101.2 
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A 5.2 1300 °C / 50% willow ash + 50% Hyplas 71 ball clay (continued) 

 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300-DDB 2 0 75.5 19.2 0.2 0.3 2.1 0.3 0.7 1.6 0.2 nd 97.8 

 

2 1 74.5 20.0 0.2 0.3 2.1 0.4 0.8 1.4 0.3 0.1 102.9 

 

2 2 79.9 16.2 0.1 0.2 1.7 0.3 0.6 0.8 0.1 nd 99.7 

 

2 3 73.2 21.3 0.2 0.2 2.1 0.4 0.8 1.7 0.1 nd 85.2 

1300-WDB 2 0 78.6 17.2 0.1 0.2 1.9 0.4 0.7 0.7 0.1 nd 96.0 

 

2 1 75.0 19.8 0.1 0.3 2.0 0.4 0.7 1.4 0.3 nd 97.3 

 

2 2 76.8 18.6 0.1 0.3 1.8 0.3 0.8 0.9 0.2 0.1 96.1 

 

2 3 78.0 17.5 0.1 0.2 1.8 0.3 0.6 1.2 0.2 nd 89.3 

Table A 5.2: Chemical compositions of the bodies of the glazed test tiles. The glaze-forming material is 50% willow ash and 50% Hyplas 71 ball clay. 

washing: the number of the times the willow ash being washed; 

nd: not detected 
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Appendix 6 
 

SEM-EDS results of the chemical compositions of the glazes of the glazed test tiles 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes, n: the number of areas analysed per sample)  

 

A 6.1 1240 °C and 1300 °C / 100% willow ash 
 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1240-DWR 4 0 62.6 15.1 15.0 1.2 1.5 0.6 0.8 1.7 1.4 0.1 108.9 

 

2 1 62.9 14.3 15.0 1.4 1.6 0.5 0.8 1.5 2.0 nd 108.6 

 

2 2 65.5 15.9 12.0 1.0 1.7 0.7 0.7 1.3 1.4 nd 107.6 

 

2 3 62.9 13.3 12.7 1.4 1.8 0.4 1.2 2.2 4.0 0.1 106.1 

1240-DDR 4 0 60.5 13.4 19.2 0.9 1.3 0.4 0.6 1.5 2.1 nd 113.9 

 

2 1 64.8 15.0 11.3 1.3 1.5 0.9 1.8 1.8 1.5 0.1 115.3 

 

2 2 61.6 13.5 17.7 1.1 1.7 0.5 0.5 1.4 2.0 0.1 114.4 

 

4 3 59.4 13.5 20.1 1.1 1.1 0.4 0.6 1.3 2.3 0.1 114.9 

1240-WDR 4 0 59.2 13.9 18.3 1.4 1.6 0.4 0.7 1.4 2.5 nd 104.2 

 

4 1 57.0 13.2 21.8 1.4 1.7 0.5 0.6 1.2 2.6 nd 104.3 

 

4 2 60.2 14.1 17.4 1.3 1.3 0.5 0.7 1.5 3.1 nd 103.2 

 

4 3 58.4 13.4 21.1 1.1 1.1 0.4 0.6 1.4 2.4 0.1 103.4 

1300-DWR 4 0 64.5 16.1 12.2 1.0 1.9 0.6 0.8 1.6 1.4 nd 106.0 

 

4 1 62.5 14.9 14.9 1.2 1.8 0.6 0.7 1.6 1.8 nd 100.7 

 

4 2 58.0 12.8 21.0 1.1 1.8 0.5 0.7 1.2 3.0 nd 99.1 

 

4 3 57.9 13.4 21.2 1.2 1.3 0.4 0.7 1.3 2.6 nd 99.7 
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A 6.1 1240 °C and 1300 °C / 100% willow ash (continued) 
 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300-DDR 2 0 45.0 11.1 35.3 1.5 1.0 0.4 0.5 1.4 3.7 0.1 93.6 

 

4 1 62.6 13.2 16.8 1.0 2.0 0.5 0.5 1.4 1.9 0.1 107.0 

 

2 2 61.9 14.4 16.1 1.1 2.0 0.6 0.7 1.3 1.7 0.1 105.8 

 

3 3 53.7 12.4 25.9 1.3 1.1 0.4 0.6 1.2 3.3 0.1 94.8 

1300-WDR 4 0 63.9 15.0 13.1 1.0 2.7 0.7 0.8 1.4 1.4 nd 103.1 

 

4 1 58.1 11.8 21.8 1.2 2.4 0.7 0.5 1.0 2.3 nd 104.1 

 

4 2 58.1 12.7 21.6 1.2 1.6 0.4 0.5 1.2 2.7 0.1 104.1 

 

4 3 57.2 12.7 22.5 1.2 1.2 0.4 0.5 1.3 2.9 nd 104.0 

1300-WDB 4 0 50.1 12.5 25.3 1.2 4.0 1.4 0.7 1.3 3.4 0.1 105.2 

 

4 1 54.1 12.7 23.2 1.3 3.3 1.0 0.5 1.2 2.7 0.1 105.2 

 

4 2 51.9 9.4 31.4 1.4 1.2 0.4 0.3 1.0 3.0 nd 103.9 

 

4 3 61.8 13.3 18.2 0.9 1.4 0.4 0.6 1.3 2.0 0.1 104.2 

 

Table A 6.1: Chemical compositions of the glazes of the glazed test tiles. The glaze-forming material is 100% willow ash. 

washing: the number of the times the willow ash being washed; 

nd: not detected 

  



 296 

A 6.2 1300 °C / 50% willow ash + 50% Hyplas 71 ball clay 
 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300-DWR 2 0 59.1 14.3 18.6 1.0 2.1 0.6 0.8 1.7 1.9 nd 100.9 

 

2 1 56.8 12.1 23.4 1.3 1.6 0.5 0.6 1.2 2.6 nd 106.6 

 

2 2 60.9 15.0 16.8 0.9 1.8 0.6 0.8 1.6 1.7 nd 104.3 

 

2 3 59.4 12.4 20.9 1.1 1.2 0.4 0.6 1.5 2.7 nd 99.5 

1300-DDR 2 0 58.6 13.1 19.9 1.0 2.8 0.7 0.5 1.4 2.2 nd 98.9 

 

2 1 56.6 12.2 22.4 1.6 2.4 0.6 0.7 1.0 2.6 nd 76.8 

 

2 2 56.0 12.6 22.9 1.1 1.8 0.6 0.7 1.1 3.0 0.1 73.2 

 

2 3 56.1 11.9 24.3 1.2 1.6 0.4 0.6 1.1 2.6 nd 74.3 

1300-WDR 2 0 60.7 12.5 19.9 0.9 1.2 0.4 1.0 1.4 1.9 nd 102.6 

 

2 1 63.3 18.0 12.1 0.9 1.6 0.6 0.8 1.5 1.1 nd 100.4 

 

2 2 57.0 11.4 25.1 1.5 0.9 0.3 0.7 1.1 2.0 nd 99.5 

 

2 3 61.4 12.0 21.5 0.8 0.8 0.2 0.5 1.2 1.6 nd 97.2 

1300-DWB 2 0 53.2 13.0 21.5 1.5 5.8 0.7 0.5 1.0 2.9 0.1 107.6 

 

2 1 49.1 11.9 27.8 1.9 2.0 0.5 0.6 1.2 4.7 0.1 112.7 

 

2 2 51.3 12.4 27.4 1.9 1.8 0.5 0.5 1.2 2.8 0.2 113.4 

 

2 3 56.3 12.0 24.4 1.2 1.3 0.4 0.6 1.2 2.6 0.1 111.5 

1300-DDB 2 0 56.7 13.2 21.5 1.3 2.6 0.8 0.6 1.2 2.1 nd 105.9 

 

2 1 51.0 13.1 25.6 1.8 2.2 0.6 0.8 1.4 3.4 nd 104.2 

 

2 2 48.4 12.8 28.7 1.8 2.1 0.5 0.8 1.3 3.6 0.1 103.7 

 

2 3 54.6 11.9 23.4 1.0 1.3 0.4 0.5 1.1 5.7 nd 99.4 
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A 6.2 1300 °C / 50% willow ash + 50% Hyplas 71 ball clay (continued) 

 

Sample n washing SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

1300-WDB 2 0 57.1 12.4 22.9 1.6 1.7 0.5 0.5 1.1 2.2 nd 104.8 

 

2 1 61.9 13.0 17.2 1.1 1.8 0.6 0.9 1.2 2.2 0.1 101.6 

 

2 2 61.6 11.2 20.1 1.1 1.1 0.3 0.7 1.2 2.6 0.1 98.5 

 

2 3 62.8 14.9 15.1 1.0 1.6 0.5 0.9 1.3 1.9 nd 96.4 

Table A 6.2: Chemical compositions of the glazes of the glazed test tiles. The glaze-forming material is 50% willow ash and 50% Hyplas 71 ball clay. 

washing: the number of the times the willow ash being washed; nd: not detected 
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Appendix 7 
 

Published analytical data of the proto-porcelain samples from tombs 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes)  

 

A 7.1 QCD body 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 73.42 19.13 0.32 0.92 2.11 0.48 2.84 0.73 0.02 0.02 99.04 

Measure 2 75.97 17.82 0.26 0.78 1.63 0.28 2.52 0.70 0.02 0.02 99.03 

Measure 3 75.34 17.40 0.32 0.70 2.04 0.79 2.75 0.63 0.01 0.03 99.04 

Measure 4 74.94 17.60 0.30 0.92 1.96 0.95 2.62 0.65 0.03 0.03 99.07 

Measure 5 74.70 17.85 0.25 0.82 1.95 0.55 3.12 0.72 0.02 0.03 99.06 

Measure 6 75.05 16.96 0.29 0.72 2.19 0.57 3.45 0.69 0.06 0.03 99.10 

Measure 7 75.97 16.70 0.25 0.77 1.91 0.81 2.88 0.67 0.02 0.03 99.05 

Measure 8 73.19 18.50 0.45 0.96 2.18 0.55 3.36 0.75 0.04 0.02 99.06 

Measure 9 74.02 18.65 0.33 0.86 1.94 0.54 2.89 0.75 --- 0.03 99.03 

Measure 10 75.35 17.42 0.29 0.68 1.79 0.57 3.14 0.71 0.04 0.02 99.06 

Measure 11 74.88 18.21 0.29 0.85 1.97 0.35 2.72 0.68 0.02 0.03 99.05 

Measure 12 74.11 18.85 0.31 0.92 2.05 0.35 2.65 0.72 0.02 0.02 99.06 

Measure 13 74.42 18.36 0.33 0.91 1.95 0.67 2.65 0.68 0.02 0.02 99.03 

Measure 14 70.89 19.60 0.92 0.95 2.11 1.16 3.45 0.84 0.06 0.02 99.10 

Measure 15 73.89 18.58 0.28 0.86 2.18 0.60 2.90 0.67 0.02 0.03 99.04 

Measure 16 73.82 18.45 0.25 0.90 2.16 0.76 2.92 0.71 0.01 0.03 99.05 

Measure 17 73.55 19.40 0.28 0.94 1.21 0.61 3.24 0.71 0.01 0.03 98.04 
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A 7.1 QCD body (continued) 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 18 74.03 17.53 1.68 0.80 2.46 0.15 2.64 0.66 0.03 0.03 99.05 

Measure 19 70.10 18.66 0.39 0.90 6.08 0.33 2.76 0.71 0.04 0.02 99.07 

Measure 20 74.63 16.52 1.57 1.24 2.54 0.61 2.24 0.54 0.05 0.05 99.09 

Measure 21 74.39 18.66 0.48 0.70 1.71 0.52 2.79 0.70 0.04 0.02 99.05 

Measure 22 74.55 16.31 1.83 0.43 2.83 0.48 2.81 0.69 0.04 0.04 99.07 

Measure 23 74.11 15.19 2.41 0.67 3.21 0.92 2.56 0.64 0.26 0.03 99.29 

Measure 24 73.21 16.42 1.65 1.14 3.55 0.86 2.47 0.60 0.04 0.06 99.11 

Average 74.11 17.87 0.66 0.85 2.32 0.60 2.85 0.69 0.04 0.03 99.03 

Stdv 1.35 1.10 0.64 0.16 0.94 0.23 0.31 0.06 0.05 0.01 0.22 

CV (%) 2 6 98 19 40 39 11 8 128 31 0 

 

Table A 7.1: Chemical compositions of the bodies of the proto-porcelain from mound tombs QCD (Qiuchendun) in Hongshan, Jiangsu province analysed by XRF 

(after Wu et al. 2007: 356-358 Table 1 and 2). 

“---” means either that the oxide was not looked for in analysis or that it was sought but not found. The original source did not make this distinction. The same rule 

applies to the rest of the appendices. 
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A 7.2 QCD glaze 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 60.22 13.71 16.71 3.55 2.18 0.47 1.89 0.42 0.56 0.29 99.84 

Measure 2 63.30 13.00 14.98 2.92 2.04 0.55 2.10 0.42 0.54 0.16 99.70 

Measure 3 61.22 12.10 18.24 3.40 1.28 0.32 1.93 0.36 0.71 0.45 100.17 

Measure 4 63.28 12.78 15.84 3.14 1.40 0.06 2.08 0.41 0.63 0.38 99.99 

Measure 5 61.71 12.26 17.63 3.61 1.33 0.25 1.93 0.36 0.53 0.38 99.90 

Measure 6 65.10 12.93 13.84 2.35 1.54 0.58 2.54 0.43 0.37 0.32 99.68 

Measure 7 69.38 14.19 5.02 2.61 3.54 1.27 2.89 0.54 0.28 0.27 99.55 

Measure 8 60.83 11.62 18.94 3.46 1.75 0.06 1.94 0.35 0.62 0.43 100.05 

Measure 9 60.50 11.54 18.82 3.41 1.82 0.06 2.72 0.38 0.61 0.15 99.76 

Measure 10 62.30 12.58 15.71 3.47 2.69 0.37 1.83 0.39 0.45 0.20 99.64 

Measure 11 68.30 19.84 0.75 1.94 4.48 0.97 2.85 0.72 0.13 0.03 99.15 

Measure 12 63.12 13.37 15.51 3.50 1.18 0.06 2.14 0.44 0.53 0.13 99.67 

Measure 13 63.10 11.42 17.01 3.75 1.47 0.35 1.59 0.31 0.58 0.42 99.98 

Measure 14 72.93 16.15 2.29 1.17 2.95 0.71 2.87 0.70 0.14 0.09 99.24 

Measure 15 61.66 12.57 17.02 3.33 1.40 0.71 2.00 0.39 0.53 0.39 99.91 

Measure 16 61.16 13.02 15.73 3.06 2.26 1.21 2.23 0.39 0.54 0.39 99.93 

Measure 17 59.41 11.66 19.11 3.92 2.43 0.48 1.69 0.36 0.61 0.32 99.93 
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A 7.2 QCD glaze (continued) 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 18 60.36 11.72 19.31 3.60 1.69 0.33 1.62 0.38 0.75 0.24 100.00 

Measure 19 62.07 12.64 17.59 3.25 1.18 0.21 1.93 0.43 0.49 0.22 99.72 

Measure 20 60.18 11.93 17.11 4.68 2.54 0.44 1.81 0.38 0.60 0.32 99.93 

Measure 21 59.59 10.71 19.91 4.38 2.07 0.06 1.75 0.35 0.71 0.48 100.19 

Average 62.84 12.94 15.10 3.26 2.06 0.45 2.11 0.42 0.52 0.29 99.81 

Stdv 3.47 1.96 5.46 0.78 0.84 0.36 0.42 0.10 0.17 0.13 0.26 

CV (%) 6 15 36 24 41 79 20 25 32 43 0 

Table A 7.2: Chemical compositions of the glazes of the proto-porcelain from mound tombs QCD (Qiuchendun) in Hongshan, Jiangsu province analysed by XRF 

(after Wu et al. 2007: 358-361 Table 3 and 4). 

 

 

 

 

 

  



 302 

A 7.3 WJF body 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 73.20 17.24 2.01 0.75 2.05 0.75 3.34 0.64 0.02 0.01 99.03 

Measure 2 70.85 19.10 0.34 1.40 2.06 1.98 3.60 0.62 0.02 0.02 99.04 

Measure 3 74.60 17.30 0.29 1.05 2.02 1.06 3.03 0.61 0.02 0.01 99.02 

Measure 4 74.33 17.15 0.32 1.32 1.75 1.35 3.10 0.64 0.02 0.02 99.03 

Measure 5 73.02 18.77 0.28 1.11 2.22 0.41 3.44 0.70 0.03 0.01 99.05 

Measure 6 69.98 19.02 0.72 1.22 1.77 0.81 5.79 0.63 0.06 0.02 99.07 

Measure 7 68.75 19.69 0.42 1.30 2.91 1.25 5.05 0.59 0.03 0.02 99.04 

Measure 8 71.28 19.07 0.39 1.37 2.81 0.65 3.68 0.69 0.02 0.04 99.07 

Average 72.00 18.42 0.60 1.19 2.20 1.03 3.88 0.64 0.03 0.02 99.04 

Stdv 2.11 1.02 0.59 0.22 0.44 0.49 1.00 0.04 0.01 0.01 0.02 

CV (%) 3 6 98 18 20 48 26 6 49 50 0 

 

Table A 7.3: Chemical compositions of the bodies of the proto-porcelain from mound tombs WJF (Wanjiafen) in Hongshan, Jiangsu province analysed by XRF (after 

Wu et al. 2007: 356-358 Table 1 and 2). 
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A 7.4 WJF glaze 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 71.44 14.40 1.38 1.84 5.13 1.59 3.23 0.67 0.24 0.07 99.31 

Measure 2 77.59 12.99 1.06 0.97 2.57 0.84 3.09 0.81 0.06 0.03 99.09 

Measure 3 69.44 14.24 3.24 2.42 5.47 1.31 2.96 0.63 0.23 0.05 99.28 

Measure 4 69.96 14.56 1.17 1.49 7.23 2.10 2.89 0.53 0.04 0.03 99.08 

Measure 5 70.26 16.51 0.50 1.18 6.79 1.17 2.99 0.51 0.04 0.04 99.09 

Measure 6 73.17 13.57 1.69 0.72 5.43 1.15 3.57 0.50 0.09 0.09 99.17 

Measure 7 73.87 10.04 3.46 0.20 2.37 1.19 7.28 1.47 --- 0.11 99.11 

Measure 8 66.41 15.97 1.09 1.64 7.07 2.27 4.38 0.62 0.50 0.05 99.54 

Average 71.52 14.04 1.70 1.31 5.26 1.45 3.80 0.72 0.17 0.06 99.21 

Stdv 3.37 1.99 1.07 0.69 1.90 0.50 1.49 0.32 0.17 0.03 0.16 

CV (%) 5 14 63 53 36 34 39 44 98 49 0 

 

Table A 7.4: Chemical compositions of the glazes of the proto-porcelain from mound tombs WJF (Wanjiafen) in Hongshan, Jiangsu province analysed by XRF (after 

Wu et al. 2007: 358-361 Table 3 and 4). 
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A 7.5 LHD body 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 75.47 17.28 0.42 0.60 1.71 0.74 3.07 0.69 --- 0.03 99.04 

Measure 2 75.50 17.93 0.24 0.52 1.45 0.37 3.23 0.71 0.02 0.02 99.05 

Measure 3 75.94 16.89 0.30 0.78 1.55 0.68 3.22 0.63 --- 0.03 99.02 

Measure 4 76.14 17.04 0.32 0.45 1.70 0.56 3.09 0.68 --- 0.03 99.05 

Measure 5 73.86 18.55 0.25 0.79 1.97 0.44 3.34 0.76 0.02 0.03 99.04 

Measure 6 76.01 16.70 0.56 0.68 1.74 0.49 3.13 0.66 0.00 0.03 99.02 

Measure 7 73.36 20.43 0.22 0.37 1.38 0.25 3.24 0.71 0.00 0.03 99.02 

Measure 8 76.29 16.55 0.26 0.61 1.99 0.66 2.92 0.69 0.02 0.02 99.02 

Average 75.32 17.67 0.32 0.60 1.69 0.52 3.16 0.69 0.01 0.03 99.03 

Stdv 1.10 1.30 0.11 0.15 0.22 0.17 0.13 0.04 0.01 0.00 0.01 

CV (%) 1 7 35 24 13 32 4 6 83 10 0 

 

Table A 7.5: Chemical compositions of the bodies of the proto-porcelain from mound tombs LHD (Laohudun) in Hongshan, Jiangsu province analysed by XRF (after 

Wu et al. 2007: 356-358 Table 1 and 2). 
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A 7.6 LHD glaze 
 

 
SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 62.08 11.71 17.40 3.62 1.76 0.24 1.91 0.36 0.56 0.35 99.91 

Measure 2 61.67 12.23 17.31 3.28 1.79 0.47 2.01 0.37 0.53 0.33 99.86 

Measure 3 66.21 13.22 11.58 2.70 2.19 0.49 2.46 0.59 0.34 0.21 99.55 

Measure 4 63.33 11.87 15.99 2.90 2.36 0.17 2.24 0.38 0.43 0.33 100.75 

Measure 5 61.98 12.14 15.51 3.95 2.06 0.94 2.17 0.38 0.53 0.34 99.87 

Measure 6 71.10 14.65 4.41 2.13 2.71 0.84 3.02 0.58 0.34 0.21 99.55 

Average 64.39 12.64 13.70 3.10 2.15 0.53 2.30 0.44 0.46 0.30 99.91 

Stdv 3.69 1.12 5.02 0.66 0.36 0.31 0.40 0.11 0.10 0.07 0.44 

CV (%) 6 9 37 21 17 59 17 25 21 23 0 

 

Table A 7.6: Chemical compositions of the glazes of the proto-porcelain from mound tombs LHD (Laohudun) in Hongshan, Jiangsu province analysed by XRF (after 

Wu et al. 2007: 358-361 Table 3 and 4). 
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A 7.7 WC body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 73.24 18.47 0.23 0.87 2.01 0.33 3.19 1.50 0.10 0.05 99.04 

Measure 2 75.11 17.35 0.33 0.75 1.47 0.50 3.26 1.17 0.02 0.04 98.77 

Measure 3 72.49 18.72 0.56 1.01 1.78 0.47 3.78 1.13 0.02 0.04 99.55 

Measure 4 80.42 14.37 0.23 0.58 0.92 0.31 1.98 1.13 0.03 0.02 98.73 

Measure 5 69.87 21.63 0.29 0.57 2.95 0.52 3.08 0.97 0.05 0.07 99.08 

Measure 6 80.24 14.34 0.23 0.58 0.92 0.31 1.97 1.13 0.25 0.02 100.10 

Measure 7 79.41 14.04 0.36 0.57 1.66 0.38 2.10 1.34 0.11 0.02 99.95 

Measure 8 73.99 18.06 0.33 0.89 2.31 0.50 2.80 1.11 --- --- 99.66 

Measure 9 75.00 17.33 0.33 0.75 1.47 0.49 3.26 1.17 0.16 0.04 99.95 

Measure 10 72.33 18.67 0.56 1.01 1.77 0.47 3.77 1.12 0.24 0.04 100.40 

Measure 11 69.87 21.63 0.29 0.57 2.95 0.52 3.08 0.97 0.05 0.07 99.55 

Measure 12 82.92 11.10 0.22 0.58 1.31 0.25 2.19 1.13 0.26 0.04 99.68 

Measure 13 78.46 13.63 0.28 0.69 0.88 0.28 3.87 1.26 0.62 0.03 99.77 

Average 75.64 16.87 0.33 0.72 1.72 0.41 2.95 1.16 0.15 0.04 99.56 

Stdv 4.24 3.17 0.11 0.17 0.69 0.10 0.69 0.14 0.17 0.02 0.52 

CV (%) 6 19 35 24 40 25 23 12 116 52 1 

 

Table A 7.7: Chemical compositions of the bodies of proto-porcelain samples from the WC (Wucheng) site in Zhangshu, Jiangxi province (after Li et al 1992: Table 1 

and 2; Li 1998: Table 1 and 4). 
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A 7.8 WC glaze 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 60.10 18.12 9.68 2.26 3.64 0.36 3.51 1.86 0.31 0.16 99.99 

Measure 2 58.01 16.93 13.66 3.15 3.56 0.50 2.44 1.01 0.57 0.16 99.98 

Measure 3 60.99 17.70 4.61 2.18 4.34 0.50 6.90 1.32 0.58 0.88 99.99 

Measure 4 60.1 18.12 9.68 2.26 3.64 0.36 3.51 1.86 0.31 0.16 99.99 

Measure 5 60.99 17.7 4.61 2.18 4.34 0.5 6.9 1.32 0.58 0.88 99.99 

Measure 6 58.01 16.93 13.66 3.15 3.56 0.5 2.44 1.01 0.57 0.16 99.98 

Measure 7 72.37 8.54 3.64 0.68 8.95 1.26 4.22 0.34 0 0 100.41 

Measure 8 68.57 12.17 0.91 1.76 5.1 0.77 8.98 1.25 0 0.48 99.88 

Measure 9 67.35 13.9 3.18 1.88 5.31 1.55 5.47 1.36 0 0 100.01 

Measure 10 76.58 6.7 1.08 0.68 8.79 0.69 4.23 0.66 0 0.58 99.78 

Average 64.31 14.68 6.47 2.02 5.12 0.70 4.86 1.20 0.29 0.35 100.00 

Stdv 6.50 4.22 4.83 0.84 2.07 0.40 2.16 0.48 0.27 0.34 0.16 

CV (%) 10 29 75 42 40 57 44 40 93 97 0 

 

Table A 7.8: Chemical compositions of the glazes of proto-porcelain samples from the WC (Wucheng) site in Zhangshu, Jiangxi province (after Li et al 1992: Table 1 

and 2; Li 1998: Table 1 and 4). 
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A 7.9 HLS body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 68.08 26.48 0.06 0.50 0.77 0.38 2.66 1.07 0.00 0.01 98.59 

Measure 2 63.25 31.41 0.08 0.73 1.19 0.30 2.31 0.70 0.02 0.00 98.76 

Measure 3 65.72 27.63 0.24 0.54 1.68 0.37 3.03 0.78 0.01 0.01 98.83 

Measure 4 68.69 24.91 0.16 0.62 1.87 0.21 2.82 0.71 0.02 0.01 98.97 

Measure 5 69.07 25.16 0.08 0.44 1.07 0.21 3.17 0.78 0.02 0.02 98.54 

Measure 6 70.42 24.15 0.04 0.46 2.81 0.31 1.80 0.00 0.00 0.01 98.11 

Measure 7 65.01 28.79 0.14 0.56 1.29 0.45 2.72 0.84 0.17 0.03 99.00 

Measure 8 71.65 22.10 0.06 0.55 2.70 0.20 1.98 0.73 0.02 0.01 98.48 

Measure 9 66.38 27.03 0.13 1.00 2.44 0.22 1.88 0.90 0.01 0.01 98.92 

Measure 10 68.06 24.20 0.23 0.58 2.56 0.38 3.42 0.56 0.00 0.01 98.55 

Measure 11 70.84 23.41 0.11 0.37 1.66 0.20 2.62 0.74 0.03 0.02 98.92 

Average 67.92 25.93 0.12 0.58 1.82 0.29 2.58 0.71 0.03 0.01 98.70 

Stdv 2.61 2.67 0.07 0.17 0.71 0.09 0.53 0.27 0.05 0.01 0.27 

CV (%) 4 10 56 30 39 30 21 38 185 80 0 

 

Table A 7.9: Chemical composition of the bodies of proto-porcelain samples from the HLS (Henglingshan) site in Boluo, Guangdong province (after Wu et al 2005: 

59-60 Table 3 and 4; Wu et al 2005: 443 Table 3 and 4). 
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A 7.10 HLS glaze 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 64.32 15.50 11.30 3.20 2.29 0.53 1.74 0.48 0.29 0.34 99.41 

Measure 2 59.40 13.73 17.06 3.40 3.04 0.50 1.72 0.35 0.44 0.37 100.67 

Measure 3 67.48 14.98 7.00 2.77 2.49 0.55 3.56 0.55 0.31 0.30 99.54 

Measure 4 65.00 13.90 13.07 2.67 2.03 0.54 1.71 0.35 0.37 0.36 99.41 

Measure 5 62.18 13.05 14.63 3.24 3.96 0.55 1.24 0.32 0.47 0.36 100.01 

Measure 6 66.08 12.97 11.31 3.75 2.15 0.59 1.94 0.32 0.52 0.36 99.62 

Measure 7 64.64 17.15 9.87 1.80 3.50 0.52 1.71 0.40 0.16 0.23 99.16 

Measure 8 64.14 21.08 4.47 0.30 2.66 0.76 5.71 0.73 0.08 0.08 99.20 

Average 64.16 15.30 11.09 2.64 2.77 0.57 2.42 0.44 0.33 0.30 99.63 

Stdv 2.46 2.72 4.04 1.11 0.68 0.08 1.50 0.14 0.15 0.10 0.50 

CV (%) 4 18 36 42 25 14 62 33 46 33 1 

 

Table A 7.10: Chemical composition of the glazes of proto-porcelain samples from the HLS (Henglingshan) site in Boluo, Guangdong province (after Wu et al 2005: 

60-61 Table 5 and 6; Wu et al 2005: 444 Table 5 and 6). 
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Appendix 8 
 

Published analytical data of the proto-porcelain samples from kiln sites 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes)  

 

A 8.1 DQ-Others body 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Deqing-Others 

Fengjiashan body (FJS) 

Measure 1 73.11 19.13 0.36 1.12 2.03 0.71 2.82 0.69 0.02 0.03 99.06 

Measure 2 74.45 18.25 0.25 0.80 2.01 0.36 2.92 0.92 0.01 0.03 99.03 

Measure 3 73.83 18.47 0.46 0.81 1.90 1.00 2.77 0.73 0.02 0.02 99.04 

Measure 4 74.98 17.49 0.41 0.86 1.94 0.86 2.75 0.68 0.02 0.03 99.05 

Measure 5 75.26 16.86 1.01 0.50 1.73 1.07 2.82 0.72 0.01 0.03 99.03 

Measure 6 75.06 17.70 0.33 0.72 1.88 0.45 3.06 0.75 0.02 0.04 99.05 

Measure 7 73.06 18.46 1.19 0.62 1.98 0.87 3.10 0.66 0.04 0.02 99.06 

Measure 8 76.15 17.06 0.24 0.61 1.86 0.60 2.70 0.74 0.02 0.02 99.04 

Measure 9 75.78 17.42 0.30 0.69 1.72 0.27 3.05 0.71 0.02 0.04 99.06 

Measure 10 73.59 18.28 0.41 0.86 2.01 0.86 3.27 0.68 0.02 0.02 99.04 

Measure 11 75.52 16.29 0.73 0.50 1.79 1.74 2.71 0.70 --- 0.03 99.02 

Measure 12 75.08 17.74 0.25 0.56 1.17 0.91 3.40 0.86 0.02 0.01 99.03 

Measure 13 74.12 17.94 0.44 0.80 2.19 0.71 3.02 0.74 0.02 0.03 99.05 

Deqing-Others 

Tingziqiao body (TZQ) 

Measure 14 75.99 16.89 0.45 0.83 1.73 0.62 2.79 0.66 0.03 0.02 99.06 

Measure 15 76.37 16.96 0.31 0.81 1.72 0.69 2.40 0.71 0.02 0.02 99.04 

Measure 16 75.24 16.82 0.97 0.72 1.81 1.22 2.52 0.67 0.01 0.03 99.05 

Measure 17 76.14 16.92 0.27 0.86 1.69 1.00 2.43 0.65 0.03 0.02 99.06 
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A 8.1 DQ-Others body (continued) 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Deqing-Others 

Tingziqiao body (TZQ) 

Measure 18 76.10 16.63 0.45 0.71 1.77 1.04 2.53 0.72 0.02 0.03 99.04 

Measure 19 74.14 16.87 1.07 1.08 1.86 1.73 2.61 0.61 0.01 0.03 99.04 

Deqing-Others 

Huoshaoshan body (HSS) 

Measure 20 75.97 17.70 0.32 0.38 1.76 0.69 2.21 0.97 --- 0.02 100.02 

Measure 21 76.04 17.38 0.49 0.30 2.39 0.50 2.11 0.77 --- 0.03 100.01 

Measure 22 77.79 16.27 0.30 0.35 1.99 0.39 1.85 1.06 --- 0.01 100.01 

Measure 23 75.84 17.50 0.25 0.30 2.04 0.68 2.35 1.01 --- 0.02 99.99 

Measure 24 75.90 17.08 0.29 0.24 2.09 0.35 2.94 1.07 --- 0.03 99.99 

Measure 25 74.05 15.73 2.01 0.31 2.93 0.57 3.28 1.01 --- 0.06 99.95 

Measure 26 74.52 19.10 0.27 0.30 2.24 0.27 2.25 1.03 --- 0.02 100.00 

Measure 27 75.88 17.60 0.48 0.30 2.29 0.53 2.13 0.80 --- 0.01 100.02 

Measure 28 79.09 15.55 0.38 0.20 1.75 0.18 1.99 0.84 --- 0.02 100.00 

Measure 29 76.55 16.27 0.37 0.33 3.23 0.63 1.71 0.91 --- 0.01 100.01 

Measure 30 74.97 17.18 0.26 0.42 1.85 0.76 3.33 1.20 --- 0.03 100.00 

Measure 31 80.17 14.29 0.39 0.07 2.32 --- 1.55 1.18 --- 0.03 100.00 

Measure 32 77.48 16.01 0.33 0.35 2.45 0.40 1.94 1.04 --- 0.02 100.02 

Measure 33 75.34 16.74 0.32 0.47 2.35 0.83 2.87 1.07 --- 0.01 100.00 

Measure 34 75.11 17.40 0.26 0.46 2.11 0.79 2.78 1.04 --- 0.05 100.00 

Measure 35 76.31 17.77 0.48 0.31 1.97 0.65 1.79 0.70 --- 0.02 100.00 

Measure 36 77.70 16.10 0.28 0.26 2.04 0.19 2.46 0.95 --- 0.03 100.01 

Measure 37 80.27 14.07 0.40 0.34 1.48 0.56 1.86 0.99 --- 0.03 100.00 

Measure 38 77.18 16.04 0.79 0.30 2.07 0.82 1.89 0.90 --- 0.02 100.01 

Measure 39 75.70 18.44 0.26 0.24 1.38 0.19 2.77 1.02 --- 0.02 100.02 

Measure 40 76.17 17.80 0.37 0.28 1.96 0.33 2.25 0.83 --- 0.02 100.01 
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A 8.1 DQ-Others body (continued) 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Deqing-Others 

Huoshaoshan body (HSS) 

Measure 41 75.99 17.00 0.33 0.32 2.30 0.40 2.58 1.07 --- 0.02 100.01 

Measure 42 77.70 16.23 0.32 0.40 1.67 0.57 2.14 0.86 --- 0.04 99.93 

Measure 43 76.47 17.35 0.32 0.31 1.79 0.62 2.21 0.92 --- 0.01 100.00 

Measure 44 74.79 18.90 0.35 0.31 2.21 0.60 1.94 0.86 --- 0.04 100.00 

Measure 45 76.80 16.74 0.41 0.32 2.22 0.61 2.01 0.86 --- 0.03 100.00 

Measure 46 80.15 14.50 0.35 0.26 1.69 0.38 1.63 1.00 --- 0.02 99.98 

Measure 47 76.72 15.98 0.28 0.40 2.43 1.05 2.05 1.08 --- 0.02 100.01 

Measure 48 75.37 17.09 0.99 0.40 2.53 0.99 1.64 0.96 --- 0.04 100.01 

Measure 49 74.42 18.29 0.47 0.30 2.10 0.66 2.50 1.26 --- 0.02 100.02 

Measure 50 76.17 17.09 0.43 0.18 2.56 0.22 2.24 1.08 --- 0.05 100.02 

Measure 51 72.71 15.62 4.27 0.55 2.45 0.33 2.31 0.94 --- 0.11 99.29 

Measure 52 75.73 17.55 0.48 0.22 2.43 0.59 2.14 0.84 --- 0.04 100.02 

Average 

Stdv 

CV (%) 

75.87 17.05 0.54 0.48 2.04 0.65 2.45 0.88 0.02 0.03 99.64 

1.66 1.11 0.61 0.25 0.37 0.35 0.49 0.17 0.01 0.02 0.47 

2 7 113 52 18 53 20 19 46 57 0 

 

Table A 8.1: Chemical compositions of the bodies of proto-porcelain samples from kiln sites in Deqing, Zhejiang province (after Wu et al. 2007: 361-362 Table 5 and 

6; Xiong 2008: 157-160). 
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A 8.2 DQ-Others glaze 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Deqing-Others 

Fengjiashan glaze (FJS) 

Measure 1 62.05 12.40 16.69 2.60 2.89 0.07 2.23 0.38 0.51 0.19 99.69 

Measure 2 61.49 12.39 14.52 3.63 3.88 0.59 1.90 0.40 0.63 0.56 100.19 

Measure 3 64.62 13.29 8.76 6.07 1.94 1.42 2.77 0.49 0.32 0.32 99.63 

Measure 4 65.84 11.64 14.01 3.37 1.83 0.07 2.00 0.44 0.51 0.28 99.80 

Measure 5 66.59 12.70 10.47 3.62 2.52 0.35 2.52 0.47 0.48 0.29 99.76 

Measure 6 59.76 11.72 13.71 4.85 2.01 4.28 2.34 0.37 0.53 0.43 99.95 

Measure 7 62.20 12.41 13.92 4.39 3.02 0.34 2.24 0.44 0.63 0.41 100.06 

Measure 8 72.29 15.06 2.91 1.62 3.39 0.65 3.09 0.68 0.16 0.13 99.29 

Measure 9 62.59 12.95 15.03 3.40 1.85 0.25 2.63 0.42 0.62 0.25 99.87 

Measure 10 65.11 12.83 13.28 3.03 1.51 0.49 2.67 0.45 0.47 0.17 99.64 

Measure 11 63.47 21.72 0.49 2.02 2.32 0.76 8.53 0.64 0.03 0.02 99.04 

Measure 12 63.08 14.03 12.59 3.78 2.37 0.06 2.43 0.46 0.64 0.55 100.21 

Deqing-Others 

Tingziqiao glaze (TZQ) 

Measure 13 67.82 12.74 9.90 2.46 3.01 0.88 2.26 0.52 0.26 0.15 99.41 

Measure 14 68.86 13.79 8.26 2.03 3.10 1.02 2.00 0.53 0.26 0.14 99.40 

Measure 15 63.39 11.77 16.36 2.92 1.44 1.01 2.09 0.38 0.44 0.20 99.64 

Measure 16 62.31 11.89 16.65 3.50 1.74 0.80 1.78 0.38 0.69 0.26 99.94 

Measure 17 63.23 12.28 15.62 3.44 1.48 0.75 1.88 0.40 0.64 0.27 99.90 

Measure 18 61.81 12.49 17.30 3.36 1.55 0.33 1.87 0.39 0.62 0.28 99.91 
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A 8.2 DQ-Others glaze (continued) 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Deqing-Others 

Huoshaoshan glaze (HSS) 

Measure 19 58.66 14.00 18.12 1.61 1.78 0.62 3.13 0.55 1.43 0.06 99.96 

Measure 20 62.77 18.06 6.52 1.66 4.66 0.72 4.26 0.92 0.34 0.11 100.02 

Measure 21 61.51 14.33 13.26 1.77 3.13 0.90 3.41 0.69 0.84 0.15 99.99 

Measure 22 56.04 13.50 18.46 1.73 2.25 0.78 5.36 1.00 0.55 0.17 99.84 

Measure 23 63.78 14.56 11.32 1.37 2.79 0.56 4.08 0.82 0.60 0.09 99.97 

Measure 24 63.80 15.04 9.92 1.58 3.34 1.06 3.74 0.68 0.72 0.07 99.95 

Measure 25 58.71 13.63 16.04 1.58 3.04 0.86 4.00 0.60 1.20 0.35 100.01 

Measure 26 57.76 13.15 19.17 1.98 2.51 0.70 3.10 0.55 0.95 0.12 99.99 

Measure 27 62.94 15.41 11.94 1.48 1.97 0.77 3.96 0.78 0.54 0.19 99.98 

Measure 28 62.84 14.20 12.38 1.46 3.54 0.82 3.08 0.71 0.77 0.12 99.92 

Measure 29 59.89 13.37 15.23 1.97 2.85 0.75 3.80 0.64 1.26 0.14 99.90 

Measure 30 65.58 13.30 11.01 1.47 3.26 0.92 2.36 0.75 1.27 0.08 100.00 

Measure 31 58.16 11.96 20.17 1.98 1.28 0.45 3.46 0.67 1.76 0.12 100.01 

Measure 32 61.20 13.61 16.91 1.20 1.92 0.23 3.39 0.71 0.73 0.12 100.02 

Measure 33 58.81 13.14 18.01 1.88 2.41 0.91 3.13 0.59 1.00 0.14 100.02 

Measure 34 60.59 14.11 16.97 1.44 2.02 0.03 3.34 0.74 0.61 0.16 100.01 

Measure 35 60.86 13.18 15.29 1.98 1.53 1.33 3.79 0.71 1.09 0.24 100.00 

Measure 36 62.84 13.82 12.91 2.33 2.33 1.10 2.26 0.63 1.36 0.44 100.02 

Measure 37 56.61 13.60 18.32 2.62 1.90 0.70 2.83 0.61 1.74 1.06 99.99 

Measure 38 58.89 13.04 16.98 2.52 1.70 0.52 3.04 0.63 1.90 0.72 99.94 

Measure 39 59.22 13.01 17.15 2.34 1.59 0.44 3.03 0.66 1.83 0.73 100.00 

Measure 40 62.28 14.99 11.71 2.36 2.08 0.93 2.84 0.68 1.57 0.50 99.94 

Measure 41 67.74 14.93 5.39 1.97 3.86 0.83 2.81 0.74 1.45 0.27 99.99 
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A 8.2 DQ-Others glaze (continued) 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Deqing-Others 

Huoshaoshan glaze (HSS) 

Measure 42 66.76 12.17 11.72 1.66 2.59 0.22 2.50 0.66 1.30 0.43 100.01 

Measure 43 63.58 14.76 11.65 2.21 2.26 1.12 2.36 0.63 1.25 0.19 100.01 

Measure 44 65.13 14.39 10.51 1.91 2.73 1.12 2.34 0.60 0.99 0.27 99.99 

Measure 45 63.63 13.01 10.87 1.56 4.67 0.65 3.51 1.16 0.60 0.22 99.88 

Measure 46 62.48 11.38 15.66 2.41 2.26 1.01 1.93 0.70 1.52 0.66 100.01 

Measure 47 65.18 15.53 9.55 1.63 2.70 0.63 3.44 0.71 0.46 0.18 100.01 

Measure 48 69.25 16.06 4.78 1.17 3.01 0.91 2.29 0.78 1.56 0.12 99.93 

Measure 49 63.24 14.03 10.98 1.80 4.06 1.29 2.91 0.70 0.81 0.18 100.00 

Measure 50 68.08 15.52 6.46 1.87 2.60 0.90 2.71 0.74 0.91 0.18 99.97 

Measure 51 65.73 15.65 10.09 1.34 2.26 0.35 2.60 0.71 1.06 0.23 100.02 

Average 62.96 13.78 12.86 2.35 2.52 0.77 2.98 0.62 0.87 0.27 99.89 

Stdv 3.37 1.75 4.35 1.01 0.81 0.60 1.09 0.17 0.47 0.20 0.22 

CV (%) 5 13 34 43 32 78 36 27 54 75 0 

 

Table A 8.2: Chemical compositions of the glazes of proto-porcelain samples from kiln sites in Deqing, Zhejiang province (after Wu et al. 2007: 363-364 Table 7 and 

8; Xiong 2008: 157-160). 
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A 8.3 JSH body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 76.57 17.16 0.18 0.55 2.34 0.12 1.94 0.93 0.20 0.01 100.59 

Measure 2 71.85 20.93 0.18 0.44 3.31 0.37 2.07 0.80 0.03 0.02 100.32 

Measure 3 75.71 17.33 0.25 0.33 2.92 0.54 1.89 0.96 0.05 0.02 100.96 

Measure 4 78.22 15.60 0.08 0.47 2.49 0.15 1.77 1.15 0.06 0.02 100.84 

Measure 5 76.11 17.33 0.08 0.46 2.77 0.22 2.02 0.82 0.18 0.01 99.69 

Average 75.69 17.67 0.15 0.45 2.77 0.28 1.94 0.93 0.10 0.02 100.48 

Stdv 2.35 1.96 0.07 0.08 0.38 0.17 0.12 0.14 0.08 0.01 0.51 

CV (%) 3 11 48 18 14 62 6 15 77 34 1 

Table A 8.3: Chemical compositions of the bodies of proto-porcelain samples from the JSH (Jiangshan) kiln sites in Zhejiang province (after Li 1998: 87-92 Table 

1-2). 

 

A 8.4 JSH glaze 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 68.12 16.22 7.60 1.41 3.29 0.31 2.15 0.59 --- 0.30 96.26 

Measure 2 65.40 14.86 9.94 1.60 3.69 0.41 1.82 0.96 0.81 0.51 101.31 

Measure 3 54.12 21.35 13.80 2.11 3.68 0.57 2.22 0.73 1.03 0.39 100.42 

Measure 4 63.13 20.00 7.58 0.98 3.41 0.72 3.21 0.94 --- 0.02 96.75 

Average 62.69 18.11 9.73 1.53 3.52 0.50 2.35 0.81 0.46 0.31 98.69 

Stdv 6.07 3.07 2.93 0.47 0.20 0.18 0.60 0.18 0.54 0.21 2.55 

CV (%) 10 17 30 31 6 36 26 22 117 68 3 

Table A 8.4: Chemical compositions of the glazes of proto-porcelain samples from the JSH (Jiangshan) kiln sites in Zhejiang province (after Li 1998: 98-100 Table 

3-4).  
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A 8.5 SX body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 76.46 15.69 0.47 0.64 2.45 0.70 2.36 1.10 0.09 0.03 99.21 

Measure 2 77.04 15.37 0.41 0.62 2.33 0.77 2.14 1.19 0.10 0.02 99.94 

Measure 3 77.12 15.39 0.41 0.62 2.33 0.77 2.14 1.19 --- 0.02 99.89 

Measure 4 76.63 15.62 0.34 0.70 2.63 0.82 2.32 0.89 0.03 0.03 101.57 

Measure 5 75.75 15.66 0.32 0.84 2.19 0.98 3.10 1.08 0.06 0.03 100.32 

Measure 6 76.42 15.99 0.26 0.65 2.64 0.73 2.34 0.90 0.04 0.03 99.90 

Measure 7 78.22 14.43 0.28 0.62 2.55 1.10 1.86 0.88 0.04 0.02 99.87 

Measure 8 77.40 15.64 0.31 0.62 2.27 0.68 2.18 0.83 0.05 0.02 99.82 

Measure 9 77.14 15.39 0.34 0.73 2.42 1.03 1.95 0.95 0.04 0.02 100.52 

Measure 10 78.14 14.84 0.22 0.46 2.74 0.77 1.74 1.01 0.05 0.03 100.09 

Average 77.03 15.40 0.34 0.65 2.46 0.84 2.21 1.00 0.05 0.03 100.11 

Stdv 0.77 0.45 0.08 0.10 0.18 0.15 0.37 0.13 0.03 0.01 0.62 

CV (%) 1.00 2.95 22.67 14.93 7.34 17.65 16.94 13.16 57.35 21.08 0.62 

Table A 8.5: Chemical compositions of the bodies of proto-porcelain samples from the SX (Shaoxing) kiln sites in Zhejiang province (after Li 1998: 87-92 Table 1-2). 
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A 8.6 SLH body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 76.45 16.48 0.30 0.74 1.85 0.54 2.39 1.16 0.06 0.03 99.52 

Measure 2 75.71 16.79 0.63 0.45 1.90 0.77 2.64 1.02 0.06 0.02 99.50 

Average 76.08 16.64 0.47 0.60 1.88 0.66 2.52 1.09 0.06 0.03 99.51 

Stdv 0.52 0.22 0.23 0.21 0.04 0.16 0.18 0.10 0.00 0.01 0.01 

CV (%) 1 1 50 34 2 25 7 9 0 28 0 

 

Table A 8.6: Chemical compositions of the bodies of proto-porcelain samples from the SLH (Shanglinhu) kiln sites in Zhejiang province (after Li 1998: 87-92 Table 

1-2). 
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A 8.7 JS body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 73.81 19.53 0.29 0.68 0.67 0.43 3.81 0.76 0.02 0.01 99.05 

Measure 2 70.51 20.47 0.44 1.31 2.04 0.40 4.03 0.75 0.02 0.02 99.06 

Measure 3 71.81 19.72 0.42 1.38 2.16 0.88 2.81 0.79 0.01 0.02 99.04 

Measure 4 70.99 19.45 0.30 1.32 1.73 0.43 5.01 0.72 0.02 0.03 99.04 

Measure 5 64.81 25.34 0.47 1.52 1.79 0.60 4.65 0.77 0.02 0.02 99.04 

Measure 6 68.97 24.01 0.48 1.02 1.55 0.33 2.63 0.79 0.21 0.01 99.22 

Measure 7 70.87 21.30 0.42 1.21 1.84 0.43 3.24 0.65 0.02 0.02 99.06 

Measure 8 66.64 25.08 0.37 0.89 0.96 0.60 4.37 0.93 0.16 0.01 99.18 

Measure 9 70.33 19.34 0.40 1.03 1.94 0.53 5.41 1.06 0.06 0.07 99.84 

Measure 10 71.03 19.56 0.36 0.88 1.63 0.40 4.89 1.42 0.07 0.03 99.70 

Measure 11 71.79 18.32 0.43 1.00 2.13 0.48 4.75 1.06 0.06 0.05 99.92 

Average 70.14 21.10 0.40 1.11 1.68 0.50 4.15 0.88 0.06 0.03 99.29 

Stdv 2.51 2.51 0.06 0.26 0.47 0.15 0.93 0.23 0.07 0.02 0.35 

CV (%) 4 12 16 23 28 30 22 26 108 70 0 

 

Table A 8.7: Chemical compositions of the bodies of proto-porcelain samples from the JS (Jiaoshan) kiln site in Yingtan, Jiangxi province analysed by EDXRF (after 

Wu et al 2005: 35; Li 1998: 87-92 Table 1 and 2). 
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A 8.8 JS glaze 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 59.97 12.82 17.72 2.70 2.71 0.35 2.76 0.42 0.25 0.28 99.53 

Measure 2 58.76 13.20 16.70 3.92 3.48 0.20 2.57 0.40 0.36 0.42 99.79 

Measure 3 64.67 17.32 0.95 2.19 9.34 1.29 3.66 0.55 0.01 0.03 99.04 

Measure 4 64.92 15.47 4.09 3.72 5.89 1.97 3.16 0.48 0.10 0.18 99.26 

Measure 5 62.68 15.14 12.48 4.32 1.83 0.47 2.01 0.45 0.24 0.39 99.62 

Measure 6 58.06 12.54 19.97 3.39 1.93 0.23 2.73 0.35 0.36 0.44 99.81 

Measure 7 68.84 20.10 0.99 0.76 4.44 1.23 3.34 0.24 0.03 0.03 99.06 

Measure 8 61.83 17.50 8.45 1.69 4.63 0.34 3.24 1.92 0.32 0.09 99.99 

Measure 9 61.69 17.97 4.49 1.72 7.43 0.47 5.00 0.96 0.22 0.05 100.00 

Measure 10 61.58 16.79 1.67 1.86 5.68 0.64 10.11 1.25 0.23 0.21 99.98 

Average 62.30 15.88 8.75 2.63 4.74 0.72 3.86 0.70 0.21 0.21 99.61 

Stdv 3.20 2.50 7.41 1.17 2.42 0.59 2.34 0.53 0.13 0.16 0.37 

CV (%) 5 16 85 44 51 81 61 75 60 77 0 

 

Table A 8.8: Chemical compositions of the glazes of proto-porcelain samples from JS (Jiaoshan) kiln site in Yingtan, Jiangxi province analysed by EDXRF (after Wu 

et al 2005: 35; Li 1998: 98-100 Table 3 and 4). 
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A 8.9 MHD body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 62.37 29.48 1.36 0.34 3.08 0.57 1.29 1.46 0.02 0.02 99.04 

Measure 2 69.83 24.44 0.15 0.47 1.82 0.52 2.16 0.60 --- 0.01 100.38 

Measure 3 68.74 24.61 0.12 0.63 2.59 0.72 1.91 0.68 --- 0.01 98.96 

Average 66.98 26.17 0.54 0.48 2.50 0.60 1.79 0.91 0.01 0.01 99.46 

Stdv 4.03 2.87 0.71 0.14 0.63 0.10 0.45 0.48 0.01 0.01 0.80 

CV (%) 6 11 130 30 25 17 25 52 101 50 1 

 

Table A 8.9: Chemical compositions of the bodies of proto-porcelain samples from the MHD (Meihuadun) kiln site in Boluo, Guangdong province (after Wu et al 

2005: 59-60 Table 3 and 4). 

 

A 8.10 MHD glaze 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 61.35 14.22 14.19 3.98 2.42 0.70 1.84 0.32 0.55 0.42 99.97 

Measure 2 66.10 16.24 8.46 2.15 3.68 0.69 1.80 0.43 0.24 0.20 99.43 

Measure 3 64.43 18.33 7.64 2.69 3.66 0.50 1.92 0.46 0.20 0.16 99.21 

Average 63.96 16.27 10.10 2.94 3.25 0.63 1.85 0.41 0.33 0.26 99.54 

Stdv 2.41 2.05 3.57 0.94 0.72 0.11 0.06 0.08 0.19 0.14 0.39 

CV (%) 4 13 35 32 22 18 3 19 57 54 0 

 

Table A 8.10: Chemical compositions of the glazes of proto-porcelain samples from the MHD (Meihuadun) kiln site in Boluo, Guangdong province (after Wu et al 

2005: 60-61 Table 5 and 6).   
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Appendix 9 
 

Published analytical data of the proto-porcelain samples from north China 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes)  

 

A 9.1 Shanxi body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 77.73 15.48 0.14 0.69 2.85 0.26 1.92 0.83 0.09 0.02 100.37 

Measure 2 79.19 14.45 0.08 0.65 2.64 0.17 1.80 0.93 0.07 0.02 100.74 

Average 78.46 14.97 0.11 0.67 2.75 0.22 1.86 0.88 0.08 0.02 100.56 

Stdv 1.03 0.73 0.04 0.03 0.15 0.06 0.08 0.07 0.01 0.00 0.26 

CV (%) 1 5 39 4 5 30 5 8 18 0 0 

 

Table A 9.1: Chemical compositions of the bodies of proto-porcelain samples from Shanxi province in north China (after Li 1998: 87-92 Table 1-2). 
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A 9.2 Shaanxi body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 78.78 14.46 0.12 0.29 3.59 0.21 1.55 0.92 0.06 0.01 99.62 

Measure 2 72.01 19.23 1.02 0.45 3.73 1.03 1.63 0.83 --- 0.07 100.49 

Measure 3 75.47 17.55 0.41 0.95 2.75 0.23 1.48 1.13 --- 0.03 99.99 

Measure 4 75.95 14.36 1.21 0.47 2.85 0.65 2.87 1.59 --- 0.05 100.27 

Measure 5 78.61 14.11 1.00 1.13 1.36 0.55 1.96 1.25 --- 0.04 100.26 

Average 76.16 15.94 0.75 0.66 2.86 0.53 1.90 1.14 0.01 0.04 100.13 

Stdv 2.77 2.32 0.46 0.36 0.94 0.34 0.57 0.30 0.03 0.02 0.33 

CV (%) 4 15 62 55 33 63 30 26 224 56 0 

 

Table A 9.2: Chemical compositions of the bodies of proto-porcelain samples from Shaanxi province in north China (after Li 1998: 87-92 Table 1-2). 
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A 9.3 Henan body 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 78.41 15.83 0.25 0.66 1.80 0.41 1.57 0.98 0.06 0.03 99.79 

Measure 2 75.83 16.04 0.32 0.87 1.50 0.70 3.50 1.07 0.10 0.06 99.90 

Measure 3 76.95 15.02 0.67 1.19 2.08 0.80 2.29 0.92 --- 0.09 99.26 

Measure 4 79.46 15.13 0.20 0.42 1.88 0.24 1.61 0.99 0.06 0.01 99.55 

Measure 5 75.79 17.04 0.51 0.85 2.16 0.78 2.01 0.77 --- 0.10 101.53 

Measure 6 72.22 19.82 0.30 0.37 3.89 0.54 1.97 0.85 0.00 0.03 100.43 

Measure 7 74.45 18.15 0.25 0.34 3.41 0.56 1.87 0.88 0.07 0.01 99.33 

Measure 8 73.75 18.49 0.43 0.43 3.68 0.68 1.58 0.90 --- 0.05 100.23 

Measure 9 77.44 16.70 0.27 0.47 2.57 0.17 1.22 1.10 --- 0.06 100.22 

Measure 10 75.64 16.36 0.42 0.28 4.35 0.65 1.36 0.91 --- 0.03 100.30 

Measure 11 73.57 18.85 0.27 0.58 3.46 0.83 1.73 0.68 --- 0.03 100.19 

Measure 12 75.10 18.52 0.20 0.42 3.04 0.35 1.34 1.00 --- 0.03 100.41 

Average 75.72 17.16 0.34 0.57 2.82 0.56 1.84 0.92 0.02 0.04 100.10 

Stdv 2.10 1.57 0.14 0.27 0.94 0.22 0.61 0.12 0.04 0.03 0.61 

CV (%) 3 9 41 47 33 40 33 13 153 65 1 

 

Table A 9.3: Chemical compositions of the bodies of proto-porcelain samples from Henan province in north China (after Li 1998: 87-92 Table 1-2). 
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A 9.4 Henan glaze 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 60.14 15.78 13.32 2.05 4.84 1.09 1.69 0.63 --- 0.45 98.04 

Measure 2 61.59 17.06 10.71 2.15 2.39 0.26 4.47 0.95 --- 0.41 98.99 

Measure 3 53.80 14.25 18.99 2.63 3.46 0.80 2.59 1.42 1.77 0.29 101.48 

Measure 4 57.80 14.02 15.46 2.55 3.94 0.83 2.94 0.67 1.46 0.32 99.89 

Measure 5 65.32 16.75 9.60 1.86 3.85 0.28 1.96 --- --- 0.38 99.11 

Average 59.73 15.57 13.62 2.25 3.70 0.65 2.73 0.73 0.65 0.37 99.50 

Stdv 4.29 1.40 3.77 0.33 0.89 0.37 1.09 0.52 0.89 0.07 1.29 

CV (%) 7 9 28 15 24 56 40 70 138 18 1 

 

Table A 9.4: Chemical compositions of the glazes of proto-porcelain samples from Henan province in north China (after Li 1998: 98-100 Table 3-4). 
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Appendix 10 
 

Published analytical data of the stamped stonewares from the Shang dynasty to the Warring States period 
(wt%, normalised to 100%, the original analytical totals are given for reference purposes)  

 

A 10.1 Shang dynasty 
 

Location  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Zhejiang 

Measure 1 75.77 15.81 0.09 0.32 0.21 0.13 5.93 1.70 0.04 0.01 99.20 

Measure 2 64.94 21.98 0.39 0.95 1.35 0.38 8.82 1.13 0.05 0.02 99.37 

Measure 3 65.51 24.64 0.40 0.18 1.50 0.56 5.99 1.19 --- 0.02 99.77 

Measure 4 70.62 21.43 0.11 0.43 1.01 0.16 4.79 1.37 0.06 0.02 98.79 

Measure 5 78.58 12.96 0.12 0.77 0.14 0.09 5.96 1.37 --- 0.01 100.80 

Measure 6 71.90 18.69 0.17 0.49 1.54 0.26 5.62 1.31 --- 0.02 99.88 

Measure 7 70.67 21.33 0.21 0.57 0.47 0.09 5.24 1.34 0.04 0.02 99.16 

Measure 8 70.65 17.90 0.40 0.49 3.42 0.97 5.10 1.01 0.07 --- 101.00 

Anhui Measure 9 69.53 18.55 0.81 1.12 2.21 1.01 5.63 1.10 --- 0.03 99.82 

Fujian Measure 10 63.21 27.75 0.33 0.69 2.67 0.44 3.74 1.08 0.05 0.04 100.37 

Jiangxi 

Measure 11 65.31 24.32 0.32 1.04 2.79 0.76 4.18 1.09 0.11 0.08 99.78 

Measure 12 62.73 27.79 0.20 0.90 2.89 0.33 3.89 1.17 0.08 0.02 99.60 

Measure 13 64.39 25.40 0.18 0.87 3.14 0.45 4.32 1.15 0.07 0.03 99.88 

Measure 14 67.27 23.25 0.41 0.93 2.97 0.56 3.50 1.04 0.04 0.03 100.09 

Measure 15 70.43 20.03 0.17 0.45 0.42 0.19 6.59 1.26 0.46 0.03 100.12 
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A 10.1 Shang dynasty (continued) 
 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Jiangxi 

Measure 16 69.54 21.77 0.41 1.09 2.45 0.50 2.86 1.26 0.07 0.04 100.12 

Measure 17 66.63 23.21 0.20 1.01 2.90 0.20 4.40 1.45 --- --- 99.84 

Measure 18 67.80 22.09 0.37 1.63 2.51 0.71 3.72 0.99 0.12 0.05 100.22 

Measure 19 73.24 18.47 0.23 0.87 2.01 0.33 3.19 1.50 0.10 0.05 100.49 

Measure 20 80.77 11.92 0.17 0.90 0.41 0.07 4.42 1.15 0.16 0.03 99.80 

Measure 21 70.57 19.41 0.36 0.63 1.11 0.24 6.07 1.19 0.38 0.03 100.52 

Measure 22 78.81 14.50 0.30 0.65 1.70 0.47 2.26 1.22 0.07 0.03 99.74 

Measure 23 80.59 12.02 0.26 0.43 0.62 0.18 4.22 1.21 0.44 0.03 99.81 

Measure 24 75.76 16.92 0.28 0.73 2.12 0.45 2.54 1.03 0.14 0.03 100.18 

Measure 25 69.28 20.37 0.44 0.99 1.60 0.52 5.43 0.95 0.36 0.06 99.77 

Measure 26 68.78 21.55 0.27 0.80 1.46 0.52 5.29 1.19 0.12 0.02 99.88 

Measure 27 64.29 22.79 0.55 1.58 1.97 0.78 6.83 1.09 0.06 0.07 99.81 

Measure 28 65.62 24.67 0.86 1.38 1.69 0.40 4.27 1.05 0.03 0.03 99.69 

Measure 29 71.36 20.33 0.26 0.61 0.93 0.32 4.88 1.22 0.05 0.02 99.57 

Measure 30 62.91 23.86 0.82 1.29 1.60 0.58 7.68 1.07 0.12 0.06 99.78 

Measure 31 71.85 18.63 0.49 0.89 1.64 0.40 4.96 0.98 0.08 0.07 99.92 

Measure 32 67.15 21.57 0.59 1.24 1.62 0.42 6.30 1.02 0.04 0.06 99.60 

Measure 33 67.18 22.26 0.33 0.97 2.47 0.18 5.62 0.93 0.04 0.02 99.66 

Measure 34 69.29 17.74 0.44 1.28 2.07 0.22 7.80 0.89 0.08 0.18 99.73 

Measure 35 65.13 23.23 0.38 1.04 2.71 0.40 6.05 0.97 0.06 0.03 99.59 
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A 10.1 Shang dynasty (continued) 
 

 

Name  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Jiangxi 

Measure 36 69.23 22.01 0.38 1.21 1.58 0.61 3.92 0.98 0.06 0.03 100.36 

Measure 37 67.87 21.07 0.45 1.52 1.87 0.52 5.60 1.01 0.06 0.03 100.34 

Measure 38 75.55 16.53 0.35 0.87 1.61 0.50 3.01 1.57 --- --- 98.71 

Average 69.76 20.49 0.36 0.89 1.77 0.42 5.02 1.16 0.10 0.04 99.86 

Stdv 4.84 3.87 0.18 0.35 0.86 0.23 1.47 0.19 0.12 0.03 0.47 

CV (%) 7 19 52 39 49 55 29 16 118 89 0 

 

Table A 10.1: Chemical compositions of the bodies of stamped stoneware samples from Zhejiang, Anhui, Fujian and Jiangxi provinces in south China during the 

Shang dynasty (after Li 1998: 71-76). 
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A 10.2 Zhou dynasty 
 

Location  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Zhejiang 
Measure 1 64.73 21.37 0.28 0.81 1.64 0.46 9.40 1.24 0.04 0.03 99.49 

Measure 2 74.70 16.43 0.29 0.40 1.38 0.49 5.10 1.09 0.07 0.03 99.01 

Jiangxi 

Measure 3 66.06 23.83 0.16 1.15 2.99 0.49 4.17 1.05 0.07 0.02 99.89 

Measure 4 69.93 20.60 0.28 0.97 1.36 0.53 4.78 1.11 0.42 0.03 99.78 

Measure 5 70.98 18.25 0.44 0.86 1.45 0.44 6.04 1.04 0.43 0.06 99.96 

Measure 6 62.53 26.66 0.26 1.26 1.80 0.49 5.30 1.23 0.43 0.05 99.77 

Measure 7 61.60 29.09 0.21 0.82 2.67 0.35 2.96 1.29 0.98 0.03 100.10 

Measure 8 71.39 21.34 0.13 0.54 2.43 0.25 2.79 0.94 0.15 0.04 99.77 

Measure 9 69.16 20.38 0.82 0.89 1.88 0.65 5.12 1.10 --- --- 100.23 

Measure 10 62.92 27.91 0.19 0.61 3.81 0.45 3.03 0.95 0.09 0.05 99.40 

Measure 11 61.37 29.86 0.17 0.70 3.46 0.57 2.79 0.94 0.09 0.05 99.79 

Measure 12 71.78 18.74 0.45 0.80 2.48 0.66 4.03 1.06 --- --- 99.56 

Measure 13 70.16 18.31 0.72 0.89 2.47 0.87 5.73 0.86 --- --- 99.74 

Measure 14 67.40 20.77 0.37 1.44 2.48 0.53 5.86 0.99 0.09 0.07 99.56 

Measure 15 75.49 15.84 0.32 0.99 1.59 0.28 4.11 1.15 0.16 0.06 100.09 

Measure 16 66.91 23.24 0.17 1.07 3.19 0.41 3.86 1.04 0.08 0.03 100.03 

Average 67.94 22.04 0.33 0.89 2.32 0.50 4.69 1.07 0.19 0.04 99.76 

Stdv 4.49 4.38 0.20 0.26 0.77 0.15 1.67 0.12 0.26 0.02 0.31 

CV (%) 7 20 60 30 33 30 36 11 133 62 0 

 

Table A 10.2: Chemical compositions of the bodies of stamped stoneware samples from Zhejiang and Jiangxi provinces in south China during the Zhou dynasty (after 

Li 1998: 71-76). 
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A 10.3 The Spring and Autumn period 
 

Location  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Zhejiang 

Measure 1 70.77 18.46 0.58 0.95 2.38 1.16 4.70 0.97 --- 0.03 99.39 

Measure 2 70.39 17.79 0.47 0.98 1.84 1.39 5.83 1.17 0.09 0.06 99.86 

Measure 3 63.62 21.33 0.65 1.11 2.47 1.87 7.89 0.90 0.09 0.07 99.91 

Measure 4 65.93 18.08 0.43 0.96 2.12 0.68 10.45 1.11 0.15 0.10 99.81 

Measure 5 67.41 17.23 0.48 1.04 1.99 0.68 9.87 1.06 0.13 0.12 99.78 

Measure 6 67.43 19.66 0.49 1.16 2.40 0.82 6.93 0.91 0.10 0.10 100.18 

Measure 7 65.61 20.07 0.30 1.00 2.20 0.72 8.90 1.05 0.09 0.06 100.03 

Measure 8 69.43 19.08 0.45 1.04 2.15 0.78 5.89 1.02 0.13 0.03 100.41 

Average 

Stdv 

CV (%) 

67.57 18.96 0.48 1.03 2.19 1.01 7.56 1.02 0.10 0.07 99.92 

2.50 1.35 0.10 0.07 0.22 0.43 2.07 0.09 0.05 0.03 0.30 

4 7 21 7 10 43 27 9 48 47 0 

Table A 10.3: Chemical compositions of the bodies of stamped stoneware samples from Zhejiang province in south China during the Spring and Autumn period (after 

Li 1998: 71-76). 
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A 10.4 The Warring States period 
 

Location  SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Zhejiang Measure 1 69.86 19.19 0.31 0.93 0.38 0.73 7.27 1.12 0.13 0.08 98.18 

Jiangxi Measure 2 69.97 20.96 0.66 0.97 3.11 0.44 2.97 0.92 --- --- 99.78 

Average 

Stdv 

CV (%) 

69.28 19.74 0.57 1.07 1.97 0.83 5.45 0.97 0.07 0.06 99.24 

1.11 1.06 0.23 0.20 1.42 0.45 2.22 0.13 0.07 0.05 0.92 

2 5 40 19 72 54 41 13 100 88 1 

Table A 10.4: Chemical compositions of the bodies of stamped stoneware samples from Zhejiang and Jiangxi provinces in south China during the Warring States 

period (after Li 1998: 71-76).   
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Appendix 11 
 

Published analytical data of the bodies of porcelain from the Han to Qing dynasties in south and north China 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes)  

 

A 11.1 Han body (south) 
 

 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 75.40 17.73 0.31 0.57 3.00 0.49 2.48 0.86 --- 0.03 100.87 

Measure 2 77.42 16.28 0.38 0.53 2.67 0.58 2.96 0.82 --- 0.04 101.68 

Average 76.41 17.01 0.35 0.55 2.84 0.54 2.72 0.84 --- 0.04 101.28 

Stdv 1.43 1.03 0.05 0.03 0.23 0.06 0.34 0.03 --- 0.01 0.57 

CV (%) 2 6 14 5 8 12 12 3 --- 20 1 

Table A 11.1: Chemical compositions of the bodies of porcelain from Zhejiang province in south China during the Han dynasty (ca. 1
st
 century BC to 1

st
 century AD) 

(after Pollard and Hatcher 1986: 273-274). 
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A 11.2 Tang body (south) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 75.83 17.17 0.29 0.55 2.67 0.87 3.14 1.00 --- --- 101.52 

Measure 2 73.68 17.19 0.20 0.46 2.80 0.22 4.47 0.76 --- 0.02 99.80 

Measure 3 74.37 18.32 0.36 0.33 3.68 0.29 2.21 0.71 --- 0.02 100.29 

Measure 4 73.22 18.89 0.22 0.48 3.64 0.58 1.31 0.72 --- --- 99.06 

Average 74.28 17.89 0.27 0.46 3.20 0.49 2.78 0.80 --- 0.02 100.17 

Stdv 1.14 0.86 0.07 0.09 0.54 0.30 1.35 0.14 --- 0.00 1.03 

CV (%) 2 5 27 20 17 61 49 17 --- 0 1 

Table A 11.2: Chemical compositions of the bodies of porcelain from Zhejiang province in south China during the Tang dynasty (ca. 7
th
 century to 9

th
 century AD) 

(after Pollard and Hatcher 1986: 273-274). 

 

 

A 11.3 Five dynasties (south) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 83.10 10.30 0.64 0.56 2.50 0.74 1.15 1.00 --- --- 99.99 

Measure 2 75.16 16.92 0.40 0.64 2.37 0.14 3.67 1.21 --- 0.02 100.53 

Measure 3 67.82 23.93 --- 0.26 5.32 0.32 2.10 0.22 --- 0.03 100.00 

Average 75.36 17.05 0.52 0.49 3.40 0.40 2.31 0.81 --- 0.03 100.17 

Stdv 7.64 6.82 0.17 0.20 1.67 0.31 1.27 0.52 --- 0.01 0.31 

CV (%) 10 40 33 41 49 77 55 64 --- 28 0 

 

Table A 11.3: Chemical compositions of the bodies of porcelain from Zhejiang province in south China during the Five dynasties (ca. 9
th

 century to 10
th
 century AD) 

(after Pollard and Hatcher 1986: 273-274).   
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A 11.4 Song dynasty (south) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 72.00 15.50 2.25 0.31 6.60 0.96 1.77 0.12 --- --- 99.51 

Measure 2 79.00 12.80 0.51 0.67 3.10 1.05 2.35 0.72 --- --- 100.20 

Measure 3 73.70 19.30 0.32 0.45 2.50 0.32 2.35 1.03 --- --- 99.97 

Measure 4 64.40 28.72 0.26 0.48 2.48 0.24 1.98 1.10 --- --- 99.66 

Measure 5 73.60 19.60 0.23 0.29 4.40 0.30 1.45 0.17 --- --- 100.04 

Measure 6 69.60 22.10 1.25 0.31 4.70 0.24 1.75 0.12 --- --- 100.07 

Measure 7 67.43 24.48 0.12 0.30 4.52 0.40 2.38 0.18 --- 0.02 99.83 

Measure 8 73.93 18.36 0.31 0.67 3.16 0.22 2.43 0.39 --- 0.15 99.62 

Measure 9 74.23 18.68 0.54 0.59 2.77 0.48 2.27 0.42 --- 0.02 100.00 

Average 71.99 19.95 0.64 0.45 3.80 0.47 2.08 0.47 --- 0.06 99.88 

Stdv 4.29 4.71 0.69 0.16 1.37 0.32 0.35 0.39 --- 0.08 0.24 

CV (%) 6 24 107 35 36 68 17 82 --- 119 0 

 

Table A 11.4: Chemical compositions of the bodies of porcelain from Zhejiang province in south China during the Song dynasty (ca. 10
th

 century to 13
th

 century AD) 

(after Pollard and Hatcher 1986: 273-274). 
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A 11.5 Tang dynasty (north) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 67.7 26.8 0.4 0.4 2.1 0.5 0.6 1.3 --- 0.04 --- 

Measure 2 63.0 30.3 0.5 0.5 2.0 0.5 1.3 1.2 --- 0.06 --- 

Measure 3 66.3 28.0 0.3 0.3 2.3 0.4 1.0 1.3 --- 0.04 --- 

Measure 4 53.4 37.1 0.5 0.5 5.0 2.1 0.6 0.8 --- 0.04 --- 

Measure 5 52.7 37.5 0.6 0.6 5.1 2.2 0.7 0.8 --- 0.04 --- 

Measure 6 63.2 30.3 0.6 0.6 4.1 0.4 0.8 1.4 0.2 --- --- 

Measure 7 60.0 35.0 1.0 0.4 1.5 0.5 0.7 0.7 0.1 0.04 --- 

Measure 8 67.6 28.5 0.6 0.7 0.8 0.2 0.8 0.4 0.05 --- --- 

Measure 9 60.0 35.1 1.0 0.4 1.5 0.5 0.7 0.7 0.11 0.04 --- 

Measure 10 60.4 34.5 0.7 0.6 1.3 0.2 0.7 0.7 0.09 0.04 --- 

Measure 11 64.2 28.6 0.6 0.6 1.8 0.2 0.6 0.6 0.1 0.01 --- 

Measure 12 66.0 28.0 1.0 0.7 1.8 0.5 1.0 0.8 0.07 --- --- 

Measure 13 59.8 34.5 1.1 0.9 1.25 0.7 0.7 0.4 --- 0.03 --- 

Average 61.87 31.86 0.68 0.55 2.35 0.68 0.78 0.85 0.10 0.04 --- 

Stdv 4.84 3.83 0.26 0.16 1.44 0.67 0.21 0.34 0.05 0.01 --- 

CV (%) 8 12 38 29 61 97 26 40 46 32 --- 

 

Table A 11.5: Chemical compositions of the bodies of porcelain from Hebei, Henan and Shaanxi provinces in north China during the Tang dynasty (ca. 7
th

 century to 

9
th
 century AD) (after Wood 1999: 93, 97, 98, 100, 103, 112). 
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A 11.6 Song dynasty (north) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 62.0 31.0 2.2 1.1 1.0 0.75 0.9 0.5 --- 0.04 --- 

Measure 2 65.0 28.1 1.35 0.6 1.4 0.15 1.96 1.4 --- --- --- 

Measure 3 65.3 27.7 0.5 0.4 1.8 0.2 2.3 1.2 0.1 --- --- 

Measure 4 64.3 30.0 0.4 0.3 1.6 0.5 1.7 1.2 --- 0.01 --- 

Measure 5 64.2 29.0 0.3 0.4 2.15 0.3 2.2 1.3 --- --- --- 

Measure 6 70.2 24.6 0.2 --- 2.4 0.6 1.4 1.3 --- 0.04 --- 

Measure 7 72.2 20.3 0.4 --- 2.6 0.8 1.7 1.2 --- 0.1 --- 

Measure 8 64.5 30.0 0.5 --- 2.25 0.7 1.75 1.4 --- 0.06 --- 

Average 65.96 27.59 0.73 0.56 1.90 0.50 1.74 1.19 0.10 0.05 --- 

Stdv 3.42 3.54 0.69 0.32 0.55 0.25 0.45 0.29 --- 0.03 --- 

CV (%) 5 13 94 57 29 51 26 24 --- 66 --- 

 

Table A 11.6: Chemical compositions of the bodies of porcelain from Hebei, Henan and Shaanxi provinces in north China during the Song dynasty (ca. 10
th

 century 

to 13
th
 century AD) (after Wood 1999: 127, 133). 
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Appendix 12 
 

Published analytical data of the glazes of porcelain from different kiln sites in south and north China 

(wt%, normalised to 100%, the original analytical totals are given for reference purposes)  

 

A 12.1 Yue glaze (south) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 58.9 12.7 19.5 1.9 0.8 --- 2.4 0.7 --- --- 96.9 

Measure 2 63.7 11.7 15.1 2.7 1.6 0.8 2.2 0.6 1 --- 99.4 

Measure 3 57.4 12.5 20.3 2 1.3 0.9 1.8 0.8 1.5 --- 98.5 

Measure 4 57.9 13.7 19.7 2.4 2 0.7 1.7 0.6 0.9 0.9 100.5 

Measure 5 61.3 11.3 18 2 1.2 0.5 1.9 1 1.1 0.3 98.6 

Measure 6 59.2 14.5 17.7 1.8 2.7 0.2 1.5 0.7 1.3 0.3 99.9 

Measure 7 57 12 20.3 3.5 2 0.2 1.8 0.75 2.3 0.3 100.15 

Measure 8 61.6 13.7 14.2 1.5 1.9 0.8 2.4 0.6 0.7 0.5 97.9 

Measure 9 58.9 12.7 19.1 1.9 1.8 0.7 1.5 0.6 0.9 0.4 98.5 

Measure 10 60.9 12.1 16.5 3 1.4 0.8 3 0.7 1.6 0.4 100.4 

Measure 11 57.9 13.7 19.7 2.4 2 0.7 1.7 0.6 0.9 0.9 100.5 

Measure 12 57.4 12.5 20.3 3 1.3 0.9 1.8 0.8 1.5 0.4 99.9 

Average 59.3 12.8 18.4 2.3 1.7 0.7 2.0 0.7 1.2 0.5 99.3 

Stdv 2.1 1.0 2.1 0.6 0.5 0.3 0.4 0.1 0.5 0.2 1.2 

CV (%) 4 8 11 26 30 38 22 17 37 50 1 

Table A 12.1: Chemical compositions of the glazes of Yue-type wares from Zhejiang, Hunan and Sichuan provinces in south China mainly from the Han dynasty (ca. 

1
st
 century BC to 1

st
 century AD) (after Wood 1999: 22, 32, 40, 116).   
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A 12.2 Qingzhusi glaze (south) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 59.2 14.5 17.7 1.8 2.7 0.2 1.5 0.7 1.3 0.3 99.9 

Measure 2 58.8 13.1 18.3 1.8 3 0.7 2.2 0.6 1 0.4 99.9 

Average 59.0 13.8 18.0 1.8 2.9 0.5 1.9 0.7 1.2 0.4 99.9 

Stdv 0.3 1.0 0.4 0.0 0.2 0.4 0.5 0.1 0.2 0.1 0.0 

CV (%) 0 7 2 0 7 79 27 11 18 20 0 

Table A 12.2: Chemical compositions of the Qingzhusi glazes from Hunan province in south China during the Han dynasty (ca. 1
st
 century BC to 1

st
 century AD) 

(after Wood 1999: 32). 

 

 

A 12.3 Longquan glaze (south) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 66.1 14.4 8.4 0.6 4.9 0.3 0.2 0.1 --- --- 95 

Measure 2 66.3 14.4 10 1.2 4.5 0.4 0.5 0.1 0.75 0.5 98.65 

Measure 3 66.7 13.7 9.9 1.1 5.3 0.7 0.3 0.1 0.45 --- 98.25 

Measure 4 71 15.5 4.8 0.6 5.4 0.5 1 0.2 0.8 0.15 99.95 

Measure 5 66.1 14.4 13.2 0.8 4.6 0.3 1 0.1 --- 0.16 100.66 

Average 67.2 14.5 9.3 0.9 4.9 0.4 0.6 0.1 0.7 0.3 98.5 

Stdv 2.1 0.6 3.0 0.3 0.4 0.2 0.4 0.0 0.2 0.2 2.2 

CV (%) 3 4 33 32 8 38 63 37 28 74 2 

Table A 12.3: Chemical compositions of the Longquan glazes from Zhejiang province in south China during the Song dynasty (ca. 10
th

 century to 13
th

 century AD) 

(after Wood 1999: 116). 
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A 12.4 Gongxian glaze (north) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 64.6 13.9 12.3 1.9 3 2.2 0.8 0.2 --- --- --- 

Measure 2 67.7 15.9 10.8 1.5 2.4 0.8 0.9 0.4 --- --- --- 

Measure 3 62.5 17.0 10.4 1.1 4.1 2.1 0.7 --- --- --- --- 

Measure 4 66.8 14.5 9.3 1.1 4.3 1.75 0.9 --- --- --- --- 

Measure 5 69.8 12.6 10.3 1.3 2.5 1.4 0.7 0.1 0.6 0.1 --- 

Average 66.3 14.8 10.6 1.4 3.3 1.7 0.8 0.2 0.6 0.1 --- 

Stdv 2.8 1.7 1.1 0.3 0.9 0.6 0.1 0.2 --- --- --- 

CV (%) 4 12 10 24 27 35 12 65 --- --- --- 

Table A 12.4: Chemical compositions of the Gongxian glazes from Henan province in north China during the Tang dynasty (ca. 7
th

 century to 9
th
 century AD) (after 

Wood 1999: 97-98). 

 

 

A 12.5 Xing glaze (north) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 68.2 18.4 7.9 2.5 1.1 0.45 0.8  --- --- --- 

Measure 2 68.3 18.1 7 2.2 2 0.8 0.9 0.1 --- 0.12 --- 

Measure 3 65.1 16.5 11.3 2.7 1 0.6 0.5 0.07 --- 0.1 --- 

Measure 4 60 18.5 15.5 2 1.1 0.4 0.55 0.15 --- 0.06 --- 

Average 65.4 17.9 10.4 2.4 1.3 0.6 0.7 0.1 --- 0.1 --- 

Stdv 3.9 0.9 3.9 0.3 0.5 0.2 0.2 0.0 --- 0.0 --- 

CV (%) 6 5 37 13 36 32 28 38 --- 33 --- 

Table A 12.5: Chemical compositions of the Xing glazes from Hebei province in north China during the Tang dynasty (ca. 7
th
 century to 9

th
 century AD) (after Wood 

1999: 100).   



 340 

A 12.6 Yaozhou glaze (north) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 71.6 14.4 5.6 1.5 3 0.5 3.8 0.4 0.5 --- 101.3 

Measure 2 65.6 14.3 12.6 2.2 1.9 0.4 1.5 0.3 0.7 --- 99.5 

Measure 3 67 15.3 9.6 1.4 2.6 0.4 2.9 0.35 0.8 --- 100.35 

Measure 4 70 13.6 9.5 1.3 2.7 0.3 2 0.11 0.6 --- 100.11 

Measure 5 67.9 14.4 9.4 2.1 2.8 0.7 2.2 0.17 --- --- 99.67 

Measure 6 61.4 16.3 16 1.5 1.7 0.2 1.9 0.41 0.8 0.07 100.28 

Average 67.3 14.7 10.5 1.7 2.5 0.4 2.4 0.3 0.7 0.1 100.2 

Stdv 3.6 0.9 3.5 0.4 0.5 0.2 0.8 0.1 0.1 --- 0.6 

CV (%) 5 6 34 23 21 41 35 43 19 --- 1 

 

Table A 12.6: Chemical compositions of the Yaozhou glazes from Shaanxi province in north China during the Song dynasty (ca. 10
th

 century to 13
th

 century AD) 

(after Wood 1999: 116). 
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A 12.7 Linru glaze (north) 
 

 SiO2 Al2O3 CaO MgO K2O Na2O Fe2O3 TiO2 P2O5 MnO Total 

Measure 1 67 14.7 9.2 0.8 3.6 1.7 1.6 0.3 0.4 --- 99.3 

Measure 2 66.7 15.3 8.6 0.7 3.6 1.5 2.5 0.3 0.4 --- 99.6 

Measure 3 67.5 15.3 7.6 1.1 3.7 1.4 2.5 0.3 0.6 --- 100 

Measure 4 67.6 14.5 8.5 0.7 4.2 1.6 0.4 0.2 0.4 --- 98.1 

Measure 5 68.1 14.5 7.7 0.6 4.3 1.6 1.5 0.2 0.4 --- 98.9 

Average 67.4 14.9 8.3 0.8 3.9 1.6 1.7 0.3 0.4 --- 99.2 

Stdv 0.5 0.4 0.7 0.2 0.3 0.1 0.9 0.1 0.1 --- 0.7 

CV (%) 1 3 8 25 9 7 51 21 20 --- 1 

 

Table A 12.7: Chemical compositions of the Linru glazes from Henan province in north China during the Song dynasty (ca. 10
th

 century to 13
th

 century AD) (after 

Wood 1999: 116). 
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Appendix 13 Chinese Dynasties 
 

 

Name of dynasties Time period 

The Shang Dynasty 16
th
 to 11

th
 century BC 

The Zhou Dynasty 
Western Zhou 11

th
 century – 771 BC 

Eastern Zhou 
Spring and Autumn 770 – 475 BC 

 Warring States 475 – 221 BC 

The Qin Dynasty 221 – 202 BC 

The Han Dynasty 
Western Han 202 BC – AD 9 

Eastern Han AD 25 – 220 

The Six Dynasties AD 220 – 581 

The Sui Dynasty AD 581 - 618 

The Tang Dynasty AD 618 – 907 

The Five Dynasties AD 907 – 960 

The Song Dynasty 
Northern Song AD 960 – 1127 

Southern Song AD 1127 – 1279 

The Yuan Dynasty AD 1271 – 1368 

The Ming Dynasty AD 1403 – 1644 

The Qing Dynasty AD 1662 – 1911 

The Republic of China AD 1911 – 1949 

The People’s Republic of China AD 1949 - present 

 

  



 343 

References 
 

An, J.H., 安金槐 1960. A discussion on Shang porcelain from Zhengzhou 谈谈郑州商代

瓷器的几个问题 Wenwu 文物, 8-9: 68-70. 

 

An, J.H., 安金槐 1978. The discussion of the origin of Chinese ceramics 对于我国瓷器起

源问题的初步探讨  Kaogu 考古, 3: 189-194. 

 

An, J.H., 安金槐 1989. The discovery and research of proto-porcelain in Henan 河南原始

瓷器的发现与研究 Zhongyuan Wenwu 中原文物, 3:3-8. 

 

Arnold, D.E., 1985. Ceramic Theory and Cultural Process. Cambridge: Cambridge 

University Press. 

 

Baoji Excavation Team, 1976. The excavation report of the Western Zhou tombs at 

Rujiazhuang in Baoji, Shaanxi 陕西省宝鸡市茹家庄西周墓发掘简报. Wenwu 文物 4: 

34-56.  

 

Barkoudah, Y., and Henderson, J., 2006. Plant ashes from Syria and the manufacture of 

ancient glass: ethnographic and scientific aspects. Journal of Glass Studies, 48: 297-321. 

 

Beijing Institute of Archaeology, 1995. Liulihe Tombs of the Western Zhou Dynasty 1973 – 

1977 琉璃河西周燕国墓地 1973 年—1977 年. Beijing: Wenwu Press. 

 

Bindell, J.B., 1992. SEM – scanning electron microscopy. In: C.R. Brundle, C.A. Evans, Jr. 

S. Wilson, ed., Encyclopedia of Materials Characterisation: Surfaces, Interfaces, Thin 

Films. Butterworth-Heinemann. 70-84. 

 

Brown, G., 1984. Crystal structures of clay minerals and related phyllosilicates. In: L. 

Fowden, R.M. Barrer and P.B. Tinker ed., Clay Minerals: Their Structure, Behaviour and 

Use. London: The Royal Society, 1-20. 

 

Brumfiel, E.M., 1980. Specialisation, market exchange, and the Aztec State: a view from 

Huexotla. Current Archaeology, 21 (4): 459-467. 

 

Cai, N.W., 1994. Introduction. In: C.M. Ho ed., New Light on Chinese Yue and Longquan 

Wares: Archaeological Ceramics Found in Eastern and Southern Asia, AD 800-1400. 

Hong Kong: Centre of Asian Studies, The University of Hong Kong, 26-47. 

Cai, X.L., and Shen, Z.L., 2002. The Warring States Period wooden chamber tomb at 

Fenghuangshan in Shaoxing, Zhejiang 浙江绍兴凤凰山战国木椁墓. Wenwu 文物 2: 

31-37. 

 

Caple, C., 2006. Objects: Reluctant Witnesses to the Past. London: Routledge. 

 

Carter, D., 1951. Four Thousand Years of China’s Art. New York: The Roland Press 



 344 

Company. 

Chai, Y.F., 1993. The excavation report of Xiaohonggang mound tomb in Jiangshan, 

Zhejiang 浙江江山小红岗土墩遗存试掘简报. Nanfang Wenwu 南方文物 4: 4-19. 

 

Chang, K., 1983. Art, Myth, and Ritual: The Path to Political Authority in Ancient China. 

Cambridge: Harvard University Press. 

 

Chang, K.C., 1984. The system of multiple capitals in the three dynasties. Bulletin of the 

Institute of History and Philology, Academia Sinica, 55: 51-71. 

 

Chang, K.C., 1991. Introduction: the importance of bronzes in ancient China. In: W.T. Chase 

ed., Ancient Chinese Bronze Art – Casting the Precious Sacral Vessel. New York: China 

House Gallery and China Institute in America, 15-17. 

 

Chang, K.C., 2000. Wiping the Dust from Bronze Vessels 青铜挥尘. Shanghai: Shanghai 

Literature and Art Publishing House. 

 

Chang, X.Y., Zhu, B.Q., and Jin Z.Y., 2003, Application of lead-isotope tracing in resource 

provenance of the Shang bronze vessels. Journal of Guangzhou University (Natural 

Science Edition), 2 (4): 323-326. 

 

Chase, W.T., 1983. Bronze casting in China: a short technical history. In: G. Kuwayama ed. 

The Great Bronze Age of China: A Symposium. Seattle: University of Washington Press. 

98-107. 

 

Chen, W.L., 1946. Ceramics and Zhejiang 瓷器与浙江 . Shanghai: Zhonghua Book 

Company. 

 

Chen, W.H., Cheng, Y.L., and Hu, Y.C., 1977. The report of Qingjiang pit tomb of the 

Warring States Periods in Jiangxi 江西清江战国墓清理简报. Kaogu 考古 5: 310-312. 

 

Chen, J., and Chen, L.H., 1983. Dasongdun mound tomb in Jiangyin, Jiangsu 江苏省江阴

县大松墩土墩墓. Wenwu 文物 11: 92. 

 

Chen, X.Q., Chen, S.P., Huang, R.F., Zhou, X.L., Ruan, M.L., 1986. A scientific study on 

Jian Temmoku wares in the Song Dynasty. In: Shanghai Institute of Ceramics ed., 

Scientific and Technological Insights on Ancient Chinese Pottery and Porcelain. Beijing: 

Science Press. 227-235. 

 

Chen, T.M., Rapp, G.Jr., Jin, Z.C., and He, N., 1997. Instrumental neutron activation (INAA) 

of the production sites of the proto-porcelain from the Shang Dynasty 中子活化分析对

商时期原始瓷产地的研究. Kaogu 考古 7: 39-52. 

 

Chen, Y.F., 2002. The excavation of Laohushan mound tomb No. 1 in Yuyao 余姚老虎山一

号墩发掘. In: Zhejiang Institute of Archaeology ed., The Archaeological Report of the 



 345 

Sites on Shanghai-Hangzhou-Ningbo Highway 沪杭甬高速公路考古报告. Beijing: 

Wenwu Press, 51-94. 

Chen, Y.C., and Zhang, Y.W., 2002. Study on the proto-porcelain in Xia and Shang Period 

and the origin of porcelain glaze. In: J.K. Guo ed. Proceedings of ISAC 2002. Shanghai: 

Shanghai Scientific and Technological Literature Publishing House. 

 

Chen, Z.S., and Zheng, H., 2002. The excavation of Shanlinzi site in Jianyang, Fujian 福建

建阳市山林仔遗址的发掘. Kaogu 考古 3: 219-225. 

 

Chen, T.M., Rapp, G.Jr., and Jin, Z.C., 2003. Instrumental neutron activation analysis 

(INAA) of proto-porcelain from the Shang and Zhou periods and the discussion. 商周时

期原始瓷的中子活化分析及相关问题讨论. Kaogu 考古 7: 645-654. 

 

Chen, Y.F., Tian, Z.B., and Liang, Y.J., 2007. The elite tombs at Bizishan in Changxing, 

Zhejiang 浙江长兴鼻子山越国贵族墓. Kaogu 考古 1: 4-21. 

 

Cheng, Y.L., and Liu, S.Z., 1980. The excavation report of Guixi cliff tomb in Jiangxi 江西

贵溪崖墓发掘简报. Wenwu 文物 11: 1-19. 

 

Cheng, Z.H., and Sheng, H.X., 1987. Research on the Western Zhou green-glazed ceramics 

sherds from Luoyang 洛阳西周青釉器碎片的研究. In: Shanghai Institute of Ceramics 

– Chinese Academy of Sciences ed., Research on Chinese Ceramics 中国古陶瓷研究. 

Beijing: Science Press, 31-47. 

 

Childe, V.G., 1956. Piecing Together the Past. London: Routledge & Kegan Paul. 

 

Chu, S.B., 1977. The Western Zhou tomb at Baicaopo in Lingtai, Gansu 甘肃灵台白草坡西

周墓. Kaogu Xuebao 考古学报 2: 99-129. 

 

Chu, X.B., Wang, J.H., and Xu, H.M., 2005. The excavation report of Gangyaoshan mound 

tombs at Zhangqi in Cixi, Zhejiang 浙江慈溪掌起缸窑山墓地发掘报告. Dongnan 

Wenhua 东南文化 2: 16-23. 

 

Clark, G., 1986. Symbols of Excellence. Cambridge: Cambridge University Press. 

 

Conkey, M.W., 1987. Style and information in cultural evolution: toward a predictive model 

for the Paleolithic. In: C.L. Redman, M.J. Berman, E.V. Curtin, N.M. Versaggi and J.C. 

Wanser eds., Social Archaeology: Beyond Subsistence and Dating. New York: Academic 

Press, 61-85. 

 

Costin, C.L., 1991. Craft specialisation: Issues in defining documenting, and explaining the 

organisation of production. In: M. Schiffer ed., Archaeological Method and Theory 

Volumn I, Tucson: University of Arizona Press, 1-56. 

 



 346 

Cullen, T., 1985. Social implication of ceramic style in the Neolithic Peloponnese. In: W.D. 

Kingery, ed., Ancient Technology to Modern Science – Ceramics and Civilization Vol. I. 

Ohio: The American Ceramic Society, 77-100. 

 

Day, P. M., Kiriatzi, E., Tsolakidou, A., and Kilikoglou, V., 1999. Group therapy in Crete: a 

comparison between analyses by NAA and thin section petrography of early Minoan 

pottery. Journal of Archaeological Science, 26: 1025-1036. 

 

Deqing Museum, 2008. The Origin of Porcelain – Symposium on Proto-porcelain and 

Deqing Kilns 瓷之源——原始瓷与德清窑学术研讨会.  

 

Degryse, P., Schneider, J., Lauwers, V., Henderson, J., Van Daele, B., Martens, M., Huisman, 

H., De Muynck, D., and Muchez, P., 2009. Neodymium and strontium isotopes in the 

provenance determination of primary natron glass production. In: P. Degryse, J. 

Henderson, G. Hodgins, ed. Isotopes in Vitreous Materials. Leuven University Press. 

53-71. 

 

Dickson, D.B., 1990. The Dawn of Belief: Religion in the Upper Paleolithic of Southwestern 

Europe. Tucson: University of Arizona Press. 

 

Ding, J.L., and Zhu, W.F., 1996. The excavation of Zhenshan tomb at Hushuguan in Suzhou, 

Jiangsu 江苏苏州浒墅关真山大墓的发掘. Wenwu 文物 2: 4-21. 

 

Dobres, M. A., and Hoffman, C. R., 1994. Social agency and the dynamics of prehistoric 

technology. Journal of Archaeological Method and Theory 3: 211-258. 

 

Earle, T., 1978. Economic and Social Organisation of a Complex Chiefdom: The Halelea 

District, Kauai, Hawaii. Museum of Anthropology, University of Michigan 

Anthropology Papers, No. 63. 

 

Falkenhausen, L.V., 2006. Chinese Society in the Age of Confucius (1000-250 BC): The 

Archaeological Evidence. University of California, Los Angeles. 

 

Feng, X.M., 1987. Chinese celadons. Orientations, 18(6): 38-43. 

 

Fisher, R., 1990. Jade in Chinese Culture – Magic, Art and Order. Palm Springs: Palm 

Springs Desert Museum. 

 

Freestone, I., and Gaimster, D., 1997. Pottery in the Making: World Ceramic Traditions. 

London: British Museum Press. 

 

Fujian Museum, 2004. The 8
th
 excavation report of Tanshishan site in Minhou 闽侯昙石山

遗址第八次发掘报告.  Beijing: Science Press. 

 

Geiss, R.H., 1992. EDS – Energy-Dispersive X-Ray Spectroscopy. In: C.R. Brundle, C.A. 

Evans, Jr., S. Wilson, ed. Encyclopedia of Materials Characterisation: Surfaces, 



 347 

Interfaces, Thin Films. Butterworth-Heinemann. 120-134. 

 

Geng, F., 2001. Brief discussion of the mound tombs in the south Jiangsu 略论苏南土墩墓. 

Dongnan Wenhua 东南文化 3: 27-39. 

 

Gibson, A., and Woods, A., 1997. Prehistoric Pottery for the Archaeologist. 2
nd

 Edition. 

London: Leicester University Press. 

 

Goldstein, J., Newbury, D.E., Joy, D.C., Echlin, P., Lyman, C.E., and Lifshin, E., 2007. 

Scanning Electron Microscopy and X-ray Microanalysis. 3
rd

 Edition. New York: Plenum 

Publishers. 

 

Goodhew, P. J., Humphreys, J., and Beanland, R., 2001. Electron Microscopy and Analysis. 

3
rd

 Edition. London: Taylor & Francis, Limited. 

 

Grim, R.E., 1968. Clay Mineralogy. New York: McGraw-Hill. 

 

Grimshaw, R.W., 1971. The Chemistry and Physics of Clays and Allied Ceramic Materials. 

4
th
 Edition Revised. New York: John Wiley & Sons. 

 

Goffer, Z., 2007. Archaeological Chemistry. 2
nd

 Edition. New Jersey: John Wiley & Sons. 

 

Gong, C., 1984. Xishan mound tomb in Quzhou, Zhejiang during the Western Zhou Dynasty 

浙江衢州西山西周土墩墓. Kaogu 考古 7: 591-593. 

 

Gong, C., 1995. The Western Zhou tombs at Yiwu in Zhejing – discussion on the production 

techniques of proto-porcelains 浙江义乌县平畴西周墓——兼论原始青瓷器的制作工

艺. Kaogu 考古 7: 608-613. 

 

Gong, X.C., 2000. The excavation of Guanshan site during the Western Zhou Period at 

Ningguo in Anhui 安徽宁国市官山西周遗址的发掘. Kaogu 考古 11: 986-995. 

 

Gu, J.X., and Lin, L.G., 1998. The structure of grand mound tombs in the lower reaches of 

Yangtze River 江南大型土墩墓形制之研究. Dongnan Wenhua 东南文化 1: 21-34. 

 

Gu, J.X., Lin, L.G., and Wang, Q.Z., 2000. The excavation report of mound tombs at 

Hengshan and Huashan in Dantu, Jiangsu 江苏丹徒横山、华山土墩墓发掘报告. 

Wenwu 文物 9: 42-54. 

 

Guangdong Institute of Archaeology, 2005. Boluo Henglingshan: The Excavation Report of 

the Tombs during the Shang and Zhou Periods in 2000 博罗横岭山：商周时期墓地

2000 年发掘报告. Beijing: Science Press. 

 

Guo, Y.Y., 1987. Raw materials for making porcelain and the characteristics of porcelain 



 348 

wares in north and south China in ancient times. Archaeometry 29: 3-19. 

 

Hamer, F., and Hamer, J., 1997. The Potter’s Dictionary of Materials and Techniques. 4
th
 

Edition. London: A&C Black. 

 

Harrison-Hall, J., 1997a. Ding and other whitewares of northern China. In: I. Freestone and 

D. Gaimster ed., Pottery in the Making: World Ceramic Traditions. London: British 

Museum Press, 182-187. 

 

Harrison-Hall, J., 1997b. Chinese porcelain from Jingdezhen. In: I. Freestone and D. 

Gaimster ed. Pottery in the Making: World Ceramic Traditions. London: British 

Museum Press, 194-199. 

 

Hamilton, D., 1982. The Thames and Hudson Manual of Stoneware and Porcelain. London: 

Thames and Hudson. 

 

Han, W.L., and Zhang, Z.Q., 2000. The excavation of the Western Zhou tomb at Taiqing 

Palace in Luyi, Henan 河南鹿邑太清宫西周墓的发掘. Kaogu 考古 9: 789-803. 

 

Hawkes, C. F., 1954. Archaeological theory and method: some suggestions from the ‘old 

world’. American Anthropologist, 56: 155-168. 

 

Hayden, B., 1993. Archaeology: The Science of Once and Future Living Things. New York: 

W.H. Freeman. 

 

Hayden, B., 1998. Practical and prestige technologies: the evolution of material systems. 

Journal of Archaeological Method and Theory, 5 (1): 1-55. 

 

Hebei Institute of Archaeology, 1985. Taixi Site of the Shang Dynasty in Gaocheng 藁城台西

商代遗址. Beijing: Wenwu Press. 

 

Heimann, R.B., 1988. Ceramic enquiries – a random walk in time. In: The 89
th
 General 

Meeting of the Archaeological Institute of America. American Journal of Archaeology, 

92: 229-284. 

 

Heimann, R.B., 1989. Assessing the technology of ancient pottery: the use of ceramic phase 

diagrams. Archeomaterials, 3: 123-148. 

 

Henan Institute of Archaeology and Zhengzhou Institute of Archaeology, 1998. The 

excavation report of storage pit in Zhengzhou, Henan 郑州南顺城街青铜器窖藏坑发

掘报告. Huaxia Kaogu 华夏考古 3: 2-27. 

 

Henan Institute of Archaeology, 2001. Shang City in Zhengzhou – Excavation Report 

1953-1985 郑州商城—— 1953-1985 年考古发掘报告. Beijing: Wenwu Press. 

 

Henan Institute of Archaeology, 2004. Hougudui Tomb No. 1 固始侯古堆一号墓 .         



 349 

Zhengzhou: Daxiang Press. 

 

Hodder, I., 1979. Economic and social stress and material culture patterning. American 

Antiquity, 44: 446-454. 

 

Hodder, I., 1992. Theory and Practice in Archaeology. London: Routledge. 

 

Hodges, H. W., 1966. Aspects of pottery in temperate Europe before the Roman Empire. In: 

F.R. Matson, ed., Ceramics and Man. London. 

 

Hornblower, A.P., 1963. Some examples of work with the electron probe microanalyser. 

Archaeometry, 6: 37-42. 

 

Horsfall, G., 1987. Design theory and grinding stones. In: B. Hayden ed., Lithic Studies 

Among the Contemporary Highland Maya. Tucson: University of Arizona Press, 

332-377. 

 

Hu, B.H., 1992. Qianzhang tombs in Tengzhou 滕州前掌大商代墓葬. Kaogu Xuebao 考古

学报 3: 365-392. 

 

Hu, J.G., 2002. The excavation of the Zhoujiashan tomb in Shangyu 上虞周家山古墓葬发

掘 In: Zhejiang Institute of Archaeology ed., The Archaeological Report of the Sites on 

Shanghai-Hangzhou-Ningbo Highway沪杭甬高速公路考古报告. Beijing: Wenwu Press, 

178-223. 

 

Huang, X.P., and Zhang, M.H., 1980. The 2
nd

 excavation of Songze at Qingpu 青浦县崧泽

遗址第二次发掘. Kaogu Xuebao 考古学报 1: 4-22. 

 

Huang, X.P., and Zhang, M.H., 1987. Fuquanshan site at Qingpu in Shanghai 上海青浦福

泉山遗址. Dongnan Wenhua 东南文化 1: 1-17. 

 

Huang, J.Q., 1988. Panjiaxiang mound tombs in Wujin, Jiangsu. 江苏省武进县潘家乡腰沿

山土墩石室墓. Dongnan Wenhua 东南文化 Z1: 60-69. 

 

Huang, T.C., 1992. XRF – X-ray fluorescence. In: C.R. Brundle, C.A. Evans, Jr. S. Wilson, 

ed. Encyclopedia of Materials Characterisation: Surfaces, Interfaces, Thin Films. 

Butterworth-Heinemann. 338-348. 

 

Hubei Institute of Archaeology, 2001. Panlongcheng – The Excavation Report 1963-1994 

盘龙城——1963-1994 年考古发掘报告. Beijing: Wenwu Press. 

 

Hsu, C.Y., 1999. The spring and autumn period. In: M. Loewe and E.L. Shaughnessy, ed., 

The Cambridge History of Ancient China: From the Origin of Civilization to 221 B.C. 

Cambridge: Cambridge University Press, 545-586. 



 350 

 

Institute of Archaeology at Chinese Academy of Social Science, 1999. Zhangjiapo Tombs of 

the Western Zhou Dynasty 张家坡西周墓地. Beijing: Encyclopedia of China Publishing 

House. 

 

Institute of Archaeology at Chinese Academy of Social Science, 2001. The Discovery and 

Research of Yinxu 殷墟的发现与研究. Beijing: Science Press. 

 

Institute of Archaeology at Chinese Academy of Social Science, 2005. Qianzhang Tombs in 

Tengzhou I, II 滕州前掌大墓地（上下册）. Beijing: Wenwu Press. 

 

Jackson, C.M., and Smedley, J.W., 2004. Medieval and post-medieval glass technology: 

melting characteristics of some glasses melted from vegetable ash and sand mixtures. 

Glass Technology, 45 (1): 36-42. 

 

Jiang, M.M., 2001. Discussion on the stamped wares and the proto-porcelains unearthed 

from Shaoxing 谈绍兴出土的印纹陶与原始青瓷 . Nanfang Wenwu 南方文物 1: 

70-73. 

 

Jiang, L.P., 2002. The excavation of Niutoushan mound tombs in Shangyu 上虞牛头山古墓

葬发掘. In: Zhejiang Institute of Archaeology ed., The Archaeological Report of the 

Sites on Shanghai-Hangzhou-Ningbo Highway 沪杭甬高速公路考古报告. Beijing: 

Wenwu Press, 127-177. 

 

Jiangxi Museum, 1997. Shang Tombs in Xingan 新干商代大墓. Beijing: Wenwu Press. 

 

Jiangxi Institute of Archaeology and Zhangshu Museum, 2003. Wucheng: Archaeological 

Report 1973 – 2002 吴城：1973－2002 年考古发掘报告. Beijing: Science Press. 

 

Jiao, T., 2010. Style and social boundary in Bronze Age southeast China. In: Y. Wang ed., 

Bronze Age China: Style and Material. Cambridge Scholars Publishing, 77-92. 

 

Jin, Y., Cui, C.Z., and Cui, C.S., 1984. The proto-porcelain found in Quzhou, Zhejiang 浙江

衢州市发现原始青瓷. Kaogu 考古 2: 130-134. 

 

Jin, Z,M., 1996. The ancient cultural heritage found on Yuhuan Island, Zhejiang 浙江玉环

岛发现的古文化遗存. Kaogu 考古 5: 398-404. 

 

Kerr, R., 1989. The interaction between bronzes and ceramics in China: Song to Qing 

periods, ca. AD 1100 to 1900. In: P.E. McGovern ed., Cross-Craft and Cross-Cultural 

Interactions in Ceramics – Ceramics and Civilization Vol IV. Ohio: The American 

Ceramic Society, 301-314. 

 

Kerr, R., and Wood, N., 2004. Science and Civilisation in China, vol. 5, Chemistry and 



 351 

Chemical Technology, part XII: Ceramic Technology. Cambridge: Cambridge University 

Press. 

 

Kingery, W.D., and Vandiver, P.B., 1986. Ceramic Masterpieces: Art, Structure, and 

Technology. New York: Free Press. 

 

Lambert, J.B., 1997. Traces of the Past: Unraveling the Secrets of Archaeology through 

Chemistry. Reading: Addison-Wesley. 

 

Ledderose, L., 2000. Ten Thousand Things: Module and Mass Production in Chinese Art. 

Princeton: Princeton University Press. 

 

Lei, Y., Feng, S.L., Feng, X.Q., and Chai, Z.F., 2007. A provenance study of Tang Sancai 

from Chinese tombs and relics by INAA. Archaeometry 49: 483-494. 

 

Leung, P.L., Stokes, M.J., Chen, T.M., and Qin, D.S., 2000. A study of ancient Chinese 

porcelain wares of the Song-Yuan Dynasties from Cizhou and Ding kilns with EDXRF. 

Archaeometry 42: 129-140. 

 

Levin, E.M., McMurdie, H.F., Hall, F.P., and Reser, M.K., 1956. Phase Diagrams for 

Ceramists. Columbus, Ohio: American Ceramic Society. 

 

Lewis, M.E., 1999. Warring states political history. In: M. Loewe and E.L. Shaughnessy, ed., 

The Cambridge History of Ancient China: From the Origin of Civilization to 221 B.C. 

Cambridge: Cambridge University Press, 587-649. 

 

Li, J., 1930. The process and the important discovery of Yinxu in Autumn 1929 民国十八年

秋季发掘殷墟之经过及其重要发现. Excavation Report of An Yang 安阳发掘报告 2: 

219-252. 

 

Li, K.Y., and Peng, S.F., 1975. Brief discussion of Shang proto-porcelains from Wucheng in 

Jiangxi 略论江西吴城商代原始瓷. Wenwu 文物 7: 77-83. 

 

Li, J.Z., 1978. The research on the developmental processes of Chinese ancient pottery and 

ceramics 中国古代陶器和瓷器工艺发展过程的研究. Kaogu 考古 3: 179-187. 

 

Li. Y.H., 1984. Fusheng kiln sites at Shaoxing in Zhejiang – discussion of the 

proto-porcelains 浙江绍兴富盛窑——兼谈原始青瓷. In: Cultural Editing Boards ed. 

Reports of the Investigation of Ancient Kiln Sites in China 中国古代窑址调查发掘报告

集. Beijing: Wenwu Press, 1-8. 

 

Li, H.H., 1985. Characteristic elements of Longquan greenware. Archaeometry 27: 53-60. 

 

Li, J.Z., 1985. The evolution of Chinese pottery and porcelain technology. In: W.D. Kingery 

ed. Ceramic and Civilization Vol. I: Ancient Technology to Modern Science. Columbus: 

The American Ceramic Society, 135-162. 



 352 

 

Li, J.H., Yang, J.Y., and Huang, S.G., 1987. The excavation report of the Shang kiln site in 

Jiaoshan, Yingtan. 鹰潭角山商代窑址试掘简报. Jiangxi History and Cultural Heritage 

江西历史文物 2: 32-43. 

 

Li, J.H., Lu, G.F., and Yang, J.Y., 1989. Maanshan tombs of the Western Zhou Dynasty in 

Shangrao 上饶县马鞍山西周墓. Dongnan Wenhua 东南文化 4/5: 38-44. 

 

Li, J.H., Cheng, Y.L., and Liu, L., 1990. The investigation of Xijiao site of the Shang 

Dynasty in Fuzhou, Jiangxi 江西抚州市西郊商代遗址调查. Kaogu 考古 2: 97-101. 

 

Li, J.Z., Luo, H.J., and Gao, L.M, 1992. Further study of the process of technological 

evolution of ancient Chinese pottery and porcelain. In: MRS ed., Materials Research 

Society Symposium Proceedings vol. 267, 571-590. 

 

Li, B.Q., 1995. The 5
th
 excavation of the tomb of Marquis of Jin at Tianma-Qucun, Shanxi 

天马——曲村遗址北赵晋侯墓地第五次发掘. Wenwu 文物 7: 4-39. 

 

Li, H., 1996. Chinese Ceramics: The New Standard Guide. London: Thames & Hudson. 

 

Li, J.Z., 1998. History of Chinese Science and Technology – Ceramics 中国科学技术史

——陶瓷卷. Beijing: Science Press. 

 

Li, W.M., Zuo, C., and Niu, Y.M., 2000. The excavation report of Pingzhai site in Gushi, 

Henan 河南固始平寨古城遗址发掘报告. Kaogu Xuebao 考古学报 3: 331-354. 

 

Li, B.Q., 2001. The 6
th
 excavation of the tomb of Marquis of Jin at Tianma-Qucun, Shanxi 

天马——曲村遗址北赵晋侯墓地第六次发掘. Wenwu 文物 8: 4-21. 

 

Li, B.P., Zhao, J.X., Greig, A., Collerson, K.D., Feng, Y.X., Sun, X.M., Guo, M.S., and Zhuo, 

Z.X., 2005. Characterisation of Chinese Tang Sancai from Gongxian and Yaozhou kilns 

using ICP-MS trace element and TIMS Sr-Nd isotopic analysis. Journal of 

Archaeological Science, 33: 56-62. 

 

Li, G.L., ed. 2006. The Excavation Report of Mound Tombs in Tunxi. 屯溪土墩墓发掘报告 

Anhui: Anhui People’s Press. 

 

Li, B.Q., 2007. Preface 序. In: Nanjing Museum and Jiangsu Institute of Archaeology ed. 

Excavation Report of Yue Elite Cemetery in Hongshan 鸿山越墓发掘报告. Beijing: 

Wenwu Press. 

 

Li, S., 2011. Chinese Bronze Ware. Cambridge: Cambridge University Press. 

 

Liang, Z.H., Jia, X.B., Wang, J.H., and Gu, F., 2000. The 1998 excavation report of 



 353 

Qianzhang tombs in Tengzhou, Shandong 山东滕州市前掌大商周墓地 1998 年发掘简

报. Kaogu 考古 7: 589-604. 

 

Liang, Z.H., 2005. The discover and research of the proto-porcelains found at Qianzhang 

tombs 前掌大墓地原始瓷的发现和研究. In: The Institute of Archaeology, Chinese 

Academy of Social Science ed., Grand Tombs at Qianzhang in Tengzhou 滕州前掌大墓

地. Beijing: Wenwu Press, 104-128. 

 

Liao, G.S., 1993. Tentative discussion of the production sites of the stamped earthen wares 

and proto-porcelains during the Shang Dynasty in central China 中原商代印纹陶、原始

瓷烧造地区的探讨. Kaogu 考古 10: 936-941. 

 

Liao, G.S., 1996. Discussion on the dating and other issues about Jiaoshan kiln 试论角山窑

的年代、分期及其相关问题. Kaogu 考古 5: 445-451. 

 

Lin, L.G., 1989. The excavation report of Sijiaodun at Dantu in Jiangsu 江苏丹徒镇四脚墩

西周土墩墓发掘报告. Dongnan Wenhua 东南文化 4-5: 52-59. 

 

Lin, Z.G., and Zhao, H.Z., 1993. The investigation of three ancient sites in Pucheng, Fujian 

福建浦城三处古遗址调查简报. Kaogu 考古 2: 122-127, 188. 

 

Lin, L.G., Li, H,R., Hang, T., Tian, M.L., and Wang, Q.Z., 2006. Zhou mound tombs in 

Jurong and Jintan, Jiangsu. 江苏句容及金坛市周代土墩墓. Kaogu 考古 7: 598-606. 

 

Liu, X., and Xiao, M.L., 1978. The report of Wushan mound tomb No. 2 in Liushui, Jiangsu 

during the Western Zhou Dynasty. 江苏溧水乌山西周二号墓清理简报. Wenwu Ziliao 

Congkan 文物资料丛刊 2: 66-68. 

 

Liu, X., and Xu, Y.N., 1978. Biedun mound tomb in Jintan, Jiangsu during the Western Zhou 

Dynasty. 江苏金坛鳖墩西周墓. Kaogu 考古 3:151-154. 

 

Liu, X., and Wu, D.L., 1982. The excavation report of Zhitang and Wushan mound tombs in 

Lishui, Jiangsu. 江苏溧水县柘塘、乌山土墩墓清理简报. Wenwu Ziliao Congkan 文

物资料丛刊 6: 73-77. 

 

Liu, J.G., 1983. The excavation report of stone tomb in Yixing, Jiangsu. 江苏宜兴石室墓试

掘简报. Kaogu yu Wenwu 考古与文物 4: 9-13. 

 

Liu, X., 1985. The excavation report of the Western Zhou tombs at Liushui and Danyang in 

Jiangsu 江苏溧水、丹阳西周墓发掘简报. Kaogu 考古 8: 690-693, 768. 

 

Liu, J.G., and Wu, D.L., 1985. The artefacts unearthed from Kuanguang mound tomb in 



 354 

Lishui, Jiangsu 江苏溧水宽广墩墓出土器物. Wenwu 文物 12: 23-65. 

 

Liu, Z.F., and Du, J.P., 1985. The investigation of ancient sites and tombs at Guangze in 

Fujian 福建省光泽县古遗址古墓葬的调查和清理. Kaogu 考古 12: 1095-1108. 

 

Liu, J.G., 1987. Liangshan stone tomb in Dantu, Jiangsu. 江苏丹徒粮山春秋石穴墓. 

Kaogu yu Wenwu 考古与文物 4: 29-38. 

 

Liu, J.G., 1989. Developmental stages of mound tombs 论土墩墓分期. Dongnan Wenhua 

东南文化 4-5: 96-127. 

 

Liu, J.G., Dai, N.R., and Zhang, M., 1989. Tuanshan site, Zhaojiayao in Dantu, Jiangsu 

Province. 江苏丹徒赵家窑团山遗址 Dongnan Wenhua 东南文化 1: 73-121. 

 

Liu, X., and Liu, J.G., 1989. Fenghuangjing mound tombs in Lishui during the Spring and 

Autumn Period. 溧水凤凰井春秋土墩墓. Dongnan Wenhua 东南文化 Z1: 70-77. 

 

Liu, J.A., 1991. The investigation of ancient sites at Heping in Guangdong 广东省和平县古

文化遗存调查. Kaogu 考古 3: 198-205. 

 

Liu, C.J., and Yang, S.X., 1998. The excavation of Meihuadun kiln sites at Yuanzhou in 

Boluo, Guangdong 广东博罗县圆州梅花墩窑址的发掘. Kaogu 考古 7: 604-620. 

 

Liu, R.H., 2003. The Warring States proto-porcelains from Yunchao Longwan in Huzhou 湖

州云巢龙湾出土的战国原始瓷. Wenwu 文物 12: 77-80. 

 

Liu, Y., 2003. Research of the stamped wares and the proto-porcelains from the Shang and 

Zhou periods 商周印纹硬陶与原始瓷器研究. Huaxia Kaogu 华夏考古 3: 49-69. 

 

Long, H.C., 1995. Li Ji (Record of Rituals) 礼记. Beijing: Beijing Yanshan Press. 

 

Lu, G. D., and Huang, H. T., 1986. Science and Civilisation in China, vol.6, Biology and 

Biological Technology, part I: Botany. Cambridge: Cambridge University Press. 

 

Luo, Z.Z., 1962. The excavation of Taigangsi site at Xishanqiao in Nanjing. 南京西善桥太

岗寺遗址的发掘. Kaogu 考古 3:117-124. 

 

Luo, H.J., Li, J.Z., and Gao, L.M., 1996. The studies on the production sites of the 

proto-porcelains from the north China 北方出土原始瓷烧造地区的研究. Journal of the 

Chinese Ceramic Society 硅酸盐学报 3: 297-302. 

 

Luo, H.J., and Li, J.Z., 1998. The definition of proto-porcelain 试论原始瓷的定义. Kaogu



 355 

考古 7: 645-648. 

 

Luo, F.X., Wei, X.X., Luo, H.X., Zhang, M.H., and Bai, X.Y., 2005. The 1995 excavation 

report of Huangdui pit tombs in Fufeng 1995 年扶风黄堆老堡子西周墓清理简报. 

Wenwu 文物 4: 4-25. 

 

Luoyang Excavation Team, 2002. Beiyao Tombs of the Western Zhou Dynasty in Luoyang 洛

阳北窑西周墓. Beijing: Wenwu Press. 

 

Luoyang Museum, 1972. The report of five Western Zhou tombs at Pangjiagou in Luoyang 

洛阳庞家沟五座西周墓的清理. Wenwu 文物 10: 20-25. 

 

Ma, C.Y., 1992. The stone chambered mound tombs in Jiangsu and Zhejiang 江浙地区的土

墩石室. In: Chinese Society of Archaeology ed., Proceeding for 7
th
 Annual Conference 

of Chinese Society of Archaeology (1989) 中国考古学会第七次年会论文集（1989）

Beijing: Wenwu Press, 172-176. 

 

Ma, C.Y., 2003. Bronze Vessels in China 中国青铜器. Shanghai: Ancient Books Press. 

 

Mao, Z.Y., 1985. A tomb of the Warring States Periods found in Jiangshan, Zhejiang 浙江省

江山县发现战国墓. Wenwu 文物 6: 22-24. 

 

Mao, Y., and Zhang, M., 2004. Xu Shu and Wu Yue in the Lower Reaches of Yangtze River 

长江下游的徐舒与吴越. Wuhan: Hubei Education Publishing House.  

 

Martinón-Torres, M., Rehren, Th., and Freestone, I., 2006, Mullite and the mystery of the 

Hessian Wares. Nature, 444, 437-438. 

 

Martinón-Torres, M., Freestone, I., Hunt, A. and Rehren, Th., 2008, Mass-produced mullite 

crucibles in medieval Europe: manufacture and material properties. Journal of the 

American Ceramic Society, 91, 2071-2074. 

 

Medley, M., 1976. The Chinese Potter: A Practical History of Chinese Ceramics. Oxford: 

Phaidon Press. 

 

Miller, D., 1982. Structures and strategies: an aspect of the relationship between social 

hierarchy and cultural change. In: I. Hodder ed., Symbolic and Structural Archaeology. 

Cambridge: Cambridge University Press, 89-98. 

 

Miller, D., and Tilley, C., 1984. Ideology, power and prehistory: an introduction. In: D. 

Miller and C. Tilley ed., Ideology, Power and Prehistory. Cambridge: Cambridge 

University Press, 1-16. 

 

Miller, H.M.L., 2007. Archaeological Approaches to Technology. London: 



 356 

Elsevier/Academic Press. 

 

Misra, M.K., Ragland, K.W., and Baker, A.J., 1993. Wood ash composition as a function of 

furnace temperature. Biomass and Bioenergy, 4 (2): 103-116. 

 

Moir, G.K., and Glasser, F.P., 1976. Phase equilibria in the glass-forming region of the 

system Na2O-CaO-Al2O3-SiO2. Physics and Chemistry of Glasses 17 (3): 45-53. 

 

Monroe, B.I., 1982. Chinese Ceramics from Chicago Collections. Evanston: Northwestern 

University Press. 

 

Mou, Y.K., and Wu, R.Z., 1990. There is a Jade Age between Neolithic and Bronze Age in 

China 中国在石器和青铜器时代之间曾有一个玉器时代. Guangming Daily 光明日

报 4
th
 July. 

 

Nanjing Museum, 1977. The tombs of the Western Zhou in Fushan, Jurong. 江苏句容县浮

山果园西周墓 Kaogu 考古 5: 289-297. 

 

Nanjing Museum and Jiangsu Institute of Archaeology, 2007. Excavation Report of Yue Elite 

Cemetery in Hongshan 鸿山越墓发掘报告. Beijing: Wenwu Press. 

 

Newbury, D.E., 1992. EPMA – electron probe X-Ray microanalysis. In: C.R. Brundle, C.A. 

Evans, Jr., S. Wilson, ed. Encyclopedia of Materials Characterisation: Surfaces, 

Interfaces, Thin Films. Butterworth-Heinemann, 175-191. 

 

Newman, A.C.D., and Brown, G., 1987. The chemical constitution of clays. In: A.C.D., 

Newman ed., Chemistry of Clays and Clay Minerals. Harlow: Longman Scientific & 

Technical, 1-128. 

 

Orton, C., Tyers, P., and Vince A., 1993. Pottery in Archaeology. Cambridge: Cambridge 

University Press. 

 

Pantnaik, P., 2002. Handbook of Inorganic Chemicals. McGraw-Hill. 

 

Paynter, S., 2008. Links between glazes and glass in mid-2
nd

 millennium BC Mesopotamia 

and Egypt. In: A. Shortland, I.C. Freestone, and Th. Rehren, ed., From Mine to 

Microscope: Advances in the Study of Ancient Technology. Oxford: Oxbow Books, 

93-108. 

 

Peacock, D. P. S., 1970. The scientific analysis of ancient ceramics: a review. World 

Archaeology, 1(3), 375-389. 

Pearson, M.P., 1982. Mortuary practices, society and ideology: an ethnoarchaeological study. 

In: I. Hodder ed., Symbolic and Structural Archaeology. Cambridge: Cambridge 

University Press, 99-113. 

 

Peng, Y., 2002. The excavation of Yangshan tombs in Shangyu 上虞羊山古墓群发掘. In: 



 357 

Zhejiang Institute of Archaeology ed., The Archaeological Report of the Sites on 

Shanghai-Hangzhou-Ningbo Highway沪杭甬高速公路考古报告. Beijing: Wenwu Press, 

96-126. 

 

Peregrine, P., 1991. Some political aspects of craft specialisation. World Archaeology, 23 (1): 

1-11. 

 

Pollard, A.M., and Hatcher, H., 1986. The chemical analysis of oriental ceramic body 

compositions: part 2 greenwares. Journal of Archaeological Science, 13: 261-287. 

 

Pollard, A.M., and Hatcher, H., 1994. The chemical analysis of oriental ceramic body 

compositions: part 1 wares from north China. Archaeometry 36: 41-62. 

 

Pollard, A.M., Batt, C., and Stern, B., 2007. Analytical Chemistry in Archaeology. 

Cambridge: Cambridge University Press. 

 

Pollard, A.M., and Heron, C., 2008. Archaeological Chemistry. 2
nd

 Edition. Cambridge: RSC 

Publishing. 

 

Portal, J., 1997. Korean Celadons of the Koryo Dynasty. In: I. Freestone and D. Gaimster ed. 

Pottery in the Making: World Ceramic Traditions. London: British Museum Press, 

98-103. 

 

Qian, X., 1979. Fusheng kiln sites during the Warring States Period at Shaoxing in Zhejiang 

浙江绍兴富盛战国窑址. Kaogu 考古 1979: 231-234. 

 

Qian, Y., 1984. Miaoshan mound tomb in Wuxi. 无锡庙山石室土墩墓. Kaogu yu Wenwu 

考古与文物 3:22-24. 

 

Qian, G.L., and Ding, J.L., 1987. The excavation of No. 6 mound at Shangfangshanin 

Suzhou Jiangsu 江苏苏州上方山六号墩的发掘. Kaogu 考古 6: 525-532. 

 

Qiu, L.C., Liu, J.A., Chen, R.H., Wu, D.Y., and Huang, K., 1992. The Warring States Period 

tomb at Jieyang in Guangdong 广东揭阳县战国墓. Kaogu 考古 3: 220-226, 203. 

 

Rawson, J., 1980. Ancient China: Art and Archaeology. London: British Museum 

Publications. 

 

Rawson, J., 1993, Ancient Chinese ritual bronzes: the evidence from tombs and hoards of the 

Shang (c. 1500-1050 BC) and Western Zhou (c. 1050-771 BC) periods. Antiquity, 67: 

805-823. 

Rawson, J., 1995. Chinese Jade: From the Neolithic to the Qing. London: The British 

Museum Press. 

 

Rawson, J., 1996. Mysteries of Ancient China: New Discoveries from the Early Dynasties. 

London: British Museum Press. 



 358 

 

Reed, S.J.B., 1993. Electron Microprobe Analysis. 2
nd

 Edition. Cambridge: Cambridge 

University Press. 

 

Reed, S.J.B., 1996. Electron Microprobe Analysis and Scanning Electron Microscopy in 

Geology. Cambridge: Cambridge University Press. 

 

Rehren, Th., 2000. Rationales in old world base glass compositions. Journal of 

Archaeological Science, 27: 1225-1234. 

 

Rehren, Th., 2008. A review of factors affecting the composition of early Egyptian glasses 

and faience: alkali and alkali earth oxides. Journal of Archaeological Science, 35: 

1345-1354. 

Rehren, Th., and Perini, E., 2005. The glass furnace debris. In: F. Seeley and J. 

Drummond-Murray, ed. Roman Pottery Production in the Walbrook Valley, MoLAS 

Monograph, vol. 25: 184-186. 

 

Rehren, Th., and Pusch, E., 2005. Late Bronze Age Egyptian glass production at 

Qantir-Piramesses. Science, 308: 1756-1759. 

 

Ren, D.G., and Guo, Y., 2004. The excavation report of Tangzishan mound tombs in Huzhou, 

Zhejiang 浙江湖州堂子山土墩墓发掘报告. Cultural Relics of the East 东方博物, 

2:17-23. 

 

Renfrew, A.C., 1977. Production and exchange in early state societies, the evidence of 

pottery. In: D.P.S. Peacock ed. Pottery and Early Commerce. London: Academic Press, 

1-20. 

 

Renfrew, A.C., 2001. Symbol before concept – material engagement and the early   

development of society. In: I. Hodder ed., Archaeological Theory Today. Polity Press, 

122-140. 

 

Renfrew, A.C., and Bahn, P., 2008. Archaeology: Theories, Methods and Practice. 5
th
 

Edition. London: Thames & Hudson. 

 

Rice, P.M., 1987. Pottery Analysis: A Source Book. Chicago: The University of Chicago 

Press. 

 

Rhodes, D., 1973. Clay and Glazes for the Potter. 2
nd

 Edition. Philadelphia: Chilton Books. 

 

Rui, G.Y., 1985. The proto-porcelain musical instruments found in Haiyan, Zhejiang 浙江海

盐发现原始瓷乐器. Wenwu 文物 8: 66-72. 

Rye, O.S., 1981. Pottery Technology – Principles and Reconstruction. Washington: 

Taraxacum. 

 

Sackett, J.R., 1977. The meaning of style in archaeology: a general model. American 

Antiquity, 42: 369-380. 



 359 

 

Sanderson, D.C.W., and Hunter, J.R., 1981. Composition variability in vegetable ash. 

Science and Archaeology, 23: 27-30. 

 

Sato, M., 1981. Chinese Ceramics: A Short History. New York: John Weatherhill, Inc. 

Tokyo: Heibonsha. 

 

Schiffer, M., and Skibo, J., 1987. Theory and experiment in the study of technological 

change. Current Anthropology, 28 (5): 595-622. 

 

Schiffer, M., and Skibo, J., 1997. The explanation of artifact variability. American Antiquity, 

62 (1): 27-50. 

Schweizer, F. and Toller, P.A., 1973. An application of the ‘isoprobe’ – the non-destructive 

analysis of Chinese ceramic bodies. Archaeometry 15: 53-78. 

 

Shaanxi Institute of Archaeology, 2009. Shaolingyuan Tombs of the Western Zhou Dynasty I, 

II 少陵原西周墓地（上下册）. Beijing: Science Press. 

 

Shaw, G.R., 1914. The Genus Pinus. Cambridge: The Riverside Press. 

 

Shen, Z.L., 1989. The excavation report of Paogu site in Shaoxing, Zhejiang 浙江袍谷遗址

发掘简报. Kaogu 考古 9: 799-803, 815. 

 

Shen, D.X., 1989. Chongxian tomb during the Warring States Period at Yuhang in Zhejiang 

浙江省余杭崇贤战国墓. Dongnan Wenhua 东南文化 6: 121-125. 

 

Shepard, A.O., 1956. Ceramics for the Archaeologist. Washington: Carnegie Institution of 

Washington. 

 

Shanghai Administration of Cultural Heritage, 2002. Maqiao – The Excavation Report 

1993-1997 马桥——1993-1997 年发掘报告. Shanghai: Shanghai Fine Art Publishing 

House. 

 

Shanxi Institute of Archaeology, 1996. Zhaoqing Tomb of Kingdom Jin in Shanxi 山西晋国

赵卿墓. Beijing: Wenwu Press. 

 

Shi, Z., 1955. Bronze metallurgy of the Ying Dynasty. Bulletin of the Institute of History and 

Philology, Academia Sinica, 26: 95-129. 

 

Shi, Y.P., Wang, S.M., and Yang, Z.N., 1993. The investigation and excavation of 

Duntoushan at Danyang in Jiangsu 江苏丹阳墩头山遗址调查与试掘. Kaogu 考古 8: 

683-693. 

 

Shugar, A., and Rehren, Th., 2002. Formation and composition of glass as a function of 

firing temperature. Glass Technology 43C: 145-150. 



 360 

 

Sillar, B., and Tite, M.S., 2000. The challenge of ‘technological choices’ for materials 

science approaches in archaeology. Archaeometry 42 (1): 2-20. 

 

Sinopoli, C.M., 1991. Approaches to Archaeological Ceramics. New York: Plenum Press. 

 

Smedley, J.W., and Jackson, C.M., 2002. Medieval and post-medieval glass technology: 

batch measuring practices. Glass Technology – European Journal of Glass Science and 

Technology Part A, 43: 22-27. 

 

Smirniou, M., and Rehren, Th., 2011. Direct evidence of primary glass production in Late 

Bronze Age Amarna, Egypt. Archaeometry, 53: 58-80. 

 

Song, Y.X., 1986. The preliminary excavation of mound tombs in Langxi 郎溪土墩墓初探. 

Wenwu Yanjiu (Issue 2)文物研究第二辑 12: 45-50. 

 

Song, Y.X., 1989. The report of Oudun site at Langxi in Anhui 安徽郎溪欧墩遗址调查报

告. Kaogu 考古 3: 199-204. 

 

Song, J., 2000. On the proto-porcelains and the stamped wares of the Maqiao culture 马桥文

化原始瓷和印纹硬陶研究. Wenwu 文物 3: 45-53. 

 

Song, J., 2008. The 2001-2005 excavation report of Guangfulin site at Songjiang in Shanghai

上海松江区广富林遗址 2001-2005 年发掘简报. Kaogu 考古 8: 3-21. 

 

Song, J., He, J.Y., Zhou, L.J., Li, F., and Jiang, S., 1997. The excavation report of Maqiao 

site at Minhang in Shanghai During 1993-1995 上海市闵行区马桥遗址 1993-1995 年

发掘报告. Kaogu Xuebao 考古学报 2: 197-224. 

 

Stern, W., and Gerber, Y., 2004. Potassium-calcium glass: new data and experiments. 

Archaeometry, 46: 137-156. 

 

Sun, T.J., 1995. The invention of Chinese ceramics: historical inevitability 论中国发明瓷器

的历史必然性. Ancient Porcelain Research 古陶瓷研究 4: 39-42. 

 

Sun, W.C., 1997. The excavation of Chashan and Tinglin at Jinshan in Shanghai 上海市金

山县查山和亭林遗址试掘. Nanfang Wenwu 南方文物 3: 3-23. 

 

Sun, W.C., 1998. The excavation of Siqiancun and Guoyuan at Qingpu in Shanghai 上海青

浦寺前村和果园遗址试掘. Nanfang Wenwu 南方文物 1: 25-37. 

 

Sundius, N., and Steger, W., 1963. The constitution and manufacture of Chinese ceramics 

from Sung and earlier times. In: N. Palmgren, N. Sundius, and W. Steger ed., Sung 

Sherds. Stockholm: Almqvist and Wiksell, 375-505. 



 361 

 

Sung, Y. X., 1959. Tian Gong Kai Wu – Chinese Technology in the Seventeenth Century 天

工开物. Beijing: Zhonghua Book Company. 

 

Suzhou Museum, 1999. Zhenshan Tombs During the Eastern Zhou Periods – The 

Excavation and Research of the Elite Tombs of Wu and Chu Kingdom 真山东周墓地

——吴楚贵族墓地的发掘研究. Beijing: Wenwu Press. 

 

Tanimoto, S., and Rehren, Th., 2008. Interactions between silicate and salt melts in LBA 

glassmaking. Journal of Archaeological Science, 35: 2566-2573. 

 

Tarvornpanich, T., Souza, G.P., and Lee, W.E., 2008. Microstructural evolution in clay-based 

ceramics I: single components and binary mixtures of clay, flux, and quartz filler. 

Journal of American Ceramic Society, 91 (7): 2264-2271. 

 

Tarvornpanich, T., Souza, G.P., and Lee, W.E., 2008. Microstructural evolution in clay-based 

ceramics II: ternary and quaternary mixtures of clay, flux, and quartz filler. Journal of 

American Ceramic Society, 91 (7): 2272-2280. 

 

Thornton, C.P., and Rehren, Th., 2009. A truly refractory crucible from fourth millennium 

Tepe Hissar, northeast Iran. Journal of Archaeological Science, 36: 2700-2712. 

 

Tian, Z.B., and Meng, G.P., 1993. The excavation report of the Shishi mound tombs in 

Changxing, Zhejiang 浙江长兴县石狮土墩墓发掘简报 . In: Zhejiang Institute of 

Archaeology ed., Journal of the Zhejiang Institute of Archaeology – To the 10
th
 

Anniversary of the Founding of the Institute 1980-1990 浙江省文物考古研究所学刊

——建所十周年纪念 1980-1990. Beijing: Science Press, 170-181. 

 

Tian, Z.B., and Chen, Y.F., 2001. The excavation report of Ducangshan and Nanwangshan at 

Deqing in Zhejiang 浙江德清县独仓山及南王山土墩墓发掘简报. Kaogu 考古 2001: 

914-926. 

 

Tian, M.L., Hao, M.H., Zhou, R.K., and Zhang, H.L., 2007. The excavation report of 

Zhaihuatou mound tomb (D2 and D6) in Jurong, Jiangsu. 江苏句容寨花头土墩墓 D2、

D6 发掘简报. Wenwu 文物 7:20-38. 

 

Tichane, R., 1987. Ash Glazes. New York State: Krause Publications Inc.. 

 

Tite, M.S., Freestone, I.C., and Bimson, M., 1984. A technological study of Chinese 

porcelain of the Yuan Dynasty. Archaeometry 26: 139-154. 

 

Tite, M. S., and Mason, R. B., 1994. The beginnings of Islamic stonepaste technology. 

Archaeometry, 36 (1): 77-91. 

 

Tite, M. S., 1999. Pottery production, distribution, and consumption – the contribution of the 



 362 

physical sciences. Journal of Archaeological Method and Theory, 6(3): 181-233. 

 

Tite, M.S., Kilikoglou, V., and Vekinis, G., 2001. Strength, toughness and thermal shock 

resistance of ancient ceramics, and their influence on technological choice. Archaeometry 

43: 301-324. 

 

Tite, M.S., Shortland, A., Maniatis, Y., Kavoussanaki, D., and Harris, S.A., 2006. The 

composition of the soda-rich and mixed alkali plant ashes used in the production of glass. 

Journal of Archaeological Science, 33: 1284-1292. 

 

Tite, M.S., 2008. Ceramic production, provenance and use – a review. Archaeometry 50: 

216-231. 

 

Tong, P.H., 1996. The excavation report of No. 6 tomb of Liutaizi during the Western Zhou 

Dynasty at Jiyang in Shandong 山东济阳六台子西周六号墓清理报告. Wenwu 文物 

12: 4-25. 

 

Tregear, M., 1976. Catalogue of Chinese Greenware. Oxford: Clarendon Press. 

 

Tregear, T.R., 1980. China: A Geographical Survey. London: Hodder and Stouton. 

 

Vainker, S. J., 1991. Chinese Pottery and Porcelain. London: British Museum Press. 

 

Valenstein, S.G., 1989. A Handbook of Chinese Ceramics. 2
nd

 Edition. New York: The 

Metropolitan Museum of Arts. 

 

Vickers, M., and Gill, D., 1994. Artful Crafts: Ancient Greek Silverware and Pottery.  

Oxford: Clarendon Press. 

 

Vickers, M., Impey, O., and Allan, J., 1986. From Silver to Ceramic – The Potter’s Debt to 

Metalwork in the Graeco-Roman, Oriental and Islamic Worlds. Oxford: Ashmolean 

Museum. 

 

Wang, Y.G., Ou, T.S., and Cai, J.Y., 1981. The excavation report of Hougudui No.1 tomb at 

Gushi in Henan 河南固始侯古堆一号墓发掘简报. Wenwu 文物 1: 4-14. 

 

Wang, Z.G., and Wang, X., 1986. Zhanglingshan site at Dongshan in Wuxian, Jiangsu. 江苏

吴县张陵山东山遗址. Wenwu 文物 10: 27-32. 

 

Wang, Q.Z., Wang, Y.F., and Zhang, H.L., 1989. The 2
nd

 excavation report of Sijiaodun at 

Dantu in Jiangsu 江苏丹徒镇四脚墩土墩墓第二次发掘简报 . Kaogu 考古  10: 

878-883.  

 

Wang, G.F., 1993. Nangangshan mound tomb in Dantu, Jiangsu. 江苏丹徒南岗山土墩墓. 

Kaogu Xuebao 考古学报 2: 207-237. 

 



 363 

Wang, C.Q., 2002. Chariots and bronze wares found at Fenggao site in Xian 西安丰镐遗址

发现的车马坑及青铜器. Wenwu 文物 12: 4-14. 

 

Wang, Q.Z., 2002. A Dictionary of Chinese Ceramics. Singapore: Sun Tree Publishing 

Limited. 

 

Wang, R., 2007. Re-discussion of proto-porcelain 原始瓷问题再探讨 . Zhongguo 

Wenwubao 中国文物报 17
th
 November. 

 

Wei, J., 2005. The excavation report of Miantouling mound tombs in Jiedong 揭东县面头

岭墓地发掘报告. In: Jieyang Excavation Team ed., Jieyang Archaeology 2003-2005 揭

阳考古 2003-2005. Beijing: Science Press, 51-102. 

 

Wen, R., Wang, C.S., Mao, Z.W., Huang, Y.Y., and Pollard, A.M., 2007. The chemical 

composition of blue pigment on Chinese blue-and-white porcelain of the Yuan and Ming 

Dynasties (AD 1271-1644). Archaeometry 49: 101-115. 

 

White, J.M., and Otsuka, R.Y., 1993. Pathways to the Afterlife: Early Chinese Art from the 

Sze Hong Collection. Denver Art Museum. 

 

Wood, N., 1999. Chinese Glazes: Their Origins, Chemistry and Recreation. London: A&C 

Black Publishers Ltd. 

 

Wood, N., 2009. Some implications of the use of wood ash in Chinese stoneware glazes of 

the 9
th
 – 12

th
 centuries. In: A. Shortland, I.C. Freestone, and Th. Rehren, ed., From Mine 

to Microscope: Advances in the Study of Ancient Technology. Oxford: Oxbow Books, 

51-59. 

 

Wood, N., Tite, M.S., Doherty, C., and Gilmore, B., 2007. A technological examination of 

9-10
th
 century Abbasid blue-and-white ware from Iraq and its composition with 8

th
 

century Chinese blue-and-white Sancai ware. Archaeometry 49: 665-684. 

 

Worrall, W.E., 1964. Raw Materials. London: Maclaren and Sons Ltd. 

 

Wright, R.P., 1985. Technology and style in ancient ceramics. In: W.D. Kingery, ed., Ancient 

Technology to Modern Science – Ceramics and Civilization Vol. I. Ohio: The American 

Ceramic Society, 5-25. 

 

Wu, M.S., 1983. The tomb at old market in Zixing, Hunan during the Warring States period. 

湖南资兴旧市战国墓. Kaogu Xuebao 考古学报 1: 93-124. 

 

Wu, T., 2001. Earth Transformed – Chinese Ceramics in the Museum of Fine Arts, Boston. 

Boston: Museum of Fine Arts. 

 

Wu, J., Leung, J.P., Li, Z., and Stokes, M.J., 2002. EDXRF studies on Chinese Yue ware. 



 364 

X-Ray Spectrometry 31: 408-413. 

 

Wu, G.Q., Geng, J.J., and Liu, Z.J., 2003. The excavation report of Jiunv mound tomb in 

Pizhou, Jiangsu during the Spring and Autumn Period. 江苏邳州市九女墩春秋墓发掘

简报. Kaogu 考古 9: 781-792. 

 

Wu, J., Li, J., Wu, R., Deng, Z., and Zhu, T., 2005. Scientific studies on pottery and 

proto-porcelain from group of tombs in Henglingshan, Boluo County, Guangdong 

Province. In: Guangdong Institute of Arhchaeology ed., Boluo Henglingshan: The 

Excavation Report of the Tombs during the Shang and Zhou Periods in 2000 博罗横岭

山：商周时期墓地 2000 年发掘报告. Beijing: Science Press, 441-449. 

 

Wu, J., Li, J., Wu, R., Deng, Z., and Zhu, T., 2005. Scientific research on the proto-porcelain 

of Jiaoshan kiln site of Shang Dynasty in Yingtan. In: J. Guo ed., Proceedings of 

International Symposium of Ancient Ceramic (ISAC 2005). Shanghai: Science and 

Technology Press. 32-39. 

  

Wu, J., Li, J., Wu, R., Deng, Z., and Zhu, T., 2005. Scientific studies on pottery and 

proto-porcelain from group of tombs in Henglingshan, Boluo County, Guangdong 

Province. In: J. Guo ed., Proceedings of International Symposium of Ancient Ceramic 

(ISAC 2005). Shanghai: Science and Technology Press. 57-67.  

 

Wu, J., Lu, X.K., Wu, J.M., and Deng, Z.Q., 2007. The analysis of the proto-porcelain from 

Yue tombs in Hongshan Wuxi 无锡鸿山越墓出土青瓷的研究分析 . In: Nanjing 

Museum and Jiangsu Institute of Archaeology ed., Excavation Report of Yue Elite 

Cemetery in Hongshan 鸿山越墓发掘报告. Beijing: Wenwu Press. 

 

Wuxi Museum, 1981. Canshan mound tomb in Wuxi. 无锡璨山土墩墓. Kaogu 考古 2: 

133-136. 

 

Xia, N., 1960. Response 回应. Kaogu 考古 9: 52. 

 

Xiao, M.L., 1984. The brief excavation report of the Western Zhou bronze wares at Muzidun 

in Dantu, Jiangsu 江苏丹徒大港母子墩西周铜器墓发掘简报. Wenwu 文物 5: 1-10. 

 

Xiao, M.L., and Gu, J.X., 1987. The excavation report of Dagang mound tomb at Dantu in 

Jiangsu. 江苏丹徒大港土墩墓发掘报告 Wenwu 文物 5: 25-35. 

 

Xie, G.X., Feng, S.L., Feng, X.Q., Li, Y.Q., Han, H.Y., Wang, Y.Q., Zhu, J.H., Yan, L.T., and 

Li, L., 2008. The dating of ancient Chinese celadon by INAA and pattern recognition 

methods. Archaeometry 2008: 682-699. 

 

Xiong, Y.F., 2008. The analysis of chemical composition of proto-porcelain from Deqing. In: 

Zhejiang Institute of Archaeology, Palace Museum and Deqing Musuem ed., Deqing 

Huoshaoshan: The Excavation Report of Proto-porcelain Kiln Site 德清火烧山——原



 365 

始瓷窑址发掘报告. Beijign: Wenwu Press, 157-160. 

 

Xu, H.B., 1974. The Excavation Report of the Ancient Tomb at Beiling Songshan in 

Zhaoqing, Guangdong 广东肇庆市北岭松山古墓发掘简报. Kaogu 考古 11: 69-79. 

 

Xu, A., Wang, C.S., Chi, J.Q., Li, M.C., Zhang, M.S., Holmes, L., Harbottle, G., Koshimizu, 

S., Manabu, K., and Koichi, K., 2001. Preliminary provenance research on Chinese 

Neolithic pottery: Huating (Xinyi County) and three sites along the Yellow River Valley. 

Archaeometry 43: 35-47. 

 

Yan, D.S., and Zhang, F. K., 1986. The scientific and technological developments in ancient 

Chinese pottery and porcelain. In: Shanghai Institute of Ceramics ed., Scientific and 

Technological Insights on Ancient Chinese Pottery and Porcelain. Beijing: Science Press, 

1-14. 

 

Yang, J.X., and Yang, D.B., 1989. The mound tombs at Qianfengshan in Nanling, Anhui 安

徽南岭千峰山土墩墓. Kaogu 考古 3: 219-230. 

 

Yang, N., 1993. Pengdong and Dongan mound tombs in Cixi 慈溪市彭东、东安的土墩墓与

石室土墩墓 In: Zhejiang Institute of Archaeology ed., Journal of the Zhejiang Institute 

of Archaeology – To the 10
th
 Anniversary of the Founding of the Institute 1980-1990 浙江

省文物考古研究所学刊——建所十周年纪念 1980-1990. Beijing: Science Press, 

185-199. 

Yang, N., 1993. Xiaorenjian mound tomb in Huangyan during the Western Zhou Dynasty 黄

岩小人尖西周时期土墩墓. In: Zhejiang Institute of Archaeology ed., Journal of the 

Zhejiang Institute of Archaeology – To the 10
th
 Anniversary of the Founding of the 

Institute 1980-1990 浙江省文物考古研究所学刊——建所十周年纪念 1980-1990. 

Beijing: Science Press, 200-205. 

 

Yang, N., 1999. On the regionalization of Shang and Zhou mound tombs in the lower 

reaches of the Yangtze River 商周时期江南地区土墩遗存的分区研究. Kaogu Xuebao 

考古学报 1: 23-71. 

 

Yang, N., 2000. On the regional features of the proto-porcelains of the Shang and Zhou 

periods 论商周时期原始瓷器的区域特征. Wenwu 文物 3: 54-62. 

 

Yang, Y.M., Feng, M., Ling, X., Mao, Z.W., Wang, C.S., Sun, X.M., and Guo, M.S., 2005. 

Microstructural analysis of the color-generation mechanism in Ru ware, modern copies 

and its differentiation with Jun ware. Journal of Archaeological Science, 32: 301-310. 

 

Yang, C., and Lin, F.D., 2007. Guanjiucun mound tombs in Pucheng, Fujian 福建浦城县管

九村土墩墓群. Kaogu 考古 7: 604-613. 

 



 366 

Yang, M.-L., Winkler, A.M., Barton, J.K., and Vandiver, P., 2008. Using optical coherence 

tomography to examine the subsurface morphology of Chinese glazes. Archaeometry 50: 

808-821. 

 

Yao, Z.Y., 1982. The proto-porcelain unearthed from Deqing, Zhejiang – several issues on 

the production and application of proto-porcelain 浙江德清出土的原始青瓷器——兼

谈原始青瓷生产和使用中的若干问题. Wenwu 文物 4: 53-57. 

 

Yap, C.T., 1988. A quantitative spectrometric analysis of trace concentrations of manganese 

and cobalt in ceramics and the significance of As/Co and Mn/Co ratios. Journal of 

Archaeological Science, 15: 173-177. 

 

Yap, C.T., and Tang, S.M., 1984. X-Ray fluorescence analysis of modern and recent Chinese 

porcelains. Archaeometry 26: 78-81. 

 

Yap, C.T., and Hua, Y., 1994. A study of Chinese porcelain raw materials for Ding, Xing, 

Gongxian and Dehua wares. Archaeometry 36: 63-76. 

 

Yin, D.F., 1990. The 2
nd

 excavation of the Zhou tombs at Tunxi in Anhui 安徽屯溪周墓第

二次发掘. Kaogu 考古 3: 210-213, 288. 

 

Yu, X.X., and Chen, L.X., 11965. Two Shang tombs on Minggong Road in Zhengzhou 郑州

市铭功路西侧的两座商代墓. Kaogu 考古 10: 500-506. 

 

Yu, S.H., Wang, S.H., and Bai, J., 1994. Archaeological investigation and excavation in 

Yushan area 玉山双明地区考古调查与试掘. Nanfang Wenwu 南方文物, 3: 8-23. 

 

Yu, K.N., and Miao, J.M., 1996. Non-destructive analysis of Jingdezhen blue and white 

porcelains. Archaeometry 38: 257-262. 

 

Yu, Z.Q., 1996. Porcelain stone: the material basis of the invention of Chinese ceramics 瓷

石是中国瓷器发明的物质基础. Jiangsu Ceramics 江苏陶瓷 29(3): 23-28. 

 

Yu, K.N., and Miao, J.M., 1998. Multivariant analysis of the EDXRF results from 

blue-and-white Chinese porcelains. Archaeometry 40: 331-339. 

 

Yu, L.G., 1999. Linxiao chariot pit in Luoyang 洛阳林校西周车马坑. Wenwu 文物 3: 

4-18. 

Zhang, Z.X., 1984. Heshan pit tomb in Wuxian, Jiangsu during the Eastern Zhou period. 江

苏吴县何山东周墓. Wenwu 文物 5: 16-19. 

 

Zhang, Z.F., Yan, F., and Zhou, X.L., 1985. The excavation report of Mopan mound tomb in 

Dantu, Jiangsu. 江苏丹徒磨盘墩周墓发掘简报. Kaogu 考古 11: 985-989. 

 



 367 

Zhang, Z.X., 1985. The excavation of Chenghu wells at Wuxian in Jiangsu 江苏吴县澄湖古

井群的发掘.  In: Cultural Relics Committee ed., Research Material of Cultural Relics 

Series 9 文物资料丛刊 9. Beijing: Wenwu Press, 2-22. 

 

Zhang, F.K., 1986a. The origin and development of traditional Chinese glazes and 

decorative ceramic colours. In: W.D. Kingery ed., Ceramic and Civilization Vol. I: 

Ancient Technology to Modern Science. Columbus: The American Ceramic Society, 

163-180. 

 

Zhang, F. K., 1986b. The origin of high-fired glazes in China. In: Shanghai Institute of 

Ceramics ed., Scientific and Technological Insights on Ancient Chinese Pottery and 

Porcelain. Beijing: Science Press, 40-45. 

 

Zhang, M., and Liu, L.W., 1988. The excavation report of the Beishanding tombs at Dantu in 

Jiangsu during the Spring and Autumn Period. 江苏丹徒北山顶春秋墓发掘报告. 

Dongnan Wenhua 东南文化 4/5: 13-43. 

 

Zhang, F. K., 1992. Scientific examination of Islamic ceramics from 9
th
 to 17

th
 century A.D. 

In: J.Z. Li and X.Q. Chen, ed., Science and Technology of Ancient Ceramics 2: 

Proceedings of the International Symposium (ISAC ’92). Shanghai: Research Society of 

Science and Technology of Ancient Ceramics. 380-388. 

 

Zhang, M., Zhu, G.P., Li, Z.B., Zou, Y.J., and Fei, L.Y., 2006. The excavation report of elite 

tombs of the Yue State at Hongshan in Wuxi 无锡鸿山越国贵族墓发掘简报. Wenwu 

文物 1: 4-22. 

 

Zhejiang Institute of Archaeology, 1987. Zuokou mound tomb at Chunan in Zhejiang 浙江

淳安左口土墩墓. Wenwu 文物 5: 36-40, 50. 

 

Zhejiang Institute of Archaeology, 1993. The excavation report of the Bianshan mound 

tombs at Changxing in Zhejiang 浙江长兴县便山土墩墓发掘报告 . In: Zhejiang 

Institute of Archaeology ed., Journal of the Zhejiang Institute of Archaeology – To the 

10
th
 Anniversary of the Founding of the Institute 1980-1990 浙江省文物考古研究所学

刊——建所十周年纪念 1980-1990. Beijing: Science Press, 128-159. 

 

Zhejiang Institute of Archaeology and Shangyu Bureau of Cultural Heritage, 1993. The 

excavation report of the Fenghuangshan tombs in Shangyu, Zhejiang 浙江上虞凤凰山

古墓葬发掘报告. In: Zhejiang Institute of Archaeology ed., Journal of the Zhejiang 

Institute of Archaeology – To the 10
th
 Anniversary of the Founding of the Institute 

1980-1990 浙江省文物考古研究所学刊——建所十周年纪念 1980-1990. Beijing: 

Science Press, 206-239. 

 

Zhejiang Institute of Archaeology and Huzhou Museum, 2006. Bishan Tombs 毘山. Beijing: 



 368 

Wenwu Press. 

 

Zhejiang Institute of Archaeology and Deqing Museum, 2007. Ducangshan and 

Nanwangshan – Excavation Report of Mounds Tombs 独仓山与南王山——土墩墓发掘

报告. Beijing: Science Press. 

 

Zhejiang Institute of Archaeology, Palace Museum and Deqing Musuem, 2008. Deqing 

Huoshaoshan: The Excavation Report of Proto-porcelain Kiln Site 德清火烧山——原

始瓷窑址发掘报告. Beijign: Wenwu Press. 

 

Zhejiang Museum, 1983. Stone tombs in Wujing and Yixiang, Jiangsu 江苏武进、宜兴石

室墓. Wenwu 文物 11: 56-63. 

 

Zhejiang Museum, 2009. The Origin of Porcelain – The Archaeological Achievements of the 

Proto-porcelain Kilns at Deqing and Their Exhibition 瓷之源——德清原始瓷窑址考

古成果暨原始瓷精品展. Hong Kong: China Culture and Art Press. 

 

Zhenjiang Museum, 1979. The Fushan mound tombs at Jurong in Jiangsu. 江苏句容浮山果

园土墩墓. Kaogu 考古 2: 107-118. 

Zheng, S.Z., 1973. The excavation report of Qijiadun at Jinshan in Shanghai 上海市金山县

戚家墩遗址发掘简报. Kaogu 考古 1: 16-24, 29. 

 

Zheng, Z.X., 1976. The new discovery at Yinxu Anyang in 1975. 1975 年安阳殷墟的新发

现. Kaogu 考古 4: 263, 264-271. 

 

Zheng, J.X., 1977. The excavation report of Xianxiang pit tombs in Henan 河南襄县西周墓

发掘简报. Wenwu 文物 8: 13-23. 

 

Zheng, J.X., 1988. Chonggu tombs of the Warring States Period at Qingpu in Shanghai 上海

青浦县重固战国墓. Kaogu 考古 8: 688-693. 

 

Zhong, M., 1982. The excavation report of mound tombs at Gulong and Yongning in 

Gaochun, Jiangsu. 江苏高淳县顾陇、永宁土墩墓发掘简报. Wenwu Ziliao Congkan 文

物资料丛刊 6: 58-65. 

 

Zhong, M., 1982. The 2
nd

 excavation report of mound tombs at Fushan in Jurong, Jiangsu 江

苏句容浮山果园土墩墓第二次发掘报告. Wenwu Ziliao Congkan 文物资料丛刊 6: 

37-57. 

 

Zhong, M., 1987. Tangshan site in Jiangning. 江宁汤山点将台遗址. Dongnan Wenhua 东

南文化 3: 38-50. 



 369 

 

Zhou, R., Li, J.Z., and Zheng, Y.P., 1960. Research on the Western Zhou ceramic cherds 

from residential sites in Zhangjiapo 张家坡西周居住遗址陶瓷碎片的研究. Kaogu 考

古 9: 48-51. 

 

Zhou, R., Li, J.Z., and Zheng, Y.P., 1961. Tentative discussion of the production sites of the 

Western Zhou ceramics in Zhangjiapo 张家坡西周陶瓷烧造地区的探讨. Kaogu 考古 

8: 444-445. 

 

Zhou, R., Guo, Y.Y., and Wan, M.Y., 1983. Research into Longquan celadon raw materials. 

In: R. Zhou ed., Collected Research Papers on Ancient Chinese Ceramics 中国古陶瓷

研究论文集. Beijing: China Light Industry Publishing House, 157-164. 

 

Zhou, G.X., and Dang, H., 1984. The excavation of Sidun site at Changzhou in Jiangsu 1982

年江苏常州武进寺墩遗址的发掘. Kaogu 考古 2: 109-129. 

 

Zhou, G.M., 2003. Proto-porcelain from Wucheng 吴城遗址原始瓷分析. In: Jinagxi 

Institute of Archaeology and Zhangshu Museum, ed., Wucheng: Archeaological Report 

1973 – 2002 吴城：1973－2002 年考古发掘报告. Beijing: Science Press. 525-530. 

 

Zhou, Y.E., 1996. The preliminary study of the proto-porcelain from Shaoxing 绍兴出土越

国原始青瓷的初步研究. Kaogu yu Wenwu 考古与文物 6: 28-37. 

 

Zhou, Y.E., and Cai, X.L., 2005. The stamped stonware and proto-porcelain unearthed from 

Shaoxing 绍兴出土的印纹硬陶和原始青瓷. Cultural Relics of the East 东方博物 1: 

66-69. 

 

Zhu, J., 1955. The report of Fengsui mound tomb at Wufeng Mountain in Wuxian 吴县五峰

山烽燧墩清理简报. Kaogu Tongxun 考古通讯 4: 50-53. 

 

Zhu, W.F., and Qian, G.L., 1994. The excavation of Changqiao pit tomb in Suzhou during 

the Warring States Period. 苏州市长桥新塘战国墓地的发掘. Kaogu 考古 6: 532-537. 

 

Zhu, G.P., 1996. The excavation report of Lianshan mound tombs at Jintan in Jiangsu 江苏

金坛连山土墩墓发掘报告. In: Z.S. Wang ed., The Compiled Issue of Archaeology 10 考

古学集刊 10. Beijing: Geology Press, 161-194. 

 

Zhu, J.M., 2003. Sanhetashan mound tomb at Deqing in Zhejiang 浙江德清三合塔山土墩

墓. Dongnan Wenhua 东南文化 3: 40-42. 

 

Zhu, J.M., 2009. Deqing Kilns – The Exploration of the Origin of Porcelain 探索中国瓷之

源——德清窑. Hangzhou: Xiling Press. 



 370 

 

Zhu, J., Wang, C.S., Wang, Y., Mao, Z.W., Zhou, G.M., Fan, C.S., Zeng, X.M., Shen, Y.M., 

and Gong, X.C., 2004. The analysis of the production sites of the proto-porcelain from 

the Shang and Zhou Dynasties 商周原始瓷产地的再分析. Nanfang Wenwu 南方文物 

1: 19-22. 

 

Zhu, J.P., Shan, J., Qiu, P., Qin, Y., Wang, C.S., He, D.L., Sun, B., Tong, P.H., and Wu, S.C., 

2004. The multivariate statistical analysis and XRD analysis of pottery at Xigongqiao 

site. Journal of Archaeological Science, 31: 1685-1691. 

 

Zhu, G.P., Zou, Y.J., Hao, M.H., Wang, J.M., Xie, L.X., Cai, J.M., and Tang, G.S., 2006. The 

excavation report of Pengzu mound tomb at Xishan in Wuxi, Jiangsu. 江苏无锡锡山彭

祖墩遗址发掘报告. Kaogu Xuebao 考古学报 4: 473-508. 

 

Zou, H.B., 1982. The mound tombs in the southern Jiangsu 江苏南部土墩墓. Wenwu Ziliao 

Congkan 文物资料丛刊 6: 66-72. 

 

Zou, H., 2000. Tianma-Qucun: 1980-1989 天马——曲村：1980-1989. Beijing: Science 

Press. 

 


