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Abstract 

A metalsmith's ability to tum stone into metal and mould metal into useable objects, is one of 

the most valuable production industries of any society. The conception of this metallurgical 

knowledge has been the major catalyst in the development of increasing socio-political 

complexity since the beginning of the Bronze Age (Childe, 1930). 

However, when considering the prehistory of Southeast Asia, especially Thailand, it is noted 

that the introduction of metallurgical activity, namely copper and bronze technology, did not 

engender the increase in social complexity witnessed in other regions. It is suggested that the 

region is anomalous in that terms and concepts developed to describe and define Bronze Ages 

by scholars working in other regions, lack strict analogues within Southeast Asia. Muhly 

(1988) has famously noted the non-compliance of Southeast Asia to previous models, "In all 

other comers of the Bronze Age world-China, Mesopotamia, Anatolia, the Aegean and 

central Europe-we find the introduction of bronze technology associated with a complex of 

social, political and economic developments that mark the rise of the state. Only in Southeast 

Asia, especially in Thailand and Vietnam, do these developments seem to be missing" 

(Muhly, 1988:16). 

This "rise of the state" is associated with the development of hierarchy, inequality, and status 

differentiation, evidence for which, it is argued, is most explicitly articulated in mortuary 

contexts (Bacus, 2006). Evidence would include an intra-site restriction in access to 

resources, including prestige goods, and ranking, a vertical differentiation, often related to 

interment wealth. Thus the introduction of metallurgical technology saw copper and other 

prestige goods, used to entrench authority and advertise status (Coles and Harding; 1979). 

Such evidence has so far been absent in Bronze Age, Southeast Asian contexts. Accordingly, 

the usefulness of the term "Bronze Age" for describing and defining Southeast Asian 

assemblages has been questioned (White, 2002). However, the Ban Non Wat discovery of 

wealthy Bronze Age interments, with bronze grave goods restricted to the wealthiest, has 
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furrowed the brow of many working in the region, providing evidence to at least reconsider 

this stance. 

Despite its obvious importance in shaping Bronze Age societies around the globe, and now, 

significance in Northeast Thailand, very little is known of the acceptance, development, and 

spread of tin-bronze metallurgical techniques during the prehistory of Southeast Asia. Only a 

handful of investigations of archaeological sites in the region have investigated the use of 

metals beyond macroscopic cataloguing. 

Utilising an agential framework, the Ban Non Wat bronze metallurgical evidence has been 

investigated as an entire assemblage, from the perspective of the individual metalsmith, in 

order to greater understand the industry and its impact upon the society incorporating the new 

technology. 

Furthermore, mortuary data is investigated by means of wealth assessment, as an insight into 

social form throughout the corresponding period of adoption, development and spread of 

metallurgy. 

The bivalent study of society and technology has shed light on the development of socio

political, and economic complexity during Bronze Age Southeast Asia, and in doing so, 

outlined the direct impact the metalsmiths themselves had on the supply, spread and 

functioning of their important industry. 

Variabilities in grave 'wealth,' have been identified at Ban Non Wat. A further situation not 

previously encountered in Bronze Age Southeast Asia, is the restriction of bronze goods, in 

death, to differentiated, wealthy individuals. The existence of such individuals suggests that 

society during this period was rather more complex than regional precedents would suggest. I 

contend that it is the introduction of metallurgy, and in particular, the nature in which it was 

conducted that engendered these developments. 

Therefore, when considering the traditional course of developing social-political complexity 

during the Bronze Age, it now seems that Thailand at least, is potentially, not that anomalous. 
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Chapter One 

Introduction 

The shape of current archaeological investigation is largely one that has seen the 

emergence of "specialists" - researchers that gain particular knowledge in one 

specific area of material research beyond that of geographical interest (Sillar 2006). 

The problem with such specialisation is that materials are often removed from 

contexts, deconstructed, dis-embedded from the society that produced them. 

Specialist research has the advantage of gaining much information about a particular 

technology and how it worked but often, also has the disadvantage of lacking 

integration into interpretation. It is my endeavour however, in this thesis, to present 

myself as a "renaissance archaeologist," a researcher able to address the material 

remains from a technological standpoint without removing the vital input of the 

individual and compromising the investigation of broader social questions and theory. 

After all, archaeology is anthropology. 

This thesis is a study of copper metallurgy in the context of the wider prehistoric 

Southeast Asian socio-political economy. It explores the relationships between the 

introduction of tin-bronze technology, craft specialisation, the political economy of 

the case study site Ban Non Wat (BNW), and socio-political complexity during the 

broader Southeast Asian Bronze Age. 

It is the aim of this thesis to address the usefulness of the term 'Bronze Age' in 

describing assemblages from Southeast Asian contexts. This will be achieved by 

assessing the impact that the introduction of copper metallurgy had on the Southeast 

Asian society incorporating it and identifying how tin-bronze metallurgy was 
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potentially organised and conducted during this period. This is a unique thesis in that 

it 'breaks down' this so-called catalytic technology to the smallest unit involved, the 

individual practitioner. Doing so allows for an integrated, imbedded approach to 

mortuary investigation and Bronze Age complexity. Furthermore it allows for the 

investigation of two key research questions, what impact, if any, did the introduction 

of bronze have upon prehistoric Thai society? Leading to the second; were 

prehistoric Thailand and Southeast Asia anomalous in that the introduction of bronze 

metallurgy was not a catalyst for increasing complexity during the period defined as 

the Bronze Age as it was for other global regions? 

The Southeast Asian Anomaly 

Archaeological investigation in Southeast Asia has experienced a relatively short but 

exciting, and at times, controversial history. The litany of publications citing very 

early dates for the presence of copper in the region is one such controversy that 

continues today. Less controversial, but no less debated, is the nature of Southeast 

Asia's social and political development following the introduction of metal 

technology. 

Throughout prehistory, the introduction of bronze metallurgy was said to have 

initiated a series of social, political and economic developments that mark the rise of 

the state (Muhly, 1988). The introduction of new and precious materials, engendered 

a period of pervasive social change, including developments in complex social 

practices, namely the controlled importation and distribution of the material, giving 

rise to the accumulation of wealth by individuals. "The end of the Neolithic and the 

beginning of the Bronze Age (c. 2500-1500 BC) have long been seen as period of 

significant change in European prehistory," ... "[T]wo aspects of the archaeological 

record have elicited particular attention, the appearance of bronze artefacts and that of 

burials containing relatively spectacular grave goods. The most common 

interpretation of the evidence is an increase in social differentiation associated with 

the control of metal resources and their exchange" (Shennan's, 1982:155). These 
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societal changes are primarily witnessed in the funerary medium of the archaeological 

record. 

The current situation in Southeast Asia, regarding social complexity during the 

Bronze Age, is however, one to be considered largely egalitarian and anomalous in 

that the introduction of bronze failed to provide the impetus for increasing social 

complexity into namely ranked hierarchical societies like those mentioned by Muhly 

(1988). 

"In all other corners of the Bronze Age world-China, Mesopotamia, Anatolia, the Aegean and central 

Europe-we find the introduction of bronze technology associated with a complex of social, political 

and economic developments that mark the rise of the state. Only in Southeast Asia, especially in 

Thailand and Vietnam, do these developments seem to be missing" (Muhly, 1988: 16). 

The evidence for this anomaly exists in the numerous cemeteries of Southeast Asia. 

As an example, prehistoric societies in Northeast Thailand represented by the many 

archaeological sites during the period l 500bc to 500bc, ( conventionally known as the 

Bronze Age) are said to lack significant distinctions in wealth attributable to bronze 

possession in death. 

Accordingly it is noted for Southeast Asia, the non-compliance of the region to terms 

and definitions used to define and describe social, political and economic 

developments and discrete time periods that have been developed for other regions 

around the globe. In particular, the period known as the Bronze Age in Southeast 

Asia, is said to fail in describing and defining the level of social complexity present, 

as it does for other regions. It is said that the definitions and societal developments 

that occur within this period for other regions, are not witnessed in Southeast Asia 

until the coming of the Iron Age (White, 2002:xvi). 

Southeast Asia lacks definitive wealth distinction and status differentiation amongst 

interred individuals relating to possession in death, of copper/bronze artefacts. "One 

of the central debates concerning the Bronze Age of Thailand is the existence and 

nature of status differentiation" (Bacus, 2006: 105). Despite there being slight wealth 

differences amongst many archaeological assemblages excavated in Southeast Asia 
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during the Bronze Age, in each case the differences in wealth were not marked nor 

were they related to the possession of copper and its alloys. Higham (1996) notes of 

Nong Nor, Non Nok Tha, and Ban Na Di, "quite large areas have been opened 

without any compelling evidence for a rich enclave of burials. There are hints of 

ranking within communities, but it was not marked, nor was it linked in any 

detectable way with the ownership of bronze" (ibid: 316). Similarly, White and 

Pigott (1996) note for Ban Chiang that, "no elite association seems present based on 

ownership of bronze" (White and Pigott 1996). 

Accordingly, White (2002) has recently refuted the presence of a Bronze Age in 

Southeast Asia. She suggests that various terms and concepts developed to describe 

and define Bronze Ages by scholars investigating around the world lack strict 

analogues within Southeast Asia. In that the region lacks sites displaying increases in 

the complexity of social political organisation, hierarchy and status differentiation 

identified by restriction of access to valuable resources, during the period in which 

bronze objects are alone in use. It is therefore suggested that the term Bronze Age, 

"connoted a degree of socio-political complexity found, for example, in China or 

western Asia that is not evident during the first 1500 years of bronze use in Southeast 

Asia" (White, 2002:xvi). 

This lack of pervasive social change following bronze's introduction, suggests that it 

had no impact on the sociological, political and economic complexity of Southeast 

Asian societies as it had done in the likes of China, Mesopotamia, Anatolia, the 

Aegean and central Europe (Muhly, 1998; White, 2002). 

Such a phenomenon is here termed the "Southeast Asian Anomaly." Accordingly, 

White (2002) notes the use of "Neolithic" to describe the political economy of bronze 

using societies of the second and early first millennium B.C in Southeast Asia. White 

(2002) proclaims that the terms "Bronze Age" and "Neolithic" do not connote 

"discrete region wide time periods, discrete sets of sites, or easily identifiable sets of 

societies exhibiting a clearly definable stage of social and technological development" 

(White, 2002:xvi). 
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Dating a Bronze Age 

The existence of this 'anomaly' has implications when considering the dating of the 

Southeast Asian Bronze Age and the debate that has emerged surrounding it. Given 

that we have not been dating a period of "pervasive social change" what is it we have 

been dating? Is it the presence of copper artefacts? The artefacts and their local 

manufacture? Or the Neolithic status quo (White, 2002) of bronze using peoples? 

Therefore are we dating anything useful? Does it really matter when copper was 

introduced? The answer here must unequivocally be yes. As archaeologists we 

should be equally concerned with explaining the normative practices of communities 

as we are with explaining change. All too often archaeologist are concerned with 

explaining change rather than augmenting our knowledge of the status quo. The fact 

that the chronology debate persists despite questions over the complexity of bronze 

using societies, and what a 'Bronze Age' represents, suggests the appearance and 

persistence of bronze is still a phenomenon worthy of investigation. Therefore it is 

still a critical boundary from which we can discuss these "normative practices of 

Southeast Asian society either pre, or post, tin-bronze introduction . 

However given copper's inherent recyclability it is difficult to gauge the extent to 

which copper was in use at any given time. We must then consider evidence for local 

manufacture of the material. 

However, what if these two criteria exist in different time periods? Therefore is it the 

presence of the objects or the technology that signifies a Bronze Age? How then 

would we identify and define this period? In the face of relativist approaches Coles 

and Harding ( 1979) instead discuss the presence of a 'Metal Age' for Europe and 

provide these criteria. In general terms a Metal Age exists when the majority of the 

tools and weapons and at least some of its ornaments are of metal. Furthermore there 

would also be extensive evidence for the extraction and working of metals and their 

alloys (Coles and Harding, 1979). Therefore we could say a Bronze Age exists in 

Southeast Asia when there is evidence for the use of bronze in industrial and 

ornamental settings as well as region-wide evidence for extraction and working of 

copper and its alloys. Both are present in Southeast Asia. 
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Accordingly, dating of a Bronze Age is interesting and a potentially difficult 

endeavour and one that is the focus of much attention and debate in current Southeast 

Asian archaeological research. 

The recognition by westerners of a Southeast Asian Bronze Age occurred during the 

1 ?1h century by the Dutch and subsequently the French who colonised much of the 

region in the later 19th century (Higham, 1996a: 17). However, the inception of the 

Southeast Asian and in particular Thai Bronze Age has, and is, a contentious 

archaeological issue and one that began with discovery of four sandstone moulds at 

Non Nok Thain 1966 (then Ban Nadi (Solheim, 1967)) (Loofs-Wissowa, 1983) and 

the infamous Non Nok Tha "bronze socketed tool" of burial 90 (Bayard, 1971, 1996), 

and spearhead from Ban Chiang's burial 76 (Gorman and Charoenwongsa, 1976). 

Initially these were dated to rival China and other Asian centres for the earliest 

appearance of tin-bronze in East Asia, dating to ca. 3000BC. Advancements in 

radiocarbon and excavation methodology have since shown this to be false, yet two 

'schools of thought' appear to have emerged for the acceptance of the beginning of 

the Southeast Asian and Thai Bronze Age. There are those supporting an early 

chronology (Solheim 1983, Bayard, 1996; White, 1986; 1990; Bacus, 2006), and 

proponents of a late chronology (Higham, 1994, 1996a, 1996b, 1996c; Loofs

Wissowa, 1983; Reed, 1977). 

The late chronology places the first use of tin-bronze in the region to around 1500-

lOOOBC (ibid.) at least a half millennium to a millennium later than the 2000-2500BC 

date offered by supporters of an early chronology (White, 1986; 1990; Bayard 

1996:890; Solheim, 1983; Bacus, 2006). 
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Dated sites 

NonNok Tha 

Given the situation, it is pertinent to discuss dates from sites that have, and will 

continue to contribute to this debate throughout the region ( see figure 1.1 ). This is 

difficult because very few of these actually date metallurgical contexts directly. 

Bayard ( 1971; 1996) over the decades has shortened his chronology for the first 

appearance of copper in Northeast Thailand but prior to his death, had placed the first 

appearance of bronze in, not only Non Nok Tha but the region at around, but prior to, 

2000BC. Solheim (1983) suggests a slightly earlier beginning at around 2500BC. 

Spriggs (1996) in his investigation and correlation of dates from Non Non Tha 

removing the 'Gakushuin' factor too presents a date of 2500BC for beginning of the 

Bronze Age. It appears the debate has surfaced again, most recently with Bacus 

(2006) in her assessment of Non Nok Tha, suggesting a "conservative" date for the 

Bronze Age beginning 2000BC. However casting activity is not noted to appear 

before EP5 (Bayard, 1996) that is between 1500 and lOOObc according to Bacus 

(2006: 107). 

Ban Chiang 

Ban Chiang is another site that has been subject to much scrutiny and criticism for its 

part in the advocation of the early appearance of copper in Southeast Asia and 

northeastern Thailand (Loofs-Wissowa 1983; Higham, 1994; 1996). In dating rice 

chaff from within tempered pots, White (1997) records a date of 1950-1600BC for 

earliest bronze in the Ban Chiang sequence. This context relates to Early Phase II/III, 

however two further dates from burial ceramic and from phase III both display 

obviously erroneous dates of 4800-4510BC (AA-15583) and 3770-3370BC (OxA-

6069). A further two dates from EP II show quite broad ranges being 2050-1500BC 

(AA-15578) and 2190-1880BC (AA-15579) (ibid.). Therefore if one was to expect a 

Phase II/III boundary position for the first bronze, we could suggest that this juncture 

would fall in the mid to later range of these dates. 
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Figure 1.1. Map showing the regions discussed including a) Phu Lon, Ban Chiang, Ban Na 

Di, Non Nok Tha b) KWPV and c) Ban Non Wat. Also the study areas included in the Thai 

Archaeo-metallurgical Project from which most archaeometallurgical knowledge has been 

derived (Pigott and Weisgerber, 1998). 
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Ban Na Di 

Ban Na Di lies around 25 kilometres to the south of Ban Chiang and around 200 

kilometres southeast of Phu Lon and around 200 kilometres to the northeast of Non 

Nok Tha (Higham, 1996a). The earliest date here dates a hearth to 1735-1105BC 

(NZ5377). The close geographical distance between Ban Chiang, Non Nok Tha and 

Ban Na Di, and the 'conflicting' dates has been the major factor in the contributing to 

the chronology debate. Bang Tong and Ban Phak Top, Higham (1996b) suggests 

through interpretation, saw the introduction of copper within the second half of the 

second millennium. Ban Chiang Hian too was consistent at 1570-780BC (NZ5373) 

(ibid). 

Phu Lon 

Of particular interest, in terms of dating, is the site of Phu Lon. Phu Lon differs from 

the other sites mentioned in that it represents a site of primary production, whereby 

copper ore was mined and smelted to produce copper metal. Therefore the dates from 

such a site are crucial to understanding the beginning and development of the Bronze 

Age in not only northeast Thailand, but also Southeast Asia. The earliest dates 

currently available from Phu Lon, taken from charcoal encountered during the 

excavation of an area called "Pottery Flat," suggest processing activity was underway 

by the first half of second millennium with ore processing and smelting continuing 

into the first (Pigott and Natapintu 1996:790-2). A further date taken on charcoal 

found between mining rubble in the vicinity ofUdom's rock suggests activity was 

underway in this area during the first half of the first millennium (ibid). Pigott and 

Weisgerber (1998: 140) note that the majority of dates from the site "cluster in the 151 

millennium BC." They do however suggest that much of hill has been mined away, 

and as a consequence, datable material was often difficult to obtain and that possible 

earlier dates could be found (ibid). Given these data, it is likely that activity began 

( one could argue signalling the beginning of the Bronze Age), sometime during the 

mid stages of the second millennium and being well underway by the first. However 

more than one date from the second millennium would be required to conclusively 

suggest the beginning of a Bronze Age. 
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Non Pa Wai 

Non Pa Wai is located in the Khao Wong Prachan Valley of central Thailand. 

Metallurgical activity incorporated in this site, commenced circa 1500 BC (Pigott et 

al. 1997: 120). The site represents early copper-producing settlements utilising local 

ore deposits and was excavated in 1986 as part of the Thailand Archaeometallurgy 

Project. It is a substantial copper smelting complex evidenced by the smelting and 

casting debris strewn across the entire surface of the ca. 5 hectare site. So dense is the 

debris, that it forms a packed, thick layer that is uncultivable (Pigott and Natapintu, 

1988:159). Included in the debris was slag, crucible fragments, various types of 

mould fragments (including cup, conical and bivalve), ore minerals, ore crushing 

tools and few copper artefacts (ibid). 

Nil Kham Haeng 

Nil Kham Haeng, located around 2km from Non Pa Wai, is interesting because of the 

obvious difference in procedure from that of nearby Non Pa Wai. Here there appears 

to be the absence of crucible smelting, a feature for which Non Pa Wai is renowned. 

Instead shallow, bowl shaped, chaff-tempered ceramic lined furnaces were used, 

capped by a distinctive, perforated furnace chimney (Pigott and Natapintu, 1996:802). 

Both sites do however share similar basal ceramic assemblages but quite different 

subsequent assemblages. The site dates from the end of the second into the later first 

millennium BC (ibid). Therefore probably beginning slightly later than Non Pa Wai 

but contemporary none the less with both Non Pa Wai and Phu Lon. 

It is hoped that new dates for Ban Non Wat, by Higham and Higham (2008) in 

conjunction with information presented here, may allow archaeologists to consider an 

even later introduction. The discrepancies in these dates however have implications 

when considering Southeast Asia's anomalous position and the usefulness of the 

Three Age division for Southeast Asian assemblages. The earlier the dates are for the 

introduction of bronze, the longer it is before the emergence of status inequality with 

bronze used to advertise the status of elites. Thus the more anomalous Southeast Asia 

appears to be and the less useful the term Bronze Age becomes. Investigation into the 
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Southeast Asian anomaly must, however, begin with the industry itself in order to 

identify whether inherent qualities and/or its operation, have any bearing on the 

Southeast Asian anomaly and the disparity between dates for the introduction of 

bronze to the region. 

Accounting for an anomaly 

Dates aside, scholars (cf White, 1995; O'Reilly 1999; Higham, 1996a) have 

presented their own explanations to account for this anomaly, and their interpretations 

have largely focused on mortuary data. This is not unusual given statements like the 

following. "The degree of social ranking in the archaeological record is a measure of 

the size and complexity of a social system. Also, the emergence of hereditary 

inequality accompanies the rise of rulers and increased potential for the elaboration of 

social systems" (Brown, 1981: 26). It is in the mortuary contexts that these are most 

evident and therefore the study of mortuary behaviour, in essence, provides the 

greatest means for the reconstruction of past social organisation. This evidence is an 

important resource as it "represents the direct and purposeful culmination of 

conscious behaviour" (O'Shea, 1981: 39). 

On the basis of the mortuary assemblages and lack of marked status differences 

between individuals in communal cemeteries, the community size, and the lack of 

superordinate centres (Higham, 1996a:13), Higham (1996b) and Higham and 

Thosarat, (1998) suggest the data to represent "autonomous communities in which 

decisions affecting the community were taken from within, by its own membership 

without heed to any outside authority. But competition for the precious valuables, an 

increasing population within the confines of the village, a threat from a rival group, 

the life of a person of prowess and charisma, the availability of a new medium for 

making tools and weapons, all these taken singly or in combination could tip the 

balance and lead to pervasive social change" (Higham and Thosarat, 1998: 129). 

Higham, (1989: 187) further suggests that "the attainment of status was flexible rather 

than fixed," an idea which lends credence to White's (1995) argument forheterarchy 

during this period. Here White (1995: 111) suggests that the evidence shows a 
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"flexible, complex, multifaceted, multilateral system of status and social 

differentiation. Personal economic achievements and social functions, as well as 

variation in family wealth and probably kinship rank, all operated simultaneously and 

hence combined ascribed and achieved factors." Heterarchical sentiment is echoed by 

O'Reilly (1999). O'Reilly (1999; 2000; 2003), suggests the region (using NE 

Thailand as case study) to represent a system of flexible unranked social organisation 

(O'Reilly 2000:7) with "heterarchical dynamics" (O'Reilly 1999:293). However both 

Bayard (1984) and MacDonald (1980) suggest that, at least for Non Nok Tha, a 

simple chiefdom based on simple/slight ranked organisation was in existence, a point 

Bacus (2006) has recently addressed. By investigating mortuary data she was able to 

show that very slight status differentiation did exist during periods of Bronze Age 

occupation. 

How and why do people use mortuary data? 

"Since the past cannot be observed directly (the raison d'etre of all historical 

disciplines), whatever we know about a former time must be traced from its enduring 

effects,from its mark on the present" (Wason, 1994: 2). 

Accordingly, mortuary data have elicited particular attention and have, and are, 

analysed as a means of establishing complexity and social organisation for prehistoric 

communities. In terms of the Bronze Age, "the appearance of bronze artefacts and 

burials containing relatively spectacular goods the most common interpretation of 

which, suggests this phenomenon as evidence of an increase in social differentiation 

associated with the control of metal resources and their exchange" (Shennan, 1982: 

155). Again Southeast Asia is no exception. Archaeologists here make similar 

common, and often logical interpretations, and assume that burial complexity is 

indicative of the once live complexity of society. "The choices made by a society 

regarding the disposal of their dead reflects the ideologies, beliefs and social structure 

of that society. The more ritualised the disposal, displaying consistent and conscious 

choices concerning location, architecture structure, and rituals, the greater the 

significance to the living members of the society" (Murphy, 1998: 27). 
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Wason (1994:18) notes that "to learn about the past, two distinct questions are at 

issue: whether ranking characterised the society, and whether our social theory of 

ranking says something true and important about human relations." These posit the 

question, and one stated by Brown (1981:26), "[I]s it really of much significance to be 

able to detect degrees of hereditary inequality in the archaeological record?" Brown 

(1981) continues, "I think the answer to this question is Yes. In the first place, the 

degree of social ranking is a measure of the size and complexity of a social system. 

Secondly, the emergence of hereditary inequality accompanies the rise of rulers and 

increased potential for the elaboration of social systems" (ibid: 26). Such 

investigation and extrapolation has allowed for comparison between sites and areas 

and is the basis for many of the models, against which we test our ideas. 

Ethnographic data too have contributed significantly to the composition of models or 

classifications of socio-political complexity. This is because, as Wason (1994:15) 

suggests "[T]he most fundamental connection between archaeology and social models 

derives from the fact we cannot make even basic interpretations of archaeological 

data apart from analogy with living society" (Wason, 1994: 15). Binford (1971), too, 

suggests that ethnographic tests conducted support the "cross cultural generalisation 

that social complexity will be matched by mortuary complexity." Hence numerous 

archaeologists have produced methods for extracting differential data that allows for 

comparison between individuals, or groups, within a cemetery but also between sites. 

Differences in burial practice, the accumulation of wealthier individuals, is often 

interpreted as indicative of status inequality thus providing insight into the social 

complexity of prehistoric communities. 

In each case, scholars working in this, and other regions are correlating burial wealth 

and differentiation to status and rank. Although this may be the case and is likely to 

be in many situations, the idea of a straightforward and unproblematic relationship 

between mortuary patterning and social divisions has, however, come under attack 

(Voutsaki 1998:41). "The appearance ofrich burials does not necessarily stem from 

an increase in social differentiation" (Sherman, 1982: 156). As Hodder has argued, 

'[B]urial ritual may be used as part of an ideology which faithfully represents and 

mirrors aspects of a living society, but it may equally be possible that ideology may 
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be concerned with distorting, obscuring, hiding or inverting particular forms of social 

relationships' (ibid: 152). "Elaboration in the mortuary sphere should be seen as a 

forceful practice that creates and maintains social distinctions. Close analysis of 

variation and changes in mortuary practices can therefore reveal strategies of display, 

emulation, and competition and can therefore elucidate processes of social change." 

(Voutsaki 1998:41). With reference to Southeast Asia, in order to gauge the impact 

metals had on society, the society must first be identified. A "close analysis" is 

included here of the mortuary data from Bronze Age Ban Non Wat. A picture is 

drawn of BNW society for this period, by analysing interments for mortuary wealth, 

artefact inclusion, orientation and general characteristics. Doing so allows for the 

identification of "variation and changes" that occur during the corresponding period. 

Variations and changes in the nature of these interments, through time, are here 

assumed to reflect changes in the nature of the once live society relating to social, 

political and economic complexity. 

As noted above, the parsing of complexity information from mortuary contexts alone 

is likely to draw criticism. "To put it simply, we cannot and should not separate 

social from symbolic considerations; we cannot explain variation without explaining 

the normative practices" (ibid: 41 ). 

Therefore, included is an investigation into the nature of the bronze industry for a 

multifarious, holistic and embedded approach to investigations of complexity. 

It is important in this approach to explain the 'normative practices' as they relate to 

copper and bronze and its manufacture, given its traditionally accepted stance as the 

catalyst of increasing social complexity during the Bronze Age. In investigating these 

'normative practices' it is possible to integrate technological and social information 

into a more holistic interpretation of Bronze Age society. 

Craft Specialisation 

Normatively, societies with traditional Bronze Age economies, witness the emergence 

of specialisation, the production of a surplus, and the production of goods for 
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exchange. In these cases craft specialists are often considered to be "attached" to an 

elite or coercive power to whom the product of their labour is destined (Brumfiel and 

Earle, 1987). Therefore attached specialisation assumes a certain level of socio

political sophistication, in which there must be the presence of an elite/coercive power 

from which specialists are supported. So far evidence for such elite and political 

sophistication does not exist in Southeast Asia, hence the Southeast Asian anomaly. 

Given that typical Bronze Age social political complexity is reportedly absent from 

Southeast Asian society, the nature of the tin-bronze specialisation at the case study 

site Ban Non Wat, needs to be investigated and other scenarios considered. A related, 

and seemingly plausible scenario also needs to be acknowledged, that of independent 

specialisation. A recurring theme will thus be evident throughout the length of this 

thesis that being an assessment of the evidence for specialisation within the bronze 

industry during the Bronze Age, whether it be independent or attached specialisation, 

with further considerations given to independent local or independent itinerant 

specialisation. 

The idea of independent, itinerant Southeast Asian bronze specialisation is not new. 

Vincent (1988) has posited itinerant smiths based on varied clay and lagging sourcing 

for Ban Na Di. To a certain extent Pigott and Natapintu (1996) and Pigott and 

Weisgerber (1998) too suggest an itinerant industry where it is thought that village 

groups would travel to ore sites, in this case Phu Lon, smelt locally and remove 

copper material back to home villages. Therefore such a phenomenon must similarly 

be given credence and tested throughout this thesis. 

It is not for the perceived lack of social-political sophistication during the Southeast 

Asian Bronze Age that researchers have posited ideas of smith itinerancy. Is there 

however, a link? In the absence of a centralised political control, are bronze smiths 

itinerant? Therefore a greater understanding of the nature of specialisation, and the 

role of the individual, is key to understanding the nature of the tin-bronze industry, its 

impact, and the individual agent's influence in the socio-political environment. It is 

noted that when considering theories of material culture and social change, 

investigation must incorporate the individual as an active agent, not a passive, 
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reacting, culturally determined 'factor' which may be eliminated from the equation 

(Hodder, 1991). 

Therefore, one must break the bronze industry down to its individual unit, investigate 

the evidence, and identify the decisions made by the smith in relation to the wider 

political economy in existence during the corresponding period. By considering the 

smith as the minimum unit, the individual, it is thought that information may be 

gleaned that can suggest which specialisation model is more likely. To achieve these 

goals the nature of the bronze metallurgical industry must first be identified and 

analysed. 

Agency 

Analytical work of archaeological materials has a long history and is constantly 

changing and developing. Analysis of such materials began in Renaissance Italy and 

by the eighteenth century, King George Ill's assay master, Mr Alchorn, analysed Irish 

Bronze Age swords (Henderson, 2000: 8). Contemporary metallurgy has three parts; 

extractive, physical, and mechanical for which the last two generally don't apply to 

archaeology (Goffer, 1980: 201). Extractive metallurgy relates to the mining and the 

smelting of ores to form metallic objects. As often occurs, metallurgists tend to 

concentrate on the technological remains of past societies rather than augmenting our 

knowledge and understanding of those societies exploiting the metals (Cleere, 1984: 

2). I wish to develop an understanding in how copper/bronze smiths interacted and 

existed within northeast Thai and Southeast Asian societies and the influence that 

each party had on each other. 

Some of the most interesting questions we can ask about early societies are social, They are 

about people and about relations between people, about the exercise of power and about the 

nature and scale of organization (Renfrew and Bahn, 1996: 165). 

As Hodder (1991: 15) notes we must look for internal rather than external criteria of 

plausibility in order to support an argument for, in this case, the impact of bronze. 
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Therefore we must investigate aspects of this technology, its sophistication and the 

relationship it shares with the political economy - from within the society in which it 

was conducted. Most often material culture is divided up into material classifications, 

removed from context, dis-embedded from the society that produced them and sent 

off to the "specialists," investigation which often lacks integration into interpretation 

(Sillar, 2006) 

Therefore investigation into a bronze industry must be investigated as an industry and 

as a technology imbedded in society. In order to understand the inner workings of 

this industry and its relationship with society, it is imperative that bronze working be 

looked at from the perspective of the individual specialist. 

By identifying the nature of the social structure in which these metalworkers existed, 

compared with associated technology and practice, it is hoped a picture may be drawn 

of; a) the interaction/impact copper metallurgy had on the society, b) the role the 

metalsmith, whether attached or independent, local or itinerant, had in these changes 

and the development of the Bronze Age political economy and c ), the relevance of the 

term 'Bronze Age' for Southeast Asian assemblages. In this thesis mortuary data are 

used as an indicative means of social structure. Any changes in the mortuary record 

are assumed to reflect changes in the society, and hence changes in this structure. 

Therefore I investigate the possibility that these changes share a relationship with 

both the nature of the individual metalsmith's existence, and their concomitant 

industry. 

In order to "identify the individual," and to assess his/her influence on society, an 

appropriate theoretical framework is required. Similarly, in order to elucidate the 

interaction between smith and society a very particular methodology is required. 

Agency theory and chafne operatoire provide such means. Structurationists "attempt 

to unite 'the individual' (agency) and 'the social' (structure) within a single analytical 

framework" (Gardner, 2004a:2). Chafne operatoire provides the mechanism for 

identifying individual actions and decisions within the copper production process, 

thus enabling the assessment of the interdependence between technology and society 

and the points at which they intersect. That is to say, explore the particular 

connections that each technology makes, both social (who participates, who benefits, 
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who loses) and material (what are the raw materials, tools, products, waste products)" 

(Sillar 2006:4). 

Within post-processual archaeology, there are no right or wrong answers, 

postprocessualists encourage experimentation with multiple interpretations, and deny 

the necessity of coming up with one final conclusion that explains 'everything' 

(Johnson, 1999: 106). "Understanding of any "data" in the human sciences does not 

conclude. It just stops when we get bored or do not have anything else to say" (Tilley 

1991: 172). A solid foundation has been built in Southeast Asian archaeology over 

the last 40 years, now new methods and interpretation have begun to emerge. Kallen 

(2004) is one such example, although overly critical of the establishment, she does 

provide a unique 'story' of a period of Lao prehistory and provides a fresh perspective 

and new means of interpretation. I too wish to introduce new ideas and perspectives 

into the archaeology of the region, and present these data in a way that allows other, 

and future researchers, to extract information and make their own interpretations 

utilising varying theoretical frameworks. 

It is hoped that in using a case study archaeological site from Southeast Asia, insight 

may be gained on the interdependence between technology, society and the wider 

political economy. Further, the nature and scale of the bronze industry will be 

identified in order to illuminate the role of the individual smith and the greater 

community in the production process, as well as in the development of the Bronze 

Age itself. "The archaeological record is made up of, among other things, the direct 

and indirect results of countless individual actions - the choice whether to zig or zag 

on ceramic decoration, the angle of retouch on a flint blade, the decision to dig a pit 

here rather than there. Unless the laws of nature were radically different in the past 

(that is, if we accept a uniformitarian assumption) then the archaeological record was 

created, at least in large part, by the actions of individual human beings" (Johnson, 

2004: 241). Investigation into these "actions of individual human beings" is from the 

case study site of Ban Non Wat, Northeast Thailand. 
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Case Study 

"Importantly, a case study is not the application of theory to the archaeological record. The 

reason good case studies move the discipline forward is not just because they apply some 

abstract theory to a material pattern, but because they suggest new ways to see and make 

sense of that pattern. Thus, a case study is theory in its own right." Dobres and Robb 

2005: 161-162). 

The site of Ban Non Wat lies towards the southern end of the Khorat Plateau in 

Northeast Thailand. Excavations began in 2002 and have continued since, providing 

one of the largest assemblages of both human remains and artefactual material from 

Southeast Asia. Cultural material spans numerous periods of Thai prehistory with 

occupation at the site beginning during the Neolithic, proceeding into the Bronze and 

Iron Ages and further existing into the historic period. 

The use of well-excavated, well-defined sites as case studies are a useful tool in 

furthering our understanding of broad topics and allow us to test ideas generated away 

from the field on a full assemblage of archaeology from past society. They are 

particularly useful in Southeast Asia contexts as so few sites have been excavated and 

reported upon. 

The metallurgical material from this 'case study' site as well as the cemetery data are 

investigated as a means of insight into the nature and scale of organisation of both 

society and copper technology at this southern Plateau site. The mortuary material 

aids in establishing the nature and structure of society. The metallurgical assemblage 

allows insight into the nature of its existence, the decisions made, and the processes of 

metal production, the nature of specialisation, and whether this was undertaken as an 

independent or attached pursuit. 

A moderate amount is known of such technology from the northern sites of Phu Lon 

(Pigott, 1984; Pigott and Weisgerber, 1998), Ban Chiang (Vernon, 1996; 1997) but 

little is known of its relation to society, yet the reverse is true for sites, again from the 

north, including Non Nok Tha (Bayard, 1984; MacDonald, 1980), Ban Na Di 
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(Higham, 1996a; 1996b; Higham and Kijngam, 1984) where social questions have 

been investigated but not with an in-depth regard to technology. 

Ban Non Wat provides the perfect case study for both the identification of the nature 

and scale of copper production and technology as well the nature, scale and 

complexity of society and social organisation, and the relationship between both for a 

southern plateau site, thus allowing for a comparison between this site, and those to 

the north. 

Summary 

Southeast Asia is considered anomalous in its development in that the introduction of 

bronze did not give rise to pervasive social change, as it had done in other regions 

(Muhly, 1988; White, 2002). Accordingly, the use of the term "Bronze Age" for 

bronze using societies has met resistance as the term does not connote discrete regions 

or sites, of easily identifiable societies, of a clearly definable stage of social and 

technological development (White, 2002:xvi). 

This thesis addresses this point and investigates the impact that the introduction of tin

bronze objects and technology had on the case study site of BNW. This study is 

differentiated from others in that it takes a socially embedded approach to materials 

analysis and explores the relationships between society, technology and specialisation 

during the Bronze Age 

Subsequent chapters investigate the nature of the mortuary assemblage, the degree of 

differentiation amongst Bronze Age interments and whether any differentiation is 

attributable to the possession of copper and its alloys. Furthermore, the nature of the 

tin-bronze industry, craft specialisation, and the role of the individual in the greater 

political economy will be identified, providing a holistic, multivalent view of this, so 

far, anomalous Bronze Age society. 
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The following chapters will identify the nature of society present during Bronze Age 

Ban Non Wat, the changes to its 'structure' and the impact the presence of bronze 

objects had on it. Similarly pertinent is an investigation into the nature of the copper 

industry itself in order to gain further insight into this controversial period of 

Southeast Asian prehistory, leading to an understanding of how production was 

organised, how metals were transported, and how the industry existed. Thus we may 

assess the impact the bronze industry had on society and the development of the Thai 

Bronze Age political economy. The nature of the industry and the impact it had will 

be gauged from the perspective of the smallest unit involved, the individual 

metallurgist. It is hoped that in doing so, the agency these individuals displayed, 

whether attached or independent, in shaping the Bronze Age into the 'anomalous' 

entity it is so titled, will become clear. 
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Chapter Two 

The archaeological site, Ban Non Wat, Northeast 

Thailand 

Introduction 

Ban Non Wat (BNW) is a medium-sized, mounded site, roughly 500 metres in 

diameter (Boyd et al. 1999). The site itself is located on the southern part of the 

Khorat Plateau in the upper Mun River valley of northeast Thailand. Ban Non Wat 

lies within Nakhon Ratchasima province, about 1km east of Noen U Lake. It lies east 

of both Phimai and Ban Prasat and is located around 20-25 km from the latter (figure 

2.1 ). Upon inspection, the site displays discontinuous multiple ditches which are 

often referred to as "moats" (Boyd et al. 1999). These ditches or "moats" are 

characteristic of the many archaeological sites in this region (figure 2.2 and 2.3). 

They are believed to be the culturally maintained remnants of fossil water courses, 

(Boyd et al. 1999), maintained for use in a number of endeavours including 

potentially agriculture, defence, and for the provision of domestic water (Higham, 

1996c: 33). Boyd and McGrath (2001) suggest that the physical conditions of the 

valley floor have undergone significant change throughout the late Holocene period. 

Including major hydrological shifts of differing alluvial conditions on the valley floor. 

Of note are two periods characterised by single channel low-flow rivers, one prior to 

the Iron Age and the other post-dating it and represented in the modern landscape 

(ibid: 309). 
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Ban Non Wat is a contemporary farming village in the northeast of Thailand. 

Excavations at BNW began in January 2002 and have continued since. It is a joint 

project between the University of Otago and the Thai Department of Fine Arts under 

the directorship of Professor Charles Higham, and Dr Rachine Thosarat. Prehistoric 

occupation of the site spans many years, it began in the Neolithic with evidence for 

occupation and interment. An extensive Bronze Age cemetery has been encountered, 

as have features and refuse interpreted as indicative of transitional Bronze Age and 

Iron Age industrial activity (see below). Dense clusters oflron Age interments, 

occupation and "living/working" floors are also present, ,as are scatterings of historic 

wares, including glazed pottery sherds. In order to utilise the information gained from 

Ban Non Wat, and compare this to the greater Southeast Asian region, first we must 

understand and interpret the archaeological stratigraphy. 
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Figure 2.1. Study area and location of Ban Non Wat. I. Noen U Loke. 2. Ban Prasat. 3.Ban 

Tamyae. 4. Phimai/Ban Suai. 5. Ban Takhong. 6. Ban Dong Phlong. 7. Nong Yang. 8. Non 

Krabuang. 9. Non Dum. I 0. Ban Lum Khao. 11. Non Muang Kao. 12. Mueng Phet. 13. Ban 

Non Wat. (courtesy Prof Charles Higham) 

In any archaeological investigation, researchers must make it very clear how they are 

interpreting the data. Archaeological stratigraphy is no different. Archaeological 

stratigraphy is an interpretation upon which many archaeological arguments are 
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constructed. It is an interpretation of sedimentation, site formation processes, 

occupation, use, and abandonment. These interpretations have great bearing on how 

subsequent research and analysis is conducted. Therefore it is necessary to include 

stratigraphic descriptions and interpretations in such a thesis, especially given this 

sites stance as a case study from which conclusions are drawn on wider issues . 

By looking at the stratigraphy we can investigate Ban Non Wat's relationship with 

other sites in the Isaan area, as well as investigate its contribution to the understanding 

of the prehistory of Southeast Asia. 

Figure 2.2. Aerial photograph of A. the mounded archaeological site of Ban Non Wat 

showing B. the associated "moats. " (Image courtesy Prof C. Higham) . 

Archaeological stratigraphy is "an analytical interpretation of the structure produced 

by the deposition of geological and/or cultural sediments into layers or strata" 
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(Thomas, 1998: 205). More simply, it is the natural and cultural layering of the 

sediment at a site (Feder, 1997). 

The principles of archaeological stratigraphy are borrowed from concepts developed 

in the geological sciences with slight corruption for archaeological purposes. As a 

starting point, geological notions of stratigraphy are important but do require a 

modification for archaeological purposes (Brown and Harris, 1993: 8). The holding 

principle of geological stratigraphy is the Law of Superposition. This principle holds 

that sediments on top are younger than those below. Sediments being, "layered, 

unconsolidated materials of lithic and/or organic origin" (Garrison, 2003), lain down 

over periods of time. 

The archaeological "corruptions" are centred on the fact that the layered sediments 

included in the profile are of anthropogenic or mixed natural and anthropogenic origin 

rather than from natural geological formation. Such cultural depositions are often 

referred to as archaeosediments. Those being deposits which "form the part of the 

sedimentary record that results directly from past human activities" (Rapp and Hill, 

1998: 20). Goldberg and Macphail (2006: 322) note that a large degree of variability 

exists in the way that stratigraphic information is recorded and suggest this arises 

from "the fundamental way that profiles are viewed." Therefore stratigraphy is 

influenced by those recording it. Archaeosediments are identified by elastic particle 

inclusions including lithics, metal, and pottery, and are therefore subject to 

archaeological biases. Whereas mineral composition, and the range of particle size, 

are attributes the geologist would favour to classify elastic deposits (Rapp and Hill, 

1998: 21). 

The use of such stratigraphy and stratigraphic profiles enable us to "evaluate the 

relative timings of human and geological events which can be extended to, and 

correlated with, other sites and regions" (Goldberg and Macphail, 2006). 

25 



Methods 

As noted, excavations at Ban Non Wat began in 2002 and have continued annually 

since. By the end of the 2005/6 season, three separate excavations had been 

undertaken with one main unit continuing yearly. The main excavation unit includes 

units AA, A, B, C, D, E, F, and G. Two separate excavations were undertaken at two 

different regions within the site and were labelled units X and Y (figure 2.3). 

The method of excavation was one typical for sites on the Khorat Plateau. Materials 

were ascribed to a specific layer or other context be it lens, pit, posthole, floor, or 

burial. The region is renowned for its homogenous, bioturbated layers and when 

specific contexts were not definable, materials were ascribed to a layer and 10cm unit 

within the layer. Layers were excavated in 10cm units (spits) until a stratigraphic 

change was witnessed thus indicating the presence of a new layer (Higham and 

Thosarat, 2005). Artefacts were given a unique, sequential catalogue number and 

recorded in the central register. 

The excavation thus provided exposed sediment profiles of the stratigraphic sequence 

for recording and interpretation. In order to record the stratigraphy the walls were 

scraped down and cleaned prior to investigation. 

Features within the sections were identified, outlined and then transposed onto the 

scaled section plans, by method of string line and tape measure. Features/horizons 

were identified based on the following characteristics; colour, texture ( eg layer 3 -

sherdiness ), cohesion, composition, contact relations, aspects of archaeosediments for 

example, ashy areas, baked clay, and bioturbation (Herz and Garrison, 1998; 

Goldberg and Macphail, 2006). 
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Figure 2.3. Excavation layout of Ban Non Wat, including main area A, and test squares X and 

Y (courtesy Prof Charles Higham) . 

Such horizons may be interpreted from many perspectives, whether it be pedologist, 

geologist or archaeologist. As mentioned above, Goldberg and Macphail (2006) note 

that a large degree of variability exists in the way that stratigraphic information is 

recorded. Thus, in the case of the stratigraphic sequences, and section drawings of 

Ban Non Wat, they have been produced for the most part, from the perspective of the 

archaeologist, with further specific annotation by the geologist. Information such as 

colour, texture, and density were recorded directly onto the section plans. The term 

"sherdy" was often used to describe a sediments texture, referring to the abundance of 

pottery inclusions. A sediment was generally sherdy in texture if, pottery sherds of 

size great enough to identify as such, made up a large portion (> 10%) of the sediment 
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matrix/horizon. Also noted on these plans were any sampling locations or any other 

areas of interest. 

The section drawings were then correlated with the archaeological material. Where 

possible, features/horizons identified during the excavation, which extended into the 

baulk, thus forming part of the sediment profile, were identified on the section plans 

with the context number they were attributed during the excavation. Such 

information was obtained from the individual unit spit plans. Data were further 

correlated within the separate excavation units, in order to relate archaeological 

material from one side of the main excavation (area A,B,C,etc) to the other (see 

appendix). That is to say, similarities in the recorded features of the section drawings 

and therefore the excavated unit were correlated with the section drawings and spit 

plans of each other excavated unit. This provided the ability to compare the 

excavations occurring in one part of the site with those being undertaken at different 

parts of Ban Non Wat (Units X, and Y). 

Results 

The stratigraphy of Ban Non Wat is highly complex and involves five layers 

including a number of sub units of differing texture, colour, matrices and inclusions 

(figure 2.4). They are described here in order of occurrence. 

Layer One 

There are a number of units within layer 1, two of which relate to a relatively recent 

deposition. Unit 1 a represents the latest deposition event and is a light sandy 

sediment that has inclusions of pottery sherds. This unit is present throughout much 

of this area, however it is much more prevalent in the AA squares with its thickest 

points in AAS, AA6 and AA 7. It thins in the south from AA 7 to A 7 and nearly peters 

out in the south of B7. It is thick in A6 but is non-existent in southern B6. There is 

almost a complete lack of this unit in the Band C set of squares but a presence in D. 
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Unit 1 b is a typical dark blackish humus soil horizon (Briggs et al, 1997). This unit is 

undulating, has numerous cuts and hollows, and is included with flecks of charcoal 

and other organic material. It is present in all squares excavated and is typically 

between 20 and 40 cm thick and often referred to as top soil. Unit le is generally the 

thickest unit of layer 1 and is a very hard and compact sediment. The unit is a stiff 

pale silt, greyish in colour with occasional inclusions of pottery sherds and bone. 

In places a distinction between layer 1 and 2 is difficult to identify, often there 

appears to be a gradational merging into layer 2. Unit 1 c thins in the north of the 

excavation squares mainly in AAl although there is considerable mixing between the 

base of layer 1 and the top of 2. It is vastly thick in the southern regions of D7, C7 

where it is almost 1.5m deep, and shallows slightly in B7 and A7. It is thinner in 

northern and eastern Cl, being around 60cm thick and slightly thickens to the south in 

C6 to 80cm. A boundary between layer 1 and 2 is present in southern B2 but is not 

evident in the east of B2, B3, and B4 with a distinction between 1 and 2 evident again 

in B5. Apart for the depression in Ble, layer le is also thinner in the north of the B 

squares with a thickness similar to Cl. 

Unlike 1 b, this unit has very few shallow cuts and hollows, but often displays very 

large depressions. Examples exist in AA7, A6, Ble, C7, and D7. In AA7, there is a 

depression, roughly 3m in width, B 1 e also, which is at least 1 metre wide and A6 

which is roughly 2m in width. The depression in B 1 e has the presence of clay lumps 

and has bedded pottery sherds lining the base. The large depression in A6 has a reddy 

yellow lens of hard clay that lines an edge and part of the base, and is filled with a 

darker material. There is a very large depression which encompasses a number of 

squares beginning on the edge of southern D7 entering southern C7 gently rising up to 

meet B7. It is also present in the entire C7 square, therefore being over 4m in width. 

It is filled with lenses of sherds and hardened clay lumps, it also has more friable 

inclusions towards the base. 
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Layer Two 

Layer 2 consists of only a single unit, but is possibly the hardest unit to identify, or 

more so, the hardest to place within a clear boundary. Often the boundary between 

layer 1 and 2 is blurred due to obvious mixing. However, often a distinction can be 

made, whereby, above is clearly layer 1, below is layer 2 with a gradual, rather than 

abrupt, change in between. Layer 2 is a stiff, grey silt that is similar to layer 1 c but 

differs in colour and is slightly harder or more compact, with greater pottery sherd 

inclusions. 

The extent of layer 2 depends a lot on the thickness of layer 1 and also the often 

tenuous boundaries between. It is therefore often difficult to make statements 

regarding thickness. However, layer 2 is at least 50 cm thick in AAl but does dip and 

thin in the south to be around 20cm thick which extends through AA2. AA3 and AA4 

lack obvious boundaries but layer 2 is present. A thin band exists in AA5 which thins 

to around 10cm in AA6 and is truncated in AA 7 by layer 1. From AA 7 through A 7 

and B7 layer 2 is present but in parts is more friable. The large layer 1 depression in 

AA 7 has removed most of layer 2 in this square but does continue through the others. 

In southern B7 there are a number of cuts into layer 2. 

In A6 it is very difficult to establish any boundary between layer 1 and 2 but again the 

two merge in west and southern A6 into southern B6. Yet it appears that layer 2 is 

bounded in east and west of Al-4. 

Layer 2 is at least 1.3m thick in B 1 e, thins in B 1 to around 60cm and then becomes 

difficult to identify in B2, B3 B4 but becomes distinct in eastern B5. Layer 2 is 

roughly 80cm thick in eastern B5, but is unclear in the south. 

This unit is extensive and well defined in eastern Cl, 2,3,4,5 at least in the boundary 

between one and two but the bottom boundary, that between layer 2 and 3, is less 

clear. This unit is thickest in Cl and C2 at around 80cm that tapers off to the south 

where the basal boundary is less clear but is still at least 40cm thick. C6 displays a 

lack of layer 2 or a possible merging but it is difficult to tell with the presence of the 

large cut in C7 that has removed much of the unit. 
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Layer 2 is non-existent in eastern and southern D, and C, 7. In this case the deep cut 

from layer 1 sits directly on layer 3. D6 east also lacks layer 2 as it has a deep 

depression from le bedded on layer 3. D5 has the edge to this depression that shows 

the large feature from D6 has been cut from layer 1 through layer 2, as layer 2 is 

present in D5 east and is roughly 50cm thick. 

This layer also displays a number of lenses within the general matrix. Often being 

more pale than typical layer 2, harder, and containing greater inclusions of pottery, 

clay, charcoal, pisoliths, bone or shell. The extent of these lenses also differs, from 

many continuous metres in D4 and D5, to patchy lenses of shell and pottery in AAl, 

B2 andB7. 

Layer Three 

This is possibly the most easily identified or recognised layer save for basal layer 5. 

There are, however, two distinct units within this general layer. Unit 3a is a friable, 

brown, silty sediment with very dense pottery inclusions, while 3b, is a friable pinky 

sandy silt with abundant inclusions of laterite-derived iron pisoliths. The more 

typical, or easily recognisable aspect of unit 3a is the inclusion of much pottery. 

There are inclusions of large sherds but most distinctively and interestingly is the 

presence of dense sherds of 1 to 4 square centimetres. Included sherds are a mixture 

of typical Prasat, and later, Ban Non Wat phase ceramics with typical cord markings 

(see later discussion). 

Layer 3b lacks the abundant pottery, is still a friable silt, but displays a distinct pinky 

sandy matrix with abundant pisoliths. Difference in this layer compared to others is 

that in some squares this unit underlies 3a but in others it overlies and in others it 

extends through in patches, while in other areas the whole layer is a combination of 

both. This is the case in A4, and AA4, although there seems to be a greater 

concentration of pink sand in the upper levels especially in the north of the square, yet 

in A3 and AA3 layer 3 is the sherd dense 3a. 
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It is difficult to give thicknesses for these units as they appear to interchange 

frequently and for the simple fact that layer 3 has many cuts, hollows, depressions and 

lenses that renders the stratigraphy rather patchy. In Cl and C2 upper layer 3 is 

characteristic of unit 3a while the lower is tending more 3b. C3,4,5 is permeated by 

layers of distinct lenses however, here the general matrix is 3b. In the east of C6, the 

matrix is again 3b with a number of compact lenses. However in the southern portion 

3b overlies 3a. This 3a continues into C7 but the overlying 3b is no longer present. 

Layer 3 in this region thins to only 30cm possibly owing to the fact that there is a 

large depression in C7 whereby layer 1 sits directly on layer 3a. Along southern B6 

and A6, 3a continues and is more prominent being roughly lm thick in A6, but again 

a depression from layer 1 has truncated a portion providing a thickness of around 

50cm in the southwest quadrant. It thins in A5 to ca 20cm but is around lm thick in 

A4. As mentioned above A3 has dense sherds indicative of 3a. However, a thin layer 

of 3b overlies this layer which extends and thickens in A2 in which 3b is the 

dominant sediment oflayer 3. A similar situation exists in Al where unit 3b is 

present with few sherd inclusions especially when compared to A4. 

C 1 and C2 have numerous deep cuts and depressions and compact clay blocky 

inclusions that present a layer 3 of 1.8m in thickness in the north eastern portion 

thinning to around 1.2m in the southern portion of C 1, similar through C2 to C3. The 

cuts are generally filled with soft fine silty sand that is usually pinky brown in colour. 

C3 lacks such cuts and depressions but displays lenses of greyish white compact 

material and accordingly is only around 40cm thick. Possibly the most characteristic 

element of layer 3, besides the dense pottery, is the presence of numerous solid lenses 

that extend across numerous squares, are often exceptionally hard, and can be only a 

centimetre in thickness. C4 and C5 have such examples. C4 is a little more difficult 

to define in terms of boundaries but, as mentioned, lenses are present of pinky white 

sand composition. Extending from C4 into C5 is a very hard compact thin lens of 

orange colour. It has a slightly dipping curved presence which in the southern portion 

of this square meets no less than nine lenses of differing composition, the lower being 

a dark black lens with charcoal inclusions. Ash is also a common ingredient in a 

number of these lenses. The common denominator in all lenses is the presence of this 

distinctive pinky sand. 
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In the B squares, a sandy lens exists from B2 through to BS which sits for most part, 

upon a lens of clay. They are both less than 10cm thick but the sandy lens is thinner 

at around Scm. Interestingly, above these lenses is very distinctive layer 3a, yet 

below is a more sandy silt with less sherds, hence 3b. 

There is decreasing pottery in the south from A 7 to B7 with a layer of 3a around 

20cm thick in A 7 and 40cm in B7 with and sandy 3b present in solely in A 7. In AA 7 

and AA6 unit 3a is the abunc;lant unit with a very distinct band which is 60cm thick in 

the south and is 80cm thick in northern AA6 which does continue into AAS but is 

truncated by a cut from layer 1. Below and beyond this cut is a very clear band of 3b 

that lies below an extremely hard, thin lens which dips down but rises sharply in AA4 

and A4. Upon this lens are numbers of bone, rock, and other material. In these 

squares AAS, AA4 and to a lesser degree A4, unit 3b is 20cm thick. Part way into 

AA4 this unit expands to around 60cm and continues into AA3 at a thickness of 

around 40cm. The difference being that within this expansion through these two 

squares there is the addition of abundant pottery sherd inclusions. In these two 

squares, below this unit, is unit 3a that also contains an abundance of pottery sherds 

but lacks the pink sandy material. In AA2 and AAl this pink sand is non-existent, 

save for a few small patches within the general matrix. 

DS is quite similar to Cl and C2 in that it displays numerous cuts and depressions but 

is also similar to CS in that it displays the continuation of the numerous lenses. Like 

AAS it too contains a thin but hard lens of material, on which, sits large stones, bone, 

metal objects and slag. The general matrix of this area is difficult as there are many 

differing features and fills. The layer itself, however, is roughly lm thick. In D6, 

there is a change and a distinctive "classic" 3a is present. This layer begins in 

southern DS at around Scm thick then expands in D6 to around 60cm, which 

interestingly lacks the cuts, depressions and lenses of DS. There are, however, a few 

cuts which blur the base of layer 3 in this square. There are also patches of pink 

sandy silt, but these are localised. In D7, layer 3 is very slight and has a patchy 

appearance with a number of cuts. The large depression in layer 1 of this square has 

rendered layer 3 around 20cm thick in parts and provides the dipping appearance. In 

the south of C7 there is a small lens of 3b sitting on top of 3a, which has been 

truncated by the depression that extends from D7 through C7. There are two shell-
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rich lenses of silt and pottery that extend slightly into B7 are bedded below 3a. Layer 

3 is roughly 1 m thick in the west of southern C7. 

Layer Four 

Layer 4 is a softish silt that tends to an ashy stiff silt in parts. There are greater 

inclusions of ash, shell and bone within this layer and it is lighter than the preceding 

layer 3. In the region where layer 4 meets layer 5, layer 4 can display a sandy silt 

texture/matrix. Throughout the squares AA 7 to AA3 its thickness is fairly 

consistently between 60 and 80 cm but is much thicker in the north. There is a large 

concentration of shell in AAS with some fine sand, and has a thick ashy presence in 

AA7. It thins in southern AA7 to around 20cm and thickens again in A7 and B7. A7 

and B7 also display deep cuts that extend into the lower layers namely that of 5b. B7 

is a mixture of stiff and friable soil. Layer 4 is vastly thick in A 1 at 1.4m but tapers 

away to A4. It is Im thick in northern A3 but in the south is roughly 60cm which 

continues through A4. In A6 it has maintained the thickness of 60cm, but in southern 

A6 and B6 the boundary between layer 4 and three is less clear. There is also a large 

cut in eastern B6 that extends into 5b. The northern B squares also display a thick 

layer 4 at 1.2m. There are patches of clay, inclusions of bone and shell, and a deep 

depression protruding into 5b. From B 1 through to B3 then again in B5 the upper 

boundary is gradational but still represents a thickness of at least 80 to 100cm. A 

large cut is present in B4 and a portion ofB5 that extends into 5b. 

Like the B squares, layer 4 is over Im thick in the north of the C squares, which only 

slightly thins in C2 but continues and thickens in C3 to C5. Layer 4 has its highest 

point in these C squares in C3 where it gets to 1.5m below datum however it is 

consistently occurring below the 2m mark in other regions. A number of cuts from 

layer 3 encroach into layer 4 in squares Cl and C2. There are a number oflenses 

within this stretch, especially in Cl and C3. A lot of these lenses are dense in shell 

and others are more compact than the surrounding matrix of the general layer. There 

are also cuts within the layer and many have a darker brown fill like those of C4 and 

C2. A large depression in C5 cuts into unit 5b. Two similar cuts exist in C7. D5 

lacks these large cuts into 5b and in the northern and eastern wall display a much 
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reduced thickness of layer 4, compared to the southern C squares. The layer is around 

40 to 60cm thick with patches of stiff silt and others that are shelly or cuts that are 

filled with such. Layer 4 widens in D7 east and thins in the south and into southern 

C7 where cuts have extended through 5b. 

Layer Five 

Layer 5, can be separated into two units 5a and 5b. 5b is the more typical layer 5 

mentioned archaeologically. It is the more undisturbed typical, reddish sandy 

sediment resting on top of the bedrock. The matrix does become a sandy silt in 

regions of the site. AA 7 displays a sandy silty matrix as does the general matrix of 

Al-4 however is still reddy in colour, as opposed to much of 5a which is tending a 

little grey. Unit 5b does, however, display occasional lateritic pisolith inclusions with 

depth, often providing the appearance of 'rusty' inclusions. Throughout the 

excavated area this layer waxes and wanes and rises up to a high point ( shallower 

below datum) in A7, AA7, AA6, A6, dipping down again from AAS, to AAl, and Al 

through the B squares to its lowest point in Cl and Ci. From C3 it begins to rise up 

again to a higher point in C and D7. 

The second unit, 5a, sits on top of 5b and is more of a sandy silty sediment owing to 

the mottling that has occurred as a result of disturbance from above. Unit 5a is 

transitional to typical layer 5 and is a result of the cutting and digging that has 

occurred and the eventual mixing with the overlying layer, layer 4. Because of this 

fact, the extent and thickness of this unit varies. Also typical of unit 5a is the 

occurrence of lenses or patches of ash, shell and charcoal as seen in most squares. 

Typically, these lenses or patches are bedded directly upon layer 5b, with mottling 

occurring above. 

Typically unit 5a is around 30 cm thick, modified by disturbance from above. Often 

this unit has been removed in places due to cuts and diggings, hollows and 

1 possible that this is a natural low or that the later (industrial) activity removed some 
of the layer as Cl also lacks unit 5a 
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depressions from layer 4. Square Cl does not show the usual extent of unit 5a2. In 

squares A4, Ble, B4, B5, B7, CS, C6, C7 and D7, unit 5a had largely been removed 

due to cuts from layer 4 which have been cut down into layer 5 unit b, therefore 

removing any 5a that was present. The unit 5a thins across B4 and B5 to between 5 

and 10cm, is largely not present in C6 and C7, thickens in AA7-AA5 to around 50-

60cm and is particularly thick in the south of AA7 and A7. This area (AA7 and A7) 

displays many of these cuts and an extensive lens of ashy silt with pottery shell and 

occasional bone. 

In B6 and A6 this unit is somewhat thinner but also incorporates lenses of crushed 

shell and ash, burnt areas and sandy lenses. Much of the cuts from other areas are 

filled with similar material as well as a sandy silt. 

The cuts that are present within this layer are typically filled with pale, sandy, ashy 

fill, such cuts tend to have greater occurrence in A7, AA7 and a few in AA6. 

Occasionally cuts from this unit can contain inclusions of pottery or bone. 

2 as above 
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Figure 2.4. Illustrations of stratigraphy of the Ban Non Wat excavation 
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Discussion (Interpretation of stratigraphy) 

Layer One 

It is difficult to interpret layer 1. Bioturbation and the recent levelling of many areas 

may have removed a lot of material. After discussion with the locals it was 

determined that, in fact, possibly a metre of soil was taken from the top in order to 

level the area for building platforms, removing historic material. 

Unit la, however, relates to the present day and represents the backfill from previous 

season's excavation. It represents the presence of our spoil heaps. The large 

accumulation in AA's is because our spoil heap from the first season was placed 

along this region. Accordingly the A squares have no trace of such deposition. 

Similarly the B squares display no such unit. However by the excavation of the C set 

of squares the spoil mound was positioned to the south of the excavation meaning soil 

was accumulating on what is now the D squares and hence the presence of this unit in 

this area and the lack of in C. 

Unit 1 b is indicative of the fertile humus layer through which current occupants have 

planted certain crops and constructed houses and storage features. This is typically 

known as the plough zone or top soil. It is dark, relatively soft and friable owing to 

the high organic content. 

I believe there to be a hiatus between unit 1 b and le. Villagers have noted they have 

levelled many areas of the site for building platforms. Therefore there is no 

continuity between le and lb. This levelling is most probably the cause for the 

thinning oflayer of le mainly in the north (the area noted as having been levelled). 

Unit le relates to the historic period. 
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Layer Two 

This blurring of boundaries between layers 1 and 2 could represent a more continuous 

occupation between these two layers. In cases where layer 2 is lacking it is obvious 

that it was removed by the later inhabitants usually in the form of deep pits from layer 

1. There are no remnants of primary deposited Bronze Age material in this layer, 

therefore this layer is considered to be restricted to Iron Age occupation. 

Layer Three 

The situation that exists in the A squares is in line with what we encountered during 

excavation. The southern squares had dense pottery while the northern did not. At 

the time we associated layer 3 with the dense sherds therefore thought Al and 2 did 

not exhibit layer 3. A similar situation occurred in the second season (B squares) 

where we encountered an "extra layer" below layer 3. Again, this occurred as typical 

layer 3 material was identified, then we had a slightly different sediment that was a 

sandy silt without the abundant pottery sherds. Therefore "layer 4" in most cases, 

from this season, represents layer 3b. 

The 'lenses' that are prevalent in layer 3, I believe, are working floors and industrial 

areas. Typically I think layer 3 represent the refuse or the deposition related to 

activity. The pink sand has been brought onto site for a particular reason, thus 

producing these lenses and patches of material. Usually, where there is sand there are 

no sherds, which suggests that the sand and pisoliths are unrelated to the sherdy 

nature oflayer 3 or any associated industry. This would also explain why the two 

units are found in different orders of deposition. Also the sand and pisoltihs are often 

related to lenses or floors, which suggests a working relationship. 

In cases where a sandy silt sediment with sherds is encountered it is more likely a 

spill off and mixing of the two units possibly at an edge of a working area. This 

would explain the situation in AA4 whereby there is a very hard floor overlying unit 

3b then off the edge of this floor is a mixing of 3a and 3b. 
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I believe layer 3 to be transitional from Bronze to Iron Age, representing ( at least in 

this region) an area of industrial activity and refuse. A number of burials have been 

cut from this layer, (burials 259, 272, 278, 245) that are early Iron Age/late Bronze. 

Since there is little burial activity within layer 3 this would confirm this region was 

being used as an area of industrial activity for the later Bronze Age/early Iron Age. 

Also, we have dense late Bronze Age, burials in a different area of the site in Yl and 

Y2. We also have Iron Age occupants buried in Xl which shows different zoning 

from the mid Bronze Age to the Iron Age. Mid Bronze Age burials are present in the 

ABC squares, as were some Late Bronze Age, but the most dense Late Bronze Age 

cemetery occurs in Yl and Y2. 

Figure 2.5. An open section at the prehistoric salt mining site of Bua Yai, showing the dense 

sherds and pink sand, similar to layer 3a and 3b of Ban Non Wat. 

A similar stratigraphic unit is present at the site of Bua Yai (figure 2.5 and 2.6), a 

prehistoric salt working site. There are beds of small sherds typical of Ban Non Wat 

layer 3 and layers of pink sand and friable material both above and below. There are 
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also exposed clay floors that provide great reference for the interpretation of similar 

floors at Ban Non Wat. 

Layer 3 is considered to represent "industry related deposition." Typically 

encountered within layer 3 are objects/artefacts related to industry namely that of iron 

slag. 

Figure 2. 6. Bua Yai close up of dense bedded sherds. 

The large, deep depressions in C 1, C2, and to a lesser extent D5 have a pink sandy 

fill, and include baked clay, iron slag, small iron fragments and laterite nodules. The 

baked clay is well fired, is around 4cm thick and has a very definite curvature 

representing an object with a diameter of 50-60cm. After analysis, these baked clay 

pieces appear to be, remains of furnaces, hearths or kilns and therefore these pits are 

either refuse pits or are involved in an industrial process. The area does also indicate 

the presence of metal working. 3 

3 This area, comparatively, has fewer smithing hearth bottoms than other areas, but 
C 1 displays much bronze material. 
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Layer Four 

It seems obvious, once we look at layer 4, that those layers above were more 

industrial/occupational as there is the comparative lack of dense burials that we 

encounter in layer 4. Therefore layer 4 mostly contains a Bronze Age cemetery 

(figure 2.6 and chapter three), with probable areas of industrial activity, including 

what is possibly a hearth/furnace in Cl . There are distinctive shaped, baked clay 

features with a hard floor and bronze "lumps" in vicinity. The depressions in A4, 

Ble, B4, B7, CS, C7, and D7, among others represent wealthy early Bronze Age 

burials. 

Mortuary Phase 

Layer1 

Layer2 

Bronze Age 4 

Layer3 

"""1 1 rans1t10nal strata I Bronze Age 3 

Layer4 

-l 1 rans1t10na1 strata I Bronze Age 2 

Layer5 

Bronze Age 1 

Figure. 2. 7 Representation of the Bronze Age cemetery in relation to the stratigraphy. 
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Layer Five 

Typically layer five is the virgin soil which underlies the archaeological material. 

However there is archaeological activity associated with layer five. A "zone of 

mottling," identified as Sa, is present at the beginning of the layer and is indicative of 

the initial Neolithic occupation. That is to say, the material disturbed and 

incorporated by the original inhabitants. These early people would have resided on 

unit Sb depositing new sediment (namely shell and ash) and stirring up the old, 

providing unit Sa. In most squares there is evidence for such early occupation. 

Typically, within this mottled layer 5 zone there are lenses of shell and other midden 

and many later Bronze Age interments have been cut through this into the natural Sb, 

thus providing a stratigraphic certainty of the difference in age. 

Neolithic interments are also cut into these lenses and midden, but tend not to extend 

into Sb. It is probable that the original occupants lived at Ban Non Wat a number of 

years before beginning a cemetery. In Al we see the presence of a large shell and 

pottery midden covering most of the square, with burial 24, on east-west orientation 

cut through this midden and sitting on the layer 4-5 boundary or more precisely so, 

the 5a-5b boundary. Cl also displays a similar event. A large shell and bone midden 

covering half of the square has two Neolithic jar burials, burial 180, and burial 181 

cut into it. 

Summary 

The recording and presentation of stratigraphy is a necessary endeavour in any 

archaeological excavation. The recording and interpretation of the stratigraphy 

presented above allows one to proceed in the analysis of cultural material from this 

site and compare it with other sites throughout Northeast Thailand as well as 

Southeast Asia. It provides the means for comparison and correlation of material 

from features from different parts of the site. It further allows one to interpret 

chronology and spatial data across the site, including that of mortuary contexts. 
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Thus the presentation of such stratigraphy now allows for the identification of 

"society" for a given period and for it to be "placed" within this site and compared 

with others throughout the region. 
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Chapter Three 

Society at Ban Non Wat 

Introduction 

Bacus (2006: 106) notes that it was in mortuary contexts that differences and 

similarities are most explicitly articulated, "thus some aspects of mortuary ritual 

directly relate to social identity." 

It is the aim of this chapter to establish the structure of the society of Bronze Age Ban 

Non Wat in order to assess the impact the introduction of tin-bronze metallurgy had 

on society by investigating variation or sameness in mortuary practice during the 

period subsequent to its introduction. Therefore I am using the mortuary assemblage 

as a means of establishing the 'structure' within which metallurgy was practiced. 

This structure will be used to determine at which points potential changes occurred 

and investigate the possibility that these changes, or lack of them, were the result of 

resource control, the introduction of new technology, or the influence of "agents"? 

Thus I am assuming that changes in burial practice are consequences of changes in 

the social milieu providing the interment. Ergo, I suggest a cemetery-wide change in 

mortuary practice reflects a change in ideology. Further to the elements of structure 

and agency, in this chapter I investigate the nature of burial wealth and identify 

wealth distinction amongst Bronze Age Ban Non Wat, in order to assess whether 

changes in structure relate in any way to wealth. 

During these investigations, the term "wealth distinction" or "differentiation" is used 

rather than "status" or "status inequality" thus avoiding the concept of wealth 
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differentiation being directly linked to status inequality, prior to a holistic 

interpretation that includes metallurgical data. First, however, the nature and order of 

mortuary practice needs to be identified. 

Identification of Ban Non Wat Bronze Age burial phases 

The Bronze Age interments at Ban Non Wat can be divided into four phases. There 

are four different groups amongst the Bronze Age burials, which reflect different 

phases within a chronology; Bronze Age 1 (BAl ), Bronze Age 2 (BA2), Bronze Age 

3 (BA3) and Bronze Age 4 (BA4). The first two phases being the earliest, roughly 

contemporary phases, (BAl beginning possibly slightly earlier than BA2) (Higham 

and Higham, in press), with BA3 following, and the fourth phase, BA4, being the last 

Bronze Age phase before the inception of the Iron Age. BAl and 2 roughly equate to 

the early to mid-Bronze Age, BA3 tending middle Bronze Age, leaving BA4 that 

veers late Bronze Age. 

Interments in each case have been identified to a mortuary phase based on similarities 

in grave characteristics including position, orientation, shape, size, volume and 

stratigraphic position as well as upon the characteristics of the included objects. 

Bronze Age One (BAl) 

The first phase (BAl) of burials following the Neolithic are those involving burials 

20/90, 93, 105/106, and burial 197. This means that there are four burials belonging 

to phase one involving six individuals (figure 3.1 ). An interesting point to note 

regarding the burials of this phase is that there are no children or infants. 

Burials from this phase have particular features. Bronze Age phase one burials are 

very large, very rich interments (see chapter four) and similarities and 

contemporeneity is obvious amongst these burials for a number of reasons. 
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Figure 3.1 . Image of typical BAJ burial and the layout of these burials at Ban Non Wat 

(during study period) .(plan courtesy Prof Charles Higham) . 

The first obvious defining characteristic of phase one burials is the size of the 

interments, they are all very large graves. A large amount of soil has been removed in 

order to provide a grave to place the individuals and the accompanying large number 

of grave goods. For example the grave for interment 20/90 is over Sm long and 3.5m 

wide, which is vastly different from the following phases. Two burials of this phase 

are similar in that they contain two individuals. It may also be possible that in these 

cases one individual represents a secondary burial. In each case it appears as though 

one individual has been disturbed and another not. In the case of 20/90 burial 20 has 

been disturbed and reburied with the inclusion of burial 90, whereas in 105/106, 106 

has been disturbed but remained in a supine position. Therefore it is possible that 

either the undisturbed supine individual or the bundled or disturbed individual 

represents a secondary interment. Burial 93 also of this first phase is, however, 

different in that this grave represents a bundled individual and despite this the grave is 

still extremely large. Therefore I believe this phase involves secondary interment . 
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Contemporaneity is assured by the associated pottery. The most distinctive and easily 

recognisable vessels, and so far confined to this phase, are the large (ca 50cm in 

diameter) form five pots (O'Reilly, 1999) that are usually placed in the comers of the 

grave or in the case of 197, in line with the skull. The defining characteristic of form 

five pots is that these vessels are independent-restricted, whereby the presence of a 

comer point is above a major point (O'Reilly, 2004: 231 ). They are of composite 

contour, meaning in this case they have a body and a neck. The body is ellipsoid in 

form, the neck of these vessels are conical. A feature often used to separate the 

conical necks into two categories is the idea that if an apex existed, that it would meet 

inside or outside the vessel (ibid). In the case of these form five vessels, an 

imaginary apex would meet within the body of the vessel. Like other versions of 

form five vessels these ceramics have a long neck leading out to a large flared rim. 

The body however has a greater height than that of the neck. These vessels have a 

varying degree of surface decoration and finish. A number, have solely a cord

marked and incised lower body and a burnished upper body and neck. A corded band 

separates the burnished portion from the cord-marked. Within the cord-marked area 

these vessels typically have a series (ca 8) of somewhat parallel-incised lines. Other 

examples of this form have a series of painted designs within the cord-marked 

portion. Typically, the designs are a series ofred coloured flowing lines, however 

other designs include dotting, in red, the underside of the pots within the cord-marked 

area. 

The way in which the other associated pottery is placed in these graves is also 

distinctive and restricted to this phase. Mortuary ceramics in this phase are sorted and 

placed into very clear and distinctive rows along side those interred (figure 3.2). It is 

for this reason, I believe, phase one to be, or involve mostly secondary interments as 

these rows are undisturbed despite the fact a number of individuals placed in these 

graves have been disturbed or bundled. The smaller vessels were placed in the graves 

adjacent to each other, and include typical and exclusive pot forms 5, 5a, 5b, 5c, 5d, 

5e, 5f and 19. 

Another characteristic to note is that three of four burials in this phase contain bronze 

implements. Burial 20/90 contains a bronze axe and a chisel, 105/106 includes a 

bronze axe while burial 197 is outstanding in that it contains two bronze axes and four 
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objects considered to be a set of wood working chisels. This is the most bronze 

material ever found in an early Bronze Age burial in Thailand. 

Figure 3.2. Burial 197 showing the rows of pots alongside the interred individual (courtesy 

Prof, Charles Higham). 

This collection of burials is determined to be the earliest Bronze Age burials for a 

number of reasons. The contemporaneity of these graves is assured by the depth to 

which these people are interred, they are all dug down into the natural substrate and 

are into the same levels as their Neolithic predecessors. 

A number of radiocarbon dates exist that enable a date range for this phase. The 

proceeding Neolithic can be dated by a number of radiocarbon dates however three 

shall be discussed here. Two derive from Neolithic shell middens, and one from a 

hearth (table 3.1). All three would place BAI beginning sometime after 1500BC and 

given the dates for three Neolithic burials ( see table 3 .1 ), BA 1 is likely to have begun 

post 1400-1300BC. A bivalve shell from within a BAI interment (burial 90) dates 

this event to around the first millennium BC (see table 3.1). Just to hand, one further 
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date for a BAI interment exists (B. 106) which further places this period post 1300 

BC (OxA 17714 - 1323-1188 BC). 

Table 3.1. Table of radiocarbon dates used to date BAJ. 

OxA 12660 Neolithic shell midden 1692-1530cal. BC 

OxA 13468 Neolithic shell midden 1682-1521cal. BC 

Wk 12647 Neolithic hearth 1610-1400cal. BC 

OxA 11723 Burial 32 (Neolithic) 1496- l 404cal. BC 

OxA 16700 Burial 86 (Neolithic) 1434-1304cal. BC 

OxA 13534 Burial 195 (Neolithic) 1531 -1418cal. BC 

OxA 16701 Burial 90 (BA 1) 926-816cal. BC 

The interesting thing about this phase is that it is also the first to include bronze 

objects. Therefore the dates for this phase are of particular interest. Although only 

one date is available from a BAl interment directly (Burial 90) many dates are 

available from Neolithic occupation and interment (table 3.1). These dates place BAl 

to sometime after ca. 1400 BC and likely closer to 1200-1000 BC. Bronze production 

debris has also been dated to 1056-900 cal. BC (OxA-15246) from a shell midden 

containing a bivalve casting mould. The early Bronze Age also exists in Yl 

excavation unit with charcoal from a likely bronze casting production hearth, 

providing a date of 1056-904 cal. BC (OxA-12659). 

Given this evidence and that of the industrial waste it seems that the introduction of 

copper goods, hence the beginning of the Bronze Age occurred here much later than 

has been alleged for communities to the north, an issue that will be discussed further 

below. 

The early position of BAl in the chronology is vindicated by the inclusion of a few 

interesting artefacts and one group in particular from burial 197. Furthermore we can 

be assured that the aforementioned bronze objects are being incorporated into burial 
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ceremony very soon after their introduction given their association with these same 

artefacts. The artefacts in question are large Tridacna bangles that were found on the 

right wrist (figure 3.3). These artefacts validate the early position in the chronology in 

that they are indicative or more so are a remnant of an earlier, Neolithic style 

ornament. These particular bangles represent a form that is identical to 'style l' 

bangles of Khok Phanom Di. Style 1 bangles from Khok Phanom Di were all made 

of Tridacna and were 'wedge' shaped provided by a flange on one of the inner edges 

of the bangle. These bangles also have a larger radial width than they do radial 

height, meaning they extend further away from the wrist than they do up the arm. 

The combination of these two aspects provides a cross section resembling an 'L' 

shape (figure 3.3) (Pilditch, 1993: 128, Chang, 2001: 31). The three bangles found in 

situ with 197 were, Tridacna, and are easily recognisable as having an 'L' shaped 

cross section, and hence would not look out of place in the Khok Phanom Di 

assemblage. No other bangles of this type were found at Ban Non Wat. Similar 

bangles are found also in the graves of Ban Prasat (Chang pers. comm. 2005). 

Present in this phase are pots of non-Prasat type manufacture (McNeill and 

Welch,1991: 214) and are more similar to the earlier Neolithic styles. Typically, 

Neolithic vessels are very spherical/globular (Welch and McNeill, 1988-9) and often 

display a corded rim. Form 19 vessels (see appendix) often included in these BAI 

interments are small very spherical vessels not typical of other Prasat Phase vessels of 

BAl,2 and 3. 

However the most important aspect providing a solid chronology and verifying the 

position of these burials is superposition. These large burials are directly overlain by 

burials with differing characteristics and often a lengthy stratigraphic lapse. Burial 

20/90 is directly overlain by a phase two burial, burial 9, burial 93 is directly overlain 

by the phase two burial 154, and the wealthy burial of 197 is overlain by phase two 

burial 201 (figure 3.4). 
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Figure 3.3. Large Tridachna shell bangles on right wrist of burial 197. They are similar in 

form to Neolithic examples from Khok Phanom Di (photo courtesy Prof Charles Higham). 

Bronze Age Two (BA2) 

The chronology of BA2 is a little more difficult to place as no BA2 burial is directly 

overlain by one from BA3. There are however two, phase two burials directly 

overlain by graves from the Bronze Age phase four therefore placing these burials 

between BAI and BA4. There are 15 in total and 10 complete burials for phase two 

(figure 3.5), which can be called such for a number ofreasons. The provenance of 

these burials provides a certain aspect of chronology. These burials, like those of 

phase one are cut well down into the occupational stratigraphy yet there is distance 

between burials categorised as BAI and 3. These burials provide a different style of 

burial and give the idea of different ritual, than those of phase one and three. 
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Figure 3.4. Bronze Age phase one burial number 197 directly overlain by Bronze Age phase 

two burial number 201. 

Despite the possibility of being only slightly later than BAI interments (initial dates 

from later excavations suggest that these phases are closely related chronologically), 

distinct differences exist in BA2 burials, justifying the distinction of two phases. 

If further dating confirms the rough contemporaneity of these two phases 

interpretation of this phenomenon will have interesting and far-reaching implications. 

Interpretation would likely suggest wealthy familial groups or elite enclaves. 

Bronze Age phase two burials are distinctive and are characterised by many unique 

features. Firstly the size and shape of the grave is different to that of BAl and BA3. 

Mortuary pots tend to be placed in clustered groups beyond the head and feet, giving 

rise to a very long distinctive grave. Although pots from BAl and BA2 are all 

"Prasat" phase in general appearance the pots included in BA phase two are quite 

distinct from BA phase one. Like that of BAl , burials of BA2 also have a larger very 

distinctive ceramic vessel that defines this phase that is markedly different from BAI 

and their form 5 pots. At the head (occasionally witnessed beyond feet) of these 
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burials there is one larger "tombstone" pot, pot form 8e (see appendix) that is placed 

roughly 30cm above the individual and other goods placed in the grave. This became 

very obvious and useful during excavation as grave cuts were not visible and this was 

always the first indication we had that a burial was imminent but more so that this 

particular style of grave was approaching. Further pot forms unique to this phase are 

those that include all pots of form 8 including form 8, 8a, 8b, 8c, and 8e (see 

appendix). They more typically resemble Prasat-styled vessels with the distinctive 

"trumpet" neck and orange burnish. These differ from those of form 5 in that form 5 

vessels have a slightly redder burnish and a more spherical body compared with the 

squat ellipsoid body of form 8 vessels. 

BANNON WAT 
N,t?HOE Natl 5UWJ 
Q4MIGV(A1 r~AAHONRArc:W\SrAA 
11\.AN QF THE EXCl,\'ATIO,~ SH~\\f 
FflEHISTC.'fUC BURW.S SY PHASE 

. .. M"'9fl 
C)En>ru11AgQ4 

BrOIUCI~) 

- 0n;:.nu"!l"2 
- Lt,,on.:.-,~l 
- ·.ledltic; 

\ 
\ ~\-,• .. 

• 

- - - - 8m 

Figure 3.5. Image of typical BA2 burial and the layout of these burials at Ban Non Wat 

(during study period).(plan courtesy Prof Charles Higham) . 

Visually, individuals in this phase tend to be more lavishly endowed than those of 

other phases. A particular trait unique to these individuals, providing this spectacle, is 

the presence of Trochus shell bangles up the forearms of those interred, such that all 
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of the radius and ulna are often obscured (figure 3.6). The bangles are usually less 

than 10mm in width thus suggesting the amount required to obscure the forearm, 

usually requiring more than 25 individual bangles. 

The more defining characteristic however, is the presence of these trochus shell 

bangles in association with marble 'T shaped' bangles worn on the wrists of the 

majority of the individuals (figure 3.7). These bangles gain this 'T shaped' accolade 

with the presence of two small flanges on the inner surface/edge and a greater radial 

width as opposed to radial height, thus providing a 'T' shape in cross section. This 

means the bangles extend further away from the wrist than they do up it. At least one 

marble bangle is present on the following burials from phase two; 10, 19, 147, 154, 

161, 176, 178, and 201. These "T"-sectioned marble bangles are one artefactual 

inclusion that is common to both BAI and BA2 phases. 

Individually both bangle forms are not unique in a wider Thailand context but when 

coupled they provide a unique attribute. The large amount of Trochus bangles up the 

arm is mostly associated with the T-sectioned bangles which sit at the wrist. T

sectioned bangles are found at many sites throughout Thailand but not associated with 

such a large number of Trochus bangles. For phase two, of those who contain marble 

bangles 87.5% also contain Trochus (figure 3.7). 

The majority of the burials within this phase also contain sets of shell disc beads. Sets 

beings groups or strings of beads in different areas of the body. This feature is not as 

common during the other phases. 

Although animal bone placed in graves is not unusual, and no way restricted to this 

phase, there tends to be a greater tendency for pig bone in this phase. 
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Figure 3. 6. Burial 17 8 with its numerous trochus bangles and accompanying T-sectioned 

marble bangles. Trochus in red, T-sectioned marble in blue. 

Like that of phase one, a number of individuals belonging to phase two have objects 

of bronze interred as a grave good. It is interesting to note that the two wealthiest 

phases are also the only phases to have burials containing bronze objects. No burials 

from either, phase three or four, contain such objects. The majority of the objects are 

axes and chisels, however, bronze anklets are interred with burial 201. 
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Figure 3. 7. A. Distribution of trochus bangles throughout the phases. B. The distribution of 

marble bangles. C. The percentage of interments, throughout the phases that contain trochus 

and marble bangles. 
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Bronze Age Three (BA3) 

Bronze Age Phase Three (BA3) (figure 3.8) is the third group of burials in succession 

and one displaying characteristics that are unique and different from those of phase 

two. Phase three burials are also overlain by another set of burials displaying unique 

characteristics now known as phase four. Those of phase three are less wealthy and 

lack the diversity in artefacts than those of phase two ( see following chapter for 

discussion). Stratigraphically they lie below burials displaying a different series of 

artefacts and procedure, phase four. Burial 155 of phase three is directly overlain by 

burials 126 and 135 of phase four. Phase three burial, 160 is overlain by phase four 

burial 130. Like that of many other sites in northeast Thailand, the society 

represented by this phase buried their dead in a series of rows. It may be the greater 

numbers of individuals of phase three that allows for the more visually 

distinguishable rows when compared to phase two. Although it does appear that BA2 

also interred in rows more obvious however, is that a number of graves are on a 

different orientation and seemed to cluster accordingly (figure 3.5). 
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Figure 3.8. Image of typical BA3 burial and the layout of these burials at Ban Non Wat 

(during study period) (plan courtesy Prof Charles Higham). 
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Phase three contains by far the greater number of individuals (n=63) with 30 complete 

in the ABC area only. This period is represented by a much more standardised burial 

ritual in that there is very little differentiation between individuals, the pottery is more 

standardised and far fewer vessels were placed with individuals. The mortuary 

ceramics are typically 'Prasat-phase' in form. Form 8b shows the greatest tendency 

to be included and often form 8c, 8d and 12a are present but are less likely to occur. 

It is also in this phase that we see the greatest lack of diversity of goods placed with 

the dead, with fewer different artefacts entering the burial record. During this phase 

we see on average only around three different types of artefacts placed in the grave, 

compare this to phase one which has close to eleven. 
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Figure 3.9. Image of typical BA4 burial and the layout of these burials at Ban Non Wat 

(during study period) (plan courtesy Prof Charles Higham). 
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Bronze Age Four (BA4) 

The fourth and final phase throughout the Bronze Age is BA4 (figure. 3.9). The 

interesting thing to note here is that burials of this phase are found in two areas of site. 

In the larger ABC area of excavation and the smaller Y excavation. Such a 

phenomenon provides for a comparison between the two areas. According to this 

phase, we see the gradual northeast movement of the Later Bronze Age occupation at 

which point we get a high concentration of Late Bronze Age material in these Y 

squares, including a dense cemetery. Like that of BA3 this phase is represented by a 

large number of individuals. In area C there were nine complete phase four burials 

while Y displayed 37 interments most of which were from Yl. 

This particular phase is attributed to the Late Bronze Age/transitional Iron Age4
• It is 

considered such as the next series of burials are typically Iron Age, and incorporate 

much bronze jewellery where-as BA4 burials contain no bronze and display a series 

of traits similar to the preceding phase three burials, yet are still unique. 

The most obvious and defining characteristic is the change in pottery type from phase 

3 to 4. The pottery form alters from the distinctive "Prasat" form to that, elsewhere 

titled and referred to as "Ban Non Wat phase" (Chetwin, nd). These ceramics lack the 

distinctive rim and burnish of Prasat pottery, rather they have a cylindrical spout and 

rim and are mostly cord-marked on the body (from O'Reilly 2004:231). Furthermore, 

pots within this phase tend to be solely placed around the head of the individual. 

A large portion of the burials within this phase, include spindle whorls as grave 

goods, a ritual not previously seen. Of the 21 Bronze Age burials containing spindle 

whorls, 19 belong to phase four. The unusual artefacts encountered at Ban Non Wat 

dubbed 'conical rollers' also define this phase. It is during this phase that these 

objects make their way into the burial record. Their association with these burials and 

the associated inclusion of spindle whorls could suggest a working relationship 

between "conical rollers" and spindle whorls. A point to note is that the phase four 

4 Subsequent excavation has uncovered some typical tranistional traits existing in 
burials displaying similar characteristics. Two include iron spear points with bronze 
sockets, typical of transtional Bronze - Iron Age periods. 
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burials in the Y area do not include any conical rollers yet the majority of those 

interred in ABC do. There are, however, numerous examples of these artefacts in the 

general occupation layers. There seems, also to be a slight tendency for phase four 

burials to contain clay pellets. Grey clay is found in BA4 interments. Like spindle 

whorls, this "grey clay" it is mostly restricted to burials of this phase, likely uses are 

yet unknown. 

There is, thus, a standardised burial practice during BA4. Individuals were interred 

with only a handful of goods of limited range in standardised graves. There is little 

difference between individuals in terms of physical wealth, but there were more goods 

placed in these graves than those of BA3. An interesting point to note, and one that 

will be discussed further below, is the presence of a wealth disparity amongst these 

BA4 graves between the two regions in which they occur. The BA4 graves within the 

ABC squares are wealthier than those of area Y (see below). 

Bivalve shells were interred in all four phases. There are burials from every Bronze 

Age phase containing such shells, including also the Neolithic and Iron Age. 

Similarly, ochre has a prominent appearance in all Bronze Age phases. There appears 

to be a continuation also of animal bone especially fish throughout the all the phases 

including, interestingly, those of the Neolithic and Iron Ages. Pig bone appears to be 

the choice throughout the Middle Bronze Age phases two and three, but pig limb 

bones appear in all other phases. Clay anvils, when encountered in burials, were 

restricted to the Bronze Age third phase. The few whetstones encountered in graves 

are found throughout the Bronze Age, however half of these come from area Y which 

involves a much smaller area. Bronze objects are restricted to the early phases 

namely 1 and 2. Bronze objects are also restricted to the wealthiest interments. 

Objects predominantly encountered are bronze axes and chisels. There is also the 

unique example of bronze jewellery found in a phase two burial. The items are large 

bronze anklets with two accompanying bronze rings and bells. 

The nature and relationship of phase one with two is possibly the most interesting 

investigation/phenomenon of this cemetery assemblage. Do the differences represent 

a different ideology? Different occupation? It is unlikely that the differences 
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represent different status as both groups are incredibly wealthy (see below). Could 

they be immigrants? 

Society and Wealth at Ban Non Wat 

A picture has emerged as to the 'structure' of the society by nature and order of 

interments at Ban Non Wat. It has been possible to identify changes in the ideology 

of the society providing the ceremony of interment during the period of the Bronze 

Age. This "structure" has been identified through the materialisation of this ideology. 

Phases have been identified through distinctive material culture, and other distinctive 

characteristics such as orientation and placement of artefacts, shape and size of 

interment. The next step is to identify how wealth features within this ideology and 

whether wealth distinction holds a place in it. Thus providing the means to assess the 

impact that the introduction of bronze has had upon this society, and whether the term 

'Bronze Age' is useful in describing such assemblages and societies from Southeast 

Asian contexts. 

In order to identify possible wealth distinction among the burials at Ban Non Wat it 

was necessary to develop a means to establish the mortuary wealth of each individual. 

There are numerous means of assessing grave wealth, a number of which have been 

extensively discussed by O'Reilly (1999) so I shall not cover the same ground, rather 

here I provide a brief overview of the methods used. The wealth calculated using any 

of these methods, however, is only ever an estimate of 'actual wealth' in the graves, 

as we can never assume we know the value placed on goods in the past. Also, we are 

not to know, in the majority of cases, the value that may have been placed on any 

organic goods that may have been placed with the dead, hence are perishable and 

absent from the record. Most, if not all, methods of assessing burial wealth, utilise an 

aspect of what Tainter (1978) referred to as the "energy expenditure principle." That 

is to say, take into account the amount of "energy expended" by either, a person, a 

couple of people, or a group, in the ceremony of interment. 
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Table 3.2. Summary of burial phases and attributes 

Ban Non Wat Bronze Age Burial Phases 

Depth 

below 

Pot 

Phase Abbrev Attributes forms Burials datum Chronology 

early 

Large grave, cut ca 3.2- ca 1100-

One BA1 through "Prasat" 20, 90,105,106, 93,197 4.0m 900bc 

Neolithic into natural 

Pots in rows along side 

body 

Log coffins 

Pots beyond head and 9, 10, 17, 19,21,22,30,67, 147, 15 ca 2.5- ca 1000-

Two BA2 feet "Prasat" 4 3.5m 800bc 

Numerous trochus 

bangles with 161,176,178,196,201 

accompanying T 

section marble 

bangle 

Very standardised, few 11, 12, 13, 14,23,29,48,51,52,55, ca 2.2- ca 800-

Three BA3 pots "Prasat" 59, 2.6m 600bc 

and artefacts 60,61,62,63,64,68,69,70,74,77, 

Interred in very 

distinctive rows 83,89,92, 114,139,141,143,145 

148,149,150,151,152,153 

155, 156,157,158,159,160,162 

163,164,165,166,168,169,170, 

171,172,173,177,182,183,184, 

185,187,188,191,194,199,200 

Very typical pots, have "Ban 41, Y1 and ca 600-

Four BA4 tall Non 42,43,44,45,46,47,49,50,53, Y2 400bc 

ca 3.8-

parallel edged rims. Wat" 54, 56,57,58,72,75,76,79,81,82 4.2m 

Often contain spindle 84, 

whorls 85,87,88,94,96,97,99, 104,116 

Often contain conical 

rollers 117,118,120,121,123,124,125, ABC, 

- (ABC squares ca 2.0-

only) 126, 127,128,129,130,131,132 2.2m 

133,134,135,136,137,138,140 

142,144,146,186,189 
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The "energy expenditure principle" developed by Tainter (1978) was adapted from 

the 'least effort' principle offered by Zipf ( 1949) (Brown, 1981 ). The method allows 

a researcher to investigate the "size" of a ritual. The principle holds that the more 

time/energy expended in making/sourcing/preparing artefacts or the surrounding area 

for burial, the greater the "wealth" of the individual interred. An example being a 

large grave compared to a smaller grave or a slipped pot compared with a non-slipped 

pot, or a product sourced locally compared to one imported. The sum of these 

characteristics provide insight into the wealth of these individuals. 

However, numerous criticisms exist for the use of such a method. Symbolism is often 

overlooked, we are also unable to gauge the energies expended on artefacts within the 

grave relative to each other especially if they are of different material. O'Reilly 

(1999) uses an example of an un-slipped pot compared to a slipped one. The 

principle would suggest greater energy has been exerted on the slipped pot, when it 

could be that the slip was on hand at the time of manufacture meaning the slipped pot 

required very little extra energy to produce. A similar example could be the 

difference in energy expended between seasons. Even today in rural Thai villages, 

the community is much busier during the wet season as opposed to the dry. If a 

person were to die during the busy months one could envisage that less time maybe 

invested in their interment contrasted with the dry season, during which people have 

more time, therefore can "afford" to expend more energy in interment, energy that 

does not necessarily denote any difference in wealth or status. Or there may be more 

people available to partake in the 'appropriate ceremony' during times when less 

'energy' is needed in subsistence activities (i.e. the rice fields). 

A method using a similar "energy" based principle is that which investigates the 

"value" of ceramic vessels included in mortuary contexts as a reflection of wealth. 

Methods range from simple to quite complex, the simplest is to differentiate vessels 

into coarse and fine wares (O'Reilly, 1999; cf. Hodder and Orton 1976) obviously 

placing greater prestige on the more time consuming and extravagant vessels. 

The 'production step measure' creates an index of the "relative social costs and 

amount of labour input involved in the manufacture of various categories of pottery" 

(Feinman, et al. 1981:872). The more "steps" involved in the process of manufacture 
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the greater the numerical value of the vessel ( each step is provided a point). As 

mentioned above, the majority of methods of wealth determination use aspects of the 

"energy expenditure principle" and the production step measure is no different. The 

higher the points, the greater the energy expended, the higher the value of the vessel. 

Other methods of wealth determination, directly assess the potentially restricted 

nature of objects through correlation and statistics. MacDonald (1980:244) correlates 

the various burial features of Non Nok Tha with one another and determines the 

significance of such placements through statistical analysis. Bacus (2006) similarly 

correlates Non Nok Tha mortuary data and identifies their relational significance 

through statistics. Findings she suggests represent institutionalised inequality 

(hierarchy). Therefore Bacus (2006) identifies the wealth of individuals after she 

identifies significant qualities. Thus wealth is not identified to build up a picture 

rather it is a conclusion from correlation. 

For my wealth analysis of Ban Non Wat, and to counter the inherent problems of an 

"energy expended" method, a different approach was investigated. The investigation 

here is based on the method presented by O'Reilly (1999). Utilising such a method 

removes some of the problems of an energy-expended methodology and allows for 

comparison with O'Reilly's analysis of Ban Lum Khao. In doing so, I believe, a 

significant difference in wealth and variability of those interred throughout the region 

will be evident. 

Methods of Analysis 

As mentioned, the method of wealth determination for Ban Non Wat follows that 

used for Ban Lum Khao (O'Reilly, 1999). Artefacts encountered in burial contexts 

were given a point regardless of the material from which they were made and the 

difficulty required in obtaining it. This was done in order to remove some of the 

inherent problems of typical "energy expenditure" methods and to facilitate the 

comparison of 'apples with apples,' that is to say, for ease in comparison between 

burials from Ban Lum Khao and those of Ban Non Wat. Therefore each artefact 
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regardless of the material used in its manufacture or the source of such material, 

whether it be 1000km away or 1km, each artefact within a burial context was given a 

single point which were tallied to provide a figure indicative of the wealth of any 

particular individual. Features that were obviously intended for burial purposes were 

counted. In cases where multiple beads were encountered, points were given to each 

'set' of beads whether the beads form belts, headdresses, necklaces, bracelets or 

anklets. That is to say, multiple strings of beads from the waist were considered one 

"set." A single string of beads from the neck region was considered a "set". 

Therefore points were given for groupings of beads from each area of the body. If 

there were multiple strings of beads in a belt for example, only one point was 

recorded. This was done in order to get the minimum number of artefacts deserving 

of a point. Artefacts were not considered for wealth estimation if provenance was 

questionable. There was no limit to which artefacts would gain a point if it was 

obvious they were interred with the dead. 

This particular method of analysis is effective as it does not give greater 'value' to 

one artefact over another, therefore removing an assumption that we are able to 

estimate the value given to objects in the past. It may however be possible to say that 

certain artefacts may have been given a greater value based on their distribution and 

inclusion in wealthier graves. Bronze objects for example, may only be included in 

burials that similarly display other features that allows one to consider it wealthy. 

This method was utilised as it provides the simplest means to compare other sites to 

that of Ban Non Wat namely that ofBLK. This technique is useful as it removes any 

speculation as to the value of goods traded from extended distances. 

The obvious pitfall is that we are not to know the value of certain goods relative to 

each other. That is to say, in prehistory one marble bangle may have been 'worth' 20 

shell bangles therefore under this system a person displaying 2 marble bangles would 

be considered less wealthy than a person displaying 10 shell bangles, yet the marble 

bangle wearing is in fact 4 times more wealthy than the shell bangle wearer. 

However, I believe that this method is less prone to conjecture that those utilising 

aspects of the energy expenditure principle and those using statistics to discover 

wealth. 
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For the calculation of wealth it soon became obvious that it would be difficult to 

distinguish between many interments in terms of the chronology. Although it was 

obvious some overlie and intercut others the degrees of difference was minute. An 

example could be burial 136 and 128. Burial 136 has been cut through 128 disturbing 

it therefore making 136 the more recent burial, however the depth ofburial 136 is 

only a few centimetres deeper than that of 128 therefore one could assume, on the 

grander time scale that these were roughly contemporary. 

There are two burials, 20/90 and 105/106, from phase one that contain two 

individuals. Burials that contain two individuals are considered together and are 

analysed as one unit, however the points/artefacts are divided by two, to give grave 

good allowance to each individual. 

Results 

The above methodology has allowed a wealth estimate for the interments in each 

phase within the Bronze Age, which has shown the earlier interments to be much 

more wealthy than those following (figure 3.11). Investigations have shown that the 

earlier burials also had access to a much greater range of goods (figure 3.11). 

O'Reilly (1999) in his investigation of Ban Lum Khao produced arbitrary categories 

of grave wealth in order to facilitate statistical analysis. These categories were 

devised so that there were decreasing numbers of individuals in each category from 

poor to rich. The category termed rich included burials with a "points tally" of 20 

artefacts or more, while the medium wealthy group had between 10 and 20 and the 

poor group less than 10 points/artefacts. However at Ban Non Wat we find these 

categories rather too arbitrary. It was impossible to present categories in which there 

were decreasing numbers of individuals in each group. In O'Reilly's (1999) analysis 

only three individuals had over 20 artefacts/points. However 14 individuals at Ban 

Non Wat had over 20 points. Therefore different arbitrary categories were devised. 

These were poor, middle, and rich, whereby burials with less than 25 points/artefacts 

were considered poor, individuals with 25-49 points/artefacts were considered middle, 

and over 50 constituted the rich group (figure 3.10). 
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There have been 201 burials encountered at Ban Non Wat so far covering all three 

Ages, Neolithic, Bronze and Iron Ages. However for the satisfaction of the aims, 

analysis was restricted to the Bronze Age. Therefore the number of burials for 

analysis is smaller with 138 burials contributing to analysis of which 71 are 

considered to be complete. Complete being those burials that were undisturbed or 

very slightly disturbed but remained intact and those existing in the excavation unit. 

Those burials extending out of the excavation square were deemed incomplete. Using 

these figures Ban Non Wat contained 123 individuals deemed to be 'poor,' that is to 

say contain less than 25 points/artefacts. This figure changes significantly if utilising 

only complete burials with 59 belonging to the poor category. The next two groups 

however change very little between complete and incomplete. The middle group, 

having 25-49 points/artefacts contains 6 individuals or 4 complete. The rich group 

contain 9 individuals or 8 complete creating a visually vast differentiation in wealth 

across the entire Bronze Age. In most cases the inclusion of incomplete burials in any 

analysis or equations only compound the differentiation. 

The interesting thing about interments from Ban Non Wat is that of those burials with 

over 20 points/artefacts the majority in fact have over 40 points with three having 

points in the 70's, three in the 80's and two in the hundreds. As a comparison, the 

wealthiest individual from Ban Lum Khao had 14 points. 

Within the ABC squares of the cemetery there appear to be two 'groupings' of Bronze 

Age burials (figures 3.1, 3.5, 3.8 and 3.11). If one removes the Neolithic, Late 

Bronze Age (for which we already have two distinct areas) and Iron Age burials from 

analysis we see two concentrations of burials. One clustering to the northern end of 

the excavation unit and the other the southern. This is particularly useful as each 

group contains burials of each phase ( one, two, and three) which allows for a 

comparison between the north and south group amongst each of these phases. When 

looking at the average wealth of each region it is evident that the southern group has a 

higher average wealth overall with the average burial having 32 points/artefacts, 

while those from the north are endowed with an average of 17.4 points/artefacts per 

burial. However, phase-by-phase analysis becomes less obvious. There is only one 

phase one burial in the northern cluster involving two individuals, burial 105/106. 
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The southern cluster contains four individuals. The average points/artefacts for each 

is not conclusively different between the two regions (figure 3.12). However the 

presence of such a number of wealthy phase one interments in the southern region 

does suggest the existence of a wealthy enclave and one which continues into phase 

two whereby results of analysis are conclusive. 

Graph showing the wealth of complete Bronze Age burials
double burials divided. 
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Points 50+ 

Figure 3 .10. Graph of the wealth of Bronze Age individuals with those having more that 5 0 

points belonging to the rich category, those with between 25-49 points are middle and those 

with 24 or less points are considered poor. 

Phase two burials from the northern cluster contain on average 34.4 points/artefacts 

with a range of 4.4. The southern cluster of phase two burials has on average 47 

points with an average range of 5.6. Also within phase two are clear distinction based 

on grave orientation (figure 3.13). 
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Figure 3.11. A. The average range of goods included in Bronze Age interments. B. The 

average wealth of individuals interred at Ban Non Wat during the Bronze Age for each phase. 

The Neolithic is included as a comparison. 
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Figure 3 .12. Wealth distribution amongst BAJ burials in the north and south of the 

excavation. 

The majority of interments for this phase are orientated slightly west of north, 

however there is a handful orientated east to west. These individuals (burials 154, 

161, 197 and 196) make up a large portion of those burials grouped together in the 

southern excavation area. The most interesting point is that these burials are far 

wealthier in terms of artefacts than all others of this phase. Complete east-west 

burials have an average of 81.5 artefacts or 65.75 if incomplete are considered, while 

those on a north-south axis contain on average 30.5 for complete or 31.45 for 

incomplete (figure 3.14). 

In terms of phase three, there is little difference between those of the northern cluster 

and that of the south, however there is a much smaller sample of phase three burials 

from the south (figure 3.15). There is a tendency for the northern cluster to contain 

animal remains, marginally more ochre, but by far the most interesting point to note 

about the two regions here is that the southern cluster of phase three burials contain 

not a single bivalve shell in their interment, the northern cluster however contains 

many individuals whose goods often include at least one bivalve shell. 
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Figure 3.13. Wealth and range distinction for BA2 burials on varying orientations. 
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Figure 3 .14. Wealth by orientation for BA2 burials that include incomplete interments. 

In terms of graves belonging to Bronze Age 4 period, these occur in two separate 

areas of Ban Non Wat. In excavation area ABC there is a cluster of individuals in the 

southern region of the unit and these graves correspond with others found in area Y to 

the northeast (figure 3.16). Thus permitting an interesting spatial comparison. Late 
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Bronze Age interments from the ABC region have been compared with those of 

corresponding similarity in the Y region producing the following results. 
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Figure 3.15. Average wealth of individual BAJ interments from the northern and southern 

region of the Ban Non Wat excavation. 

An obvious difference in wealth is evident between the two regions. Those interments 

of ABC are overall wealthier or display greater wealth than those of Y. Differences 

in the types of goods buried with the individuals of each cemetery are also evident. 

Burials from ABC are more likely to contain the unusual artefact known as conical 

rollers . 
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Figure 3.16. Wealth comparison for average interments between the two excavation areas 

that include BA4 interments ABC units and the Y units. 

This phase, like those of its predecessors, has individuals interred in rows with the 

graves angled on a north-northwest, south-southeast orientation, commonly the heads 

of those interred are orientated towards north. However within this phase there is the 

unusual tendency for a few graves to have the head towards the south (Burials 120, 

130, and 144) however it is for reasons other than interred wealth as there is no 

correlation between wealth and a difference in burial orientation . 
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Figure 3. 17. Graph shows the disparity in burial wealth between those interred at BNW 

during the Bronze Age. 

Summary 

It is now obvious that regions of wealthier individuals exist at Ban Non Wat and that 

some individuals are much more wealthy, in death, than others. Furthermore, and 

most pertinent is that it is now obvious that vast wealth distinction exists for this Thai 

society beginning in the very early stages of the Bronze Age (figure 3.17). It is now 

necessary to assess this wealth and distinction as they relate to copper ownership and 

discuss in relation to Southeast Asia's so-called anomalous situation. 
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Chapter Four 

Impact of bronze 

Introduction 

The previous chapter has identified four phases of interment at Ban Non Wat. It has 

identified distinctive variations in burial wealth as well as potential enclaves of 

wealthier groups, during the Bronze Age. It is now pertinent to assess the relationship 

these changes in burial practice, variations in wealth, and wealthier enclaves share 

with bronze artefacts and bronze metallurgy. Like that of the previous chapter I am 

assuming that the change in phase, that is to say, changes in burial practice, are 

consequences of changes in the social milieux providing the interment. The nature of 

the copper industry present at Ban Non Wat, the relationship between the smith, the 

industry, the finished goods and the society during the same period shall be discussed 

in the following chapters. The crux of this chapter however is to assess the 

relationship between burial wealth and variability and the bronze goods included in 

them. 

Evidence for the value of bronze 

As seen in the previous chapter a considerable differentiation in grave wealth exists 

amongst the phases (figures 3.16 and 3.17). It shows a significant difference in the 

wealth of individuals and large variation between individuals for the first two phases 

becoming much less marked during phases three and four. The average wealth of 
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each individual per phase shows similarly, a dramatic increase in burial wealth 

following the Neolithic, which tapers off throughout the next three phases (figure 

3 .11). The number of bronze artefacts in these burials per phase shows a similar 

pattern, a much greater frequency of artefacts in the first two phases compared with 

the proceeding two phases (figure 4.1 ). Therefore there is a positive correlation 

between bronze goods within a period and wealth of those interred during that period. 

Copper-base goods in burials per phase 

9 
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Freq. 
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BAl BA2 BA3 BA4 

Phase 

Figure 4.1. The number of bronze goods included in graves follows a similar trend to burial 

wealth variability as seen in figure 3. 11 . 

When looking at the arbitrary categories set out in the previous chapter, it becomes 

obvious that there is a vast difference in wealth at this site, especially when the 

individuals of the richest category all contain, in actual numbers, over 70 

points/artefacts. This is of greater significance when compared with the cemetery as a 

whole, in which case the majority of the individuals from this site have fewer than 10 

points/artefacts. 

The most significant or most anomalous (in terms of not having been confirmed at 

other Thai or Southeast Asian sites) aspect from the analysis of burials at Ban Non 

Wat is that all of the complete individuals interred with bronze artefacts belong to the 
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wealthiest or 'rich' category. It is significant that the burials displaying the greatest 

wealth in terms of the number of points are also those individuals whose graves 

contain bronze artefacts. Therefore, we see undeniably, the possession of bronze 

goods attributed to wealth. There are seven individuals that have bronze objects as 

part of the grave goods that belong to this 'richest' category while there are 

individuals in this category who do not contain bronze, the three wealthiest all contain 

bronze objects. 

Wealth by phase 

Phase one burials are large, rich burials the majority of which contain bronze objects. 

The much greater number of these burials and bronze goods in BA 1 burials in the 

southern region is of considerable interest and further suggests a wealthier enclave of 

interments with access to a greater range of and amount of goods in their interment 

(figure 4.2). 

Freq. 

Number of copper-base goods encounteredin 
BA1 burials from each region of the excavation 

8 

7 
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Region of excavation 

Figure 4.2. Graph showing the numbers of bronze goods encountered in each region of the 

site for BAI burials. 

87 



The so-called wealthy 'enclave' mentioned above appears to persist with BA2, the 

wealth of which is greater during this phase. Further restriction in wealth and bronze 

possession is evident, as is differentiation based on orientation. Burials in this 

southern region on an east-west axis are far wealthier than those·in the north and those 

on the more typical north-south axis ( figure 3 .13). 

It is not only interesting but conclusive to note that this collectively 'wealthier' 

southern group also contains 81 % of the bronze implements or objects from burial 

contexts with 13 pertaining to the south while only three to the north. 

The nature of bronze goods in these analyses is the most pertinent point of this 

chapter. When we consider these goods, their appearance, and the individuals to 

which they belong in death we see confirmation of their importance as a means of 

wealth display. Figure 4.3 shows that those interments in possession of bronze 

artefacts in death show a greater overall wealth when compared to those without. 

Possibly more significantly, those interments that contain bronze goods also contain a 

much greater range of other goods (figure 4.4). That is to say those individuals whose 

grave contains bronze goods also possess a much larger assemblage of artefacts of 

differing material composition. Interpreting this phenomenon under traditional 

approaches would be to say these individuals (in life) have had access to much greater 

range of goods, going further would be to say these people are wealthier because they 

have enjoyed restricted access to materials including that of copper and tin (bronze), a 

position which may be equated to hierarchical inequality or status. 
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Figure 4.3. Graph showing this wealth difference between those whose interments include 

bronze artefacts and those that do not . 

The fact that this situation exists providing an 'enclave' or area "set aside" for 

wealthier individuals whose wealth appears dependent upon ownership in death of 

bronze goods, would, under traditional interpretation suggest likely hereditary 

inequality, an interpretation particularly important when considering the "Southeast 

Asian anomaly." 

The situation during phase three however is in stark contrast to that of BAI and BA2 

and the wealthy and variable interments making up these phases. There are very few 

goods placed in these graves and a total lack of bronze objects. Their overall 

standardisation and lack of differentiation is similarly intriguing. Analysis shows a 

much-reduced range of goods entering the record complementary to the complete 

absence of copper. Therefore it is obvious that a significant change has occurred and 

one that has manipulated social form, the burial ideology and one which has left 
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bronze objects totally out of the burial record despite evidence for its abundant 

manufacture. A potential catalyst of such change will be addressed below. 
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Figure 4.4. Those interments that include bronze goods in their grave inventory are more 

likely to have a greater range of other types of goods of varying material. 

Despite the slight increase in wealth of some interments and the slight increase in 

variability from that of BA3, BA4 is much the same (figure 3.17). Again bronze 

goods are absent, save for one interment, that of an infant (B. 44) that contains a 

bronze bangle. As seen in previous chapters, there does appear to be some 

differentiation in wealth based on position within the site itself. Interments from the 

ABC squares are on average twice as wealthy as those of the Y squares. However, 

despite a similar disparity in the range of goods in each interment (figure 4.5), this 

"wealth" does not relate in any way to the possession in death of bronze goods. 
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Figure 4.5. Graph showing the range of goods included in BA4 burials by unit area. 

Comparison with other sites 

As noted by O'Reilly (1999) there are only a handful of comparable sites in the 

northeast of Thailand. Possibly as a consequence, there are only a few sites in this 

region that do have a slight form of differentiation amongst individuals interred. 

However, these distinctions are rarely associated with copper and bronze artefacts, 

hence the discussions of a Southeast Asian anomaly. A few of the more familiar, 

excavated (and reported) sites shall be explored for comparison with Ban Non Wat 

these being Ban Lum Khao, Ban Na Di, and Non Nok Tha. Starting with the closest, 

Ban Lum Khao. Given my use of a similar method of wealth determination to that of 

O'Reilly, Ban Lum Khao presents itself as the perfect site for comparison with the 

"Ban Non Wat situation." 
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Ban Lum Khao 

Following O'Reilly's approach, interments at Ban Non Wat were placed in arbitrary 

divisions based on wealth. Even at this point it became obvious that we were dealing 

with something unusual, as, despite the proximity of these two sites, it was very 

difficult to put the burials from BNW into the same categories O'Reilly had 

constructed. In doing so, it resulted in 31 % of the burials of BNW in BLK' s richest 

category compared to 2. 7% of all interments from BLK, despite the use of the same 

method. 

Unlike O'Reilly's investigation into the social organisation at Ban Lum Khao, burials 

at Ban Non Wat displayed features/artefacts that differentiated the rich from the poor. 

The rich group had a much greater range of goods as well as many more goods and 

those that were richer had a much greater tendency to contain bronze objects. For 

phase two burials, the wealthier individuals also contain bivalve shells. The ceramic 

assemblages for BAI and BA2 burials at BNW are identical to ceramic forms from 

BLK (Higham, pers. comm. 2007), therefore contemporaneity is assured but BLK is 

just relatively poor. 

Ban Na Di 

Unlike Ban Non Wat, Ban Na Di showed an increase, over time, in the number of 

vessels placed in graves and accordingly, overall burial wealth aggrandises during the 

same period. Ban Non Wat, however, showed an initial explosion of wealth display 

following the introduction of bronze goods and saw a tapering off of expenditure 

throughout the Bronze Age culminating in the standardised and plain burials of phase 

three and four. 

Higham and Kijngam (1984) found Ban Na Di to be a slightly hierarchical society 

based on the differentiation between two areas of the site in which burials were found. 

This discrepancy of wealth between the areas was based on an energy expenditure 

principle whereby goods that were imported were given a higher value than those 

goods sourced locally as greater 'energy' was 'expended' in their acquisition. Despite 
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being a different method to that used for Ban Non Wat, only slight differences in 

wealth were attained and in no way were these differences "linked in any detectable 

way with the ownership of bronze" (Higham, 1996a: 316). If a similar method was 

implemented for Ban Non Wat wealth distinction is likely to have been even more 

evident. 

Non Nok Tha 

Using statistical analyses Bacus (2006) too has 'found' wealth distinction which she 

interprets as indicative of status differentiation among Non Nok Tha, Bronze Age 

inhabitants. She notes the "status distinction between genders" and "gendered 

hierarchical practices" as well as "institutionalised status inequalities" on the basis of 

mortuary ceramics present during the early Bronze Age. She presents evidence for 

the restriction of 'bronze' to these "high status" individuals. "Once again, the 

distinctiveness and rarity of their bronzes and ornaments, the abundance of ornaments 

with one individual, and in the case of bronze bracelets (and possibly shell bracelets), 

their occurrence across age and sex, together with the production of such bronzes by 

craft specialists, suggest their role in creating and maintaining through mortuary ritual 

even more marked status differentiation. Bronze ornaments thus appear to have 

become closely related to high status in the mBA" (Bacus, 2006: 113). Similarly, 

MacDonald (1980) also using statistical analysis and the correlation of features, 

suggests that significant mortuary variability exists for Non Nok Tha, which he 

attributes to ascribed rank and a the presence of a simple chiefdom during the later 

parts of the Bronze Age. However MacDonald (1980) makes no mention of this 

variability and differentiation in wealth being any way reliant upon or related to 

copper or bronze possession in death during this period. Furthermore, he does not 

mention the use of bronze to advertise the status of an elite, however the presence of 

rank is interesting. 
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Summary 

The key point to note from this investigation is that bronze is restricted to only the 

wealthiest of the interments at Ban Non Wat. Furthermore, it is obvious that these 

wealthy individuals, and groups, have had much greater access to resources in that 

their interments include a much greater range of good and materials. Such 

phenomena indicate the presence of inequality at Ban Non Wat with bronze used to 

advertise this variability. 

The goal now is to determine whether such mortuary wealth and differentiation and 

bronze ownership is part of the ideology concerned with distorting, obscuring, hiding 

or inverting particular forms of social relationships (Hodder: 152), or one that is 

rather more straightforward and mirrors a situation present in the once live society. 

Either way a situation is exists whereby control of resources is obvious. Therefore the 

next question is, whether the people that enjoyed the control of these resources, also 

had control over the metallurgical industry, the industry producing the goods 

available only to the wealthiest and used to display this inequality? 

The following chapters investigate this phenomenon from within the bronze 

production industry and from the perspective of the individual smith. They 

investigate the nature and complexity of the copper metallurgical industry, given its 

stance as a catalyst in increasing socio-political complexity. Given that inequality 

has been identified at BNW, this suggests that the conditions for attached 

specialisation have likely been met. However, was there an elite with coercive power 

commanding products? Were smiths attached to an elite, or were they independent? 

Points investigated in the following chapters and key points when considering "the 

Southeast Asian Anomaly" and the impact that the introduction of bronze had on this, 

and other Southeast Asian societies. 
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Chapter Five 

Metallurgical industry at Ban Non Wat 

Introduction 

A critical moment in prehistory, the introduction of bronze saw the development of 

complex societies, control of goods and services by elites, and the use of bronze to 

advertise status (Childe, 1930; Higham, 1994; Muhly, 1988; Shennan's, 1982:155). 

However, its introduction in Southeast Asian is anomalous in that its introduction 

failed here as a catalyst for social, political and economic developments. Thus the 

usefulness of the term "Bronze Age" in describing such societies in this region, has 

been challenged by White (2002, xvi), for Southeast Asian contexts. 

The use of the term Bronze Age however must conjure two thoughts - those of socio

political complexity like those mentioned above, - the other, the nature of the 

predominant metal technology as originally defined in "A Guide to Northern 

Antiquities 1819." So what do we have at BNW- given that the Southeast Asian 

anomaly refers more so to the former? How much emphasis do we place on the latter 

criteria for the presence of a Bronze Age? Was a specialised copper/bronze 

metallurgical industry present at Ban Non Wat? Do we still have a Bronze Age? 

The criteria for the presence of a metal age are noted as being that most of the tools 

and weapons within a period and that at least some of its ornaments should be of 

metal. A stipulation also exists that there should be evidence of extensive and local 

extraction and working of metal ( Coles and Harding, 1979). Direct evidence for the 

presence of specialised copper production relates to (1) the mining/extraction of pure 

metals or ores, (2) the smelting of ores to obtain the desired metals, and (3) the 
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casting of metals into their desired forms. Of which, one and two relate to primary 

production of metal, and number three, the secondary working and alloying of the 

material won from number two. However the three stages do not necessarily take 

place at the same location (Chapman, 1996: 75; Costin, 1991). Within an 

archaeological context evidence includes the actual mines, ores, slag from smelting, 

the metal itself, furnaces, crucibles, ingots for storage and transport, and moulds in the 

shape of finished objects (Chapman, 1996: 75). 

From the previous chapters however, it is now obvious that for Ban Non Wat, 

subsequent to bronze's introduction, vast wealth was obtainable, restricted access to 

products was a probability and bronze possession limited to the wealthiest few, 

suggesting bronze products were central to at least BNW ideology during the Bronze 

Age period. Therefore, it is now pertinent to investigate the nature of metallurgical 

evidence in order to identify the relationship this evidence shares with bronze objects 

themselves and the society incorporating them and the technology, into their socio

political ideology. 

To address the impact that bronze had on these societies, to explore the relationships 

between the introduction of bronze technology, craft specialisation and the political 

economy, and the relevance of the term Bronze Age for the region, -the nature of the 

metallurgical remains at Ban Non Wat must be investigated. Furthermore in order to 

extract the most information with regard to issues of socio-political complexity and in 

order to later, identify the nature of individual involvement and specialisation, it must 

be investigated as a complete technological assemblage. Dis-embedding it from the 

society in which it was produced and investigating discrete portions would remove 

critical insight into the working relationship between technology and society. 

The aim of this chapter is to identify the nature of the metallurgical industry 

contemporary with the interments outlined previously, also the type of industry

whether it is primary or secondary production, its size, its sophistication, leading to 

the nature of specialisation. 

In order to determine the size and nature of an industry one must first look at all 

components of that industry, that could conceivably occur within an archaeological 
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site. In doing so it is possible to identify the exact nature of the industry's existence. 

In the case of a bronze industry as reported here, there are three distinctive disciplines 

that provide different evidence. These are; the primary mining of the host rock 

containing copper, tin or lead, secondly, the smelting of this material to gain the 

useable metals, and thirdly, the mixing and casting of this material into useable 

objects. All three can occur in the same locale, or all in different locales or as a 

mixture. Understanding this point is key to understanding the nature of an industry, 

and its impact upon individual archaeological sites and the associated society. It is 

hoped that an investigation into the sophistication of the bronze industry at Ban Non 

Wat may also provide insight into the level of socio-political complexity of the 

general society. This is enabled by identifying; what was being produced, how it was 

being produced, where each of the necessary auxiliary components were coming 

from, how the production was organised, how the individuals working the industry 

operated, and for whom the final product was destined. 

Very few metallurgical investigations have been attempted within the region. Bennet 

(1982) completed a PhD on the nature of iron industry throughout the region. The 

"Thai Archaemetallurgical Project" have, and continue to publish works on sites to 

the north and within central Thailand, however little other has been attempted. Thus 

leaving copper and bronze technology understudied on the Khorat Plateau, thus 

justifying this investigation. Presented here are the metallurgical remains from BNW, 

the methods, analysis, and results. 

Methods 

In order to determine the type( s) of industry present all manner of possible 

metallurgical remains were investigated including; ore, gangue, slag, furnaces and 

hearths, fuel, tuyeres, crucibles, moulds, metal objects and artefacts, and "other" 

objects such as blanks and clay cores. 

However not all categories were present at BNW but excavations here did uncover 

considerable numbers of crucibles and moulds. Crucibles are recognised or 
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identified by their distinctive shape and temper, and often the presence of flecks of 

bronze and casting residue adhering to their surface. Moulds were identified as such 

based on their material, shape, size, thickness, cross section, adhering residue, and 

density. Bronze objects were identified by their distinctive green corrosion of 

weathered copper. The term 'blank' has been used to identify objects that have the 

appearance of finished artefacts in terms of form, but not in material. 

Hearths were identified as such if highly-fired clay was arranged in a semi-circular 

shape typical of other hearths in the region, as well as lenses of sandy soil were 

adjacent to the clay feature. 'Workshop' areas, were noted if metallurgical material 

clustered, namely moulds, crucibles, and bronze casting spillage of flecks, but not 

finished objects. Thus the greater the concentration of this material, the greater the 

likelihood a "workshop" was in the vicinity. 

Upon discovery, all objects were provided a unique catalogue number, were drawn, 

provenance details recorded, and specimen boxed together into metallurgical 

categories awaiting closer inspection. The recording of provenance data allowed for 

spatial analysis within areas as well as between areas. 

Macroscopic, in-field analysis of each product differed slightly depending on the type 

of artefact. However for each object the following qualities were noted; 

completeness, metric measurements including, length, width, thickness, and material 

from which it was made. 

Other qualities unique to each type of artefact were recorded in each separate 

investigation. For crucibles macroscopic, post excavation field analysis of crucible 

fragments recorded the following characteristics (Table 5.1). Macroscopic temper, if 

visually present, was often recorded in "notes." 

Table 5 .1. Characteristics recorded during post excavation analysis. 

Overall 

Rim Length Prills 

Completeness Portion type (mm) Width Depth adhering Notes 
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Moulds required extra categories, such as cross-section, whether residue was present, 

or whether a perceived casting depression was present and the form that this 

depression took, as well as any distinguishing features, namely scratches, gouges, and 

grooves on any surface. This provided insight into many aspects of the industry 

including the nature of the objects to be cast and an identifiable correlation between 

moulded indentation and cross section. 

Given that individual input can be determined from moulds, their composition, shape 

and other characteristics. Therefore moulds shall be described in detail here to aid in 

extraction of individual agency in the next chapter. 

For bronze objects themselves, the qualities unique to these artefacts that were 

recorded were, whether or not the object took the form of a finished item or whether it 

represented casting spillage or simply a fleck or fragment of bronze. Spillage was 

distinguished from finished objects through their distinctive 'droplet' shape. Objects 

were catalogued as artefacts if a shape or edge was discemable, they were then 

organised into two categories; jewellery, and industrial implements. 

A collection of crucibles, moulds and fragments were then selected for analysis at the 

Wolfson Archaeological Science Laboratories, University College London. 

Inclusion in this sample was based on the objects ability to provide information. For 

moulds it was those with adhering residue and casting depression, as well as those of 

contentious nature, such as very thin specimens often not considered as moulds. 

Analysis was conducted in order to confirm their use as moulds for bronze material as 

well as the nature of their composition. In doing so, it was also possible to identify 

other significant attributes not determined macroscopically. 

For specimens destined for analysis under optical microscopy and scanning electron 

microscopy, sample preparation was required. Specimen were first cleaned in normal 

tap water then prepared for investigation using typical polished half sectioning 

techniques. A site was identified, usually being the area with the longest cross 

section, and specimen removed. These often required trimming to the appropriate 

size for mounting. The section from within the fragment was mounted in epoxy resin 

in a circular mould, and polished down to 0.25 microns. The sample was 
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ultrasonically cleaned between six, one, and a quarter microns. Optical microscopy 

was employed between each grade of sand paper and diamond paste in order to 

determine the extent and orientation of scratches. This was performed to verify 

quality and a uniform polish, an essential for usable results. 

Scanning electron microscopy was performed using a Phillips ESEM XL30 with 

attached Oxford EDS using software program INCA. The following operating 

conditions for the collection of data collection were adhered to; an analysing voltage 

of 20kV; spot size of 5 (INCA conventional units) and process time of 4-6 

corresponding to a deadtime of ca 30-40%; and acquisition time of 75s. In all cases, 

where possible, for comparative purposes, bulk compositions are taken in areas of ca 

1 by 1mm. Obviously where this area was not available smaller unit areas were 

measured. All chemical compositions reported are from SEM-EDS and have been 

normalised stoichiometrically to 100 compound% except for metallic objects, in 

which case, all elements are reported in weight % and not as compounds and 

Sampling areas were always taken away from areas of corrosion. 

Optical microscopy was also performed on finished blocks of crucibles and metals in 

a bid to identify individual grains and particular characteristics that would not be 

present under the scanning electron microscope, in particular characteristics based on 

colour. This allowed for ease in identification of multiple use layers for crucibles, an 

aspect that will be discussed further below. For metals, optical microscopy was 

undertaken using a polarising light reflected microscope in a bid to identify the 

various phases of the copper-tin system. 

Samples of moulds were further analysed using XRF analysis. Selected moulds were 

placed in the XRF (spectro X) chamber un-modified. They were positioned over the 

lens with areas of interest in-line with the x-ray beam. Each mould fragment was first 

placed with the inner edge (that used in casting) subject to the beam. Qualitative 

results were gained and the process repeated for the outer edge ( that not exposed to 

the molten material). The process was repeated for each sample the results of which 

are presented further below. 
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Figure 5.1. Typical inner casting surfaces of both rectangular cross section A-E, and F-M semi-circular 

cross sectioned moulds. A. Cat. 23446 width 6.8cm. B. Cat. 8055 width 7cm C. Cat. 5455 width 5.3cm. D. 

Cat. 21825 width 6.5cm. E. Cat. 1679 width 3.5cm. F. Cat. 2111 width 7.8cm. G. Cat. 23226 width 4.6cm. H. 

Cat. 23226 width 4.6cm. I. Cat. 4135 width 9.8cm. J Cat. 21547 width 10.2cm. K. Cat. 25788 width 

10.8cm. L. Cat. 23227 width 6.5cm. M Cat 24247 width 9.4cm (images courtesy Prof Higham) . 
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Results and Discussion: Components of a metallurgical industry. 

Ore-gangue-slag 

After five field seasons of excavating at Ban Non Wat, there have been no finds of 

either; ore, gangue, or copper slag. The lack of all or any of these is, however, not 

enough evidence ( or lack of) to suggest the absence of copper procurement/smelting 

at the site. Numerous examples exist whereby ore is removed from the mine, and 

beneficiated/dressed elsewhere, and often further removed to smelting sites (Bennett, 

1989). The distribution of primary resources dictates where each is carried out. 

Obviously mines are located where there are mineral outcrops. Dressing relies on the 

presence of hard rock used to remove ore from gangue. Therefore it is possible that 

mined rock is removed to sites where these resources exist. The lack of gangue 

material from the smelting sites of Non Pa Wai and Non Mak La, suggests dressing 

was carried out elsewhere (Bennett, 1989:332), whereas at Phu Lon, igneous rock 

resources were available in the vicinity. Dense igneous river cobbles were removed 

during low flood/dry season Mekong river flow and used to crush and remove ore 

from host rock (Pigott and Natapintu, 1996; Pigott and Weisgerber, 1998: 140). 

Smelting of copper relies heavily on charcoal/fuel and potentially, clay resources, 

therefore removal of ore to a site with ample fuel resources may be a preferred option 

although this is surely not to have been the case at least during the Bronze Age on the 

alluvial Khorat Plateau. Given the Plateau's lack of igneous outcrops, it is also 

unlikely that hard rock mining would have been undertaken in the region. 

Although no copper smelting slag was present, the possibility of smelting could not 

be ruled out based on this fact at Ban Non Wat alone. It is possible that copper was 

smelted in crucibles, thus producing very little slag. It has been noted that malachite 

could have been smelted in crucibles themselves or in a bowl furnace, as long as most 

of the gangue had been removed (Tylecote, 1974; Craddock,1995: 135). More 

importantly crucible smelting has been documented in prehistoric Thailand, crucible 

smelting is suggested for Phu Lon and sites of the KWPV (Bennett, 1989; Pigott and 

Natapintu, 1996; Pigott and Weisgerber, 1998;Vemon, 1996). Although the crucible 

form is much different, smelting in crucibles has been identified from the Khao Wong 
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Prachan Valley (Bennett, 1989). Therefore the Ban Non Wat crucibles must be 

investigated for this possibility (see discussion below). It does, however, suggest that 

the metal smiths of Ban Non Wat were not transporting ore to the site for mineral 

dressing. 

The lack of ore, gangue, slag, and the fact that BNW is situated in the middle of the 

Khorat Plateau, an area not known for copper mineralisation, suggests pre-smelted 

ingots of copper or bronze were in circulation. 

Furnaces-hearths 

Given the above data, namely the lack of smelting, it is more likely built 

pyrotechnical clay structures found at Ban Non Wat are hearths rather than primary 

production furnaces. However discussion shall continue forthwith as all possibilities 

need be explored. Only a few examples of possible hearths were encountered at Ban 

Non Wat. Built clay structures were interpreted as hearths when found in the vicinity 

of other related material and/or when they resembled hearths and furnaces from other 

sites in the Northeast. Ban Na Di and Ban Chiang both are noted as having had 

copper furnaces (Higham, 1996a: 238). Ban Na Di displays a clay-lined furnace with 

built up clay walls in a U shape (figure 5.2) (ibid.). 

While Ban Non Wat lacks evidence for typical 'clay-lined' furnaces of Ban Na Di, 

supposed hearths at BNW display the distinctive U shape. However of particular note 

is the fact that rather than clay, these hearth walls often rest on a distinctive lens of 

pale pinkish sand. In terms of the beneficial refractory principles of a clay-lined 

furnace/hearth, similar (if not better) benefits could be realised with a sandy floor 

(figure 5.3). 
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Figure 5.2. Plan and section of bronze clay furnace from Ban Na Di (Higham, 1996a: 239, 

figure 6.27) 

Further to this, a crucible could easily rest on such a floor, without fear of it falling 

over and displacing its contents. Ethnographic examples of domestic hearths in 

similar shape from Harappa, in Pakistan could suggest how these hearths were 

utilised. Here chulha hearths are mostly U-shaped (figure 5.4), are mud-plastered and 

located in the open-air (Meyer, 2003). 
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Figure 5.3. A possible clay hearth in Y2 area, Ban Non Wat. Notice the pinky sand base. 

Figure 5.4. U-shaped chulhafrom Harappa, Pakistan (Meyer, 2003) 
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Fuel is placed in the opening and pushed into centre as it bums away. Meyer notes 

that often combinations of fuel are used, each of which provides differing amounts of 

energy, with wood and buffalo dung being preferred. However, the chulha in these 

instances are multi-purpose domestic hearths and rarely reach the temperatures 

required for copper metallurgy (unless the ore was malachite, a stiff wind existed and 

fuel perpetually maintained). This information and the overall shape of the hearths 

from Ban Non Wat, initially suggest that smelting could not be undertaken in such 

installations. However archaeological examples of a U-shaped copper furnace, albeit 

slightly different, do exist in ancient Peru (Shimada and Merkel, 1991), and these 

were used to smelt copper (figure 5.5). 

Figure 5.5. A, Peruvian copper smelting furnaces in situ. B, Diagram of smelting furnaces 

(Shimada and Merkel, 1991.) 

Given this fact, the use of charcoal and a forced draught (tuyeres), Ban Non Wat, U

shaped furnaces/hearths could potentially be more than adequate for the smelting 

copper. Could it be that these hearths of Ban Non Wat also had multiple uses? 
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Perforated chimney furnaces have been encountered at two sites in the Khao Wong 

Prachan Valley, Thailand. These are cylindrical, perforated clay features that are 

around 20 cm in diameter and 15cm tall, and have round perforations presumably to 

allow prevailing, dry season winds to drive the operation. It is suggested that they 

were placed over crucibles for the smelting of copper. Examples are known from 

Non Pa Wai and Nil Kham Haeng (Pigott and Natapintu, 1996:799). The most 

interesting point about these features is that they would have been removable, they 

could be transported to where smelting (potentially casting also) was undertaken. 

Although no examples exist from Northeast Thailand, the possibility that a similar 

device was utilised there cannot be ruled out. 

As mentioned however, these features at Ban Non Wat were determined to be hearths 

as opposed to furnaces given the lack of ore, gangue and slag. Thus these 

pyrotechnical features are more likely for casting than smelting thus the term hearth. 

Fuel 

Fuel is a major component of any pyrotechnical industry. It provides the energy for 

the process and enables, in the case of metallurgy, reduction to occur. Although 

evidence of fuel is unlikely to occur in any site throughout the region we can be 

assured a fuel of some sort powered the hearths of Ban Non Wat therefore it does still 

warrant a discussion. Meyer (2003) outlines fuel types and the potential 

temperatures permitted by each fuel after a given amount of time. The maximum 

temperature gained, after one hour, for dung, wood, and wood and dung, were 600.6, 

691.7, and 656.0 °C respectively. Given the required temperatures for copper 

metallurgy(> 1000 °C), although these and other fuels could have been used (with 

tuyeres) charcoal is the more efficient and most probable means of obtaining these 

temperatures. However like any resource, the cost involved in its acquisition 

compared with the benefit, has to be weighed against each other. People may have 

persevered with less efficient fuels if the cost in acquisition was considered too high, 

that is to say, if a village was situated a considerable distance from wood sources but 

had plenty of animals for dung, the 'cost' of travel to the more desired wood source 

over the easily gained dung may be too great (Misra and Dash, 2000). There is also 
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the possibility that different fuels were used for different jobs. Cooking would not 

require the same temperature as smelting therefore premium fuel would not be 

required. Remnant charcoal has been encountered within numerous pyrotechnical 

features at Ban Non Wat (these are often used to radiocarbon date particular 

contexts). Numerous ethnographic examples of charcoal burners from throughout the 

Northeast of Thailand, Laos and Cambodia attest to local village production of 

charcoal (figure 5.6). During prehistory, the vegetation cover of the northeast of 

Thailand was quite different. Boyd and McGrath (2001) have shown woodland 

species to have existed in the region of Ban Non Wat, therefore wood seemingly was 

available as fuel. Therefore it is most probable that charcoal was available to the 

early inhabitants and was the likely means of fuelling the smith's hearths. 

Tuyeres 

Ethnographic data from Meyer (2003) in Pakistan noted that various fuels could be 

used in such furnaces, the combinations of which produces different temperatures. 

Although charcoal is not utilised in these cases, it is obvious that a forced draught 

would be required to produce temperature in excess of 1000° to melt copper. 

Therefore, tuyeres of some sort must have existed in Bronze Age Ban Non Wat. 

Given the lack of evidence for any clay tuyeres and the abundance of bamboo in the 

region, it is possible that green bamboo blow-pipes were used, although dual piston 

bellows are recorded ethnographically in Southeast Asia (figure 5.7). In either case it 

is not yet known what would have connected these bellows to these hearths. 
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Figure 5. 6. Contemporary charcoal burner, Northeast Thailand 

Figure 5. 7 Piston bellows in use by Kelabit smiths, Sarawak 1920 's. (From Craddock, 

1995:184) 
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Crucibles 

Of the many components of a copper industry, the crucible is possibly the most 

informative. Under analysis, it is possible to reconstruct numerous aspects of the 

copper and bronze metallurgical procedure. Insight can be gained into whether 

crucible smelting was undertaken, the position of the crucible in the furnace/hearth, 

alloy components and partners, volumes utilised, the refractory properties, and clay 

investigation allows for comparison with utilitarian ceramics. Most (if not all) 

archaeological sites in northeast Thailand have at least a few examples of fragmented 

crucibles, thus signifying the presence of an industry of, most likely, copper/bronze 

metallurgy. A number of studies-have investigated the nature of these crucibles and 

are presented in a number of publications (cf Vernon, 1996: 811; Vernon, 1997; 

Vincent, 2002). Therefore a good means of comparison exists between those 

encountered at Ban Non Wat. 

Northeast Thailand is not the only region in Thailand displaying copper and bronze 

manufacture. Central Thailand, namely the Khao Wong Prachan valley (KWPV), 

exhibits large-scale copper production (figure 5.8). The relationships between these 

areas mentioned are of great interest, because of the significant differences in crucible 

morphology between the "Phu Lon tradition" (see chapter seven) and those of the 

KWPV (Pigott and Natapintu, 1988; 1996; Bennett, 1989). Northern Thailand is 

divided by a large mountain range that makes mobility difficult. Ban Non Wat, 

however, lies towards the southern extent of the range. This begs the question, does 

Ban Non Wat display characteristics similar to those of the Phu Lon or the KWPV 

tradition or its own local tradition? 

Phu Lon crucibles are small, tempered clay "hemispherical bowl" shaped vessels of 

"pinched" spout form, (refer to figure 5.8) capable of containing volumes of up to 

65cc (Vernon, 1996: 811). Vernon identified two rim forms, one rounded, the other 

with a tapered thin edge. They were tempered with products including rice chaff, 

sand, crushed slag and other mineralogical material (Vernon, 1996; Pigott and 

Weisgerber, 1998). 

111 



• 

.. 

I "-

.. 

.. 

Characteristic of these crucibles, and those of Ban Chiang and Ban Na Di, is the 

presence of a silica-rich lagging used to protect and improve the refractive qualities of 

the crucible. This 'layer' is noted to have derived from washed clay used in the 

crucible manufacture (Vernon, 1996; Vernon,1997: 107). Ban Chiang crucibles are 

very similar to those of Phu Lon (figure 5.8), but may be slightly larger (White et al, 

1991:201 ), and display the same lagging layer (Vernon, 1997). Crucibles from Ban 

Na Di too display similar qualities (Higham and Kijngam, 1984; Higham, 1996a), 

including the presence of a lagging layer. Crucibles of Ban Na Di were not made 

locally except for one early specimen, one example has "clear mineralogical 

associations with clays to the east of Ban Na Di, close to the Phu Phan Range" 

(Vincent, 2004: 36). Vincent (2004) notes distances of 8km in three directions from 

Ban Na Di to where crucible clay was sourced. Similarly, the lagging was also exotic 

(Vincent, 2002:79). 

KWPV crucibles differ greatly from those mentioned above. Crucibles encountered at 

Non Mak La and Non Pa Wai are large, thick walled, organically tempered vessels 

with an internal, diameter of up to 24cm and as small as 12cm with walls "tapering 

sharply towards a flat base" of thickness between 4 and 5 cm (Bennett, 1989: 343; 

Pigott, 1999: 15) . 

Figure 5.8. Typical crucibles from Ban Chiang showing similarities with Phu Lon (Courtesy 

TAP Project) 
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Crucible copper smelting should at least be considered at Ban Non Wat given that it is 

the most likely means by which copper was procured from the mining site of Phu 

Lon. Furthermore crucible smelting was undertaken in the KWPV. For Phu Lon, a 

sulphidic ore body with oxidised zoning including malachite and chrysocolla, was 

mined and malachite is believed to have been smelted in crucibles followed by the 

casting of copper ingots for transport to trade partners (Pigott and Weisgerber, 1998: 

136). 

More convincingly, Non Mak La and Non Pa Wai display evidence for copper 

crucible smelting, or as Bennett (1989:343) suggests, smelting in "clay reaction 

vessels." Pigott ( 1999: 14) considers oxidic and sulphidic ores to be co-smelted, thus 

explaining the vast quantity of slag present in the region. The slag produced in the 

'reaction' is then poured off, producing plano-convex slag cakes. Inevitably an 

amount of slag would remain in the vessel and, according to Bennett (1989), 

remaining molten material was poured into awaiting moulds. Hence any slag would 

become incorporated in the copper ingot produced. Interestingly there was no re-use 

of KWPV crucibles (ibid.), another significant difference between this region and that 

of Phu Lon. 

Although no known copper outcrops exist within the vicinity of Ban Non Wat, or at 

least in Nakhon Ratchasima province, copper crucible smelting was investigated. 

Maddin and Weng ( 1984) noted, in their analysis of crucibles, melting rather than 

smelting at Ban Na Di, because of the difficulties of smelting in such a small crucible. 

Furthermore, the much higher presence of CuO than F eO (indicative of more 

oxidising conditions), and the presence of MgO and CaO in the crucible slag (Maddin 

and Weng, 1984: 114) are used as evidence against smelting. Although not 

comprehensive, copper crucible smelting would be considered a possibility at Ban 

Non Wat if, all other evidence considered, crucibles contained only a single metal, 

that is to say, had no traces of copper's common alloy partners, and iron oxide was 

present in a quantity suggestive of smelting. FeO is the primary constituent required 

for the formation of the slag, and the removal of pure copper from the host material. 

If iron is not present in the ore, then it must be added as a flux, hence its significant 

presence within the crucible slag. This noted, however, the smelting of malachite 
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would not require such a flux. Therefore it may not be possible to prove that crucible 

smelting did not take place based on crucible analysis alone. 

The Ban Non Wat crucibles 

Excavations at Ban Non Wat have unearthed over 588 crucible fragments, including 

at least 4 complete or mostly complete specimen. 360 :fragments including the four 

complete crucibles have been documented from the first three seasons of excavation, 

the significance of which will become obvious during the discussion. A collection of 

crucible fragments from Ban Non Wat was randomly selected for analysis at the 

Wolfson Archaeological Science Laboratories, University College London. Analysis 

was conducted in order to determine the nature of their composition and use. The 

analysis was designed to address a series of relevant issues. 

Results 

Macroscopic results 

By far the most common characteristic of crucibles encountered at BNW are 

fragments of less than 25% of the original crucible (figure 5.9). 343 examples are 

only fragments, 12 are ca 25% complete, one is ca 0.50%, 2 are ca 75% complete, 

and only two are 100% complete. 

Of these fragments, various different features of the crucible have survived. The main 

portions of crucibles are the rim, body and spout (figure 5.10). The majority are rim 

fragments with 232 individual fragments deriving from this region. 78 derive from 

the body, 16 are spouts only and 19 are combinations of two or more (figure 5.11). 
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Nature of crucibles encountered at BNW 

• Fragment 

• 25% Complete 

50% Complete 

• 75% complete 

• 100% Compete 

Figure 5.9. Graph showing the proportions of complete crucibles encountered at Ban Non 

Wat. 

It has been possible to identify two forms of crucible rim, one rounded, the other 

tapered to a point (figure 5.10). By far the greatest frequency occurs with the pointed 

rim. These rim forms do, however, correlate with other definable characteristics. 

Rounded-rimmed crucibles tend to be much larger, and more friable because of their 

higher organic component (figure 5.12). These rounded rim crucibles also tend to 

have much thicker slagged material largely comprising of cuprite. Conversely, 

tapered-rimmed crucibles are small vessels capable of volumes of ca 55-65cc. 

It is obvious that crucible fragments occur with some frequency in layers 1, 2, and 3, 

but it is layer 4 that has the much greater presence. Distribution by square is varied 

but a tendency exists for fragments to be concentrated in the C squares and along 

rows three and four in reducing frequency from again the C squares. Distribution of 

crucibles does suggest a central concentration away from which crucible frequency 

and distribution 'fans' out (figure 5.13) . 
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Figure 5.10. Images of typical crucible fragments from BNW Left to right-Cat 4842 (Y2 9:1), 

roundedrimmedfragment, 52mm. Cat 8151, (A2, 4:9) taperedrimmedfragment, 45mm Cat . 

8420, (C6, 4:1) spout fragment 37.5mm 

Microscopic results 

The presence of copper, among other elements, on the surfaces of these crucibles 

allows one to confirm that they relate to a metallurgical industry, and one of copper

base rather than other crucible-using industries such as gold, silver or other non

ferrous metal or alloy. 

All crucibles analysed show the presence of copper's common alloy partners as well 

copper itself save for one example that has not been used, and another that contains 

only tin oxide. The lack of copper in this case does not necessarily suggest that it was 

deliberately absent in the mix, it may be that the conditions within the crucible were 

right to allow for the oxidation of tin but not for similar oxidation of copper. A 

similar situation does, however, exist from a bivalve mould. Mould cat number, 

21614 has a high tin oxide count but no copper present. This same fragment has also 

another groove that is coated in a substance high in BaO (figure 5.28). 
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The nature of the fragments encountered as a 
portion of the original crucible 

• Rim Only 

• Body Only 

Spout Only 

• Mixture of all 

Figure 5.11. The largest collection of crucible portions is in the form of rim only. Portions 

from the body and spout are encountered, as are combinations. 

Ele ctron Image 1 

Figure 5.12. Cat. 4564 (Y2, 5:4 Fl)-rounded-rimmed crucible, showing high organic temper. 
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Distribution of crucibles and fragments from calibrated contexts 

• Layer 1 

• Layer 2 
Layer 3 

Layer 4 

• Layer 5 

Figure 5.13. Spatial distribution of crucibles encountered at Ban Non Wat after three 

seasons. 

The second of two round-rimmed crucibles analysed (Cat. 4564) (the first being cat. 

4842 and unused) shows microscopically, a large quantity of reddish cuprite slag 

adhering to the inner surface, much more so than those of the tapered rim variety 

(figure 5.15). 

All crucibles analysed microscopically evidenced a general clay matrix of typical clay 

elements Si02, Al203, FeO, K20, and CaO. It is not known whether additional sand 

was kneaded into the clay, however some fragments appear to have a more dense 

concentration of quartz grains than others. All crucibles analysed have been tempered 

with organic material, namely rice chaff. 
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Figure 5.14. Cat. 4564 Copper prills and needles of tin oxide showing use of tin and copper 

together for tin-bronze objects (50x magnification) 

Figure 5.15. Cuprite slag within a rounded-rimmed crucible (Cat. 4564). 
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Crucibles at Ban Non Wat display a silica-rich lagging layer (figures 5.16 and 5.17) 

that is similar to crucibles from Phu Lon, Ban Chiang (Vernon, 1996; 1997), and Ban 

Na Di (Higham, 1996a; Maddin and Weng, 1984). A layer of silicious material was 

applied to the inner surface of the crucible to protect it and enhance its refractiveness. 

Given the nature of its composition (figure 5.18) and this high silica content, it is 

likely that it was a pale sand mixed with only a small amount of binding material. 

Interestingly there are often multiple lenses of this lagging separated by layers of 

casting slag. 

Figure 5.16. SEMimages of the lagging layers in cruciblefragments. Left to right. Cat. 8498 

shows a lagging layer between two casting episodes, thus shows multiple use. Cat.3125 (C6, 

4:3) on right shows a lagging layer placed directly over body ceramic and supporting slag on 

right. This image also shows the difference in quartz grain size (dark grey grains) in the body 

and lagging. 
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Figure 5.17. Optical microscopical image of Cat. 14638, (A7, 4:5) showing the.fine white 

band of the lagging laying. In this image the quartz grains are white (50x magnification). 

Further to above, microscopic analysis provided many observable characteristics that 

would later provide insight into the methods and procedures of the BNW smith. The 

destruction of quartz grains was observed on the inner and rim area on a number of 

fragments analysed (figure 5.19). Vitrification or at least slight vitrification within 

this same surface is related (figure 5.19). 

The nature of pores, in the analysed fragments, is of similar interest. Pores within the 

ceramic remain elongated towards the base and/or outer edge but becoming ovoid 

towards the inner and rim (figure 5.20). 
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Figure 5.18. Average composition of body ceramic compared to lagging material 

MOULDS 

BNW has furnished 359 moulds, the largest known assemblage of moulds excavated 

and reported from Northeast Thailand. An immense number of moulds have been 

encountered during the course of the "Origins of Angkor" project, therefore only the 

first three years have been considered here. Over 150 moulds or mould fragments 

were encountered at Ban Non Wat during these years. Save for a few examples, they 

are all fragmented portions of ceramic bivalve moulds. Compared with other sites in 

the region seven were encountered at Ban Lum Khao, seven also from Non Pa Kluay 

(Wilen, 1989), 12 complete examples from Non Nok Tha (Bayard, 1971a), 18 

fragments from Ban Na Di (Higham and Kijngam, 1984), and four complete moulds 

from Ban Nadi (earlier name given to Non Nok Tha)(Solheim, 1967). Phu Lon, a 

known primary production site, displayed two examples, one of ceramic the other 

sandstone (Pigott and Weisgerber, 1998). Such a large sample from Ban Non Wat 

provides interesting insight into the repertoire of the Ban Non Wat metal smith and 

the copper industry in this little investigated region. 
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Figure 5.19. Left to right. Left. Cat 45 64. Destruction of quartz grains (tiny fingers indicate 

destruction). Indicative of extremely high temperatures. Right. Cat. 2494, (Y2, 5:4 Fl). 

Vitrification of outer surface again indicative of high temperatures . 

Figure 5.20. Left to right. Left. The pores at the base of Cat 4564 remain in their original 

state, whereas-Right. The pores at the inner surface of Cat.8498 have become ovoid from 

heat . 
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Macroscopic Description 

Stone Moulds 

A total of five sandstone moulds have been encountered during the first four years at 

Ban Non Wat. Each example represents only a portion of the original mould. In each 

case the sandstone is pinkish red in colour (see figure 5.1, I). 

Figure inside brackets have been calibrated between the three years in terms of their 

stratigraphical position. Those without brackets means they cannot be calibrated. 

AA2 4:5 Cat. Unknown 

Is a fragment of a sandstone bivalve mould. No depression is visible and no adhering 

casting residue is present. 

B6 4:2 (layer 3a) Cat. 8472 

This specimen represents a comer portion of a sandstone bivalve mould. It too has a 

semicircular cross section therefore represents potentially an implement mould. 

C4 4:1 feature 1 (layer 3b) Cat. 7292 

This specimen represents a small portion of a sandstone mould. The sandstone is pink 

in colour. The mould has a semicircular cross section of 25mm. One straight edge is 

present as is a deep casting depression. The depression itself also has one straight 

edge remaining as well as casting residue. The depression gets thicker to one end. 

C4 4:2 (layer 3b-4) Cat 7301 

This example represents a very large, very thick portion of a sandstone bivalve mould. 

It has a semicircular cross section, is 8cm long and has a deep depression for the 

casting of a socketed spearhead. This depressed area also contains a darkish purple 

casting residue. 

C5 3:5 Feature 5 (layer 3b) Cat. 7770 

Is a portion of a bivalve mould, is semicircular in cross section and has an 

indiscernible casting depression. Adhering casting residue is present. 
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CS 4:2 (Layer 3b/4) Cat. 7606 

Is a portion of a sandstone mould with a large semicircular cross-section. This 

portion is representative of a bivalve mould. It has one flat face and a casting 

depression in the shape of a point. The depression and thick cross-section indicate an 

object on industrial intention. 

D5 4:4 burial 271 Cat. 13688 

This is a very small fragment of possibly a sandstone casting mould. So little is left it 

is impossible to determine function. 

Clay moulds (see figures 5.1, 6.7, 6.8 and 6.9) 

AAl 4:9 Cat.15070 

This is a large fragment of a bivalve casting mould. One edge is present and the 

fragment is 70mm along this length. It is 44mm wide. A depression and residue are 

present but the object to be moulded is indiscernible. It has a semicircular cross 

section of 39mm. 

AA2 4:9 Cat. 15563 

This is a large very dense fragment of a clay bivalve casting mould. One edge is 

present and the fragment is 63mm in length along this edge. The maximum width of 

the fragment is 62mm. A very deep casting depression is present. This depression 

has one long straight edge that widens to one end. The casting indentation is 13mm 

thick in this valve. It is likely that this mould was for the casting of a triangular 

bladed axe head. Much casting residue adheres to the casting depression. The mould 

has a very semicircular cross section and is large at 40mm thick. 
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AAS 4:7 feature 4 Cat. 6344 

This specimen represents a small fragment of the top portion of a bivalve mould. A 

casting depression extends to the one edge is present. The object to be cast is 

unknown. It has a semicircular cross section of 32mm, a maximum length of 44mm 

and width of 30mm. 

AAS 4:8 Cat UNKNOWN 

This is an example of an interesting bivalve mould fragment. It represents the base of 

the original mould. Three edges are present however they appearing more as a 

continuous line representing an oval. The mould itself would have been relatively 

small and although the dimensions are 30mm by 35mm, this fragment probably 

represents nearly 50% of the original. The cross section is semicircular and 18mm 

thick. The object to be moulded is unusual. It is rectangular, has two lines running 

parallel and vertical through the mould which are separated by two parallel lines 

perpendicular to those which are horizontal. All these incised lines meet at the base 

of the mould. The lines running horizontal are 16mm in maximum length while the 

vertical are 25mm but are cut off at the edge of the fragment. The lines are not wide 

and it is possible the object represents a pin of some sort. Residue is present in these 

grooves. The mould has been tempered with rice chaff. 

AA7 4:2 Cat. 14535 

This is a fragment of presumably a bivalve mould. One edge is present that curves at 

one end. The fragment has a maximum length of 78mm and width of 45mm. The 

cross section is difficult to discern but probably represents a rectangular one. It is ca 

28mm thick. 

AA7 4:2 Cat. 14532 

This is a fragment of a clay casting mould. One curved edge is present. The mould 

displays a rectangular cross section of 18mm. Three parallel circular grooves are 

present on one side. It is probable that this is the casting face and these grooves 
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represent bangles however no residue is present. Therefore potentially these grooves 

could also indicate ownership or enable the caster to distinguish between or match 

valves. However no further depression exists on the reverse. Given the fact there is 

no depression on the reverse, and similar moulds do display casting residue in such 

grooves it is safe to assume the former. The fragment is 60mm by 44mm and has a 

rice chaff temper. 

AA7 4:1 Cat. 14524 

This specimen represents a fragment of a casting mould. It has one curved edge 

remaining but also circular grooves on one face. This example displays two parallel 

circular grooves displaying casting residue. It has a rectangular cross section of 

11mm. A groove is also present on the outer edge of the mould. The reverse side of 

the fragment displays a discolouration in a perfect circular line. It is not the reverse of 

the objects to be cast therefore it is possible that it is a makers mark, or distinguishing 

characteristic or possibly even a discolouration in the pattern of the means of fixation 

for the presumably two valves (see later discussion for further possibilities). The 

mould is 42mm in length and 38mm wide. 

Al 4:8 (layer 4) Cat. 1679a 

This catalogue number represents a small fragment of a casting mould. It displays a 

rectangular cross section of 12mm. A circular depression is present, this representing 

the casting of most probably a bangle. The mould is 25mm by 23mm. 

Al 4:8 (layer4) Cat. 1679b 

Like above this too is a fragment of a mould with rectangular cross section. The cross 

section present in this case is 10mm thick. The mould fragment is 53mm by 39mm. 

An unusual casting indentation is present. It is a circular depression with further 

indentations towards what would be the centre. These depressions are thin elliptical 

grooves spanning away from each other, giving the appearance of a stylised flower. It 

is likely that this fragment represents the top portion of the original mould as an edge 

is present that curves to make a comer. 
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Al 4:6 (layer 4/3b) Cat. 1693 

This specimen represents a large portion of a bivalve mould. The fragment is 61mm 

by 44mm wide. It has, on the reverse, three curved grooves. No residue is present in 

these grooves and presumably they are for recognition or ownership. Within the face 

of the bivalve mould fragment are, a casting depression and adhering residue. Ifwe 

assume this represents the top portion of the original mould then the object to be cast 

is potentially a socketed curved bladed axe. The mould and associated depression is 

similar to that encountered with cat. 2251 in unit Ble. The outer edge of this mould 

fragment displays a horizontal groove that extends to the face of the mould. This 

presumably facilitated the aligning of the two valves before casting. The cross 

section is somewhat rectangular and is 22mm in thickness. The valve has been 

tempered with rice chaff. 

Al 2:4 (layer 2) Cat. 1686 

This is a very dense fragment of a clay bivalve mould. It represents the top portion of 

the mould and displays the entry point for the molten material. It has a semicircular 

cross section of 34mm and has a deep depression for the casting of a socketed axe. 

This socket and back edge of the axe are represented in the mould. The socket of the 

cast object would include decoration, the indentations of which are present in this 

mould fragment. Three curved parallel lines are present towards the base of the 

socket. The socket itself would have had a diameter of ca 40mm. It is probable that 

this is a mould for a circular bladed axe like those encountered at Non Nok Tha and 

Ban Na Di. The fragment also has a definite squared-off end. 

Al 4:3 (layer 3b) Cat. 1366 

This specimen represents a large fragment of a bivalve mould. It is very worn and 

blackened. It has a semicircular cross section of 34mm. The dimensions are 63mm 

by 53mm. There is no casting indentation remaining and no adhering residue. 

Al 4:5 Cat. 614 

This is a large fragment of semi-circular cross section. The fragment present is a 

portion of one valve of a bivalve mould. The mould itself is very thick width a width 

over 25 mm. It appears to have an industrial purpose as the depressed area has a 

series of straight edges representing a triangular axe head. The upper portion of the 
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mould opposite the straight cutting edge has a deeper groove representing the 

beginning of the socketed head. This area of depression is blackened from use. 

Al 4:7 Cat. 1253 

This fragment represents a portion of a bivalve mould. The thickness would suggest 

an industrial mould. The thickness increases down through the fragment. At the top 

of the fragment a portion of bronze casting residue is present, thus suggesting the 

point of bronze insertion. The depression is a semicircular groove running the length 

of the fragment, possibly indicating the casting of a point. 

Al 4:7 Cat. 1257 

This specimen represents only a very small portion of the original mould. The outer 

surface shows a very rectangular cross-section that is also very thin cal O mm. The 

mould itself would have been round. A small rounded groove is present within this 

inner surface representing the mould for a bangle. This groove is no more than 2 mm 

wide and ca l mm deep 

Al 4:7 Cat. 1160 

This fragment differs from those mentioned above in that it is much thinner and the 

outside edge represents a rectangular cross section. The mould itself is rounded. The 

object to be cast indicates a non-industrial purpose as the inside edge is flat and has a 

circular depression indicating a bracelet. The bracelet would have been plain in 

design and only a 2mm wide, with a diameter of roughly 60 mm. 

Al 4:7 Cat. 1334 

Represents a mould of thin rectangular cross-section ca 10mm. It was most probably 

for casting jewellery for this reason and the fact that a depression is evident roughly 

one millimetre deep in the form of a bangle 

A2 4: 12 Feature 3 (layer 4) Cat. 8455 

This specimen represents the top portion of a bivalve mould. An entry point for 

molten copper based material is present as well as residue adhering to this depression 
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and the depression of the object to be cast. The object consists of three parallel lines 

rather resembling a fork but most probably these linear indentations represent three 

separate objects, possibly pins. The mould itself has a rectangular cross section of 

16mm and is 41mm in length and 52mm in width. 

A3 4:4 Cat. 1229 

This is a smaller fragment than the three previously mentioned. Again the mould is in 

a fragmented state, but does represent a portion of a bivalve mould. The outside edge 

represents a semicircular cross section. On the inside a straight edged depression is 

present at right angles to the edge of the mould indicating a possible cutting edge. 

From this edge the depression deepens back to a rounded butt. At the top of this butt 

is a small groove ca 4mm wide that extends through the flattened surface. This 

possibly represents the point at which molten bronze would have been inserted. It is 

possible that the depression represents a small chisel or axe like that found in Al, 

Cat.1112. 

A3 4:7 Cat. 1313 

This fragment represents only a small portion of the original two-piece mould. The 

outer edge is circular in cross-section while the inner is flat. Like other moulds with 

circular cross-sections the thickness is greater than 20mm. Therefore this fragment 

probably represents an industrial mould. The inner surface is blackened from use. 

A3 4:6 Cat. 1318 

This is a small fragmented specimen with a rectangular, thin cross-section. The 

mould itself is circular. The inner surface is covered in casting residue and displays 

characteristics of a jewellery mould. A small circular groove is present 3 mm wide 

and 1.5 mm deep with the majority being present on the fragment. The groove 

indicates that rings were possibly being cast. The 'ring' has an inside diameter of 

18mm. 
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A3 3:1 (layer trans 2/3b) Cat. 1864 

This is a small indiscriminate fragment of a casting mould. It is 18mm by 25mm. It 

has a probable semicircular cross section of unknown thickness. 

A3 4: 16 feature 4 (layer 4) Cat. 9511 

This specimen represents the top portion of a bivalve mould. An entry point for the 

molten material is present as is a socket. Unusually, this fragment has a circular loop 

that juts from the edge of the castable area just below the socket. It is possible that 

this object is a curved bladed axe. The mould fragment has a semi circular cross

section of 26mm. 

A3 4:3 (layer 3a) Cat. 1842 

This is a small fragment of a casting mould. It has a rectangular cross section of 

15mm. There is no casting residue or indentation present. 

A3 4:10 (layer4) Cat. 1853a 

Is a very small indiscriminate fragment of a casting mould. Cross section is 

indiscernible. 

A3 4:10 (layer 4) Cat. 1853b 

This fragment of a casting mould has a semicircular cross section of 20mm, has two 

edges present and no depression or residue. The fragment is 26mm by 35mm. 

A3 4:4 (layer 3a) Cat. 1262 

This specimen represents a small, somewhat indiscriminate fragment of a mould. It 

probably had a semicircular cross section of unknown thickness. It has a depression 

but no residue. It is 30mm in length and 30mm in width. 

A3 4:7 (layer 3a/4) Cat. 1316 

This is an example of the top portion of a bivalve casting mould. Two edges are 

present that form the comer of this top portion. A possible entry point for molten 

material is present. It has a semicircular cross section of 34mm. The fragment is 

60mm in length and 45mm in width. 
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A3 4:9 (level 4) Cat. 1798 

Again this is a top portion of what is presumably a bivalve mould. It displays an 

entry point for molten material and has adhering casting residue that extends over the 

top edge. Two edges are present that meet at an angle greater than 90 degrees. A 

slight depression is present in the face. This depression has one straight edge and is 

ca 1mm deep. This mould fragment displays a rectangular cross section. 

A3 3:2 (level 3b) Cat. 1834 

This is a small fragment of a bivalve mould. One edge is present. The fragment is 

35mm along this edge and 21mm perpendicular to it. It has a semicircular cross 

section greater than 25mm. A casting depression is also present as is a residue. The 

depression has one curved edge. 

A4 2:7 (layer 2,3) Cat. 160 

This is a large fragment of a valve of a bivalve mould. The outer edge is oval in cross 

section and the inner is flat. The implement to be moulded would have been of 

industrial intention and a small and faint indentation is impressed for the casting of a 

small axe or axe type implement or point. Although difficult to interpret the axe had a 

rounded cutting edge or point and a groove also indicates that the implement was 

socketed. The implement would have possibly resembled many of the axes 

encountered from Non Nok Tha (Bayard, 1971a) and Nil Kham Haeng (White and 

Pigott, 1996: 164). 

A4 4:8 (layer 3,3a) Cat. 280 

Again the fragment is a portion of a valve from a bivalve mould. The outer edge 

however is rectangular in cross-section. The inner is flat with an obvious depression 

for a moulded object. This depression indicates a circular edged object only a few 

millimetres thick. The mould itself appears somewhat circular, at least in part, with 

the edge following the edge of the depression. 

A4 4:6 (layer 3-3a) Cat. 1126 
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This fragment is very small being no more than 1 Ox20mm. The mould is less than 15 

mm thick and provides a rectangular cross-section. The inner surface is flat and 

shows a small broken area indented for moulding. Only one edge of this mouldable 

area is present and is circular. However the mould itself is rectangular as witnessed 

by the presence of a corner. 

A4 4:9 (layer 3-3a) Cat. 1162 

This fragment closely resembles Cat. 1126. It too has a very thin (ca 10 mm) 

rectangular cross-section. The inner edge also shows a circular depression indicative 

of what was being cast. The depression has a uniform thickness throughout apart 

from the outer circular edge which appears to be grooved down another millimetre. 

Thus it is probable that this mould was not producing implements for industrial 

purposes but rather jewellery . 

A4 level 4:7 (layer 3-3a) Cat. 349 

This example is highly fragmented and is in two pieces. It is not possible to 

determine it's cross-section but it is thick ca 2cm. Of the inner surface only very 

small segments remain, but the majority of the inner surface displays the area to be 

moulded. This provides a rounded edge and an area that decreases in depth from one 

side to the other possibly indicating an existence of a cutting edge. 

A4 4:6 Cat.1320 

Small fragment of a ceramic bivalve mould. The cross section is rectangular and 

18mm thick. It has a casting depression in the shape of a bangle. 

A4 4:8 Cat. 1335 

Very small fragment (10mm by 20mm) but its use is obvious. The fragment has a 

rectangular cross-section and very thin (ca 10mm). An indent is visible and is 

circular despite the mould itself being rectangular. 

A4 4:8 (layer 3a) Cat. 1115 

This specimen represents the top portion of a casting mould. Two edges are present 

complete a corner. Within the face of the mould is a slight depression that extends to 

the top edge of the mould, thus representing the entry point. The fragment has a 
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rectangular cross section of 16mm, is 46mm in length and 31 in width. The object to 

be cast is unknown. Casting residue is present. 

A4 4:6 (layer 3a) Cat. 1023 

This is a large fragment of a bivalve mould. It displays an exceptionally thick cross 

section at 45mm. A very deep casting indentation is present with associated casting 

residue. The residue itself is ca l mm thick. The inner surface is obscured by this 

residue making it impossible to distinguish the object to be cast. The mould has been 

tempered with rice chaff. On the reverse of the valve a section changes from a cross 

section of semicircular to that of rectangular. This would have facilitated the 

fastening of two large valves together especially given the large volume, and hence 

pressure, that would be associated with such a large depression. 

A4 4:7 Cat. 273. 

Is a large fragment of what was a bivalve mould. It has a thick circular cross-section 

( over 20mm) while displaying a flat inner. It is impossible to determine the 

implement to be moulded as the inner surface display a vast quantity of cracked 

casting residue. It is possible that this mould represents a failed cast. Rice chaff is 

present as a temper. 

A4 4:8 (layer 3a) Cat. 1310 

Cat. 1310 represents what is probably a jewellery mould as it is very thin and has a 

rectangular cross-section of 13mm. The mould itself is 20mm by 28mm. This 

fragment is very similar to that of cat. 1335 and 1126 in that the area to be moulded is 

circular. Casting residue is also present. The mould has distinctive scratches/grooves 

around the outer edge. 

A4 4:5 (layer 3a) Cat. 1381 

This specimen is a small fragment of a bivalve mould. It displays a semicircular cross 

section of 26mm in thickness. No depression or casting residue is present. The 

mould itself is 44mm by 40mm and has one edge. 
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A5 3:6 Cat. 1306. 

This specimen represents a small fragment from a bivalve mould. The outer edge 

displays a thick semi-circular cross-section. This then suggests a possible industrial 

purpose. On the inner surface an indent is visible but partly obscured by casting 

residue. It is possible that this area represents the point at which molten bronze was 

introduced to the mould. 

A5 4:7 Cat. 1249 

This specimen shows a thick semi-circular cross-section suggesting an industrial 

intention. This portion is derived from a bivalve mould. Only a small fragment has 

remained showing a small portion of the depressed area intended for moulding. This 

consists of a implement that would have had at least one straight edge. This 

depressed area still contains casting residue. 

A5 3:6 Cat.1303 

Represents a small portion of bivalve mould. The outer edge is circular in cross

section, the inner is flat. The cross section is over 20mm in thickness. The inner face 

displays a rectangular groove that is ca 30mm long with areas of casting residue on 

either side. This depression is 2mm wide and 2mm deep. 

A5 4:8 Cat. 1115 

This specimen represents only a small portion of the original mould. The cross

section is again circular and thick being over 20mm. It is difficult to assess its 

original use however the thick circular cross-section would indicate an industrial 

intention. 

A5 4:9 Cat. 1285 

Is a small fragment of what appears to be a jewellery mould. The fragment is roughly 

20mm by 20mm and has a rectangular cross-section ca l 0mm thick. It also has two 

small circular indents on what appears to be the exterior surface. The inner surface 

appears to have larger circular indent for casting a bangle. 
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A5 3:6 Cat. 1307 

Cat. 1307 is a large portion of a bivalve mould. The fragment has two edges present. 

The outer edge is again semicircular in cross-section and displays areas of blackening 

and casting residue. However the inner surface is flat and is very blackened from use. 

The area blackened is in the shape of the original implement to be moulded, which 

appears to have been an axe. The cross section is 24mm thick and the mould itself is 

73mm by 45mm. 

A5 3:3 (layerprobably3a) Cat. 1633 

This specimen is a very small fragment of a casting mould with an indeterminable 

cross section. One edge is present and no casting depression. The fragment is 26mm 

by27mm. 

A5 4: 11 (layer probably 3a/4) Cat. 1613 

Cat. 1633 is a small fragment ofrectangular cross section, 19mm thick. The 

specimen has one straight edge. It has a uniform circular indentation for casting. The 

area to be cast is less than 1mm wide, and probably represents a jewellery mould. 

White flecks ofrice chaff are present as temper. The mould is 38mm by 23mm. 

A5 4:11 (layer probably 3a/4) Cat. 1614 

This is an example of a very small fragment (25mm by 15mm) with what is probably 

a semicircular cross section of around 24mm thick. It too has rice chaff as temper. A 

casting depression is present with adhering residue however the object to be cast 

cannot be known. 

A5 3:3 Cat. 1640 

This specimen represents a very small, indiscriminate fragment of a casting mould. It 

has an unknown cross section and is 34mm by 28mm. 
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A6 4: 1 (layer 3b) Cat. 8462 

This is a very small fragment of a casting mould. One edge is present and the 

fragment is 22mm by 22mm. It displays a rectangular cross section of 12mm. No 

casting depression or residue is present. 

A6 4:1 (layer 3b) Cat. 8463 

Like above, this specimen is a small fragment of a casting mould. Two edges are 

present and form a comer. The cross section is rectangular and is 12mm thick. There 

is a 'thumb print like' casting depression in the face, is somewhat circular, and is ca 

2mm deep. There is no residue but rice chaff is present as a temper. 

A6 4:2 feature 1 (layer trans 3b/4) Cat. 8467 

This is a small fragment of a mould with a semicircular cross section over 25mm in 

thickness. One edge is present and the fragment is 31mm in length along this edge. It 

is 13mm in width. 

A6 4: 1 (layer 3b) Cat. 8464 

This mould fragment has one edge present, a rectangular cross section of 18mm and is 

45mm in length and 42mm in width. There is a slight casting indentation depression 

but the object to be cast is indiscernible. 

A6 4:2 (layer trans3b/4) Cat. 8466 

This fragmented mould specimen is very small, has no edges present and an 

indiscernible cross section. A casting residue and presumably the indentation are 

present but cover the entire surface. 

A6 4:4 (layer 4) Cat.8429a 

This is a small fragment of a casting mould. It is 22mm in width and 13mm in length. 

A semi circular cross section is discemable and is 34mm thick. A depression is 

present but is too small to determine the nature of the cast item. 

A6 4:4 {layer 4) Cat. 8429b 
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This mould fragment has a rectangular cross section of 19mm. One edge is present, 

as is a circular depression. The fragment has dimensions of 23mm by 31mm. The 

nature of the object to be cast is however unknown. 

A6 4:2 (layer trans 3b/4) Cat. 8465 

This is an extremely small fragment of a casting mould. It is only 10mm by 18mm in 

size. The cross section is unknown. 

A6 4:3 (layer 4) Cat. 8456 

This example of a mould fragment is identical to cat. 3080 from B3. It represents the 

top portion of a casting mould, has an entry point for molten material but no casting 

indentation. It has a rectangular cross section of 16mm and is itself 40mm by 66mm. 

A7 4:1 Cat. 14508 

This is probably not a mould the ceramic is very coarse. 

A7 4:3 Cat. 14534 

This is a small portion of a ceramic bivalve mould. It has one edge remaining. The 

fragment is 50mm in length along this edge, and 20mm wide along the perpendicular. 

A casting depression is present and displays one straight edge. This indentation 

deepens at one end thus suggesting the presence of a blade. The mould itself has a 

semicircular cross section of 26mm. 

A7 4:5 Cat 11041 

This specimen is a large fragment of the bottom portion of the original bivalve mould. 

Three edges are present that form the base and an octagonal shape. The mould has a 

semicircular cross section of 32mm in thickness. A casting depression is present 

however it is not very deep. The shape of the depression is the same as the base of 

the mould in that is has three straight edges present in and octagonal shape. It may be 

that the other valve had a deeper depression. No residue is however present in this 

depression so it is possible that the mould was never used. Rice chaff is present as a 

temper. The fragment has a maximum width of 56mm and length of 58mm. 
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A7 4:3 Cat. 14549 

This is a large fragment of the top portion of a bivalve mould. Two edges are present 

and form a comer. The entry point for molten material is also present and enters 

through the top edge. It is however only an entry point and does not for part of a 

socket. A casting depression extends from this entry point and is circular with small 

indents extending outwards from this circular edge. The object to be moulded is 

possibly an ornate piece of jewellery. The mould has a loosely semicircular cross 

section and is 22mm in thickness. The fragment is 65mm wide and 55mm in length. 

Ble 4:3 (layer 2) Cat. 2251 

This specimen represents a large portion of what was a bivalve mould. Three sides 

are present making up the bottom portion including the two base comers of the 

original mould. A large area of the original mouldable area has survived. The 

depression has a circular edge in the bottom of the mould. The depression deepens 

away from this edge, and represents a mould for casting a curved bladed axe. The 

mould fragment has a very precise semicircular cross section and is 26mm thick. The 

mould is 61mm wide along the base and 48mm in length. It is a very dense fragment. 

The base of this mould is flat. This fragment is similar to one found in Cl Cat. 5560 

except that this one has a more rounded cross-section. 

Bl 

Bl 4:5 (layer 3a and 3b mixed) Cat. 2125 

This is a large fragment of a bivalve mould. It displays a semicircular cross section 

with a thickness of 44mm. The mould fragment itself is 64mm by 50mm. It displays 

a large, deep casting depression. The object would have a width greater than 20mm. 

Two edges are present representing a comer. The casting depression extends to the 

top edge, thus suggesting the remaining depression represents a socket. Residue also 

adheres to this depression. 
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Bl 4a:4 (layer 4) Cat. 2440 

This specimen represents the top portion of a bi valve mould. Two sides are present, 

one which is straight, the other curved. It has a semicircular cross section of 22mm 

and is 51mm in length and 43mm in width. Two grooves are present on the face 

however it is uncertain whether these represent an object to be cast. No residue is 

present. 

B2 4:5 (layer 3b) Cat. 2655 

A small fragment of a probable industrial orientated casting mould. It is very 

indistinct but appears to have a semicircular cross section over 18mm in thickness. It 

has one curved edge. The ceramic feels smooth to touch. 

B3 4a:2 (layer 4) Cat. 3208 

Cat. 3208 is a small fragment of a ceramic mould. It possesses a rectangular cross 

section of 14mm in thickness. It represents a comer fragment of a mould from either 

the top left or bottom right of the original mould. It is 32mm in maximum length and 

34mm in maximum width. No casting depression is evident. 

B3 4:7 (c) (layer 3b) Cat. 3080 

Like above, this specimen is an example of a flattish mould with a rectangular cross 

section. It has a thickness of 18mm. It is likely to represent a bivalve mould as there 

is a depression at the top portion that extends from within the area of the mould 

outwards where is widens and meets the top edge. However there is no visible 

depression for an object to be cast. This mould fragment represents a large portion of 

the original mould, as it has the majority of the top edge as well as that of one side. It 

is 61mm in length and 42mm in width. It is similar to that encountered in A6, Cat. 

8456. 
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B3 4:8 (layer 4) Cat. 3214 

Again this specimen is an example of a flat mould of rectangular cross section. It is 

18mm thick and has dimensions of 45mm by 47mm. Present is one curved outer edge 

representing a probable comer. It displays a circular casting depression from which a 

cast object would be circular, very thin and uniform. 

B3 4:8 (layer 4) Cat. 3236 

Cat. 3236 is another example of a flat mould with a rectangular cross section. The 

mould is 18mm thick has one curved and one straight outer edge and has a length of 

39mm and width of 24mm. It displays casting residue but no indication of what in 

fact was cast. However the residue present extends to the outer edge, therefore 

presenting the possible entry point for molten copper based material. 

B3 4:7(c) (layer 3b) Cat. 3081 

Is a slightly larger fragment than those found in B3. It displays a semicircular cross 

section with a slight flattening, rendering it somewhat rectangular in the middle. It is 

50mm in length, 39mm in width and has a thickness of 23mm. It has one straight 

edge and one flat face (inner edge), for bivalve casting, into which is set a deep 

indentation coated in casting residue. It is most probably the remains of the top 

portion of a bivalve mould as the indentation is widening indicative of a socket. 

Therefore the object to be cast is likely to have been a socketed industrial implement. 

B3 4: 7 /6 (layer 3b) Cat. 3268 

Cat. 3268 is a small thin fragment ofrectangular cross section. It is 15mm thick and 

displays are small portion of the object to be cast. There is a fine two-pronged fork 

like indentation in the face which is 28mm in length and would be 2mm wide. Like 

the other mould fragments from B3 with rectangular cross sections the ceramic is very 

fine and light. 

B4 2:8 (layer 3a) Cat. 3784 

This specimen represents a very small thin fragment of a mould with no casting 

depression or residue. 
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B4 4:3 (layer 3b) Cat 3966 

This is a large portion of a casting mould. It is probable that the mould represented 

here is an open mould as it has two separate depressions of circular objects. These 

depressions would have facilitated the casting of possibly rings or buttons. The 

diameter of both depressions is 21mm and 1.5mm thick with a hole through the 

middle. Such depressions may have facilitated the casting of rings or buttons. The 

mould itself has a cross section of 12mm and has one edge that curves at one end and 

is of dimensions 69mm by 39mm. No entry point for molten material is present 

extending into the indented area therefore it is likely that this mould represents an 

open casting mould. No casting residue is present. 

B4 4a:5 (layer 4) Cat. 2930 

This is a very thick fragment of a bivalve mould. It has a cross section 34mm thick. It 

has an indentation with two edges in a triangular shape. This depression also contains 

casting residue. The mould itself also has two edges that meet at a comer and 

represent the bottom portion ofhe mould. The object to be cast is likely to have been 

a triangular bladed axe. The fragment is 50mm long and 43 wide. 

B4 4:3 feature 2 (level 3b) Cat. 3961 

This specimen is a large fragment of a bivalve mould. One edge has survived, 

representing the top portion of the mould and the entry point for molten material. The 

object to be cast is most likely to be socketed, as a casting indentation is present 

which thins towards the bottom. The depression itself is very deep. The mould has a 

semicircular cross section and is 64mm in length and 38mm wide. 

B4 4a:3 (level 4) Cat. 3828 

Is a small indiscriminate fragment of a mould. The fragment is 35mm by 25mm and 

is likely to have a rectangular cross section. 

B4 4:3 (layer 3b) Cat. 2997 

This fragment of a casting mould is very small and indiscriminate with no casting 

depression or residue. 

142 



B4 4:5 (layer trans 3b-4) Cat. 3658 

This specimen represents a small mould fragment with one edge, a rectangular cross 

section and casting residue. The cross section is 11mm in width. The casting residue 

is present on both sides however only one side has a casting depression. The object to 

be moulded has one slightly curved edge and probably represents the top portion and 

entry point. 

B5 4:1 (layer 3b) Cat. 4134 

This is a very small fragment of a bivalve mould, with a length of 25mm and width of 

27mm. One edge to the original mould remains. A semi circular cross section is 

present and is greater than 26mm in thickness. A casting depression is present within 

the face of the mould. The depression widens at one end. Casting residue is present. 

B5 4a: 1 (level trans 3b/4) Cat 4323 

As above, this is a very small fragment of the original mould. It is only 28mm by 

17mm. A rectangular cross section of 15mm is however discernable. One edge 

remains but no casting depression or residue has. 

B5 4:4 (level trans 3b/4) Cat. 4122 

This is a small portion of the upper part of presumably a bivalve mould. The entry 

point for the molten material is present. The cross section is in between a rectangular 

and a semicircular one and is 18mm. The casting indentation that is present is ca 

8mm deep and suggests a small socket. There is a slight hint of casting residue. 

B5 4:4 (layer trans 3b/4) Cat. 1585 

This specimen is a nondescript fragment of a bivalve mould. A small portion of one 

edge has survived. The fragment itself is 58mm by 50mm. It displays a semicircular 

cross section of 24mm. Much of the flat inner face has eroded away. 
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B6 3: 10 Cat. 8469 

Very small fragment of a ceramic bivalve mould. 30mm in length. 

B6 4:4 (layer 4) Cat. 8468 

As above 

B6 4:2 (layer 3a) Cat. 8471 

This specimen represents a thick portion of a bivalve mould. It has one flat face into 

which a depression for casting is visible. The fragment is semicircular in cross 

section and is very thick at 36mm in depth. Casting residue is also present. 

B6 4:4 (layer 4) Cat 8470 

This sample presents a rather indiscriminate example of a bivalve mould, with no 

discemable shape. 

B7 

B7 2:6 feature 5 Cat. 14579 

This is a very small fragment of a very thin mould. The rectangular is cross section 

12mm thick. The fragment is 37mm in length and is 34mm wide. A casting 

depression is present and is circular with a lip around the edge (the same as cat. 

8387). 

B7 4:2 Cat. 14567 

Not a mould 

B7 4:3 burial 215 Cat. 14686 

This specimen represents a very indiscriminate mould fragment. It has one flat edge 

but no distinguishable cross section. There is possibly a small area of residue. The 

fragment is 57mm in length and 45mm wide. 
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B7 4:3 burial 215 Cat. 11590 

This is a mostly complete bivalve mould. However the inner face of the mould has 

either deteriorated or purposefully been removed so that the majority of the original 

mouldable surface has gone. However of what remains it is possible to say that the 

object would have had a large socket. The cross section is very semicircular and large 

at 42mm. The mould valve is 133mm in length and 78mm in width. Unlike all others 

this specimen was encountered in a burial. 

Cl 

Cl 4:4 feature 10 (layer 4/3b) Cat. 5635 

This is a large fragment of the top portion of a bivalve mould. It is semicircular in 

cross section and is 32mm thick. The fragment is 67mm in length and 40mm in 

width. The face displays a casting indentation for a large object as well as residue. 

Two edges are present and meet at a comer. The object to be moulded has a large 

socket that extends to the edge of the mould. 

Cl 4: 1 feature 3 (layer 3a) Cat. 5876 

This is a very small indiscriminate fragment of a mould. The cross section is 

unknown. 

Cl 4:8 (layer 3b/4) Cat. 5682 

This specimen represents an interesting and large example of a bivalve mould. This 

fragment represents the top portion of the original mould as three edges are present. 

Within these edges on the face is the casting inlet which meets the large, deep 

depression of the object to be moulded. The depression in this valve is 12mm deep 

suggesting that the object would have been about 24mm in thickness. The object 

from this mould would have been circular with intricate designs around the edge. The 

designs are present around the edge of the depression in the face of the mould. There 

is a further indentation in what would be the centre of the circular object therefore 

presumably two knobs would protrude from the centre of a thick circular object with 

raised designs around the edge. This object could represent a seal. The mould itself 

has a semicircular cross section of 31mm in thickness. 
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Cl 3:6 feature 1 (layer 3a) Cat. 5877 

Cat. 5877 represents a fragment of the bottom portion of a bivalve mould. The 

fragment is 52mm by 43mm. The face has within it a casting depression in the shape 

of a curve. It is probable that this mould was used in casting a curved bladed axe. 

Residue is also present in this shape. The mould has a semicircular cross section of 

24mm, is tempered with rice chaff and the back is blackened. 

Cl 4:8 (layer 3b/4) Cat. 5874 

This is a very small fragment of a casting mould. It has casting residue and 

depression but for casting a indiscernible object. The fragment is 12mm by 36mm 

and has a semicircular cross section of greater than 21mm. 

Cl 4:8 (layer 3b/4) Cat. 5875 

This is a very small indiscriminate fragment of a casting mould. It would have had a 

semicircular cross section but of unknown thickness. 

Cl 4:2 (layer 3a) Cat. 5611 

This example of a bivalve mould has one curved edge, and a semicircular cross 

section of 27mm. It has dimensions of 52mm by 44mm. There is no casting 

depression or residue present. The reverse however displays some vitrification and 

grooves/staining showing the position of a material presumably used to tie the two 

valves together. 

Cl 4:9 (layer 3b/4) Cat. 5878 

This specimen represents a fragment from the top portion of a bivalve mould. Two 

edges are present that form a comer. A depression is present in the face of the mould 

in the shape of a socket. It is a similar mould to that of cat. 5635. It displays a 

semicircular cross section of 25mm in thickness. It also displays casting residue. The 

fragment is 48mm by 30mm. 

Cl 3:4 (layer 3a) Cat. 5560 
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This is a very dense, large fragment of a bivalve casting mould. This fragment 

represents the bottom portion of the original valve. It consists of three edges that 

form this portion. It has a perfectly semicircular cross section and is 22mm in 

thickness. Within the face of the mould is a curved casting depression that thickens 

towards what would have been the top of the mould. The object to be cast was 

presumably a curved bladed axe. The width of this blade would have been 48mm. 

The base of the mould is square. This mould fragments is similar to cat. 2251 from 

Ble. 

C2 4:6 (layer trans 3b/4) Cat. 6297 

This is a very small fragment of a ceramic casting mould at 20mm by 20mm. The 

cross section cannot be determined. A casting indentation is present and forms a 

straight line and has adhering residue. 

C2 4:6 (layer trans 3b/4) Cat. 8387 

This specimen represents either a top or bottom portion of a mould. Two edges are 

present and form a comer. The cross section is rectangular and 15mm in thickness. 

A circular depression is present in the face of the mould. The depression appears to 

be a flat object with a deeper lip around the circular edge. Rice chaff was also used as 

a temper. 

C2 4:8 (layer 4) Cat. 6295 

This is a small fragment of a bivalve mould. One edge is present but the mould is 

only 18mm wide and 31 in length. It displays a semicircular cross section of 20mm. 

There is no residue or indentation present. 

C2 4:8 feature 13 (layer 4) Cat. 6296 

This example of a bivalve mould fragment has one edge present and, is 46mm long, 

42mm wide, and has a rectangular cross section of 21mm. A casting depression and 

residue is present. The object to be cast would have a circular edge with three 

unusual lines and a circle extending from this edge. Rice chaff is also present in the 

mould. 
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C2 3:1 (layer 3a) Cat. 8361 

This specimen represents the top portion of a bivalve mould. Two edges are present 

which include the top right hand comer. The mould fragment is very dense. It is 

semicircular in cross section, which is 28mm in thickness. An entry point for the 

molten material is present and extends to the top edge. This opening represents a 

socket with an outer diameter of24mm. The mould fragment is 48mm by 32mm and 

has a notch on the side that would aid in the securing of the two valves for casting. 

C3 4:4 feature 3 (layer 4) Cat. 6802 

This specimen is a small flat fragment of a clay mould. It has a rectangular cross 

section of 17mm thick. Two edges are present, with the longest at 53mm being 

slightly curved. The other is at right angles to this thus representing a comer. The 

mould fragment is either the top right or bottom left hand comer. There is no casting 

depression visible. 

C3 4:6 (layer 4) Cat. 6801 

This specimen is only a small fragment of what is possibly a bivalve mould. It is very 

indiscriminate but does have residue. It appears to have had a semicircular cross 

section. Only the ceramic directly adhering to the residue has remained. 

C3 4:4 (layer 4) Cat. 6749 

The example presented here has a semicircular cross section of 24mm in thickness. It 

has a maximum length of 50mm and width of 45. The portion of mould remaining is 

the bottom left hand comer as there are two edges present at right angles. A large 

portion of the opposing bivalve face has survived in which exists an indentation in the 

shape of an axe. The axe would have had a straight cutting edge, and a triangular 

blade. Casting residue is present and is in the shape mentioned above. 

C3 4:2 (layer 4) Cat. 6803 

This specimen is a large fragment of a bivalve mould however very indiscriminate. It 

has a semicircular cross section but is very degraded. There is no surviving moulding 
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area or adhering residue. There is however visible temper which shows inclusions of 

crushed ceramic material and white flecks of what is rice chaff. 

C3 4:8 Burial 155 (layer 4) Cat. 6728 

Cat. 6728 represents a small fragment of a rectangular cross sectioned mould. It is 

26mm by 27mm and is 19mm thick at the cross section. One edge is present which is 

slightly curved. A moulding indentation is also present which represents an object 

curved in nature and very thin, possibly a bangle. 

C3 4:4 (layer 4) Cat. 6681 

This is a fragment of a bivalve mould with a semicircular cross section of 26mm in 

thickness. Two edges are present thus representing a comer fragment. The top or 

bottom edge is straight and the outer is curved. The opposing face is present and 

displays an indentation for casting. The object appears to be a curved bladed axe, 

however there are two distinct lines within the casting area which run parallel with the 

what could be the blade. It is probable that these lines represent decoration. 

C4 4:4 (layer 3b) Cat. 7294 

This is a very small fragment of a mould with a rectangular cross section. The cross 

section has a thickness of 12mm. One rounded edge is present and probably 

represents the top portion as a depression exists that extends through this edge. 

Casting residue is present. 

C4 4:10 feature 3 (layer4) Cat. 7296 

This specimen has one edge, a semicircular cross section, no casting depression or 

residue. The cross section is 35mm in thickness. 

C4 4:5 (layer 4) Cat. 7299 

This specimen is a very small fragment of a ceramic casting mould. It has a 

semicircular cross section 31mm thick. It has a casting depression and residue but is 

very small at 27mm by 15mm. 
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C4 4:6 (layer 4) Cat. 7290 

This specimen represents a very small fragment of a casting mould. The mould 

fragment is very indistinct with an unknown cross section. The cross section is 

however 16mm thick thus indicating a probable rectangular section. 

C4 4:11 (layer 4) Cat. 8203 

This mould fragment is very thin at 11mm thick. The cross section is rectangular. 

The mould itself has one edge present and is 51mm by 21mm. A casting depression 

is also present it has a circular outer edge is flat but thickens towards the centre. 

C4 4:4 (layer 4) Cat. 7291 

Is a small fragment of a circular mould. It has a very thin rectangular cross section of 

9mm. It also has the slight presence of a casting depression that follows the outer 

edge of the mould. 

C4 3:5 feature 4 (layer 3b) Cat. 7293 

This specimen represents a bottom or top portion of a bivalve casting mould. It has a 

semicircular cross section 19mm thick. There is no casting indentation or residue 

present. The fragment is 42mm in length by 27mm in width. 

C4 4:8 (layer4) Cat. 8175 

Cat. 8175 is a portion of a mould for casting a circular object. The object would have 

been 1mm thick and circular. The mould fragment itself is 34mm by 36mm and has 

one circular edge. 

C4 4:3 (layer 4) Cat. 8180 

This is a fragment of possibly the bottom portion of a bivalve mould. The fragment is 

54mm in length and 29mm in width. The rectangular cross section is 18mm. A 

circular depression is present. The depression deepens away from the edge. 

Unusually this specimen has grooves or scratches around the edge. 

C4 4:2 (layer trans 3b-4) Cat. 7298 

This specimen represents a large portion of the original bivalve mould. It is 60mm in 

length and 44mm in width. Two edges of the original mould remain and represent a 
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comer. It displays a semicircular cross section of 21mm. No casting depression or 

residue remains. 

C4 4:5 (layer 4) Cat. 7295 

Has one edge that curves from a top edge into one side. It has a rectangular cross 

section of 17mm. No casting depression or residue is present but a small triangular 

indentation is present at the top edge that probably represents the entry point for 

molten material. The fragment is 52mm by 41mm. 

C4 4:2 (layer trans 3b-4) Cat. 7297 

This specimen represents a small portion of a mould. One edge is present however no 

casting indentation or residue is. It displays a rectangular cross section of 20mm in 

thickness, but the mould fragment itself is only 25mm by 17mm. 

C4 4:5 (layer 4) Cat. 7300 

This is a fragment of a very thin casting mould. It displays a rectangular cross section 

of 10mm in thickness. One edge of the original mould has survived. A small casting 

depression and residue is present but it is impossible to decipher what was to be cast. 

The fragment is 32mm in length and 23 in width. 

cs 

C5 4:8 (layer 4) Cat. 7771 

This specimen represents a very small indiscriminate fragment of a casting mould. It 

is 31mm by 21mm but the cross section is undeterminable. 

C5 4:6 (layer 4) Cat. 7772 

Is a small fragment with a rectangular cross section of 17mm. It has a rounded 

groove for casting within the face of the mould. This circular groove displays a large 

diameter, however the groove is very thin at 2mm wide. This probably represents the 

casting of a bangle. The mould itself has one straight outer edge, is 33mm in length 

and 24mm wide. 
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C5 3:2 (layer 3b) Cat. 7573 

This example is the top portion of a bivalve mould. Two edges are present which 

meet at an angle greater than 90 degrees. Residue and moulding depression are 

present and extend to the top edge representing the entry point of the molten material. 

The object to be cast is undeterminable. It possesses a rectangular cross section of 

17mm. 

C5 4:3 feature 5 (layer 4) Cat. 7593 

Is a fragment of a large bi valve mould. A very deep casting depression is present in 

the face of the mould thus representing a very large dense object to be cast. The 

object to be cast would have had at least one straight edge, which extends outwards 

thus increasing size of object to be moulded, which widens at one end. It possibly 

represents a straight edged axe. It has a semicircular cross section of 27mm in 

thickness. 

C5 4:2 (layer 3b/4 (n3bs4)) Cat. 7587 

This is an interesting example of a bivalve mould. Although not complete we are able 

to gain a lot of information from it. This is the bottom right hand portion of the 

mould. It displays a semicircular cross section of 22mm in thickness. It has a large 

area for casting and much adhering residue. The indentation has two straight edges 

that meet to form a triangle thus indicating a probable axe mould. Interestingly, the 

outer edge of the mould displays a definite groove and associated parallel 

indentations. Interpretation suggests this feature represents the point where the two 

halves of the bi valve mould are aligned and tied together. 

C6 4:3 feature 5 (layer 4/3b ) Cat. 8825-need to check which half feature 5 is in 

This is a small fragment of a casting mould. It displays a rectangular cross section of 

13mm. One intact edge remains and the fragment is 33mm along this edge and 26mm 

perpendicular to it. No depression or casting residue is present. 
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C6 3:7 (Layer 3b) Cat. 14814 

This is a fragment of an unusual casting mould. One edge is present and the fragment 

is 32mm in length along this edge. It is 46mm wide. The mould is unusual in that it 

has indentations on both sides but neither display casting residue therefore it is 

difficult to say what was to be cast. One side has a circular depression with a lip 

around the edge and ornate petal like protrusions from this edge. The other has two 

separate grooves one curvilinear, the other a straight lined depression. However 

based on other examples of moulds encountered at Ban Non Wat it is likely that the 

former represents the side to be cast. The mould has a rectangular cross section of 

17mm and rice chaff temper. Or it is possible that it could be reversed and cast on 

both sides? (See later discussion for further possibilities). 

C6 4:4 (layer 3b/4) Cat. 8458 

This is a small fragment of a presumably bivalve mould. One curved edge is present. 

The mould fragment is 31mm by 27mm. It displays a rectangular cross section but 

thickness is indiscernible. A depression and casting residue are present. The 

depression is circular with, like above, petal like grooves extending from the edge. 

This depression does differ from that above in that this depression is deeper and has 

no lip. 

C6 4:2 (layer 3b/4) Cat. 8935 

This is a fragment of an unusually shaped casting mould. It is triangular in shape, 

three edges are present that meet at an angle less than 90 degrees and form two 

comers. The complete mould would have also been very small with the fragment 

remaining representing 75% of the original. The fragment is 40mm in length and 

31mm wide. A casting depression is present and holds a similar shape to the actual 

mould. It is triangular but very small. The maximum width of the base of the 

depression and therefore triangle is only 10mm. No casting residue is present. The 

length of the object to be cast would be slightly longer than 30mm as this is the point 

where the mould is fragmented. The cross section of the mould is semicircular and is 

20mm thick. 
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C6 4:3 feature 5 (layer 3b/4) Cat. 8825 

This is a small non-descript fragment of a casting mould. One edge of the original 

mould remains. A rectangular cross section is present of 14mm. No casting 

depression or residue remains. The fragment is 33mm by 26mm. 

C6 4:3 (layer 3b/4) Cat. 8459 

This specimen represents a small fragment of presumably a bivalve mould. One edge 

remains and may represent the base of the original mould. It is for this reason the 

cross section is difficult to determine, however it is possibly rectangular and greater 

than 23mm in thickness. A straight edged depression is present which deepens away 

from this edge. It is likely that this was a mould for casting a straight edged axe. 

Casting residue is present within the depression. The fragment is 27mm by 33mm. 

C6 4:5 (layer 4) Cat. 8824 

This is a fragment of a clay casting mould. One edge remains of the original mould. 

The fragment is 46mm along this edge. The width of the fragment is 26mm. A 

casting depression is evident in the face and is circular. A discolouration is present in 

an unusual shape but this is also on the face of the mould and extends over the 

depression. It is not likely that this discolouration was due to the casting process. 

There is however a circular discolouration on the reverse similar to those of other 

moulds mentioned here. A rectangular cross section is present and is 20mm in 

thickness. The object to be cast is likely to be a bangle. 

C6 4:4 (layer 3b/4) Cat. 8461 

This specimen represents a fragment of a bivalve casting mould. One edge is present. 

The fragment is 45mm in length and 40mm in width. The fragment displays a 

semicircular cross section of 20mm. No casting depression or residue is present. The 

mould is tempered with rice chaff. 

C6 4:6 (layer 4) Cat. 8664 

This is a dense fragment of a bivalve mould. Two edges are present and meet at right 

angles forming a comer. It is obvious that this fragment represents the top portion of 

a casting mould, as a casting inlet is present. A rectangular cross section is evident 
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and is 27mm in thickness. The casting inlet also has adhering residue. The fragment 

is 48mm in length and 40mm in width. 

C7 3:5 feature 1 Cat. 14602 

This is a large an interesting fragment of a casting mould. It appears to be a two

sided mould, therefore it is presumably an open mould. One side has three circular 

grooves that are ca 2mm thick. One of the grooves appears not to be finished. The 

outer ring is slightly wider at 3mm and may have a purplish casting residue. It could 

however be that these three rings represent marks of ownership rather than casting 

indentations (see later discussion). The other side however has three circular 

depressions one of which has a hole through the centre. It is possible that these 

represent indentations for casting rings or buttons. Presumably there would have been 

more that the three circular depressions in a complete mould. The mould fragment 

itself has a rectangular cross section of 17mm and is 51mm by 52mm. 

C7 4:3 Cat. 14558 

This specimen represents a large fragment of a bivalve casting mould. The fragment 

has one straight edge that is 48mm in length, and is 70mm wide. An indentation and 

casting residue is present and indicates a likely axe mould. It displays a semicircular 

cross section of 35mm in thickness. 

C7 3:6 Cat. 14606 

Cat. 14606 represents what is probably the top portion of a casting mould. Two edges 

are present as is casting residue. However it is impossible to determine what was to 

be cast. This mould fragment displays a rectangular cross section of 12mm. The 

dimensions for this fragment are 52mm by 35mm. 

D6 4:2 Cat. 14695 

This is a fragment of a clay casting mould. A very small fragment of one original 

edge is present. The fragment is 54mm in length and 35mm in width. It has a casting 
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indentation and residue in the form of a straight line. The fragment displays a 

rectangular cross section of 16mm. 

D7 

D7 3 :4 feature 2 Cat. 14542 

This specimen represents a fragment of a bivalve mould. One original edge is present 

and the fragment is 49mm along this edge. It is 29mm in width. The :fragment 

displays a semicircular cross section of 30mm in thickness. There is a slight remnant 

of pinkish casting reside but in no discernable shape. 

D7 4:5 Cat. 12135 

Cat. 12135 is a :fragment of bivalve mould. One edge is present as is a casting 

indentation. The depression represents a circular object with petal like extrusions 

from the circular edge. There is a slight whitish residue in the circular depression. 

The fragment is 53mm in length and 45mm in width with a semicircular cross section 

23mm. 

XI 3:3 (layer X-3) Cat.5150 

This fragment of a bivalve casting mould is very dense, represents the top or bottom 

portion of the original and has a very semicircular cross section which is less than 

30mm thick. Two edges are present which meet at 90 degrees to form a corner. The 

fragment is 44mm in length and 21mm in width. No residue or casting indentation is 

present. 

XI 3:5 feature 3 (layer X-3) Cat. 5141 

This is a small indiscriminate fragment of a casting mould. No edges remain. The 

cross section is difficult but is most likely semicircular greater than 23mm. Casting 

residue is present but the object to be cast is indiscernible. The mould fragment is 

30mm by 31mm and is tempered with rice chaff. 

Yl 
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Yl 7:1 Cat. 210 

This is the only example of a complete bivalve clay casting mould encountered at Ban 

Non Wat during the first three years. The ceramic itself is very dense. Present on 

both edges, near the top of the mould, are two horizontal incised lines that extend to 

the face. These are likely to have been in place to align the two halves of the mould 

for casting. The incised line on the right hand side however extends into the face and 

meets the casting depression. This is the point at which air escapes from the mould 

during the casting of the molten material. The object to be moulded is a small, 

socketed chisel or axe with a 'winged' curved blade. The width of this blade is 

31 mm, the maximum length of the implement is 62mm. The maximum width of the 

socket is 24mm. The mould itself is 100mm long and 61mm wide and has a very 

semicircular cross section of 28mm. On the reverse there is a blackening from the top 

of the mould down to ca 35mm from the base. It is likely that the mould was placed 

in the ground up to this point for stability during the casting process. 

Yl 6:3 Cat. 167 

Is a very small fragment of ceramic but has a thickness that could indicate a mould 

fragment. It is ca 30mm in total length. 

Yl 6:8 Cat. 172 

This fragment is very similar to that of Cat. 167 but is slightly larger. 

Yl 6:3 Cat. 169 

Again represents only a very small fragment of ceramic and like Cat. 167 and 172 

probably constitutes a mould fragment. 

Yl 8:4 Cat. 8457 

This specimen represents a small portion of the original, presumably, bivalve mould. 

It is probable that this fragment again represents the top portion of the mould. The 

mould actually thins towards this top end. Casting residue is present in this position. 

Cross section is difficult but likely to have been semicircular. The portion of the 

mould present probably enabled the casting of a socket, thus suggesting the mould 

had an industrial intention. 
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Y2 9:1 Cat. 4843 

This is a fragment of a top portion of a bivalve mould. Two edges are present and 

form a comer. Residue is present and extends over the top edge of the fragment. The 

object to be moulded is indiscernible. It has a semicircular cross section of 31mm. 

The fragment of 52mm in length and 35 in width has a laterite and rice chaff temper. 

Y2 7: 11 Cat. 4865 

This is a very small fragment of a rectangular cross sectioned mould. The cross 

section is 14mm thick. One slightly curving edge is present. No depression or 

casting residue is present. Dimensions are 28mm by 15mm. 

Results 

The spatial distribution is only possible for those squares that can be calibrated, 

namely Al-7, Bl-7, and Cl-7 (figure 5.21 and 5.22). 

This area covers roughly 336 square metres which represents a good sample of the 

excavated area thus far. Notable is the larger occurrence of moulds or mould 

fragments, from the region of C3-6. 

In many cases the nature of the object to be cast can be determined (table 5.2) thus 

providing some insight into possible uses of, and demand for each artefact. 

It is obvious from the macroscopic investigation of the moulds that there are generally 

two types determined by cross section. In analysing the moulds with discemable 

casting depression it was possible to identify the probable intended casting. Whether 

it be "industrial" (axe, chisel, spearpoint), or "decorative" Uewellery, pins, other finer 

objects), it is clear that those of interpreted industrial intention had for the most part a 

semicircular cross-section, while those of interpreted decorative intention had 

rectangular cross-sections (figure 5.23). 
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Spatial distribution of moulds from calibrated contexts 
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Figure 5.21 . Spatial distribution of moulds from Ban Non Wat. 

The imaging component of the SEM has shown these moulds to be of very dense clay 

with little foreign inclusion save for much organic material (figure 5.24). This 

material is quite different however to that used in tempering the crucibles (figure 

5.25). Of interest is mould Cat. 21614 (GS, 4:1) which contains inclusions of CaO, 

possibly suggesting tempering with shell or clay ofriparian source (figure 5.26). 
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Distribution of moulds by cross section 
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Figure 5.22. Distribution of moulds by cross section. 

Table 5.2. Objects discernablefrom casting depression by mould cross section. 

Cross Axe Chisel Spear Socketed Bangle Ring Fork/pin Circular 

section Point bladed button object 

object 

Semi- 19 10 

circular 

Rectangular 0 0 16 
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Figure 5.23. A-H A. Moulds for axes. B. Moulds for chisels. C. Moulds for spear points. D. 

Moulds for socketed or bladed objects. E. Moulds for bangles. F. Moulds for rings/buttons. G. 

Moulds for forks/pins. H Moulds for circular objects. 
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Mould forAJt..e Mould for chisel 

semi-Girculor 

,. 
reaongular rectangular 

Mould for spear point Mould for Socketed or bladed object 

• 

semi-circular Semi-circular 

rectangular Rectangular 

C'------------------D~----- - --------~ 

Mould for bangle Mould for ring/buttons 

rectangular rectangular 

semi-circular ~emi-circular 

E~---------------~F~---------------~ 

Mould for Fork/pins Mould for circular object 

rectangular 

semi-circular 

G'------------------~H'----"---'----- - -------~ 
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Quantitative results from the XRF analyses of both sides of these moulds have 

revealed the presence of many elements of particular interest to metallurgy as well as 

the presence of unusual quantities of various alkalis on the casting surfaces (table 

5.4). The elements of CuO, Sn02, and PbO show the greatest tendency to be 

included in mould casting residue (table 5.3). The presence of these elements indicate 

that it was a bronze alloy that was melted and poured into the mould, as opposed to 

other base-metal industries. This corroborates the results from the crucible analyses 

above. ZnO similarly displays a similar tendency to gain in quantity on the inner 

surface when compared with the outer. However this is an indication of its presence 

but not of its purposeful inclusion in the casting mix. Nor are the quantitative 

presences of CuO, Sn02 and PbO indicative of the original ratio of these metal 

elements in the casting mix or finished artefact. Lead, tin and zinc and the oxides of, 

occur in much greater quantities in crucible and mould remnants than in the original 

material. Dungworth (2000:84), in analysing crucible residue and an adhering 

metallic bronze prill, showed that vastly different proportions of each element 

between the actual metal and that remnant in the crucible (assuming the copper prill 

derived from the same material as that adhering to the crucible). Elements 

preferentially burn off and become included in crucible and mould surfaces by value 

of free energies for the formation of oxides. Similarly, preference for inclusion in 

ceramic bodies is dependent on volatility, identified by vapour pressure. 

Figure 5.24. L-R. L. Cat. 7772, (C5, 4:6. Image of dense general clay matrix of mould. R. 

Cat. 5877, (CJ, 3:6 Fl). 
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Figure 5.25. L-R. L Images of the differing nature of the organic temper compared with the 

crucibles. L. Cat. 7772. R. Cat. 20637, (G6, 4:4). 

Under oxidising conditions crucibles and moulds will be enriched in those elements 

with higher free energy values namely zinc then tin, lead then copper. Whereas the 

high volatility of zinc and lead ( due to increased vapour pressure) will, under 

reducing conditions (like those in moulds) enrich mould surfaces in zinc and lead 

(zinc far more preferentially than lead). However the high concentration of lead on 

both sides of Cat. 7772 (table 5.3) is interesting and could suggest both sides came in 

contact with the metal5
. 

The common means by which alkali metals become incorporated into metallurgical 

remains are through the various fuels used to power the furnaces and hearths (Misra et 

al, 1993; Baxter 1993). Therefore increased quantities on the inside casting faces of 

some moulds are of particular interest ( see figure 5 .1 for inner casting surfaces). 

5 Subsequent excavation has revealed an interment whose contents include a selection 
of casting moulds. Numerous valves exist in a 'concertina' arrangement showing each 
vales forms the casting face as well as a backing valve of the adajent mould valve. 
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Figure 5.26. SEM images of CaO inclusions in Cat. 21614, possibly indicating shell and 

riparian clay source. 

Figure 5.27. Image of the casting indentation of clay casting mould Cat. 21614 
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Electron Image 1 

Figure 5.28. Image of Cat 21614 showing casting groove with BaO lining its surface. 

Bronze artefacts and corroded objects 

Despite all the evidence for its manufacture, copper and bronze objects are very rare 

at Ban Non Wat during the Bronze Age, a phenomenon not restricted to Ban Non Wat 

but evident region wide. Bronze artefacts are present in a handful of burial contexts 

at BNW (from previous chapter) and in a few cases elsewhere but not in the same 

quantity. Because of this fact there are few complete artefacts available for analysis. 

This is reflected here in the following paragraphs whereby artefacts are catalogued 

and described macroscopically rather than microscopically. However, three examples 

of objects with a macroscopic appearance of an artefact were analysed 

microscopically. Possibly more insightful are bronze casting remnants known as 

'casting spillage.' These are drips/drops of bronze material that has spilled in the 

process of either removing crucible from hearth, or pouring material into awaiting 

mould. These examples are from contexts regarded as belonging to the Bronze Age, 

each has been sampled and investigated using optical and scanning electron 
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microscopy and provide an interesting insight into the nature of potential castings 

including proportions of alloy partners and possible ore types. 

Table 5.3. Quantities of CuO, Sn 0 2, PbO and ZnO on the inner and outer surfaces of Ban 

Non Wat casting moulds. Yellow indicates when an inner surface displays a vast difference to 

that outer. Red indicates when an element is present in unusual quantities. (elements 

normalised for comparison). 

9511 in 

951 lout 

5877in 

5877out 

4135in-2 

4135out-2 

21614in 

"'I IL 1 A ~ · · ' 

193.0 261.8 646.5 215.3 
-- --

4.2 20.3 107.0 205.7 4.2 20.3 107.0 

. : ' 
3759.0 

186.3 

2803 .6 

Results 

5903 .0 

9.2 

2128.4 

5.1 

18.0 

6.0 

1331.2 

10.0 

16.6 

1.7 

13.2 

34.2 

1182.7 

4.3 

2282 .0 

10.7 

1302.0 

13.8 

15.5 

17.5 

329.2 

12.7 

15.3 

11.5 

155.2 

12.8 

1055.0 Ill 
• • 

75 .2 

483 .5 

63.4 

82.3 

74.4 

140.9 

80.5 

119.1 

129.2 

79.8 

53.8 

112.4 

99.6 

Corrosion has had an impact upon each of the objects investigated, but it has been 

possible to identify a number of characteristics that provide insight into the likely 

nature of artefacts from BNW and the metallurgical process present there. 
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Table 5.4 .. Alkali metals quantities present on inner and outer surfaces. 

9511 in : , 11 ti 

951 lout 37290 16800 16360 

5877in : I I 19340 32800 12330 

5877out ••• 23501 15368 11968 

4 l 35in-2 •• • 28846 14641 13600 

4 l 35out-2 8888 25875 13288 

21614in ••• 440924 4719 9378 

21614out I• . . 16692 4200 7740 

8664in , , . 60109 15616 12659 

8664out .. . . 60573 13908 12822 

7772in 19765 233294 9567 

7772out ' I 27430 28600 12120 

1679in 28974 97900 11759 

1679out : I 15178 14976 9698 

20637in 42605 25872 15859 

20637out :I 31181 6720 8512 

Three samples have the macroscopic appearance of artefacts while the rest appear to 

be casting spillage. All objects investigated have been alloyed, with copper-tin-lead 

being the most predominant alloy combination and one having a combination of 

copper and tin. One artefact (cat. 16554, AA$, 3:3) has been alloyed yet displays 

isometric grains, usually typical of non-alloyed objects. Here, though, the corrosion 

has penetrated grain boundaries thus allowing for the identification of individual 

grains. It is obvious that this particular object has been heat treated given that other 

characteristics identify it as having been alloyed (figure 5.30). Although sample ( cat.) 

702 (A3, 4:10) has completely corroded the compositional structure has remained 

thus indicating that this object remained in its as-cast alloyed state, similar to that of 

Cat. 12501 (figures 5.31 and 5.32). 
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Macroscopic images of objects (analysed) 

Figure 5.29. Images of typical bronze fragments encountered at Ban Non Wat and those 

analysed here. A. Cat 3060 (BJ, 4:5)-25mm. B. Cat. 6092-25mm. C. Cat7753-18mm. D. Cat 

10155 (C7, 3:3)-20mm. E. Cat. 12501 (AA5, 2:l)-50mm. F. Cat. 12005 (D7, 3:3) -15mm. 

G. Cat.12541 (AA5, 4:6) -25mm. H. Cat. 702 (A3, 4:10)-65mm 
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Figure 5.30. Cat. 16554. An image of a heat-treated, alloyed object under 50x magnification. 

The proportions of alloy components vary in these objects and casting spillages. Of 

particular note are the high volumes of tin added to the mix. Four of seven have 

percentages of tin greater than 10% with one (Cat. 10155) consisting of 21.5% tin . 

The three remaining samples exhibit tin proportions of 9.5%, 9.5% and 8.5% (Table 

5.5). Lead proportions in each vary from none to trace to between one and three 

percent. 
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Figure 5.31 . Image showing a once copper base-object (Cat. 702), although all copper metal 

has corroded away the remaining structure shows that the object was an alloy (50x 

magnification) . 

Figure 5.32. Image of Cat.12501 (AA5, 2:1) showing dendritic nature of material, suggesting 

no heat treating after casting, has taken place (50x magnification). 
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Table 5.5. Average proportions of alloy components as a percentage 

Cat. Cu Sn Pb 

3060 81 14 trace 

6092 85 12 -

10155 67.5 21.5 1.5 

12005 80 16 0.5 

12501 78 9.5 3 

12541 75.5 8.5 -

16554 87 9.5 1 

Four of the six analysed objects that have provided information have inclusions of 

copper sulphide, possibly meaning they are from objects cast from smelted sulphidic 

ores (table 5.6 and figure 5.33). This has interesting implications when considering 

the origin of copper entering prehistoric sites throughout Northeast Thailand. 

Table 5. 6. Samples analysed and diagnostic characteristics 

Cat. 

No. Alloyed? Partners Characteristics 

4632 completely corroded 

dendrites, mobilisation of Cu, intra-granular 

10155 yes Cu, Sn, Pb corrosion 

6092 yes Cu, Sn dentrites, coring, CuS 

Coring, Isometric grains, visible lead grains, CuS 

16554 yes Cu, Sn, Pb inclusions-heat treated 

Coring of dendrites, visible lead grains, 

12501 Yes Cu, Sn, Pb intermetallic compounds? 

12541 completely corroded 

dendrites-presence of alpha phase within the 

delta phase of the Cu-Sn system, CuS 

12005 yes Cu, Sn, Pb inclusions, visible lead grains 

Cu, Sn, Pb Redeposited Cu, Cu Cl inclusions?( corrosion 

3060 yes trace product?), visible lead, CuS inclusions 

Completely corroded but dendritic structure 

702 Yes Unknown remains-suggesting alloyed and as-cast state 
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Bronze artefacts 

The most abundant examples, representing primary evidence of a bronze metal 

industry are small indiscriminate flecks and fragments of the material less than 30mm 

in length. There are over 350 catalogued fragments from the first three seasons of 

excavation compared with 290 catalogued artefacts and fragments. As mentioned 

above complete artefacts were not analysed. Summaries of each category are, 

however, described here (for examples, see figure 5.34). 

ull Scale 51 77 cts Cursor: 0 .000 

Figure 5.33. Top to bottom. Top. SEMimage of Cat. 3060 showing dark grey area and 

bottom, the associated EDS spectrum showing composition of largely CuS. 
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Figure 5.34. Images of bronze objects (A-1) and objects termed 'blanks' (J-L) encountered at Ban Non Wat. 

A. Cat. 18398 width 7cm. B . Cat. 12305 width 8.2cm. C. Cat. 12306 width 8. 6cm. D. Cat. 11531 width 

4.5cm. E. Cat. 12209width2.8cm. F Cat. 12297width 1.4cm. G. Cat.18817width 7.3cm. H. Cat. 20268 

width 5.3cm. I. Cat. 20292 width 6.4cm. J. Cat. 19818 width 4.2cm. K. Cat. 18182 width 4.4cm. L. Cat. 4045 

width 4.2cm (images courtesy Prof Charles Higham). 
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Jewellery 

Despite being the more prevalent artefacts during the Bronze Age, bronze rings, 

earings, toe rings, anklets and bangles are still relatively rare during the Bronze Age 

at Ban Non Wat when compared to the Iron Age. 

All rings encountered during the Bronze Age are incomplete. By far the largest 

assemblage of rings comes from square X and are dated well into the Iron Age and, 

for the most part, are all from burial contexts. 

Eight fragments of rings have been attributed to the Bronze Age and it has been 

possible, in two instances, to decipher the dimensions of these rings, diameters being 

20.8 and 33.1mm. Three samples provide thickness and width measurements of 10.8, 

4.3, and 2.9mm. Furthermore, they display circular, U-shaped and rectangular cross 

sections. 

A number of bimetallic rings were encountered. These were the only bi-metallic 

objects encountered during the first three seasons, on which this thesis is based, 

however, bi-metallic spear points were found during season five. The majority of the 

rings were recovered from the Xl excavation. The excavation of Xl represents a later 

period in the occupation of Ban Non Wat and included interments dating to the Iron 

Age. All the bi-metallic rings encountered in X accompanied interments. The main 

excavation units of ABC also produced examples of bi-metallic rings. Four of the six 

in this region are from C2. Given the provenance ofrings from Xl, it is possible that 

the rings from C2 were also used in graves that have since been disturbed and 

scattered. It is obvious from the excavations that the use of the bi-metallic technique 

is restricted to the Iron Age with all examples from ABC deriving from layer 2, and 

both layer 1 and two from Xl. 

Typically, rings have a rectangular cross section with rounded edges. Those from C2, 

however, have a more rounded edge making them more semicircular. The external 

diameter of all rings varies but is on average around 42 millimetres across while the 
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internal diameter is around 28-30mm. The width of each ring (distance up the finger) 

is on average around 8mm. 

Numerous bangle fragments have been encountered from Bronze Age contexts, but 

not a single example is more than a fragment. It is possible, at least in some instances, 

that belt portions may be represented by these fragments. Belts featured in three 

mortuary contexts from nearby Noen U Loke but were restricted to Iron Age burials 

(Higham, 1996a). Therefore it is more likely that they are in fact representative of 

bangles. Only one fragment enabled an inner diameter measurement and this was 

quite small, so small that it may represent a large rim or earring. The inner diameter 

was 34mm. Like rings presented above, the cross sections of these fragments were 

either circular, rectangular, or U shaped. A further D shaped cross section is 

discernable from one fragment. 

The only bronze anklets found in the first three seasons of excavation are all from the 

same context in C7. All anklets belong to burial 201 from layer 4. Burial 201 

belongs to the BA2 phase and is one of three interments from this phase to contain 

bronze artefacts (see previous chapters). These artefacts are unusual in that they have 

a very large internal diameter which would mean if these were to be worn in life they 

would drag on ground and would not rest on the ankle. They have an inner diameter 

that varies from around 100mm to 120mm. Further to this, looped on each anklet are 

two small bronze rings. Three, in situ complete anklets were encountered on the left 

leg and two on the right. Each of the accompanying rings are around 24mm in 

diameter and have a thickness ranging from 5mm to 8.2mm. Each of the anklets has 

an oval cross section. The rings however display what appears to be a rectangular 

cross section. 

Only one bell is known from the first three years of excavation at Ban Non Wat from 

Bronze Age contexts, although this context represents one that has been interpreted 

and transitional from Bronze to Iron (see chapter two). The bell is complete and is 

17.5mm in length and 14mm wide. 
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Similar in context to the bell is an object interpreted as a button. It is T shaped with a 

flat face and a loop underneath. It has an 18.9mm diameter face and is 7.4mm in 

depth. 

Industry 

Industrial objects, were defined as such, if they presented either; an unusual shape, 

had numerous edges or points, they failed to appear 'decorative' or were encountered 

'off the body' in burials, but mostly those which appear typically axe, chisel, or point 

like. There has been no separation of artefacts into a category of weapons for the 

simple fact that it is impossible to decipher, general implements from hunting 

implements to those used for warfare. It is likely that in each case there would have 

been overlap in use. 

Based on the evidence from Ban Non Wat, complete industrial implements are mostly 

restricted to burials with only three occurring outside such contexts. These objects, 

however, derive from contexts that have been interpreted as transitional Bronze- Iron 

Age. Nearly half the thirteen complete implements (6) belong to burial 197. These 

represent a number of chisels and a number of axes of varying edge form. 

Intriguingly, one of the axes in burial 197 (cat. 10098), is non-uniform in manufacture 

and has an uneven cutting edge with a square back. It is difficult to imagine that this 

object would have been functional. 

It is obvious from the complete 'axes' that there are a number of different forms 

present throughout the Bronze Age (figure 5.34). The degree of difference generally 

relates to the cutting edge and/or the back. Edges differ between curved and very 

curved (almost semicircular), and straight. There are a number of very small objects 

that have here been noted as 'small axes' that display 'wings'. They are usually very 

small, between 25 and 50mm in length (figure 5.34). A number of examples have a 

visible clay core with a bronze outer coating (figure 5.34, K,L) and 5.35). 
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Figure 5.35. Small "chisel-like" implement displaying "wings " and clay core. Cat 4045 (B5, 

3:4) .(width 50mm) . 

Like above, it is difficult to imagine that these implements would have been 

functional. The objects presented here, very remotely, resemble arrow points but are 

more similar to the cordiform implements of KWPV (Pigott, 1999). They are similar 

in size but those of BNW extend further behind the poll to form 'wings' and have a 

narrower blade. 

Also encountered is possibly a 'blank' of these objects (see blanks below). Although 

it has not been analysed, it does not appear to be of similar material. It has a much 

lighter grey appearance, and a clay core (similar object seen in figure 5.34, K). It is 

possible that this example is like that used in the mould manufacturing process, 

moulds for making the bronze versions of them. A leaded version is formed around a 

clay core then pressed into mould faces prior to firing. Upon firing the lead melts out 

leaving the impression, and a reusable clay core inside. Similarly, if this example 

proved to be leaded, then an equally possible scenario is its use in the lost-lead 

manufacture whereby the lead is melted out and replaced by cast bronze material 

keeping the core within the object. 

A number of implements of varying size and shape have been encountered from 

Bronze Age contexts. They have here been interpreted as chisels. All 'chisels ' ( 5) 

belong to mortuary contexts. Edges (presumably the blade) of all chisels vary in 

form, and include straight edged, curved, and pointed forms. Dimension vary 

considerably also from 51mm in length to 142mm, the shortest in length having the 

widest cutting edge at 30mm. The thinnest edge is the pointed chisel having a width 

of only 7.2mm. 
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There are, however, a number of other objects that are difficult to describe that could 

possibly be considered chisels or points. These are strange examples whereby two 

prongs extend from a socket at a 90 degree angle from each other. Often they contain 

a clay core. Examples do exist of 'typical' points in which two edges form a single 

point as well as an example with a straight edge running through the entire artefact 

and a single edge combining with this to form a triangular point. A fragment of what 

could possibly be a 'spear point' also exists. The socket and the rounded back edge 

are present. Enough is present to visualise this back edge curving to form two straight 

edges that meet to form a long point. Also discemable is a hole in the centre of what 

would be the blade. Extrapolation suggests that it is likely that this object would have 

been close to 130mm in length and the back edge of the blade was likely to have had 

a maximum width of around 40mm. The hole in the blade was probably close to 

20mm in length. 

There are other bronze objects/artefacts however they are either too corroded or 

fragmented to identify any real shape or possible function. 

Other artefacts (related to metallurgy). 

There are a number of artefacts that are related to the industrial process that are not 

copper or bronze, crucibles or moulds. 

Blanks 

The term 'blank' has been used to identify objects that have the appearance of 

finished artefacts in terms of form, but not in material. The term represents an 

interpretation of these particular artefacts in an attempt to define possible function. 

Yl 7:14 Cat. 692 

The excavated area of Square Yl produced what is believed to be a blank. It is of 

clay composition and is in the shape of a small axe or chisel. It represents an object, 

180 



that if cast in bronze, would be heavy given its size. The object is 52cm long and has 

a maximum width of 40cm at the outer edges of the blade. The blade itself is 

semicircular. The haft/poll has a circular cross section. 

C3 3 :2 Cat. 6569 

A further 'blank' coated in presumably lead (yet to be analysed), was unearthed in 

C3. Although displaying the external shape of an axe, it possesses a clay core. Such 

artefacts are described from Ban Na Di as "sprue" although in this case, no clay core 

is evident (Higham and Kijngam, 1984: 101). It is probable that this artefact is a 

remnant of the lost lead technique. The lost lead technique is similar in procedure to 

cire perdue (lost wax) whereby the shape of an object wished to be cast is first 

manufactured in wax, and either a mould is produced around it, or this is placed in a 

finished mould and the wax melted out upon firing or upon casting of the object. In 

this case presented here the lead would be melted out. 

Therefore such blanks have potentially two uses, one for the manufacture of moulds 

or used in the intricate casting of artefacts. 

Clay cores 

Within many contexts of the excavation of Ban Non Wat, a number of small ceramic 

objects have been encountered (figure 5.34, K has a clay core). They are around 

26mm in length and around 25mm in maximum width. Each have an oval cross 

section. It is believed that these objects represent clay cores used in order to reduce 

the amount of copper and alloy required to produce ceremonial industrial6 objects or 

for use as plugs in oval socket manufacture. A number of bronze implements have 

visible ceramic internal body with an exterior coating of bronze material (as above). 

Although numerous examples appear to display casting residue, as yet no analysis of 

these has been undertaken. 

6 It is here assumed that objects with a clay core would not be functional in their 
industrial equivalent. 
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A3 3: 1 (layer 2-3b) Cat. 1744 

This core is somewhat conical in shape, has a maximum width of 28mm and tapering 

in at the base. It is 26mm in length and has an oval cross section. 

B2 4:7 (layer 4) Cat. 2669 

This example is also conical in shape. It has a maximum width of 26mm and is 

26mm in length. It too displays an oval cross section. This example however appears 

to have a blackish residue adhering to the surface. Such residue is not visually 

dissimilar to other residues encountered on some casting crucibles. 

Yl 6:3 Cat. Yl 000 

This specimen is similar to cat. 2669. This example has a length of 26mm and a 

maximum width of 25mm. It too has an oval cross-section which tapers off towards 

the bottom. Again probable residue is present. 

Summary 

This chapter has identified vast metallurgical remains present at Ban Non Wat. 

Analysis has now shown them to belong to an industry of bronze rather than other 

metallurgical industries. Investigation has shown the industry to be highly developed 

and complex, yet not one of primary production. There is no evidence for the mining 

and/or smelting of copper. This chapter has investigated the metallurgical remains 

from BNW as a whole and has identified a complex industry of tin-bronze and leaded 

tin-bronze object production using pre-smelted material. It is now pertinent to discuss 

these findings in relation to the individual at the centre of the industry, the 

metalsmith. 
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Chapter Six 

The individual - The metalsmith 

Introduction 

Investigating aspects of the Bronze Age without considering the metalworkers 

themselves is much like reciting a concerto without the soloist - all you hear is the 

rather banal undertones without the agential flair and dance of the soloist. Agents 

impact upon society in much the same way a soloist exists in the playing of a 

concerto. Different soloists (individuals) and their instruments reflect/sound different 

to the next, each is unique, thus the solo reflects aspects/sounds unique to that 

instrument, hence, are written and played accordingly. But similarly the soloist is 

governed by the structure, tempo and key (culture) of the orchestra (structure). Ergo 

combining to produce the scintillating festival of musical performance (society). 

The previous chapter has identified an industry of bronze casting at Ban Non Wat. It 

is now pertinent to take the next step and extract individual input from this 

assemblage and identify the role these smiths have had in society and the points 

where society intersects with bronze production. Such aims can be achieved by 

considering agential theory and chafne operatoire. 

In applying agential theory to the above Bronze Age metallurgical assemblage it 

became obvious that one needs to analyse the artefacts as an assemblage in order to 

understand the industry and the individual. It became obvious that important pieces 

of the picture were missing when investigating only selected aspects of the industry. 

A more complete picture of the process is possible when investigating bronze 
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metallurgy as an assemblage. Looking at such an industry from the perspective of the 

individual provides more complete insight into matters of structure and organisation. 

Modelling the elemental operations at a microscale becomes necessary to understand 

more macroscale cultural and transformative processes (Roux and Matarasso,1999; 

Dobres, 1999; Marquardt, 1992). But how do we identify the individual? 

In order to 'identify the individual' appropriate theory and methodology is required. 

Agency theory and chafne operatoire enable such an undertaking and allow for a 

complete understanding of the processes and procedures, and importantly, the 

sociology of metal working for this region of northeast Thailand, and potentially 

Southeast Asia. 

Agency 

"As a theory of social reproduction, agency provides an attractive framework for 

understanding how material culture relates to everyday social action, to long 

standing cultural institutions, and to wholesale culture change" (Dobres and Robb, 

2005: 159) 

Agency theory has come to hold a central position in social science. The focus on the 

relationship between structure and agent, society and individual, is at the heart of 

most research in the social sciences today (Doman, 2002: 303). The application of 

agency theory to archaeology has, in recent years, become a popular pursuit for 

archaeological theorists. 

Born of structuration and practice ideologies theorised by Anthony Giddens and 

Pien-e Bourdieu, agency relates to the duality of structure, in which "actors are 

dependent on rules and resources of structure, but allows them knowledgeable and 

conscious choice in manipulating these" (Gardner, 2004a: 2). 

The essence of agency theory lies in the consonance that people "are not uniform 

automatons, merely reacting to changes in the external world" (Dornan, 2005:304), 
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rather that they, "play a role in the formation of the social realities in which they 

participate" (Barfield, 1997:4). Thus the agency perspective shifts focus and 

establishes a means of investigating change, continuity, culture in relation to the 

individuals/actors living, participating, contributing, interacting, influencing the 

society producing characteristics archaeologist investigate and classify typologically. 

Agency is thus the discourse of agent and structure, hence the connection with 

Giddens and structuration, and of the presence of identifiable "traditions." 

"Structuration is simultaneously the exercise of agency and the constitution of 

society" thus, "agents and structures are co-produced through structuration" (Joyce 

and Lopiparo, 2005: 365-6). Over the long term, structuration constitutes those 

chains of continued, repeated, stylistically similar actions we recognise as traditions 

(Pauketat, 2001; Joyce and Lopiparo, 2005: 365-6). 

The application of agency theory in archaeology has been met with a number of 

interdigitating conundra and paradoxes usually with regard to definitions, distinctions 

between "habitual and reflective action" (Gardner, 2004a: 6) and interpretations of 

consciousness and conscious choice separate from unintended consequences of 

actions. As Dobres and Robb (2005: 159) note, "few terms impart such a concrete 

sense of social life while proving so slippery to define and see in the archaeological 

record." Related to both archaeological agency and the more general agency of other 

social sciences, it is found that "the biggest divide among agency enthusiasts is 

between those who stress agency as the intentional actions of agents and those who 

stresses its non discursive qualities (Dobres and Robb, 2000: 10). 

A further component of the problem, according to Gardner (2004a), lies in whether 

agency refers to an "essential property of individuals" or whether it lies in the 

relationship between individuals ( collective agency?). Further, the miscellany of 

different understandings and interpretations of the "individual" adds to the slightly 

cacophonous nature of agency theory. 

Similarly, a slight discordance amongst agency of archaeological application, and that 

of other social sciences, exists because of the broader relevance across the social 

sciences compared to the practical, intermittent and often discrete nature of 
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archaeology and the archaeological record. Archaeology, if we deal with past 

societies without writing, or with societies that do not have close ethnographic 

continuities into the present, begins with the material outcomes of their actions, rather 

than with their consciousness. Though actions contain elements of intentionality, not 

all outcomes are intentional (David, 2004:68). It is in this fact that the "crux of the 

problem" lies. Archaeologists begin with the "material outcomes of human actions 

rather than with intentionality itself, and from these we try to arrive at the original 

intentions (whose outcomes can rarely, if ever, be entirely predicted)" (ibid:68). 

In terms of definition, some sanguine congruity exists amongst archaeologists 

whereby agency "refers to the intentional choices made by men and women as they 

take action to realise their goals. All would agree that these actors are socially 

constituted beings who are embedded in sociocultural and ecological surroundings 

that both define their goals and constrain their actions. All would agree that a 

dynamic interaction exists between actors and structures: actors are rooted in social 

and ecological contexts, and these contexts are transformed by the actions of 

individuals (although not always in the ways that the individuals intended)" 

(Brumfiel, 2000:249). 

Despite the foibles, agency/structuration theory presents a humanised, eclectic, and 

interesting approach to investigating archaeological material. It is a means of 

addressing questions of social milieus, materiality, and human spheres and the 

ramifications of the connections and interactions between them. It "resituates the 

locus of social change from macroprocesses of the system to the actions of 

individuals" (Doman, 2002:320). Agency-centred archaeology allows us insight into 

the interests of the historical actors inhabiting a particular historical milieu in order to 

better comprehend the interaction between the generally accepted cultural order and 

the ever-fluid dynamics of human practice (Sahlins, 1981; Doman, 2002: 325). 

In terms of the human practice of technology and its material remains, as is the case in 

this dissertation, modelling the elemental operations at a microscale becomes 

necessary to understand more macroscale cultural and transformative processes 

(Marquardt, 1992; Roux and Matarasso, 1999; Dobres, 1999). Thus enabling the 

parsing of technological/operational procedures in the production of material objects, 
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identifying individual input and the structural relationship between this individual 

producer and the consuming society. Therefore we are able to explore the particular 

"connections that each technology makes, both social (who participates, who benefits, 

who loses) and material (what are the raw materials, tools, products, waste products)" 

(Sillar, 2006:4). 

We are enabled to move beyond traditional materials analysis to situations where 

"recording and analysis are transformed from a description of products of unexamined 

action to sequences of action that can be recognised as traditional or innovative, 

intentional or unreflective (Preucel and Bauer, 2001). This is a shift from a simple 

referential model of archaeological language to a more complex semiotic one" (Joyce 

and Lopiparo, 2005: 369). 

Gardner, (2004b:33) argues that as archaeologists "we need to be flexible in our 

understanding of the constitution of agency in particular cultural contexts." 

Therefore it is obvious that structurational/agential approaches to archaeology should 

be flexible but also reflexive and applied in relation to cultural context. He also 

suggests we need to be flexible in our understanding but we must, in each case, define 

what we mean by agency, structure, and the individual (Gardner, 2004b). 

Although no panacea, I feel agency enables a unique, modem perspective on 

archaeology and one that will be useful in the context of northeast Thailand and 

Southeast Asia. Discussions, with regard to the archaeology of Southeast Asia have, 

in recent years, centred on Southeast Asia's anomalous situation during the Bronze 

Age (cf Muhly, 1988; White, 2002). Further to this, issues have arisen with 

chronology and the dates for the introduction of bronze and metalworking 

capabilities. I wish to explore these issues in relation to the metalsmiths at the centre 

of these structural dilemmas in the hope that these issues may be resolved. But first I 

need to identify the metalsmiths. To do this, I need a human focused, material based, 

means of identifying the individual. Agency theoretically allows for such 

identification yet practically, how do we "do agency"? 

Doman, (2002: 325) argue that for an agency approach to be effective it requires "a 

delicate and reflexive movement between an exploration of structural events and 
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patterns of practice, between historically unique microprocesses and more 

macroscale, long-term processes, and between a focus on observable consequence and 

less obvious intentionality." Dobres and Robb (2005) note that archaeologists can 

only understand social reproduction (agency) when they understand how it worked 

(and works) materially. Which, in tum, "requires investigation of the materiality of 

ancient social reproduction. For example, regardless of paradigmatic persuasion, 

most archaeologists today see material culture as instrumental to how people create, 

experience, give meaning to, negotiate, and transform their world." (Dobres and 

Robb, 2005:161). In terms of the prehistoric Thai metalsmith, it is obvious that I 

must look at the material remains of their industry and the microprocesses involved in 

the larger metallurgical process. 

Chafne Operatoire 

An agency approach allows us to re-interpret data from a new, more effective and 

accurate perspective (Joyce, 2000) namely an agent centred one (Brumfiel, 2000: 

247). However there is no normative, universally applicable methodology. How 

researchers "identify the individual" as well as how they have proceeded in terms of 

definition needs to be disclosed, but so far, this has largely been avoided. "Indeed, 

while many of us now feel comfortable ( or even compelled) to talk about agency in 

the past, few of us are explicit about how we are "doing" agency - as if the 

archaeological study of agency is so self-evident that it hardly merits discussion" 

(Dobres and Robb, 2005: 159). 

Of the few researchers suggesting methodological/practical ways of "doing agency," 

almost concomitantly these tend to be sequenced based models of material 

production. "The methodological innovation common to practice-based analyses is an 

emphasis on descriptive language that references the sequence of actions that 

produced the objects, features, sites, and landscapes we analyse" (Joyce and Lopiparo, 

2005:369). 
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Hodder (2000: 23) suggests that we should endeavour to denude "individual lived 

lives" in order to view agency in "terms of individual forward-looking intentionality 

and creativity." However the construction of "individual lived lives" begins with the 

"traces of individual events" (Hodder 2000: 25). He further suggests that the 

identification of such events is possible, as is the intentionality and decision making 

involved in event sequences, "as in work of chafnes operatoires." "The evidence 

excavated by archaeologists is usually the result of a palimpsest of individual events. 

Certainly the individual events can sometimes be extracted from the palimpsest ( the 

breaking of a pot identified from refitting within a general spread of pottery, the 

digging of a particular post hole within a pattern of post holes, etc). It is possible to 

work out the intentionality and decision-making involved in individual event 

sequences, as in work of chafnes operatoires, without relating those sequences to a 

particular embodied individual" (ibid). His mention of chafne operatoire is further 

evidence for the application ( and usefulness) of sequence-based methods for 

individual/event identification. 

Therefore by identifying individual actions and decisions we can build up a picture of 

the "individual" piece by piece. And by highlighting these as 'choices,' we are 

encouraged to move beyond identifying the mechanical process of technology in 

order to consider the social context which informed these 'decisions,' or provided the 

habitus to use this technique (Sillar, 2006: 6). Thus it is important to build up from 

individual events and individual sequences of events to the products of a particular 

person (embodied individuals) (Hodder, 2000: 26). Allowing an investigation into the 

agency of these actions, and their display socially. 

Dobres (2000) and Dobres and Robb (2005: 163) offer ways of "doing agency" as a 

method of "practical" archaeology. Two notable means of extracting and applying 

agency are; the middle range interpretive methodology of chafne operatoire - and the 

social reproduction concerned with "how everyday material practise, embodiment, 

and identity combine to enrol technicians into social collectives." Further, "[a]n 

alternative but also promising middle range interpretive methodology for "doing" 

agency derives from behavioural archaeology: the life-history approach to material 

culture and the built environment focuses on so-called performance characteristics in 

an attempt to unlock the choices people made in regard to making and modifying their 
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material world (e.g., Skibo and Schiffer, 2001; Walker and Lucero, 2000)" (Dobres 

and Robb, 2005: 163). These options have here been considered as alternatives, 

however, I believe them to be rather concurrent. 

As mentioned above, to denude individual lived lives, one must explore traces of 

individual events. Numerous researchers have posited that chafne operatoire, is a 

means to that end. I do so in much the same way that chafne operatoire is utilised 

and become popular, however I also investigate the choices and decisions made by 

the smiths within the operational sequence rather like a chafne decisions or la chafne 

operatoire choix. Thus, it will be possible to identify the decisions these early Thai 

smiths made in the production of bronze material goods throughout the Bronze Age. I 

am therefore investigating the connection between agent and structure, between 

metalsmith and society, understanding the production of material goods from the 

perspective of those producing them and the impact, either conscious or unintentional, 

they had on structure. "Without explicit attention to the socially constituted nature of 

technical acts and technical choice (those, for example, through which tacit mental 

maps were followed so faithfully or by which the physical and mechanical properties 

of raw materials were discovered or circumvented), neither the material nor the 

mental processes involved will be adequately understood" (Dobres, 1999: 126). 

Chafne operatoire is an analytical framework that is complex and allows one to relate 

"the different stages of production to each other and to order them along with related 

factors, including physical and economic one, terminology, places, social relations, 

symbolics, etc" (Audouze, 2002: 287). 

"As archaeologists, we are quite successful at assembling and describing a wealth of 

artefactual evidence. With such approaches as the chafne operatoire, we may well 

have means to relate these static remains to human actions - and from there on to 

address the cognitive issues which concern us" (Schlanger, 1994: 149). 

No excursuses have been entered into. I will not be attempting to enter the theoretical 

debate, or theorise with regard to agency and structure, rather I apply a relatively new 

archaeological theory, practically, to a large metallurgical assemblage, in order to 
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address pertinent social questions, using the recently excavated archaeological site of 

Ban Non Wat as a vehicle. 

The approach presented in this thesis for the investigation of the metallurgical 

assemblage, although it utilises a relatively new approach and represents a new way 

of investigating material, information and interpretation does not then become 

'locked' in the literature so that other means and theories cannot similarly be applied. 

It simply allows for an agential interpretation of a material assemblage. To further the 

discipline, theories should be applied in such a manner that future researchers, using 

new techniques and thoughts, can parse information from our investigations. 

Similarly new methods need to be rooted in history to permit comparison, and eschew 

methods that place sites in isolation. An idea not subscribed to by the reporters of the 

prehistoric Lao site of Lao Pako. Kallen (2004) produces a great piece of work, and a 

much needed new perspective, however one feels it is rather difficult to parse 

information and reconstitute it into different interpretations under different theoretical 

frameworks. 

The 'modelling' of the bronze production industry at Ban Non Wat begins with the 

smith and a chafne operatoire of decisions and actions for the production of metallic 

artefacts. Although chafne operatoire is the identification of the production sequence 

of an artefact, rather than a life history of an artefact, presented here is an 

occupational history of decisions made by a conflation of individual metalsmiths. A 

history conducted in an attempt to identify (collective) agential influence upon society 

and the role the metal smith played in the political economy of Ban Non Wat during 

the Bronze Age. 

Extracting the individual (Method) 

A chafne operatoire allows us to gain individual cognitive perspectives through the 

descriptive elucidation of the technical procedures of bringing an object to form, from 

a previous form, often from raw material to finished object. It is "a trajectory, a 
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material enactment leading to a goal. This 'becoming' is intersected by succeeding, 

simultaneous or overlapping moments. While it has a beginning ( as natural raw 

material), and an end (as accepted product) this trajectory is not necessarily linear" 

(Lemonnier, 1976: 106 cited in Schlanger 1994: 145). 

In the case of prehistoric copper metallurgy, the industry consists of two parts; 

extractive - a sequential subtractive exploitation from mined ore to metallic copper. 

The second part is a constructive, step-wise, fabrication of the desired object. 

Therefore chafne operatoire lends itself well to the study of copper metallurgy and 

the dialogue between the artificer, society, and material. 

It is noted that a "detailed materials analysis of artefact life-histories should be 

undertaken not only to identify and describe decision-making sequences of artefact 

making, use and repair activities, but also to understand the social contexts and 

organizational dynamics structuring and giving meaning to them" (Dobres, 2000: 

264). Thus chafne operatoire is a "practical, operational and coherent means with 

which to pin-point the part of the artificial, the interplay between fixed and flexible" 

(Schlanger, 1994: 144). It further identifies the interplay between the individual and 

society thus allowing a means of assessing agency. 

Understanding the procedural production system of bronze objects enables insight 

into the variability of the system, and enables interpretation into why, and under what 

circumstances, such variabilities existed. "Indeed, what rigorous chafne operatoire 

research allows is an understanding of precisely when, how, and to what extent a 

technical procedure was faithfully practiced and when, how, and to what extent 

technicians deviated from it in a particular manner. To be able to identify, then 

juxtapose, the gestural traces of norms and variants in ancient technical practice 

through the study of materials as diverse as lithic debitage, glass beads, gold statuary, 

ivory figurines, metal slag, and clay pots is what makes the analytical methods of 

chafne operatoire research so useful to archaeological inquiry" (Dobres, 2000: 175). 

When studying chafnes operatoires, it is important to "focus on manufacturing 

techniques, but also on how finished artefacts are incorporated in different chaf nes 

involving varying actions and expectations" (Martinon-Torres et al, 2006: 1 ). As 
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noted by Dobres (2000: 167) the methodology of chafne operatoire research is flexible 

and lends itself to modification to fit the interests of the research community as well 

as the material nature of the technology in question. Given the often patchy and 

incomplete nature of metallurgical evidence from archaeological sites in the 

northeastern Thai region, a modified methodology was required. I utilise the 

principles of chafne operatoire not to look at one particular artefact and the sequential 

processing of it, rather I look into the production sequence of an industry. Looking at 

the decision sequence involved in the production of all bronze goods through the use 

of the concomitant metallurgical tool kit. Chafne operatoire allows archaeologists to 

understand the intersections between the various components of the industry, and the 

intersection of the industry and society rather than as discrete objects within a 

chronological position. It allows one to identify individual dispositions in 

technological practice and understand them as they unfolded in their original 

(prehistoric) social field (Dobres, 2000: 206). 

Each of the components of this bronze metallurgical industry and the information 

gained in the previous chapters, shall be discussed in tum, below, with the discussion 

focussing on extracting individual decision making. 

Discussion 

Crucible 

As mentioned previously, of the many components of a copper industry, the crucible 

is possibly the most informative. It is obvious from the results of the analysis that we 

are dealing with a complex industry. Analysis has enabled the identification of many 

decisions and procedures made by the smith with regard to the crucible as well as 

other components. Crucible analysis has provided insight into the copper industry 

present in this southern region of the Khorat Plateau. The crucibles belong to a 

bronze industry rather than other non-ferrous metal industries. It has been possible to 

identify whether or not crucible smelting was undertaken, similarly the position of 

crucible in furnace/hearth, alloy components and partners, volumes utilised, the 
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refractory properties, and information on clay sources. Macroscopically, the nature 

and portion of fragments encountered has allowed insight into crucible use and 

deposition. 

93% of the crucibles encountered at Ban Non Wat are less than 25% of the original. 

This suggests that it is mainly broken crucibles that enter the archaeological record. 

The fact that crucibles entering the record are generally less than 25% their original, 

and that the majority of these are rim fragments, suggests crucibles, once rendered 

useless are, almost certainly, deliberately broken up into these small pieces ( although 

trampling must also be considered). The most obvious explanation here is that the 

smiths were attempting to recover adhering prills and it was this act that kept these 

crucibles from the archaeological record. That is to say that the value of the adhering 

copper in these crucibles was always enough to ensure that crucibles were crushed, 

rather than deposited in the state that left them unusable. Otherwise one may expect 

to encounter many more examples of crucibles that survive 50% or more by portion. 

However, it is obvious that crucibles themselves are particularly valued objects. This 

probably stems from the fact that crucibles, or at least their clays, were often acquired 

by smiths from distant sources (Vincent, 1988:62; Vincent, 2002; Vincent, 2004). 

Crucibles at Ban Na Di were not made locally except for one early specimen-one 

example has "clear mineralogical associations with clays to the east of Ban Na Di, 

close to the Phu Phan Range" (Vincent, 2004: 36). As previously noted, the lagging 

layer within the crucible was also exotic (Vincent, 2002:79). Although a sourcing 

analysis has not been attempted for BNW, initial comparisons between clays used in 

moulds and crucibles show probable multiple sourcing. Thus suggesting that distant 

sourcing is a possibility although future analysis will provide more definitive results. 

However, analysis of clay composition for Ban Non Wat moulds and crucibles, and a 

comparison between the two, has shown that they fail to show consistently similar 

components ( figure 6.1 ). The organic temper included in the matrix of both moulds 

and crucibles similarly differs. Numerous crucibles contain organic temper 

consistently uniform in shape, typical ofrice chaff (figure 5.13) however organic 

material tempering the moulds, is much less uniform and is of different shape 

compared to the crucibles. From the spore looking temper of moulds, and the odd 
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fragmented shell inclusion (figure 5.26) one feels that these inclusions are indicative 

of riparian sources, that is, clays are potentially taken from river or stream beds. It 

could be, like that of Ban Na Di, that crucibles and moulds were exotic to Ban Non 

Wat, and came from potentially multiple sources. However more research is needed 

into this idea namely the clay sourcing of moulds, crucibles, and utilitarian ceramics. 

It is possible that Ban Non Wat in prehistory had very diverse clay resources and that 

it is this phenomenon that is reflected in the analysis. 

K 

Figure 6.1. Ternary diagram showing composition of moulds and crucibles encountered at 

Ban Non Wat. Given these data,four sources appear to exist. 

It is likely then that smiths would be very cautious with crucibles seeing as acquiring 

another was rather difficult, given the often lack of proximity to useable sources, and 

that only a set number could be carried on person if itinerant. Alternatively however, 

if smiths were local, evidence suggests that they would still require mobility to gain 

the necessary clays for the crucibles and moulds even if all clay types were found in 
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the vicinity of Ban Non Wat. Or conversely the local smith relied on the trade of 

crucibles, which, in itself is an interesting concept. 

Vincent (2002:79) however notes for Ban Na Di that the early period, crucible clay 

was selected by non-local metal workers. Accordingly some examples of crucibles 

have a clay source some 45km northeast of Ban Na Di (ibid: 79). This distance is 

deemed to be un-economic for raw material transport and Vincent too suggests 

possible itinerant metal workers, further, this he suggests, would explain, the "use of 

alternative clay sources for pottery and crucibles during the early period" (Vincent, 

2002:79). 

Socially, the most important observation and the most pertinent in terms of the Ban 

Non Wat smith and chafne operatoire, is whether or not Ban Non Wat represents a 

primary production site or one where alloy melting and casting took place. 

The concomitant but absent slag provides tacit evidence for a non-smelting copper 

industry at BNW. Somewhat discordant, but possible, is the process of crucible 

smelting. Accepted is the fact that malachite could have been smelted in crucibles 

themselves or in bowl furnaces, as long as most of the gangue had been removed 

(Tylecote, 1974; Craddock,1995: 135). A situation posited for Phu Lon. Here Pigott 

and Weisgerber (1998: 153), note that "[c]opper was being produced at home where 

the ore had to go and there it was being smelted in crucibles, not furnaces, resulting in 

very little slag." A further precedent exists for copper crucible smelting in Thailand, 

Bennet (1989) identified crucible smelting from the KWPV. Analysis of the BNW 

crucibles however, suggests that smelting was not undertaken at Ban Non Wat. The 

presence of copper's common alloy partners within the surface of the majority of the 

fragments suggests these crucibles were for the melting and mixing of alloy and the 

casting of artefacts. The lack of quantities ofFeO within the crucible fragments and 

greater proportions of CuO further attest to this. The smelting of ores requires the 

reduction of ore to metal, however, the presence of CuO is indicative of oxidising 

conditions, thus not conducive to smelting. Moreover, the situations mentioned 

above, the absence of mauls, anvils, ore, and gangue, preclude suggestions of on-site 

smelting. Therefore, the smith, if privy to smelting techniques, was not utilising them 

at Ban Non Wat. 
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The smith was, however, privy to information regarding techniques of crucible 

manufacture and use, similar to those undertaken by colleagues to the north. A 

common practice both in the north (Phu Lon, Ban Chiang, Ban Na Di) and at Ban 

Non Wat, was the application of a silica rich slurry to the inside surface of the 

crucible. As shown, this layer is on average ca. 90% silica with only a slight clay

binding agent. One of the beneficial properties of such a layer is added heat 

resistivity (a property of the quartz) the silica enables. The high melting point of 

silica and the quantity within the lagging means that the bronze alloy within the 

crucible would melt well before that of the lining, thus greatly extending the time 

before vitrification of this surface begins, ergo protecting and extending the life of 

crucible. Related, this un-fired lagging inhibits material percolating into the crucible 

body and allows for easy removal of crucible contents without the destruction of the 

ceramic body. Given the application of this silica lining and its associated properties, 

it is discernable that crucibles were highly valued objects. Withal, multiple 

intermittent layers of casting slag and lagging are present, therefore indicating the re

use of crucibles. This is in contrast to the KWPV region, Pigott et al. (1992) have 

noted that in the Khao Wong Prachan Valley the bulk of the tools for copper 

production were used once and discarded. Application of the lagging allows one to 

assume this material must have been on hand at the site of casting. Therefore the 

smith either carried it on person, or sourced it from local sites. However, Vernon 

(1997) notes that lagging within crucibles from Ban Chiang, is washed from general 

clay- therefore clay must already have included a natural sand temper. Vernon (1996) 

similarly notes that Phu Lon crucibles have a sand temper and are further culturally 

tempered with organic material. 

Therefore, given this data, the smiths must have had clay on hand (brought in from 

somewhere near or far) from which they made the lagging slurry (Rehren pers. comm. 

2006) given that lagging is required on hand at all times. If we were to place the two 

possible caster scenarios into this situation, whether they be independent and itinerant 

or attached, and discuss in relation to the data we get the following possibilities. It 

could be that the itinerant smith has crucibles on person, requires a lagging layer on a 

day to day basis therefore needing a supply oflocal sand when away from areas of 

crucible manufacture. When in areas suitable for crucible manufacture, the lagging 
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either the cleaning process of 'dirty' ingots prior to a secondary casting from tapered

rimmed crucibles, or the recycling ( and hence refining) of existing artefacts prior to 

re-casting, from tapered-rimmed crucibles. Given their dimensions and often larger 

size, existing artefacts would require a larger area for melting than exists in the 

tapered rimmed crucibles. An axe for example would not fit inside a tapered rimmed 

crucible and contain the equivalent molten contents. Furthermore, used objects will 

contain numerous impurities from use, including, but not limited to, soil, sand, salts, 

wood, and corrosion that would require "cleaning" ( oxidation) prior to the casting of a 

new object. A detailed comparison between the crucibles could shed more light on 

this concept. 

Given the greater abundance of the tapered rim, this could suggest that casting of 

clean ingots is the more prevalent activity for these smiths. The presence of CuO in 

these fragments is probably due to an alternation between reducing and oxidising 

conditions upon casting. 

Inherent crucible features, identified microscopically, have enabled operational 

insight into the smith's techniques and decisions. This investigation has shown the 

destruction of quartz grains on the inner surface of these crucibles. This same surface 

shows signs of vitrification as opposed to the complete, un-modified, outer surface. 

Pores within the clay are elongated at this outer edge but quite ovoid at the inner. The 

combination of these phenomena proves that crucibles have been heated from above 

rather than beneath. That is to say, a fire has been built above the crucible and the 

opening containing the material to be cast, rather than having been built below. 

It is likely that this crucible sat in sand or a clay lining up to a point, but within the 

confines of presumably a U-shaped hearth. A similar setting occurred with the 

excavation of square Y2 at BNW. Seemingly 'placed' on overlying pale pinkish

white sandy lenses, in an area scattered with flecks of corroded copper, was a U

shaped, baked clay feature not dissimilar to the contemporary chulha and other 

archaeological examples of northeast Thai hearths. Crucible (cat.) 4564 was 

encountered on this sandy lens less than 2m from the supposed hearth. It is 

conceivable, then, that crucibles were placed on this sandy lens for support and 

stability, charcoal/fuel was then heaped over top, supported by the hearth with 
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probably a bamboo blow pipe(s) entered into the opening of the hearth and into the 

bed of fuel. Although no 'heaps' of fuel destined for the smith's hearth have been 

encountered, and are unlikely to be within the archaeological record, it is probable 

that charcoal was the means of powering the hearths (see previous chapter). 

Distribution of crucibles and fragments from calibrated contexts 

• Layer 1 

• Layer 2 
Layer 3 

Layer 4 

• Layer 5 

Figure 6.2. Shows the frequency of crucibles and their distribution throughout all five layers 

of Ban Non Wat 

Moulds 

The combination of macro and microscopic investigation for the moulds has provided 

much insight into an important component of the copper industry at Ban Non Wat. It 

has been possible to confirm the presence of copper and common alloy partners and 

identify high quantities of alkali metals on surfaces of moulds. Similarly, correlations 

amongst mould form and object cast, spatial information, and a correlation with burial 

objects provide information on how casting at Ban Non Wat was organised and 

whether smiths were attached or independent. It is also possible to identify these 

technological aspects as they relate to decisions made by the metalsmiths and hence, 

identify the individual working in this industry. By looking at all aspects of the 

mould, various traits and decisions became obvious. These, once compiled with all 
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aspects of metallurgy, shall provide a complete picture of the persons, individuals, 

and identities involved in producing bronze implements for their community, a 

finding critical to understanding the community and the impact this industry had on it. 

The nature of the cross section was deemed important, as this often suggested the 

mould's potential use. Semi-circular cross-sectioned moulds tended to be more for 

casting objects of what we would consider being of "industrial" intention, such as 

axes and chisels. While those with a rectangular cross-section, not only were thinner, 

but they were also, it appeared, for casting "decorative" objects such as bangles and 

rings. The nature and purpose of these much thinner, rectangular cross-sectioned 

' moulds' has largely remained ambiguous (figure 6.3) with many suggesting they are 

not moulds at all. Their size, it has been suggested, would not allow for the casting of 

molten material. 

Figure 6.3. Profile image of Cat. 1679a (Al , 4:8), often the functionality of such an object 

has been questioned. However analysis has shown these to in fact be moulds. The casting 

indentation is circled in red (length is 22mm) . 

In analysing the moulds for quantitative elements, it has been possible to confirm 

their use as a bronze technical artefact. Three supposed moulds of rectangular cross 

section were analysed in order to gauge whether they had in fact been subject to the 

casting of molten material. Those subjected to the casting of molten material have 

higher concentrations of castable material namely copper, tin and lead. I have here 

assumed that the existence of higher concentrations of copper and its alloys on the 

side noted as having been used in casting, compared with the non-casting outer edge, 

as evidence that this is a bronze casting mould. Thus the presence of copper, tin and 
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lead in consistently greater concentrations on the surfaces of these moulds has 

confirmed that these "questionable" moulds are in fact copper casting moulds, as is 

also the case with the less contentious, semi-circular cross-sectioned examples. 

Accordingly, it has been possible to suggest likely alloy partners for certain types of 

implements. Although lead is a very mobile and volatile element (Dungworth, 2000) 

the very high proportions of lead on the surfaces of the previously ambiguous 

"decorative" moulds provides some support for their use as jewellery moulds as well 

as for the presence of lead metallurgy in the region. The low melting point of lead 

helps the bronze material to flow, this is especially important in these moulds given 

the existence of very small, thin, shallow casting depressions. The addition of lead 

will facilitate the complete casting of the molten material into all areas of the mould 

thus producing leaded-bronze objects/jewellery. 

Similar to the ambiguity of thin, rectangular-sectioned, "decorative intended" moulds, 

stone moulds and their use in copper casting has been debated. It has been 

proclaimed that stone moulds, would not and will not resist the thermal shock 

produced by the high melting point of copper. Herein lies the debate. It is often 

suggested that such " moulds" are more likely for the casting of blanks in the lower 

temperatures of lead working (Higham and Kijngam, 1984:83). Craddock et al 

(1997) has shown, however, that stone moulds are capable of moulding objects of 

bronze material. A sandstone bivalve mould fragment from BNW (Cat. 4135) (figure 

5.1, I) also displays bronze casting residue on its inner surface, therefore suggesting 

that similar moulds in the northeast may not necessarily be for the production of lead 

blanks rather for the casting of bronze objects. 

From table 5.2, it is obvious that throughout the Bronze Age at BNW, "industrial" 

moulds have the greatest frequency suggesting a higher demand for industrial 

products over the "decorative" variety during this period. However it is possible that 

"decorative" moulds may have a preferential tendency to decay, thus meaning that 

they are mis-represented in the archaeological assemblage, however given the general 

distribution of total moulds (figure 5.23) the former remains more likely. 

202 



Semicircular cross-sectioned mould valves 

X-ray fluorescence (XRF) analysis has shown for moulds of semicircular cross

section that the common alloy partners are most often copper, tin and lead although 

the ratios of each element are undeterminable. It is likely that lead was a conscious 

inclusion in the majority of objects to be cast, albeit in fairly minute quantities. 

However, mould cat. 21614 (G5, 4:1), was far less likely to have had lead added as 

only quantities of copper and tin show vast differences between surfaces. 

There are comparatively few bronze artefacts from Ban Non Wat when compared to 

the actual evidence for their manufacture. Outside burial contexts, the most numerous 

bronze artefacts (from calibrated Bronze Age contexts) are bangles and rings or 

fragments thereof. There are very few 'industrial' objects. This information in 

isolation would suggest a greater demand for "decorative" artefacts over those of 

"industrial" intention. Given the great abundance of mould fragments and the great 

number of these displaying casting depressions it has been possible to generate a more 

accurate market view of the prehistoric copper industry at Ban Non Wat. In terms of 

moulds, figures 5.23 and table 5.2 show the slight dominance of industrial implements 

over those of supposed decorative intention. However in terms of pure metal, 

industrial implements would, by far, consume the greatest volume of copper. The 

lack of larger objects in the general archaeological assemblage suggests these objects 

represent considerable 'value' given their large volume. One of metal's most useful 

qualities is its ability to be recycled. "Because of the metal's recyclability, small 

utilitarian metal tools are unlikely to be discarded and hence after extensive use would 

be remelted and recast" (Pigott et al. 1997: 134). This would help explain the 

disproportionate amount of bronze bangles found in archaeological sites such as Ban 

Non Wat, Ban Na Di and Non Nok Tha. This has interesting repercussions when 

considering the nature of bronze objects found in burial contexts from chapter three 

an four. The inclusion of axes and chisels as grave goods would then represent a 

significant investment. 

When considering the Bronze Age of Ban Non Wat, the mould data suggest that the 

greatest demand, in terms of implements from the smith, was for axes. I have here 

assumed that all moulds could only be used a set number of times before they break 
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and that there is no preferential incorporation of moulds into the archaeological 

record. 

Excavations in Thailand and Southeast Asia have produced moulds with unusual 

markings including scratches, grooves, gouges, incisings, and impressions on the 

reverse surface to the casting face. Possibly the best, or most well known example is 

that from Non Pa Wai of the Khao Wong Prachan Valley. Pigott and Natapintu 

(1988) describe a mould valve with an "incised geometric pattern, possibly a 

"maker's mark."" It also displays two horizontal incisions that begin at the juncture 

between the casting and reverse surfaces (figure 6.4). Further examples are known 

from Non Pa Wai (Pigott and Natapintu, 1996). As for the northeast, few examples 

occur. An incised X is visible on the reverse face of one stone mould from Phu Lon 

(Pigott and Weisgerber 1998), therefore the presence of a large number from Ban Non 

Wat is interesting and a phenomenon requiring further investigation and comparison 

with the KWPV in due course. 

Figure 6.4. A bivalve mould from the KWPV showing the incised horizontal lines (from 

Figure 14.3, Pigott and Natapintu,1988:160) 

Similarly, mould valves from Ban Non Wat have many such non-metric observable 

qualities (table 6.1). 
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Table 6.1. The unique, non-metric characteristics of Ban Non Wat casting moulds and the 

interpretation of the observations. 

Cat 
Characteristic Interpretation 

number 

Grooves and staining on Result of material used to secure valves. 
5611 

reverse Shows position of 'rope' 

8361 Has notch on side 
For use as a guide in lining up of valves 

prior to securing valves together 

6681 
Has incised lines in casting 

To decorate blade of axe 
area 

8180 Grooves around outer edge Decoration of mould? Makers mark? 

7587 
Definite groove and parallel Used to line up valves then groove to aid 

indents in fixation 

14814 
Apparent casting 

depression on both sides 
Reuse of mould/double mould/decoration 

Circular discolouration on 
For identification as bangle mould, 

8824 moulds stacked after use, or bangle 
reverse 

placed on it after valves opened 

Casting depressions on 
Open mould/ownership? 14602 

numerous sides 

3 parallel lines on top edge, Lines used to align valves, blackness 

210 and blackened area save shows moulds placed in ground for 

for ca 35mm at bottom casting 

Discolouration on reverse Maybe bangle placed on back while 
14524 

in circular shape hot/ownership/show what mould is for 

Has 3 curved grooves on 
Ownership/identification of valve. Enable 

1693 reverse, as well as 1 

horizontal groove off edge 
the alignment of valves 

Very large casting 

1023 
depression and cross Aid in the securing of the valves, given 

section changes to such volume 

rectangular in middle 

Grooves and scratches on 
1310 Identification/ownership 

reverse 

Interpretation suggests that the majority and most obvious uses of these grooves are to 

aid in the aligning and securing of the moulds valves to each other for a flawless cast 
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( figure 6. 5), Discolourations could represent the residue of the organic material used 

to tie these valves together, thereby identifying the position of such material, A 

number of the incised markings have been in the past, interpreted as maker's marks 

and/or for use in identifying and matching halves. For a transient metalsmith the 

identification of maker would possibly not be of greatest priority, 

A number of the cast objects themselves display distinctive decoration which may 

negate the need for them on the exterior of mould valves (figure 6.6). It is the objects 

themselves that will "advertise" the maker, not their mould, hence exterior markings 

on moulds are likely to identify the object and match up pairs. If a smith were 

independent, local and stationary and there were multiple smiths then a mark to 

identify ownership is more probable. However multiple concurrent smiths would not 

fit with an idea of attached specialisation, unless these multiple smiths were all in the 

employ of an elite, in which case markings are likely to identify the object to be cast. 

However multiple concurrent smiths would suggest larger scaled industry than that 

seen at BNW. Therefore a single smith operation, attached or not, but local would 

also negate the need for makers marks. Therefore I tend to think they are more for the 

identification of individual mould valves. Bennet (1989:347) has also suggested that 

they served to match two valves or identify what each mould cast. 

rn 
Figure 6.5. Image of the alignment of mould bivalves. 

An interesting characteristic exists on mould valve catalogue number 210, worthy of 

individual mention. The complete nature of the valve has enabled an insight into how 

these moulds may have been secured upright for the casting of molten material, The 

exterior surface has a discolouration that covers this area save for a portion that 

extends to 35 mm from the bottom. The existence of this discolouration suggests it 

206 



I e,,-

... 

• 

r 

-i 

was placed in the ground, probably in sand close to the hearth, thus the 

heat/ash/charcoal/smoke discolouring the mould save for the area fixed in the ground. 

A number ofrectangular cross-sectioned 'bangle' moulds too display discolouration 

on the reverse. Numerous mould valves display a circular, blackened, discolouration 

of similar shape and size to the bangle cast. It should be noted however, that these are 

not a mirror image of the casting depression and examples exist where two or more 

discolourations exist and overlap. This could represent a means of identification as 

mentioned further above, however the fact that it is a discolouration, as opposed to 

gouges and scratches, could suggest something else. I believe this disclouration to be 

the direct result of the process ofremoval of the object cast. It was likely that moulds 

would need to be pulled apart while the metal was still malleable, especially for these 

small bangle moulds, to minimise contraction. Therefore it is probable that in pulling 

apart the moulds, only one valve pulls away clear, thus leaving the bangle still 

adhering to the other valve. If they are left in position it is likely they will need to pry 

them open with something, thus potentially damaging the vital casting surface, 

especially given the contraction of the metal on cooling (Pigott, 1999:16). If the 

valves were not removed soon after casting, the bangle held within could act as a 

dowel and hold them together. Could it be that this valve with a half exposed bangle, 

while still reasonably hot, was placed on the reverse of the removed valve to cool, 

thus producing the aforementioned discolouration? One valve clear is probably 

sufficient to ensure the survival of mould valves. The cooled bangle can then be pried 

directly from the remaining valve. Or it is just as likely that the bangle was removed 

completely from the valves before contraction could commence, and placed on the 

reverse of the valve to cool. 

Given that this research attempts to "identify" the individual and elucidate the nature 

of the copper industry at Ban Non Wat - one can be forgiven for including a piece of 

evidence gained outside my pre-determined length of research, given the probability 

that an individual from within this industry has been encountered in the BNW 

cemetery. 
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Figure 6. 6. Image of decoration on poll of BNW axe (Courtesy Dr Nigel Chang) . 

During the final field season and the penultimate days of the BNW research project, a 

fascinating feature came to light, an interment (burial 549) of what was almost 

undoubtedly a metalsmith. Grave goods included a large (the largest in Southeast 

Asia) collection of over 30 casting moulds. Although I still feel that my 

discolouration thoughts from above are correct, this collection of moulds have 

provided phenomenal insight into the casting of decorative objects and the nature of 

some of the discolouration on what was considered the reverse of the moulds. Now I 

am also able to suggest why "decorative"/bangle moulds have a rectangular cross

section. Three groups of the moulds encountered in burial 549 were found in a 

concertina-like arrangement of between five and ten valves (figure 6.7, 6.8 and 6.9). 

Each valve contained the casting indentation on one side and formed the backing 

valve on the other, thus providing one form of dis-colouration, apart from two end 

valves that completed the "concertina." This provides detailed insight into the way 

bangles were cast. It is now obvious that multiple bangles were cast in one episode. 

Most pertinent here however is the fact that using moulds in this fashion greatly 

reduces the number of valves required to produce a collection of bangles, hence 

greatly reducing the "cost" of mould manufacture in the bangle ( and possibly other 

decorative objects) industry. 
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Figure 6. 7. Two examples of collections of bangle moulds encountered in burial 549,found 

in a "concertina" arrangement (courtesy Prof Charles Higham). 

Protection of a moulds casting surface may similarly be the motivation for the lining 

of its surface with charcoal dust. The presence, in higher quantities, of alkali metals 

K20, CaO, Na20, MgO, on sampled valve surfaces, has here been interpreted as the 

remnant evidence for the deliberate "dusting" of opposing valve surfaces prior to their 

alignment, fixation and ultimate casting. Such action would inhibit the oxidation of 

the bronze material, and concomitant reaction of molten material with the mould 

surface thus aiding in the removal of the object and consequently protecting mould 

surfaces . 

Two valves, presumably unused, were found aligned together in situ, ( a mud cast of 

the axe was encountered upon removal) at the site of Ban Nadi (Non Nok Tha) in 

1966 by Solheim (1967) . He describes them as being of "greyish brown medium 

grained sandstone." Of interest here though, is that he further describes the inner 

casting surface as "grey to black." Could this surface be the remnant of such a layer 

as described above? It could be that this mould has had multiple use and it is simply 

discolouration from that, however very few moulds and fragments encountered at Ban 

Non Wat display surfaces considered "grey to black". This, coupled with the fact that 

these valves must have been prepared for imminent casting ( otherwise why were they 

found together and in this exact aligned position), suggests charcoal dusting. 

Experimental archaeology could shed more light here. 
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Figure 6.8. A - C. 'individual concertina' mould valves (images courtesy Prof Charles Higham), 
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Figure 6. 9. A and B, 'concertina' mould for casting multiple bangles (images courtesy Prof Charles 

Higham). 
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White et al (1991) posit the possibility of differential copper specialisation amongst 

Northeast Thai communities (presumably taking into account communities to the 

north of the Mekong, modem day Laos) when noting that the crucibles from Phu Lon, 

Ban Chiang and Ban Na Di are not large enough to cast larger implements such as 

axes. However it is now obvious that Ban Non Wat displays crucibles identical or 

very similar to those of Phu Lon and Ban Chiang in terms of technology and capacity, 

however unlike Phu Lon or Ban Chiang, BNW displays an extensive associated axe 

mould inventory. Therefore statements suggesting a lack of axe specialisation for any 

region based on crucible volume alone should be avoided. White et al (1991) further 

suggest that possible specialisation of particular implements existed among 

neighbouring sites, given that no or few axe moulds are encountered at Phu Lon, Ban 

Chiang or Ban Na Di. They suggest that there must be a large operation elsewhere for 

the casting of these implements. Non Pa Kluay and Non Nok Tha (especially given, 

its four 'perfect' examples of axe moulds encountered by Solheim (1967)), could be 

two centres. Considering the amount of axe moulds from previous excavations, the 

four complete moulds described by Solheim (1967), represent a large assemblage. 

Similarly, Ban Non Wat would represent such a centre of axe specialisation. 

The remnants of casting moulds from Ban Non Wat have enabled the construction of 

a "market estimate" which suggests that axes were of greatest abundance despite the 

'small' crucibles. Therefore differential specialisation may have existed in the 

Northeast or at least at Ban Non Wat, however, analysis of surrounding sites would 

provide much more insight into such a possibility. Either way, it is possible that the 

metal smith from Ban Non Wat would have spent more on resources producing axes 

than any other object. It is likely that such resource gathering, and consumption, 

equated to more time spent, suggesting that the smith from BNW would have spent 

more time casting axes than any other object. This could suggest why some axes 

have decoration, that is to say, to tell axes apart. 
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Bronze casting spillage/material/artefacts 

Often the work of the smith is not completed with the production of the desired object 

in copper or bronze. Various finishing techniques can be employed to instil particular 

desired traits within the finished object. These can include quenching and annealing, 

cold working, hammering, and tempering. 

Although only a few physical remnants of bronze objects have been analysed, one, 

with the macroscopic appearance of an artefact, displays characteristics indicative of 

heat treatment. As mentioned above in results, artefact (cat. 16554; AA4, 3:3), has 

isometric grains as opposed to the dendritic structure of as-cast, alloyed material. 

Isometric grains indicate no alloy or heat treatment/annealing. In the case of Cat. 

16554, zoning (zones of discolouration), a redder core is indicative of higher 

proportions of copper in the centre and lighter areas suggest a region richer in tin. 

This, and the overall very pale colour, indicates that the object has been alloyed, 

therefore the grains are a result of annealing. Therefore the copper smith at BNW 

was familiar with the properties of copper and its common alloy partners as well as 

the beneficial properties of heat treatment. Obviously there is the possibility that such 

an object could be traded into the area from more specialised areas elsewhere. 

Interestingly, White et al (1991) note the complete absence of axe casting moulds 

from Ban Chiang, and given this phenomenon suggest the possibility that villages 

specialised in particular objects. Even if this were true, BNW displays vast evidence 

for the manufacture of tools, axes and chisels which are far more likely to require heat 

treatment for strength, than those of other object types. 

Similarly, the objects investigated are all bronzes, some of which have higher 

proportions of different elements than others. Analysis showed that four objects have 

percentages of tin greater than 10% and one (Cat. 10155) greater than 20% (21.5%). 

The three remaining samples exhibit tin proportions close to 10%. Taking this 

information into account, and that of moulds and crucibles, it is likely that the 

majority of objects cast at BNW were in fact bronzes. Seeley and Rajpitak, 

( 19 84: 107) note that such high tin bronzes as Cat. 1015 5 ( C7, 3: 3 ), were for use in 

luxury wares because of the alloy's close resemblance to gold. 
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Therefore similarly important is the mining, sourcing and transport of the common 

alloy partners, tin and lead. Metal smiths at Ban Non Wat and the rest of the 

northeast (evidenced from reported sites) therefore involved/had knowledge of these 

partners and the idiosyncratic properties they each possess. Interesting is whether 

these were traded independently, traded/transported together but as individual metals, 

or were traded/transported as a bronze ingot? Evidence from Murowchick (1988:195) 

( although not analysed) would suggest ingots of tin and copper travelled together as 

separate metals. "This being the situation, the increasing evidence of local remelting 

and casting of bronze in southern Vietnam and Kampuchea suggests that vibrant trade 

in crude metals (rather than the ores themselves) was talking place along the Mekong 

River from the north." He also recorded a collection of looted ingots that were said 

to be grouped together as though they were in a bag. "The corrosion present on some 

does indicate a fabric impression. Three of the ingots are black which may suggest 

they are pure tin" (ibid:196). Maddin and Weng (1984) however, suggest that smiths 

at BND were alloy melters and casters of pre-alloyed bronze ingots. Justification 

being "no pieces of copper and tin were discovered in association with the crucibles." 

However no bronze ingots were found either. A more convincing argument against 

this idea is the fact that, in the one crucible they analysed, they do not mention any 

trace of tin in the remnant material, which would preferentially bum out to tin oxide 

under the oxidising conditions they noted as being evident. Although it is still 

possible that bronze ingots existed, I believe their evidence more likely suggests trade 

in independent metals like those suggested by Murowchick above. 

Either way, it is likely that the smith was involved in the acquisition of these metals, 

either themselves or through a controlling elite, as opposed to villagers acquiring 

metals and offering these to the smith for production. Given the accurate proportions 

of material, and the precise qualities selected for, it is unlikely that the average 

villager would be knowledgeable in what sort of metals they were getting, and the 

proportions of each that would be useable and beneficial. However there is the 

possibility that trade existed in spent objects (ie, objects broken or unusable) by 

villagers and traders as a means of sourcing raw material (for recycling) for the smith. 

It is obvious though that much more analysis and research is required into the nature 
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of metallic objects from northeast Thai sites. Most interestingly would be to 

investigate the extent of un-alloyed copper objects if they in fact exist. 

Four of the six objects analysed have copper sulphide inclusions. It could be that 

these objects, came from the smelting of sulphidic ores, while those without such 

inclusions may have come from ores of copper oxide. The interesting point here is 

that the ore body regarded as being the source for much of the copper entering the 

northeast sites is that of Phu Lon (Pigott, 1998). In this case the primary ore is the 

copper carbonate, malachite. "Malachite, the principal ore mined, occurred in 

fractures in the skarn rock as well as in association with cavernous quartz veins" 

(Pigott and Weisgerber 1998:137). However, the body itself is sulphidic with a "zone 

of oxide enrichment" present on the surface. Therefore, either the workings at Phu 

Lon extended into sulphidic territory within the Bronze Age, or some of the material 

entering BNW was from other mining areas possibly the KWPV. If people were 

smelting sulphidic ores at Phu Lon, one may expect to encounter much slag, like that 

seen in the KWPV, a phenomenon not considered evident at Phu Lon (Pigott and 

Weisgerber, 1998). It is possible that the northeast/Phimai region represents a 

meeting point of resources- bangles and shell from coast traded up for copper and tin 

from the north, or potentially copper from other sources was being traded into the area 

for the likes of salt. Could it be that there was KWPV and Isaan interaction in the 

Northeast based on copper trade? It could be however that the easily accessible and 

easily smelted malachite of Phu Lon was exhausted even before the end of the Bronze 

Age and mining of the sulphidic ore was undertaken with smelting taking place 

elsewhere. 

Jewellery 

As mentioned in the analysis, jewellery items are the most common bronze artefacts 

during the Bronze Age at Ban Non Wat. Their small size, however, represents a 

rather small investment in copper when compared to the "industrial" objects, 

evidenced from the mould data and mortuary assemblage. Only one type of 

'decorative' artefact, the anklets, have been encountered complete within a burial 

context. Rings and bangles occur as fragments in general matrix and often in grave 
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fill. This is interesting given the fact ''jewellery" are more likely to be "personal" 

items. Given that they represent only a small portion of the copper metal entering 

BNW, one would consider these to be far more likely to enter the mortuary 

assemblage, however the reverse is true. 

Of the rings and bangles, a number of cross sections are determinable. Un

commensurate is the evidence for jewellery manufacture and jewellery forms 

themselves. Despite the very few ring moulds encountered, many bangle moulds 

have survived. Interestingly, information from macroscopic mould analysis suggests 

one cross section form, rectangular, was manufactured at BNW. Therefore the 

presence of circular, 'U' shaped, and 'D' shaped cross sections for bangle forms and 

circular, rectangular, and 'U' shaped for the rings suggests the likely trade in such 

goods external to what the smith produces locally, a situation not replicated amongst 

the industrial implements. There are a number of different forms of axe present at 

BNW. These forms are commensurate with the evidence for their manufacture and 

the different casting depressions from moulds and mould fragments. Such a situation 

is interesting when considering ideas of attached specialisation - it appears a smith is 

producing more utilitarian objects and a few restricted types of personal 

ornamentation, objects typically used in wealth advertisement. Therefore one could 

say BNW smiths, during the Bronze Age, were not producing typical objects to 

advertise an elite, if there was one to which they were attached. However some of 

these utilitarian objects themselves appear to be non-functioning and are therefore 

serving a different purpose to which their shape would suggest. The potential 

implication of this phenomenon is interesting. 

Burial 197 contains an interesting example of an 'axe.' The unusual nature of its 

cutting edge offers for consideration the possibility that it was not functional and/or 

was made for burial. Further examples of possible non-functioning implements exist 

from BNW. The small 'winged' axes, often with clay cores, have very narrow, thin 

and seemingly non-functioning blades. 

It is possible to imagine that such a seemingly important object as an axe has 'value' 

in its own right for its functional ability. This coupled with the 'cost' of copper and 

the relatively large quantity required to produce an axe would suggest a bivalently 
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valuable object. Often materials are deemed 'too valuable' to 'discard' in burial, 

however, rather than substituting for another 'less valuable object' the 'valuable' 

objects are copied in another material-therefore retaining the inherent value in the 

form, without the cost of the original material. Numerous ethnographic examples 

exist whereby valuable materials are either replaced with other, lesser materials or 

removed from mortuary contexts after appropriate ceremony. 

In Melanesia certain groups consider some goods too valuable to be placed with the 

dead, rather they are gathered up for a time to honour the dead before they are 

distributed and exchanged throughout the community and communities (Brunton, 

1975: 545-549; Strathem, 1981). In Borneo parang (work knife and sword) are 

interred with the dead. However, small wooden replicas of such implements are often 

made and substituted for the real version (Metcalf, 1982). 

In early communities of Ecuador and Peru, axe forms became unusable and took on a 

symbolic role. It is suggested that these non-functioning axes are used as a primitive 

univalent form of money in that they are restricted in value and in circulation as 

opposed to modem polyvalent, 'all purpose' monies of today (Hosler et al: 1990). 

As well as the implements mentioned above, a number of axe moulds from BNW 

have very thin blades. A casting in Plaster-of-Paris from a complete bivalve mould 

from Non Nok Tha, had a very thin blade which broke upon removal (Solheim, 1967). 

Pigott and Natapintu (1988) note from Non Pa Wai, "In a number of instances the 

artefacts being moulded would have been of an unusual thinness based on the depth 

of preserved mould impressions" (Pigott and Natapintu, 1988: 160). Here too, 

functional ability seems lacking, a phenomenon not restricted to northeast Thailand. 

The KWPV evidenced the production, and consumption by burial, of "cordiform 

implements" of blunt and "very thin" nature with blades that "bend very easily" 

(Pigott: 1999). Pigott (1999) suggests that "their fragile construction and the 

frequency of miscast cordiform implements suggest that these implements may not 

have been produced to perform a specific mechanical task. It is suggested that these 

implements may constitute a type of ingot - a standardised unit, easily recognised, 

counted, transported and melted - that was very useful in the exchange networks in 

which the sites in the Khao Wong Prachan Valley participated" (ibid: 20). It is likely 
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that all these various examples of non-functional 'axes' from the northeast and central 

Thailand functioned as 'money,' not as we know it, but as a primitive univalent 

currency that is, portable, recognizable, and having inherent value. 

Blanks/ cores 

A number of artefacts encountered during the excavation of Ban Non Wat have been 

interpreted and termed "blanks" for their appearance as finished artefacts but in a 

material not typical for their distinctive shape. Usually they are manufactured in 

ceramic and/or lead. They have elsewhere been implicated in mould manufacture 

(above and Higham and Kijngam 1984:101). Although a number of possibilities do 

exist as to the function of the blank, however, most probable is that this object 

represents a product of the mould producing industry. Such a blank would be 

fashioned in order to be pressed into unfired clay for bivalve mould manufacture. 

BND provided a similar example to one encountered at BNW (ibid). Both were of a 

metallic material, neither being in copper (see figure 5.36, J, K, L for examples). It is 

presumed that they represent lead-base blanks for the cire perdue type manufacture of 

bivalve moulds. The leaded object is pressed into the, again, unfired clay, to form the 

casting impression. The mould would then be fired, the heat melting out the lead, 

leaving a manufactured mould. Therefore the presence of such objects on site 

suggests that some local mould manufacture was undertaken. This would require the 

sourcing of suitable clay material. Alternatively, an itinerant smith carried such an 

object from place to place and these happened to be misplaced at Ban Non Wat. A 

very interesting exercise would be to investigate the composition and source of these 

"blanks" in order to see how they compare to both utilitarian and other pyrotechnical 

ceramic artefacts. This would enable insight into mould manufacturing processes as 

well as insight into whether these objects are carried by smiths and whether these 

smiths are itinerant. 

Other objects supposedly related to the bronze industry and of ceramic composition 

are artefacts here termed 'cores.' Although not analysed, it is expected that these 

objects enabled the casting of sockets in bronze implements. They are likely to have 

been coated in a thin layer of lead that would have held the core in the position of the 
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socket. Upon casting of bronze material, the lead would have melted out leaving a 

ceramic core to form a bronze socket (Higham pers. comm. 2007). 

Distribution 

The remnant material of the bronze industry occurs in differing frequency within the 

confines of the BNW excavation (figure 6.10). Patterns in the clustering of this 

material emerge both spatially and chronologically. I suggest here that 'flecks' are 

more indicative of casting activity than 'fragments.' Fragments I relate to artefacts, 

thus being fragmented artefacts, which are transportable. Such a distinction becomes 

more useful when considering the distribution. 

It is obvious that material seems to cluster in certain areas of the site. A number of 

explanations can be suggested. The greater concentration of all aspects of metallurgy 

in these distinctive areas suggests that it was in this region that the smith( s) carried 

out the operation of casting and producing bronze objects. From figure 6.11 remnant 

casting material clusters in the region of row three, four and five, with the highest 

concentration in the C squares fanning out from this area throughout the adjacent 

squares. It is possible that such "centre" could be in squares D, however this will not 

be known until these squares are excavated, which has now been confirmed from 

subsequent excavation. It is possible that a similar "centre" existed in the region of 

Al, or in a region to the north, currently unexcavated. However the correlation of 

these data with that of potential hearths, (U shaped baked clay features) suggests that 

these areas were repeatedly utilised by smiths, thus suggesting workshop areas (figure 

6.11 ). However it is possible that these hearths were for domestic purposes. At least 

with crucibles, moulds, and flecks of copper, we can be assured of its primary 

purpose. 
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Figure 6.10. Graphs illustrating spatial distribution of metalworking remnants. A-D (top to 

bottom). A. Spatial distribution of moulds. B. Spatial distribution of crucibles. C. Spatial 

distribution of bronze fragments. D. Spatial distribution of flecks of bronze material . 

220 



tr 

10 -

9 • 
8 -

7 

Freq. 5 

4 

3 

2 

40 

35 

30 

25 

Freq 20 

15 

10 

5 

0 

A. 

Spatial distribution of moulds from calibrated contexts 

----

B. 

\1) 

u 

.--_ 

" u 

Distribution of crucibles and fragments from calibrated contexts 

,--,-,-- --~--

~ ---
/ --- --

/ 

/ ---

• Layer 1 
• Layer 2 

Layer 3a 

Layer 3b 

• Layer 4 
• Layer 5 

• Layer 1 

• Layer 2 

Layer 3 

Layer 4 

• Layer 5 

221 



C. 

Distribution of copper-base f ragments from BNW 

7 

5 

4 
Freq. 

" • Layer 1 
• Layer 2 

2 Layer 3a 

Layer 3b 

1 • Layer 4 
• Layer 5 

0 

D . 

Distribution of flecks of copper-base mater ial from BNW 

fl, 8 

...i, 

., 
- 6 

5 • Layer 1 

-'I 
Freq. • Layer 2 

4 Layer 3a 

Layer 3b 

• Layer 4 
3 

• Layer 5 
{f' 

2 

222 



, .. 

... 

• 

I ··" 

(t, 

Chapman (1996: 75) notes that specialisation would be inferred when "evidence for 

metal production was spatially and socially restricted between site households", and 

"the metalworking groups or individuals were supported by the "normal" productive 

activities of other households." The main assumption here is that smiths are/were 

local. The distribution of material from BNW does suggest that 'workshop' areas 

have been designated. However if a smith were non-local or itinerant this 

phenomenon becomes particularly interesting. This would suggest that metallurgical 

production was organised within the community, that is to say the community made 

decisions as to where production took place. For a smith to be itinerant suggests food 

and lodgings must somehow be supplied. Thus support would be forthcoming but in a 

different sense to that which Chapman (1996) notes. Therefore the criteria for the 

presence of 'specialists' and how to identify them, must differ for non-local or 

itinerant smiths. However the results of analysis alone suggests that the metallurgical 

tradition, present at BNW, is highly specialised, whether or not the smiths are local or 

itinerant and supported by 'other households.' Vincent too notes for BND that, 

crucible manufacture is beyond that of the average potter. 
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Figure 6.11. Graph showing possible "workshop" areas throughout the ABC squares of Ban 

Non Wat. 
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Further to the spatial patterning mentioned above, chronological patterning too is 

evident. The majority of metallurgical material belongs to Bronze Age layer 4, and 

transitional/industrial layers 3a and b, with very little occurring within the Iron Age 

layers (figure 6.10). 

Copper is the main base metal in use during the Bronze Age, evidenced by local 

casting on site. Within Iron Age layers, copper is no longer the primary metal used in 

"industrial" implements, during this time a more efficient metal, iron, becomes much 

more readily available. However, layer 2 (IA layer) displays very few artefacts 

related to copper manufacture, this is despite the considerable and overt use of bronze 

material to 'advertise the status of a social elite' throughout the region during the Iron 

Age (NUL) (Higham, 1994:28; Higham and Thosarat, 1998: 139). 

This shows copper being worked intensively at BNW during Bronze Age (layer 4) 

and almost non-existent during the Iron Age suggesting copper was not worked 

locally during this later period (figure 6.12). Although some fragments of 

metallurgical production material exist from Iron Age contexts, it is possible that 

these have come from lower/older deposits. Therefore the majority of bronze goods 

entering the site must have been produced elsewhere and imported. 

Such a phenomenon would help explain why an observable change in social 

organisation/wealth display exists between the early Bronze Age, the proceeding 

Bronze Age phases and the Iron Age at Ban Non Wat. Interestingly, a change in the 

bronze production economy is evidenced during each of these periods (figure 6.13). 

By far the greatest amount of bronze production debris exists during the period of 

least differentiation and wealth display amongst the corresponding interments (see 

chapters three and four). 

Could it be that the industry at BNW begins as a product-based economy in the early 

stages of the Bronze Age, changing to a service-based economy during the mid to 

later stages and returning to a product-based economy with the arrival of the Iron 

Age? 
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Figure 6.12. A and B. Graph A shows the evidence for bronze object manufacture during the 

Bronze Age and the actual products encountered. While graph B shows the nature of the 

evidence of manufacture and the related products during the Iron Age . 

Rowlands (1971 :212), notes that "the ordinary smith rarely seems to be fully 

employed because the demand for his products fluctuates from one period to an 

other." This has similarly been suggested as the case in most of Southeast Asia 

whereby metallurgy has often been considered a dry season or at least a seasonal 

activity (Higham and Thosarat, 1998; Pigott et al. 1992; Pigott and Natapintu, 1988). 

Even in rural villages today most, if not all, members of a community partake in the 
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agricultural process during the wet season, leaving the dry season for other pursuits 

(salt making, fishing, hunting, etc) . It is likely that the monsoon rains hampered 

metal-working, particularly casting. It is very dangerous for a smith if a bivalve 

mould contains any moisture. Given the extreme temperature of molten copper, a 

damp mould produces instantaneous steam during casting. The production of steam 

can force back out of the mould, the molten copper/bronze in a stream. Therefore this 

problem would be minimised during dry season working, thus, conceivably, bronze 

casting was a dry season activity. 
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Figure 6.13. Graph showing the change in metallurgical evidence compared to bronze 

objects in interments over time. 

However, if we were to consider a smith itinerant, it could be more difficult to 

consider them part time, unless there were multiple smiths operating at one time. If 

smiths were itinerant, there were likely to have been far fewer smiths than ordinarily 

thought. Simply because smiths are likely to service villages within a given radius, 

negating the need for local smiths. Therefore instead of say six villages having 

resident smiths, one travelling smith could service each locale, reducing the number 

of smiths by five. Therefore demand for their work/service could conceivably 
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continue throughout the year, but yet it could be still hampered by the wet season. 

However, an independent, itinerant smith would still have a particular impact on the 

availability of finished goods and their appearance in mortuary contexts. The smith 

could control the copper supply, which in turn impacts upon regional economics and 

the 'value' placed on bronze goods (supply and demand). 

Extracting the Individual (A bronze smith chafne operatoire) 

Given the identification of the nature of the metallurgical industry present at BNW -

many procedures undertaken by the smith come to light. The application of agency 

theory and chafne operatoire has enabled the construction of a production step of the 

smith's operation. Presented here are the decisions made by the smith for the 

production of bronze objects. They are, however, non-linear and may occur in 

differing order. 

•!• Possibly waits for dry season-

It is possible that the smith waits for the dry season before undertaking bronze-casting 

•!• Acquires raw materials, including clay, sand, chaff, and copper and other 

common alloy metals 

The smith acquires the raw material required both for the 'tools of the trade' and the 

finished product. These are likely to be provided either in exchange for services, 

completed products, or supplied by an authority. Alternatively, villagers acquire the 

copper through exchange, the smith provides the service and manufactures the goods 

in exchange for a portion of the copper or other staple good. Sourcing of this material 

by an itinerant smith is likely to be based on the smith's movements, either the smith 

travelling to desired locations (ie. clay sources) or these movements interacting with 

trading networks. It is likely that chaff for temper is sourced locally from those 

villages cultivating rice. A local smith would be more reliant on good local sources 

of materials and/or trade networks. An attached smith however would gain all 

necessary resources from the governing authority (Brumfiel and Earle, 1987). 
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It is possible that the smith or the community has access to metals of two ore types, 

therefore in terms of raw metal, it may be that the smith travels to sites of production 

- or more likely, given the distance and isolation of sites like BNW from ore sources, 

the smith or local elite interact within a metallurgical network supplying such metals. 

•!• Produces the crucibles and moulds 

o Or sources ready made crucibles and moulds- it is possible that moulds 

and crucibles could be acquired ready-made. 

Upon receipt of the raw clays required in the production of moulds and crucibles, the 

smith proceeds to manufacture these materials. This manufacture could occur at 

many different locales but crucibles and moulds are likely to be transported to other 

sites. Chaff is added to the clay for crucibles. The decision is made as to which sort 

of crucible is made, probably dependent upon current stocks. It is likely that some of 

this clay is washed in order to concentrate some of the inherent silica for use in 

lagging (Vernon, 1996; Vernon, 1997: 107), or some silica is sourced and added to the 

clay mix prior to crucible construction, and further silica is sourced for use in the 

lagging. 

Depending on which objects are required, the smith produces moulds of varying cross 

section. Semicircular for industrial implements and rectangular for objects of 

decorative intention. They are produced as valves and the object to be cast probably 

pressed into the surfaces -using either an existing artefact or specific blank. While 

these valves are together the smith scribes across both valves to aid in future 

alignment. It is possible however that the objects to be moulded are carved into the 

ceramic surface but it would be more difficult to ensure symmetry. However, 

sandstone moulds are often utilised, here manual shaping is presumed. The smith 

then produces markings for the identification of this valve or incises moulds sourced 

elsewhere for its easy identification. Moulds are then fired, and if a leaded blank 

used, the lead melted out. Like that of crucibles, it is likely that moulds and/or cores 

and blanks are made in many different locations and transported to various other 

locales. 
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•!• If itinerant, the smith travels to the particular site 

It is possible that the smiths represented in the archaeological sites throughout the 

northeast of Thailand are itinerant. Therefore a decision is made as to which site to 

go to next and in which order. Such a decision is likely dependant upon ability to 

source raw materials while travelling. A further decision is how to get to the 

particular site. The smith then occupies a community designated 'workshop' area. 

If not itinerant the smith proceeds to the next step. 

•!• Sets up area 

In the majority of cases, the decision is made to undertake casting on a sandy 'floor,' 

within a U-shaped hearth strategically placed on this 'floor.' However the position 

and type of 'floor' is flexible. The smith builds a hearth and allows it to dry as well 

as any moulds that may contain moisture. 

•!• Interaction with the community 

Whether attached or independent, smiths are here dictated to by the community. A 

smith under the control of an elite, will be given orders to produce objects required by 

the elite, either for redistribution or for personal use or adornment. An independent 

smith, local or itinerant will provide a service to the community and produce goods 

accordingly. It is unlikely that a smith produces what he/she thinks people will want 

and trade these for other goods, therefore orders are likely to come directly from those 

requiring a particular product. Payment in each case could be in the form of staple 

goods, as is more likely the case in attached specialisation. In independent situations 

reciprocation is more likely to vary and could include staple and/or wealth finance 

(Brumfiel and Earle, 1987), a portion of the raw material (Bylin 1966: 150 cited in 

Rowlands, 1971), or even "sweat equity" whereby customers contribute to the 

production (Marschall, 1968:150 cited in Rowlands, 1971). The "position" of smith 

and their ability to accumulate wealth will be discussed below. 

•!• On a dry day begins operation 

The smith awaits for a fine, dry day and begins operations 
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•!• Lines crucible 

Has silica on hand and lines crucible with silica rich slurry to protect crucible. It is 

possible that this material is washed from production, but most probably it is local 

sand (in vicinity) as it would be needed in ongoing operation. 

•!• Selects and prepares moulds 

The smith decides which mould to use based on community/customer input and the 

intended final object. The smith then probably selects the mould valves based on 

exterior markings. 

o Crushes charcoal 

In order to seal the moulds and prevent oxidation within the mould and aid in object 

removal, the smith either crushes charcoal to a fine powder or acquires such powder 

from the local village. 

o Sealing, aligning, securing, placing in ground 

The mould valves are then, aligned by matching up the horizontal grooves, and tied, 

probably with organic rope-type material to seal and secure. The mould is then 

placed vertically in the ground to allow for the casting of molten material. In the case 

of bangles, numerous mould valves are aligned and placed together. 

•!• Selects crucible 

Depending on the nature of the raw metal (including spent artefacts) the smith selects 

the crucible form to be used. A 'dirty' ingot or spent artefact (for recycling) meant 

that a larger, rounded-rimmed crucible was selected. A 'clean,' slag-free ingot, 

suggests that a smaller, tapered-rimmed pouring crucible was selected. 

•!• Places crucible in hearth 

The smith then places the crucible in the confines of the probable 'U-shaped' hearth 

o - single stage for 'clean' ingots, 

For 'clean' ingots, those without adhering slagged material, a single melt/process was 

undertaken. The metal ingots were placed in the tapered rimmed crucibles awaiting 

heat. 

o or first stage in cleaning process for dirty ingots or recycling of 

artefacts 
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In the case of 'dirty' ingots or spent objects the larger rounded rimmed crucibles were 

positioned in the hearth. Representing the first, cleaning stage, of a two stage process. 

•!• Considers proportions of metals 

Depending on the customers needs, the smith considers the proportions of alloy 

partners required for the desired outcome of an accepted finished object. Accordingly 

the smith places the raw metals into the crucible in the appropriate proportions 

(potentially already having considered the proportions in pre-alloyed materials, such 

as material derived from recycled artefacts). 

•!• Acquires charcoal/fuel - community interaction 

A bed of fuel (presumably charcoal) is built over the crucible in order to supply the 

necessary heat. It is possible that this is supplied by the customer. An attached smith 

will have this provided. Given the amounts required, it is unlikely that an 

independent, itinerant smith would carry on person, sacks of charcoal, therefore more 

likely, an itinerant smith interacts with the local community and bargains for the 

necessary charcoal. 

•!• Builds fire above crucible - use of tuyere 

The smith ignites the fuel and maintains the temperature most likely by use of 

bamboo blowpipe tuyeres, focusing the draught, hence heat, above the crucible and its 

contents. 

•!• Generates mostly reducing atmosphere for tapered rimmed crucibles-

F or tapered-rimmed crucibles, a conscious effort is made to protect the crucible 

contents by creating a reducing atmosphere, therefore minimising the amount of 

material lost to oxidation. 

•!• Largely oxidising atmosphere for larger rounded rimmed crucibles 

However, if it is a rounded-rimmed crucible within the hearth, hence a dirty or 

recycled content, the smith makes no attempt to protect the contents and allows 

material to burn off under oxidising conditions. Thus similarly burning off impurities 

ergo producing 'clean' crucible ingots for secondary re-melting in smaller tapered

rimmed crucibles for casting. 
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•!• Removes crucible- material often spills 

The smith removes the crucible from the hearth while material is still molten to the 

position of the awaiting mould. Or in the case of rounded rimmed crucibles the 

crucible is possibly left in place or removed to cool thus creating the 'clean' ingot 

mentioned above. The smith, in this case, would repeat the exercise using the 

tapered-rimmed crucibles. It is likely that on occasion molten material spills during 

movement, often onto the sandy floor making the copper material retrievable. 

•!• Casts into awaiting mould 

From the tapered-rimmed crucibles, the smith casts the molten material into the 

awaiting, vertical mould. 

•!• Allows to cool 

The mould is allowed to cool to a solid, but malleable state. 

•!• If industrial implement - hot and/or cold working 

If the object cast is of industrial intention, the smith is likely proceed to hot and/ or 

cold working of the object to instil certain, pre-determined, physical properties within 

the metallic object (eg. Hardness). 

•!• If of decorative intention 

If the smith is producing a bangle, it is removed from mould and placed on reverse of 

valve to cool. 

•!• Deliver goods-community interaction 

Once the goods are in the agreed upon state, the product is handed over to the 

customer. 

•!• May break up old crucibles to remove adhering prills 

Any crucibles determined to be less valuable than the adhering copper-prills are 

broken up to remove these objects. Crucible fragments are discarded usually in the 

vicinity of the workshop area. Any broken moulds are similarly discarded. 
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•!• For a local smith-the process repeats, for an itinerant smith he packs up and 

continues to next village before repeating the process 

Summary 

The analysis of the Ban Non Wat metallurgical assemblage has elucidated many 

aspects of the bronze casting industry. Analysis has identified many of the smith's 

operational procedures for bronze casting, and at the same time, isolated many 

decisions made by the smith (at an operational level), enabling a unique look at these 

individuals as they encountered and resolved material problems on a day-to-day basis 

(Dobres, 2000: 170) and interacted with the local community. 

Having assessed the nature of the copper metallurgical process with regard to the 

individual smith, it is now pertinent to "lay" this information over that of the 

information we have on the nature and structure on the general society as identified in 

the funerary medium, and address the impact these individuals had on Ban Non Wat 

society. 
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Chapter Seven 

The Phu Lon Metallurgical Tradition 

Phu Lon tradition - Its existence 

From the analysis of the metallurgical assemblage, the various traits and phenomena 

present at Ban Non Wat, implemented by the copper smiths, share qualities with sites 

all over northeast Thailand, and as far away as Phu Lon. Ban Non Wat's position on 

the southern edge of the Khorat Plateau, Ban Chiang and Ban Na Di's position at the 

northern, and Phu Lon's to the northwest, attest to the range over which similarities in 

technology and techniques exist (figure 7.1). 

Metallurgical analysis has shown traits to exist from the BNW assemblage that recur 

in other regions. The most obvious, and identifiable qualities exist in the composition 

and use of the crucibles. However, similarities in composition and practice occur 

amongst the entire assemblage. 

Analysis of the BNW crucible has identified the definitive, procedural quality of the 

northeast Thai metal smith. Characteristic of the Ban Non Wat crucibles, and those of 

Ban Chiang, Ban Na Di, Non Nok Tha, and Phu Lon among others, is the presence of 

a silica-rich lagging used to protect and improve refractive qualities. Furthermore, 

crucible volume, shape (the hemispherical bowl with pinched pouring spout), and its 

multiple use ( evidenced by multiple lagging layers) across these sites, reinforces the 

similarity in crucible form and use within the region. Two crucible rim forms 
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common to Ban Non Wat, Phu Lon, and Ban Chiang (Vernon 1996), further confirm 

the existence of consistent traits over considerable distance. 
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Figure 7.1 . Map of Southeast Asia showing the current extent of the "Phu Lon" tradition 

(map from Pigott and Natapintu, 1996). 
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Hearth construction provides a further link between the areas suggested. Higham and 

Kijngam (1984) note U-shaped copper casting hearths from Ban Na Di, a 

phenomenon similarly evidenced at Ban Non Wat. 

Currently there is no evidence for the use of tuyeres until the Iron Age in Northeast 

Thailand. However this similarly suggests that societies throughout the region were 

conducting similar metallurgical practices during the Bronze Age. 

These features are decidedly different from those of the KWPV, another copper 

mining and smelting industry. The sites of the KWPV lie to the west of the Phu 

Wiang range. Nearly all aspects of metallurgical practice from the KWPV can be 

contrasted to those of the northeast of Thailand. 

Crucibles from the KWPV are of completely different form, size and volume. 

Procedural differences also attest to this contrast. KWPV valley crucibles were used 

only once and discarded, there is no lagging layer, and they have a flat base of 

between 4 and 5 cm in thickness (Bennett, 1989: 343; Pigott, 1999:15). The use of 

'furnace chimneys' is also an operational feature of this valley (Pigott and N atapintu, 

1996:799). 

The fact that similarities exist amongst Northeastern Thai metallurgical assemblages, 

and that these similarities extend beyond the numerous and unique general cultural 

traditions of the Isaan region, suggest a northeast Thai, "Phu Lon" metallurgical 

tradition was in existence. 

Such a suggestion is not new amongst Thai researchers. Researchers have realised 

the similarities between sites namely Phu Lon and Ban Chiang " ... the strong 

similarity of Phu Lon and Ban Chiang crucibles suggests a technological connection 

beyond mere morphological happenstance. The lining of the crucibles with the 

quartz-rich slurry would suggest a common technological tradition, or technological 

style. The practice of mining expeditions could explain the co-occurrence of this 

technological trait at the two quite distant locations. This unique technological trait 

could in all probability constitute a marker of the Southeast Asian metallurgical 

province (White 1988; Pigott, 1998). Future analyses of crucibles will help to 
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confirm or refute this suggestion" (Pigott and Weisgerber, 1998: 158). This has been 

enabled here in the study ofBNW. This lagging layer " .... reveals a quite specific 

technological approach in a metalworking tradition common to inhabitants at these 

sites and such may well serve as a marker of the 'technological style' peculiar to 

northeast Thailand" (Pigott, 1998:214). However, never has this similarity been 

witnessed so far south or at least never has crucible analysis been undertaken and 

reported for sites at this southern extent of the Khorat Plateau. 

The total extent of the Phu Lon tradition will only be known upon analysis of 

metallurgical assemblages from other sites and other regions. The possibility that 

these identified characteristics extend well beyond Thailand possibly representing a 

"Southeast Asian metallurgical tradition" needs to be investigated. 

Throughout the northeast, various areas display cultural localisation, namely in 

localisation of pottery and other material culture (Vincent, 1988; 2002; White, 

1995: 105). However, the converse is true for the archaeometallurgical assemblages. 

"One of the more general definitions of culture describes it as the sum of all skills and 

knowledge transmitted by social learning, including the process of transmission itself 

(Hejl, 2001, 24), as well as the goods produced by their application" (Karl, 2005:255). 

Therefore it is probable that although these copper smiths work within the various 

cultural traditions present throughout the northeast, it is likely they have their own 

'culture' in that there exists a region-wide "smithing culture" of contact beyond that 

of the general village community, whereby skills and knowledge are transferred. 

Vincent (2002:79) suggests that the production of ceramic metal working materials 

( crucibles, moulds) is well outside the knowledge of local potters, "[T]he delicate 

moulds required a knowledge of clay levigation, a technique not evident amongst the 

early tradition pottery." Therefore there must be continuous contact/overlap between 

craftsmen given the inherent longevity of these distinctive "Phu Lon" traits 

throughout the Bronze Age. Such longevity must involve contact over these 

distances, which was likely to have occurred as a condition of the occupation, thus 

allowing suggestions of itinerant smiths. Therefore it appears that technical skill 

transfer would have never extended into the general community - rather kept close 

within certain (family, kin, collegial) spheres. 
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The "traditions," noted above represent continued, repeated, stylistically similar 

actions produced over the long term thus constituting structure (Pauketat, 2001). 

Returning to the ideas of structure and agency, it is often believed that "the 

maintenance of a long-term cultural 'tradition' that is uniform across a community, 

region or wider area might be argued to be somehow beyond 'agency'" (Johnson, 

2004: 242). However such traditions and cultures do not exist sui generis, rather the 

maintenance of these traits is the direct result of individuals and are the statements of 

identities and their interaction at an individual, group and community level (ibid). 

Thus people are not uniform automatons, merely reacting to change (Dornan, 2005) 

rather they play a role in the formation, and in this case the maintenance of, the social 

realities in which they participate (Barfield, 1997:4). 

I have identified the individual smith from Ban Non Wat using chafne operatoire and 

in doing so, identified traits and processual decisions and the points in the process 

where external ( external to the smith) societal interaction is sought in order to achieve 

the desired outcome of 'acceptable' bronze objects. Accordingly, the chafne 

operatoire has shown that the smith is reliant upon and influenced by society, and that 

society is reliant upon and influenced by the smith. Therefore parallel structures or 

systems appear to exist concurrently. There is that of the general social 

structure/system and culture of the village communities evidenced by the complex of 

shared attributes, and that of the smithing cultural tradition evidenced by the shared 

attributes of the industry and importantly the maintenance of these attributes beyond 

regional cultural idiosyncrasies, across geographical distance, and potentially a 

millennium in time. 

Bourdieu (1977; 1990), suggests that habitus "effectively accommodates the duality 

of structure within a single framework of shared dispositions that simultaneously 

constrain and enable individual actors. Like this habitus, investigating the 

metallurgical remains of Ban Non Wat from an agential perspective has suggested 

that processes and techniques of the northeast Thai metal smith are learnt, habituated 

and maintained through the smith cultural structure. It has also shown that individual 

smiths are free to manipulate and move outside this structure for everyday decisions 

and that structure only governs the particular technological requirements while the 

consuming society influences these everyday decisions. 
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It is suggested that actions are initially confronted reflectively, as they are learnt, and 

then habituated (James, 1983 [1890]), until their successful performance is interrupted 

(Mead, 1934). Such is the case in Bronze Age Thailand, the successful application, 

and then persistence of the evidenced metal working procedures, and the interlocking 

process of societal and smith involvement and consultation in the process across 

geographical distance and time, reflects the embeddedness of the technology and 

procedure in general society. So imbedded was this smithing culture, that it took the 

coming of the stronger, more efficient, more easily accessible material, iron, to 

interrupt its successful performance. 

It is obvious that the individuals at the centre of the metallurgical industry throughout 

the northeast, are not static "automatons" rather they constantly made judgements, 

evaluated (Pye, 1978), assessed, and manipulated various situations and allowed for 

change. But doing so within their own cultural tradition and potential self

govemance. This tradition, and the nature by which it is maintained, and the 

'structure' in which it existed, provides a plausible suggestion as to why the 

development of the Southeast Asian Bronze Age has largely been considered 

anomalous. 

Despite BNW now providing evidence that at least the early Bronze Age could be 

considered more typical of Bronze Age models of development, evidence still 

suggests a change in the nature of burial practice throughout the middle to later parts 

of the Bronze Age, that is not typical. of modelled developmental trajectory. 

Evidence from other regions ( China, Mesopotamia, Anatolia, the Aegean and central 

Europe), suggests that immediately following the introduction of tin-bronze and 

associated technology, a complex of social, political and economic developments 

were entrenched marking the rise of the state, concomitantly forming the normative 

model of state development, to which other regions, areas, and sites are compared (cf 

Muhly, 1988:16, White, 2002). That is to say, forming a frame ofreference against 

which we test our ideas (Renfrew and Bahn 1996:166). 
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Chapters three and four show that the initial introduction of bronze goods into Ban 

Non Wat was associated with a likely change in social organisation, evidenced by 

changes in burial practice and form and a differentiation in wealth (potentially status) 

amongst those interred, as well as the use of bronze goods as means of wealth display. 

Therefore the initial stages of burial practice during the Bronze Age (BAI and BA2) 

are more reflective of the "typical" developmental models than have previously been 

seen in Thailand or Southeast Asia. However subsequent burial practice at BNW 

(BA3 and BA4) shows an obvious and dramatic vagary in practice, a lack of burial 

differentiation and the total lack of bronze objects as grave furniture. 

Such a situation can potentially be explained through the embeddedness of, and the 

nature by which, the metallurgical system exists and plays out within the general 

society. All technologies, no matter what they are, are embedded within wider social 

relations. "Each technological activity is enmeshed in a range of interdependent 

material and technological links that help to create the wider social, economic and 

ideological setting of which they are a part" (Sillar, 2006: I). 

The embedded nature of the bronze casting industry at BNW means the performance 

and practice of smiths has the ability to impact upon society just as society has the 

ability to influence and impact upon the decisions of the smith. Therefore given the 

observed societal changes ( evidenced in burial practice) during the early stages of 

copper use at Ban Non Wat and the attribution of these changes to the possession of 

bronze, suggests any further vagaries could similarly be related to the copper industry 

as opposed to many other phenomena ( environmental, economic etc). I believe that, 

for the most part, the change in burial practice during BA3 and BA4 is attributable to 

changes in the metallurgical process and the means by which copper was made 

available and produced within these northeast Thai communities during this time. 

The bronze economy in the region, including BNW, during the early stages of the 

Bronze Age was very much product driven evidenced by the very distinctive lack of 

metallurgical production remnants from the layers incorporating the early BAI and 

BA2 burials, despite the presence of finished bronze objects included as grave 

furniture in many of these burials (figure 7.2). Ban Chiang displays a similar 

phenomenon, in that there are very few crucible fragments from the early contexts 
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with the majority of activity beginning with the Middle Period (Vernon, 1997: 108). 

A similar but more convincing situation exists from Non Nok Tha. Bayard (1971) 

notes that there was no associated remnant metallurgical production material within 

the layers of the infamous isolated bronze socketed-tool and concedes it may well be 

an import. 

The importation of these products could account for the discrepancy between bronze 

products and the general lack of evidence for their manufacture during this early 

period. Therefore producing the now, not so anomalous situation of wealth 

advertisement and burial differentiation during the early Bronze Age. 
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Figure 7.2. Graph showing the nature of the metallurgical evidence in relation to finished 

artefacts in burials. 

During the mid to later stages of the Bronze Age, incorporating BA3 and BA4, there 

is a dramatic change in the nature and extent of the metallurgical assemblage. During 

this time the amount of casting debris rapidly increases, suggesting that the 

production locally, of tin-bronze goods does also. Contemporarily, there is a marked 

change in the nature of the interments and absence of bronze goods as grave furniture . 
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There can only be attached specialisation once there is actually some production. 

During BA3 and into BA4 we see vast evidence for the production of bronze goods, 

yet a lack of disparity in burial wealth amongst corresponding interments often 

indicative of attached specialisation and socio-political elites. It could be that 

attached specialists are producing this vast array of bronze objects for a wealthy elite 

that we just have not yet found at Ban Non Wat during this period. Therefore how 

does the industrial information contribute to an explanation? 

Phu Lon tradition: Its implications 

The major features of the metallurgical evidence are, the persistence of the Phu Lon 

metallurgical tradition over geographical and time dimensions, regional idiosyncratic 

cultural traditions, the multiple sourcing of clays for moulds and crucibles, the lack of 

complete/intact crucibles on site, and the use of inscribed markings on moulds, and a 

limited range of cast objects (Higham, 1994). If we interpret this evidence as 

indicative of independent smith itinerancy then, here is the crucial "agential" 

influence that produces a particular result, in this case, a lack of differentiation of 

BA3 and BA4 burials and associated change in social organisation (including possibly 

that of status resolution). An itinerant smith would produce a market situation that 

would have made extreme wealth difficult. Unlike that of the early Bronze Age, 

whereby the emphasis of this new technology is on the potential control and 

accumulation of products, this later period of the Bronze Age copper industry 

develops into a service based economy. Whereby the itinerant smith "services" 

villages requiring bronze goods travelling probably within a pre-determined radius. 

Chafne operatoire has shown that input in the way of' orders' are likely rendered with 

the smith as it is unlikely that the smith travels to such centres and then produces 

goods they "think" people want or that they think will "sell," thus accounting for the 

limited range of goods present during Bronze Age (Higham, 1994). This situation 

does not allow for the easy accumulation of bronze goods unlike goods that are 

traded. Or alternatively, we are just yet to find it and the assumingly associated 
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clusters of burials displaying "typical" inequality, related to bronze ownership like 

that seen in BAI and BA2. 

Rather, people must first wait for the smith to arrive at their particular location, they 

then must tell the smith what they want, and wait for it to be produced. Being an 

itinerant smith, the accumulation of 'payment' on ones person would similarly, be 

seemingly difficult. It would likewise be difficult, if one wished, to provide excess 

payment for the smith's service, in order to gain further bronze goods. Similarly it 

would be difficult to over indulge a smith in lodgings so that they may produce extra 

goods suggesting the accumulation of wealth-advertising bronze goods was seemingly 

difficult. 

Therefore it is likely that there is a change from a product to service based 

metallurgical existence. Goods are first experienced as traded objects or as boutique 

one off local productions, and are then being produced as a service when required, 

and available from the itinerant smith. Ergo, during the mid and later periods of 

Bronze Age, the smith provides a service to the community, as opposed to goods that 

are produced in one locale, and traded out of this area. Rather it is technology itself 

that is being traded through the smithing culture, thus smiths itinerancy is their own, 

trade network. However, in saying this, there must be a trade in some objects to 

account for, for example, the multiple bangle types, of which only a couple are being 

produced locally. Could it be that there are multiple smiths trading amongst 

themselves to distribute such goods? 

The above situation, regarding bronze production, is as we could reasonably expect. 

A new technology is introduced into the community, there is a period of intrigue and 

inflection whereby these goods are incorporated into existing trade networks and 

become objects of wealth display. Thus, lone bronze goods travel first into these 

societies producing the situation during BAI and BA2 at BNW (product based bronze 

economy, wealth advertisement). Then secondly, there is the later introduction and 

arrival of the technology and the artisans who locally produce the goods, I believe, 

producing the situation present during the mid and later stages of Bronze Age BNW. 

Therefore, it was likely that a time lag existed between the appearance of copper and 

bronze objects, and the introduction and acceptance of the technology into everyday 
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society. I believe it is this lag and its consequences that we witness during BA3 and 

BA4atBNW. 

Not dissimilarly, Bayard (1996) proposed a gradual village-to-village spread of 

metalworking technology following local, not long distance, trade in bronze artefacts 

and a slower and later diffusion of moulds and crucibles. However, here he seems to 

assume that these local communities could just 'pick up' the required techniques of 

casting as well as the manufacture of moulds and crucibles, which Vincent (2002:79), 

suggests was well outside the knowledge of local potters, given that techniques 

required for the production of such metallurgical ceramics were not evident amongst 

the early tradition pottery. Although I agree diffusion was the means by which copper 

metallurgy spread, and coming from another region (Loofs-Wissowa, 1983), I believe 

it followed a somewhat different pattern. Like that suggested by Bayard (1996) there 

was potentially a village-to-village spread initially of bronze goods, from either local 

or distant sources following existing trade networks. More crucially however was the 

later "trade in technology," in that smiths with the technical knowledge to produce 

bronze goods, diffuse into regions that have been pre-exposed to the properties of 

copper, and establish themselves in local villages or establish a manageable 

'catchment' within which they service itinerantly. Goods produced could then be 

traded/incorporated into communities on the cusp of this catchment/village/area or 

further afield and those lacking in a locally active smith. As the demand for such a 

product increases in these communities, and the threshold is reached, a smith or 

apprentice moves into the area and establishes a manageable catchment or village 

operation .and so on. Therefore, bronze goods and ancillary technology and 

techniques spread throughout the region rather like a "skimming stone" - as the stone 

(copper artefact) travels through the water (society) it creates ripples (smiths) that 

spread in all directions as more and more communities come within the "sphere/ripple 

as it moves outwards, and the greater pressure and demand for services, the greater 

the pressure to place another smith further out to cater to demand. Then depending on 

a combination of other factors (environmental/economic/ social/ ore locations) another 

area/community "falls" (i.e., gains the services of a smith), further stones are cast, and 

ripples sent in all directions. Although no panacea, this model aids in describing how 

Thai metallurgy plausibly spread throughout the region during the Bronze Age. 
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At which point then do we acknowledge the presence of a Bronze Age? As 

mentioned, a 'Metal Age' exists when most of the tools and weapons within a period 

and at least some of its ornaments are of metal. A further stipulation for the presence 

of a Metal Age exists in that there should be evidence of extensive and local 

extraction and working of metal (Coles and Harding, 1979). However given copper's 

recyclability it is difficult to gauge the extent to which copper was in use at any given 

time. Intriguingly however, what if these two criteria exist in different time periods? 

Therefore is it the presence of the objects or the technology that signifies a Bronze 

Age? Accordingly, dating of a Bronze Age is interesting and a potentially difficult 

endeavour and one that is the focus of much attention and debate in current Southeast 

Asian archaeological research. 

As mentioned during the introduction, two 'schools of thought' have emerged with 

regard to the inception of the Southeast Asian Bronze Age. There are those that 

suggest an early introduction ca. 2500-2000BC (Solheim 1983, Bayard, 1996; White, 

1986; 1990; Bacus, 2006), and the Late 1500-1000 (Higham, 1994, 1996a, 1996b, 

1996c; Loofs-Wissowa, 1983; Reed, 1977). 

With this in mind, and considering the information presented in this chapter, some 

pertinent questions need to be asked. Is it possible that, given the information they 

have, both parties are correct, despite the various inconsistencies in dates between 

sites displaying cultural similarities? Could it be possible that bronze goods were 

being incorporated into sites of ce1iain periods but not into others of the same period 

displaying the same/similar characteristics? Is it possible that these discrepancies 

between sites on the plateau, are products of excavation and the limited extent to 

which sites have been excavated? 

If we were to accept both parties as being correct is it then possible that the lack of 

similarities in sites displaying early bronze objects is due to the fact we just haven't 

yet found a similar situation from the other communities? Or that such a great 

difference in time exists between, the north and south of the plateau, and between 

sites on the plateau, despite the Phu Lon metallurgical tradition existing and enduring 

throughout the region? 
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The slow movement of metallurgy could be explained by the aforementioned 

"skimming-stone" model. A service industry would not allow for the rapid expansion 

because, if this theory'holds true, these smiths are transferring technological 

knowledge between 'themselves' and not the general communities or traders within 

the region, that is to say, the groups that are most likely to abet a rapid expansion. 

Similarly, the slow movement of technology could be explained by an itinerant smith 

model, whereby the associated reduced numbers of specialist smiths, leaves a reduced 

number of people available to transfer knowledge thus attesting to a slower 

expansion. However the bronze goods in these early sites must accordingly have 

come from somewhere else, presumably to the north or east, with an established 

industry and knowledge of casting. 

The most interesting information the excavation of BNW brings to the Southeast 

Asian debate, is the secured dates from a southern Plateau site. The metallurgical 

analysis has provided a broad, but insightful, view of the level of knowledge in the 

area. It has shown that the Phu Lon tradition exists in this southern region thus 

confirming the presence of a metallurgical tradition at least on the Khorat Plateau. 

Therefore given the consistency and endurance of the characteristics of the tradition at 

Ban Non Wat, across an area that incorporates those sites of controversial dates, 

means the dates for the adoption of tin-bronze (in its entirety) at Ban Non Wat are 

crucial in understanding the genesis and development of the Bronze Age and the 

people in it. I must concur with Higham (1996b: 868) in that under current evidence 

the Bronze Age appears to have its inception in a period between 1500-1 OOOBC with 

tin-bronze goods possibly appearing in the area slightly earlier, " ... I feel it more 

logical to accept the time span of 1500-1 OOOBC as that which witnessed the 

establishment of bronze working" (Higham, 1996b: 868). However the dates from 

BNW have enabled me to shorten this chronology further, with a Bronze Age 

inception period closer to 1200-1100 BC with a potentially slightly earlier appearance 

of bronze goods (BAI). 

Research has here shown that the smiths, probably subconsciously, dictated the nature 

of the system and course of the Bronze Age. In terms of agent and structure, it is now 

possible to accept that agents (smiths) influenced, created and maintained their own 

culture, but simultaneously impacted upon the concurrent local traditions. This 
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smithing 'structure' meant the smith dictated how goods were produced, and 

potentially how copper and the technology was brought into the various communities. 

This had a significant impact on society and the outcomes of the Bronze Age. The 

embedded nature of the system, meant the situation was not broken until the 

successful performance was interrupted (Mead, 1934), which occurs in northeast 

Thailand with the advent of iron. This juncture saw the use of copper in "industrial" 

implements replaced by the more efficient, readily available material, iron. At this 

point, we see a rapid change and marked difference in social organisation, as well as 

the use of copper to advertise the status of "elites" (Higham, 1994:28; Higham and 

Thosarat, 1998: 139). 

It is at this juncture that the nature of the smith probably changes. It is an interesting 

point worthy of future investigation. Does the Phu Lon tradition persist? How is the 

smithing culture organised? Are copper smith's independent itinerant or local, or 

attached to an elite? Was there a symbiotic relationship between Bronze Age bronze

smiths and Iron Age iron-smiths? In what way was iron-working technology 

transferred? One thing is certain, given the abundance of iron available for 

implements, as a consequence it is likely that there was much more copper available 

for personal ornaments and to 'advertise the status of the elite' therefore breaking 

from the, so far, anomalous situation and continuing at a "non-anomalous" rate. 
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Chapter Eight 

Discussion and conclusion 

Discussion 

"The monumental nature of the Late Neolithic tombs and the other megalithic 

phenomena of Brittany, that suggest a hierarchically differentiated society prior to the 

Early Bronze Age, and that the Early Bronze Age sees a change in the form of its 

ritual expression, with a move from collective monumentality to individual 

consumption of goods" (Shennan, 1982: 157). 

Higham and Thosarat (1994) has reported that potential acquired status was in 

existence at Khok Phanom Di (KPD) therefore similarly displaying hierarchy prior to 

the early Bronze Age. Here individuals display notable acquired wealth through the 

trading of their specialist wares. Evidence for Neolithic occupation in the Khorat 

Plateau has hitherto been sparse (Higham Pers. Comm. 2004). From the site of Ban 

Non Wat it is evident that at least the Mae Nam Mun Valley was occupied by 

Neolithic peoples and even more rare, and now evident from BNW, are mortuary 

contexts from the same period. Although the mortuary evidence from BNW does not 

support similar conclusions to KPD of achieved status ( at least not yet) but evidence 

does suggest a Neolithic society potentially having undertaken the necessary social 

transformations to "accept" the Bronze Age. Self-sufficiency is only sacrificed when 

certain sociological and economic conditions had been fulfilled and brought in its 

train as a series of other political and industrial changes. This is why the Bronze Age 

did not start simultaneously all over the world. Metal is only possible when a certain 

stage of development is reached" (Childe, 1930:9). Given the presence of various 
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"Neolithic" type artefacts in the BAI graves, this allows one to opine that these 

bronze goods were in fact first introduced into these "sociological and economically 

developed" Neolithic communities. More importantly, and pertinent, is that such 

evidence suggests that there was a very short period between bronze artefact uptake 

and the modification of social form. 

The information gathered from the site of Ban Non Wat proves there is a correlation 

between bronze ownership, or more so possession of in death, and wealth. Interments 

that include copper have on average 6.5 times more artefacts than complete burials 

without (figure 4.3). However, possibly more importantly, along with the greater 

numbers of goods, the range of goods placed with the dead differs based on the 

presence or absence of bronze materials. Graves with copper have on average nearly 

three (n=2.83) times as many different goods, meaning graves with bronze inclusions 

have a vastly greater range of materials used in the manufacture of goods for 

mortuary contexts (figure 4.3). 

From the previous comparison it is obvious that with BNW, we are dealing with 

something quite different and so far, unusual. It is clear that, under traditional models 

and traditional interpretation of the evidence, we are not dealing with an egalitarian 

society at least during the early Bronze Age (BAI&BA2). Differentiation of wealth 

is more marked amongst phase two burials despite the fact that these burials overall 

are still richer than those of BAL It is obvious now from Ban Non Wat that ranking 

likely existed within the community and that it was linked with the ownership of 

copper evidenced by the rich enclaves of burials all displaying vastly more wealth 

than other internments. 

Chapters three and four, have provided the nature of the "structure" of the community 

of BNW from the early Bronze Age through to the late Bronze Age. They have 

identified four phases of interment, presumably representing the nature of social form 

and have shown drastic changes in that form between the Neolithic, the early BAI 

and BA2 and a further transformation between BA2 and BA3. 

White (1995) and O'Reilly (1999; 2003) have presented a heterarchical model for 

social organisation for Southeast Asia with O'Reilly (1999: 2003) taking evidence 
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from BLK and Non Muang Kao. He notes that hierarchies do not exist, and "bronze" 

was not used a means of wealth display and elite advertisement until the Iron Age. 

Given the evidence from BNW, and a traditional interpretation, one could suggest that 

the beginnings of social hierarchy, well prevalent during the Iron Age (Higham, 

1994:28; Higham and Thosarat, 1998: 139; O'Reilly 1999:292), were underway 

during the Early Bronze Age. An optimistic interpretation based on current evidence, 

but not unprecedented (K.PD), would be to suggest that these inequalities were 

instigated in the Neolithic by peoples able to obtain a social position based on ability. 

This could be the case at least for the earlier stages of the Bronze Age. Despite all 

societies displaying aspects of heterarchy, the vagarious situation between BA2 and 

BA3 incorporating BA4 could however still be more akin to O'Reilly's (1999: 2003) 

original interpretations of heterarchical society, or it is just that similar enclaves of 

wealthier individuals are yet to be found at Ban Non Wat during these later periods, to 

suggest hierarchy. Findings by Bacus (2006) from Non Nok Tha strengthen the 

argument for the existence of hierarchy prior to the Iron Age. Her findings, coupled 

with information presented, here suggest that with further excavation and analysis, 

more situations akin to hierarchy, are likely to be encountered in Southeast Asia. 

It was the aim of chapter four to address the lack of wealth distinction in the 

Southeast Asian, namely Thai, Bronze Age cemetery sites and the extent to which this 

is indicative of social organisation. 0 'Reilly (2003: 301) suggest that sites within the 

greater region of Thailand and Southeast Asia lack "graves with explicit differential 

wealth and symbolic signifiers of rank and of evidence for the marshalling of a labour 

force." The lack of such factors is considered to indicate a heterarchical model of 

social organisation. I have addressed the lack of wealth distinction amongst a 

northeastern Thai site and in the process shown a clear relationship between the 

possession of copper and overall wealth. We have seen that early Bronze Age 

contexts display individuals who have accumulated an outstanding wealth, especially 

when compared locally and regionally. 

The consequences of this wealth are left open for us to ponder. Do these wealth 

distinctions denote status? Or is it something else? Does this represent hierarchy? 

We see that copper objects are restricted to certain burials that contain a much greater 

number and range of other goods when compared with those without. However by 
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the mid to late Bronze Age at Ban Non Wat, interments are much more standardised, 

contain similar numbers of goods and no grave displays differential treatment or 

stands out in terms its treatment. However, the most important aspect of this 

standardisation is that although there is no distinction between burials in terms of 

goods, no grave contains an object of bronze. Therefore, as mentioned, is it possible 

that wealthy "enclaves" are yet to be found? Or does this change in ideology reflect a 

much broader change? 

We now know that copper was used in the early Bronze Age as a means of wealth 

display. We also know that by the Iron Age at Noen-U-Loke there is an explosion in 

the use of copper as a means of wealth display and for the advertisement of social 

elites (Higham, 1994; Higham and Thosarat, 1998; O'Reilly 1999). Yet what 

occurred during the period following the early to mid Bronze Age and preceding the 

Iron Age? 

I have shown that copper based wealth differentiation exists during the early "Bronze 

Age" thus providing evidence contrary to long held belief within Southeast Asian 

archaeology that there is little or no difference in wealth or that any wealth is 

attributed to the possession of 'bronze.' If we were to equate this wealth 

differentiation to a mark of status as is predominantly done-then as it stands - the 

anomalous situation so avidly attested to by scholars may not be quite so anomalous. 

It is possible, however, that the information gleaned from sites throughout the region, 

used to make these "anomalous" statements, derive from excavations that are not an 

accurate sample of the total area. 
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Figure 8.1 . Image of the spatial distribution of the various phases of interments at BNW, and 

the overlying excavation area (in black) of Ban Lum Khao (excavation size from O 'Reilly 

1999). 

In fact, if we were to use the excavations of Ban Non Wat as a base point against 

which to gauge the extent to which other sites have been excavated, then we can see 

that many different interpretations could be made if certain areas of the site remained 

undiscovered (figures 8.1 , 8.2 and 8.3). Looking at figure 8.1, ifwe place the 

excavation of BLK over that of BNW we can see that we would fail in uncovering 

any complete BAI burials, the wealthy southern group of individuals possessing the 

majority of the sites bronze objects, have only and handful of BA3 burials and small 

collection of BA4 burials. If this were the only data we gained from BNW then we 

too come to the same anomalous conclusions presented by researchers from the area. 
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Figure 8.2. Image of the spatial distribution of the various phases of interments at BNW, and 

the overlying 1975 excavation area (in black) of Ban Chiang 

Another example (figure 8.2), if we placed the 1975 excavation of Ban Chiang over 

an area of BNW we would have only one complete BAI burial, a selection of 

'wealthy' BA2 burials, two isolated BA3 interments and a high concentration of BA4. 

The same for Non Nok Tha (figure 8.3), if its excavation were placed over an area of 

Ban Non Wat, we would lack any BAI burials and encounter only a couple of the 

'poor' BA2 interments and completely lack any BA4 graves. Such an exercise clearly 

suggests that researchers need to be careful when making statements and estimations 

of social organisation from mortuary data, especially when small excavations are 

involved. That is not to say future researchers should go through Southeast Asia 

excavating large portions of sites, rather greater sampling strategies should be 

employed to cover a greater area in order to gain a broader view, and to identify areas 

worthy of further/future investigation. 
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Figure 8.3. Image of the spatial distribution of the various phases of interments at BNW, and 

the overlying excavation area (in black). of Non Nok Tha (size from Bayard, 1984). 

What is obvious however, with regards to Southeast Asia and it's anomalous position, 

is that we are rarely explicit in what we mean by "Bronze Age." Do we mean a 

Bronze Age in terms of a frame of reference, a useful first step in ordering material, 

or are we referring to the lifestyle evident? 

Despite suggestions otherwise (White, 2002), I feel the term 'Bronze Age' for 

Southeast Asian contexts is still a relevant and useful one. It has been shown here 

that there may not be an anomaly, we have seen at BNW that the introduction of 

bronze has had an impact, a sophisticated new technology is present with interesting 

levels of craft specialisation occurring during a period subsequent to the introduction 

of bronze and during a period when the majority of the tools and weapons and at least 

some of its ornaments are of bronze (cf Coles and Harding, 1979). To deny the use 
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of the term Bronze Age would be to suggest the introduction of bronze metallurgy 

was not an event worthy ofrecognition and study. 

The study of such material does however have its limitations. The current 

archaeological research atmosphere is one that has seen, and often encourages, the 

emergence of specialists in individual technological studies, studies which tend to 

remove objects from contexts, deconstruct, and dis-embedded them from the society 

in which they were produced. This thesis has however attempted to re-imbed the 

technological study of copper and bronze production to within the culture it derived 

and existed and integrate this information, and the individual, into cultural 

interpretation. 

The principle aim of this investigation has been to elucidate the impact the tin-bronze 

industry had on the society incorporating this new technology including how copper 

metallurgy was potentially organised and conducted during the Bronze Age. Thus 

addressing the regions 'anomalous situation' and the usefulness of the term Bronze 

Age for Southeast Asian contexts. 

The impact copper metallurgy had upon prehistoric Southeast Asian society has been 

avidly discussed throughout the history of research in the region. Here coined the 

"Southeast Asian anomaly," the introduction of copper technology was not seen to 

have impacted upon such society in even similar ways to those societies for which 

cultural definitions and classifications were manufactured. The introduction of copper 

is implicated in the rise of social complexity and state society (Muhly, 1988). 

Southeast Asian societies represented by the numerous archaeological excavations, it 

has been argued by some scholars to fail to show a differentiation amongst the 

interred. For those where differentiation is slightly discemable, there is no 

association between the wealth, and copper possession. White (1995) and O'Reilly 

(1999; 2000; 2003) suggest this anomaly to be representative ofheterarchical 

societies. Although elements ofheterarchy exist in all or any type of society, the 

information gleaned from the years of excavation at Ban Non Wat, are more akin to 

the traditional models of hierarchy and increasing socio-political complexity. 

Although we may not yet be able to refute the existence of a Southeast Asian 
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anomaly, the excavation of Ban Non Wat has gone a long way to pervade doubt in 

long standing summations. 

Furthermore, the excavation of BNW and my comparison, by area, with excavated 

sites presented above, shows the flimsy nature of societal conclusions made from 

mortuary data alone. The bivalent use of mortuary and industrial data for insight into 

social organisation and complexity, alleviates many of the inherent problems in a 

single indicator. Similarly, the excavation of Ban Non Wat has shown the value in 

either more comprehensively excavating sites in the region, or utilising multi

excavation sampling of individual sites. 

The accurate recording and interpretation of archaeological site stratigraphy is 

incredibly important in understanding the nature of site occupation and use. 

Therefore consistent methods for the recording and interpretation of stratigraphy need 

to be employed. In the case of the research presented here, it was critical to identify 

occupation relating to the Bronze Age, hence isolate the copper technology in use 

during this period, as well as the contemporary cemetery data. The identification and 

interpretation of site stratigraphy prior to mortuary or technological investigation has 

allowed for the accurate identification of Bronze Age contexts and the vital 

metallurgical assemblage. 

In investigating this metallurgical technology as an assemblage I have been able to 

identify the range of techniques and products produced at the site of BNW and the 

intensity to which production has been carried out. Such an investigation has allowed 

for a comparison with other northeast Thai prehistoric sites. The adoption of the 

principles of chafne operatoire and their application to the BNW bronze industrial 

assemblage, has enabled the elucidation of the comprehensive decision making 

process of the individual, along with the input and influence of the society in this 

process and on the smith, and vice versa. 

The chafne operatoire of the decisions made by the smith has shown them to be non

linear and dependent on numerous factors, including the customer and community. It 

is obvious that beyond the possession of technical savoir faire the smith was required 
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to make further "evaluations and judgements" (Pye, 1978) to arrive at the desired 

outcome. 

As Pelegrin (1985; 1990) suggests for lithics, the copper casting chaine operatoire is 

often complemented and intersected by successive, intermediary and often 

predetermined goals. A smith, in the case ofBNW, has an expected outcome- that 

being a finished artefact, however at varying interstices in the process, discourse and 

expectation is portrayed from external sources (external to the savoir faire). The 

smith's actions are therefore concomitantly governed by structure and demand and the 

smith's own knowledge and discourse. However, even this is ever fluid with 

inflection inevitable. 

Therefore it is most likely that in the mind(s) of the smith(s), a sequence of events, a 

schema operatoire (after Pelegrin, 1990), is organised for the production of bronze 

objects for this and other communities. They know at which point in the sequence 

they need external input to achieve a common goal, that being, the production of an 

acceptable bronze good. However the smith must be flexible and ready to adjust for 

random responses. The smith must foresee, continuously choose, assess and decide 

(Pelegrin, 1990). However the question is, who was providing the input? Was it an 

individual, or a series of individuals, in positions of power, as in attached 

specialisation, or was it the general public? 

It has been possible to build up a picture of how the Bronze Age metalsmiths from 

Ban Non Wat conducted their operation. Most significantly, evidence suggests these 

smiths were not employed as primary producers of copper metal rather secondary 

processors as alloy-melters and casters. 

The total lack of ore deposits, mining tools, ore, gangue, flux and slag suggest mining 

and smelting were not activities undertaken by the smiths of Ban Non Wat. However, 

smelting cannot be ruled out on the basis of lack of slag alone. Crucible smelting has 

been documented by Tylecote, (1974) and is the likely means of procuring copper 

from ore at Phu Lon resulting in little or no slag (Pigott and Weisgerber, 1998: 153). 

However the investigation of Ban Non Wat crucibles suggested no smelting of copper 

was performed at Ban Non Wat. The presence and analysis of numerous bivalve 
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moulds, and the presence of the crucibles, confirms the presence of a non-ferrous 

industry and the local production of bronze goods. Analysis has further enlightened 

the nature of the local smithing industry and repertoire with both decorative and 

typical industrial implements being cast. Microscopic analyses of moulds, crucibles, 

bronze objects, and other related objects, have shown these metalsmiths to be 

knowledgeable in the properties of numerous metals and the ability of these elements 

to instil particular qualities in the objects they cast. Metallurgical specialisation is 

therefore assured at Ban Non Wat. 

Previous studies of the handful of Southeast Asian sites where metallurgy has been 

investigated, do note the presence of specialisation, but seldom discuss the nature of 

this specialisation with regard to the individual and their role in the wider political 

economy. This issue has been a central theme throughout this thesis. How was the 

metallurgical industry at Ban Non Wat organised? Are smiths working independently 

or are they producing wealth objects for an elite to whom they are 'betrothed'? 

The distinction between an independent specialist and a specialist attached to an elite, 

is central to considerations of specialisation and complex society (Brumfiel and Earle, 

1987:5). Investigation at Ban Non Wat has shown the socio-political atmosphere to 

be much more complex than ordinarily thought. Individuals, during BAI and BA2, 

are amassing vast wealth in a diverse range of goods and materials, with bronze goods 

restricted to the wealthiest. Yet during the latter stages of the Bronze Age (BA3 and 

BA4), there is an absence of copper products, let alone any restriction to wealthy 

interments, for which there are none, despite the much greater evidence for 

copper/bronze production during this period. 

In the previous chapter, it has been shown that independent smith itinerancy would 

account for the nature of the evidence. However, we do not yet know the nature of 

specialisation. Can we be certain that independent specialisation was in existence? 

And whether it has contributed to this situation? Or was it attached specialisation? Or 

is the nature of the specialisation even identifiable? 

Brumfiel and Earle (1987:5) note that in attached specialisation the elite must first 

secure the trade in raw materials. The first point to consider here is whether or not 
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Ban Non Wat displays evidence for an elite? The traditional view for the presence of 

an elite would be an intra-site restriction in access to resources, ranking, a vertical 

differentiation identified by correlations between artefacts and artefact types and 

those they are interred with (Sanders, Parsons, and Santly, 1979; Wason, 1994). The 

most common archaeological medium where such phenomena may be identified is 

from cemetery data. There would be obvious distinctions in mortuary wealth and 

range of materials, and time spent in interment (Pearson, 2005; O'Shea, 1984). In this 

case then yes, Ban Non Wat, at least during the initial periods of the Bronze Age, 

would have had an elite. The next point then is whether there is evidence for the 

control of the raw materials. 

Given the distance of Ban Non Wat to known copper ore sources, yet copper's 

presence at BNW, it is safe to assume that raw metal was being traded into the area as 

opposed to smiths or traders travelling to the mines to claim their own. This 

suggestion coupled with the fact that tin and lead were also being utilised, does 

suggest organised trade in raw materials. Was it however, under the control of the 

aforementioned elite? The restriction of bronze material to the wealthy interments 

would, traditionally, suggest that these individuals were able to ensure that they had 

access to this material. This alone would not be enough to suggest control, however, 

the greater access these individuals had to other types of materials does suggest some 

kind of institutionalised access to all goods. 

It could be that these individuals or more so those interring these individuals, were 

more easily able to acquire these finished objects, as opposed to the raw material. 

Although, if these were being acquired as finished goods, control over trade and/or 

distribution could have therefore been likely, suggesting control over trade but not 

necessarily over specialists. It was likely that controlling trade was prerequisite to 

controlling specialisation. Trade was likely to have begun between communities with 

individual connections (marriage, familial) to each other. Trading allows people to 

cement connections by peddling specialist wares. These people then become familiar 

with simple forms of the theories of supply and demand, and elasticity, and hence, 

begin to control the distribution and trade. The next step is to request from 

specialists, particular items that are known to contribute to "valuable/beneficial" 

trades. Once sufficient wealth and power is gained through these 
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"valuable/beneficial" trades, they begin to control what is produced, giving rise to 

centralised control over production. 

In continuance, BNW mortuary data is suggestive of an elite with a certain amount of 

control over the acquisition of copper metal or finished bronze materials. Therefore 

the prerequisite for attached specialisation are evident at Ban Non Wat. However, are 

these being acted upon? Are the bronze specialists "attached" to these so-called 

"elites"? 

The types of moulds present at Ban Non Wat, and what they were made to produce, 

shows that is was likely that many finished bronze objects are entering BNW external 

to what is produced locally by smiths. These are mainly types of decorative items 

(rings and bangles). The interesting point is that none of these items are entering the 

funerary medium, nor are they encountered in the interments of these "elites." 

Suggesting that if these smiths were attached, and producing goods for these people, 

these elites do not have total control over the industry. This is because finished goods 

are entering the community external to what is produced by these smiths. However 

the converse is true for industrial implements, here mould data suggests they were all 

produced locally, yet save for burial 201, all bronze items in interments at Ban Non 

Wat are industrial implements. This is not exactly what one would expect under 

definitions of attached specialisation. We would expect goods to be paid as 

obligations to advertise the status of the elite. Yet a number of usual "status" items

decorative items, are produced elsewhere and imported to Ban Non Wat. Evidence 

also suggests that many more bronze, utilitarian goods are being produced locally, as 

opposed to decorative "elite-advertising" items. Again a not commensurate with what 

is usually considered in attached specialisation. Although, the bronze goods that are 

encountered in the wealthy burials are utilitarian in shape it may be that they were 

non-functioning, thus acting in much the same way decorative items would in 

traditional examples. Going further would be to say that maybe there were 

specialised centres of manufacture, whereby an even higher level of socio-political 

organisation can be assumed. That is to say, it could be that certain communities are 

producing certain objects for export, with Ban Non Wat producing industrial 

implements. However this is less likely as although there is less evidence for local 

manufacture of decorative items, there is still evidence for their manufacture. 
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Less ambiguous is that there are multiple different sources for clay for moulds and 

crucibles, and similar differences amongst crucible lagging layers. Although a 

sourcing analysis has not been attempted here, it has been possible to identify that 

clay for the moulds and crucibles are from a number of different sources (figure 6.1). 

Vincent (2002:79) notes that complex methods would be required in the manufacture 

of moulds (levigation) beyond that of your average local potter. Therefore we can 

safely assume that moulds are made by those with the savoir faire in copper 

metallurgy. 

Furthermore the presence of the Phu Lon metallurgical tradition suggests connections 

amongst metalsmiths beyond those of local traditions. Therefore this notion suggests 

independence, again a factor not commensurate with definitions of attached 

specialisation. 

Difference in sources of silica and clay for lagging layer and that of crucible body, as 

identified by Vincent (2002), does suggest that smiths were more likely to be 

independent and itinerant, or were attached, and in fact, importing crucibles. 

Otherwise it is difficult to understand why a local, attached smith, would produce 

crucibles from one clay source, while washing silica out of clays from another, 

different source, for lagging. As mentioned above, the pattern could be explained 

through itinerant smiths taking crucibles made in one location, to other locations 

where they then require lagging which would be different to the source of the 

crucible. Or smiths were attached and crucibles were imported. 

Is it possible there was a trade in pre-manufactured moulds and crucibles? Whereby 

specialist metallurgical utensil-producers manufacture goods for export, thus 

accounting for the multiple sources of clay for moulds and crucibles. This appears to 

be unlikely given that mould types tend to be restricted to certain villages (White et 

al., 1991). Therefore it is most probable that copper smiths are also making the "tools 

of the trade." The question then is, why not utilise the same source each time? It 

could be that the smiths are in fact independent and mobile and are travelling to these 

multiple clay sources on their itinerant way. Although not fully conclusive, this point 

does illuminate an avenue for future investigation. Required would be to pinpoint the 

261 



source of the clays for the moulds and crucibles and see how they compare with other 

sites, for which such analysis has been attempted. Furthermore, an intra-site 

investigation of the comparison between the clay used in ceramic vessel manufacture 

and the production of metallurgical utensils would illuminate whether the local 

ceramic industry is utilising multiple sources and/or whether each different specialist 

is utilising similar sources. This information would go further to establish the nature 

of bronze metallurgical specialisation at Ban Non Wat and the greater region. 

Although the metallurgical activity at Phu Lon involves an activity not present at Ban 

Non Wat, there is a precedent for mobility in the industry. Pigott and Natapintu 

(1996) and Pigott and Weisgerber (1998) note it probable that Phu Lon was mined by 

adjacent villagers, who, seasonally, travelled to the site to extract and smelt the 

copper ore and transport copper metal back to the villages for casting into artefacts or 

trading throughout the region. 

As seasonal production has also been posited for casting activity, as opposed to 

mining and smelting activity, throughout northeast Thailand (Higham, 1996a; Higham 

and Thosarat, 1998), the question must be asked, can you have seasonal or part time, 

attached specialisation? Brumfiel and Earle (1987: 5) suggest not. It is suggested that 

part time specialisation is only possible amongst independent specialists. 

Ethnographic examples, cited in Rowlands (1971), of metal smiths working in Africa 

show that seasonal production is carried out by independent specialists producing 

goods for the community, from metals supplied by the individual customer. Payment 

comes in the form of a proportion of the metal offered, with which, smiths produce 

rough-outs for re-sale (ibid: 211-212). However, how do you recognise seasonal 

specialisation? Can it be identified? Apart from the difficult circumstances of 

increased moisture of monsoon weather, were smiths working only during the dry 

season? Casting would almost certainly be abandoned on rainy days, especially given 

the huge volume of precipitation of the monsoon and the danger of moisture in 

moulds. The question then would be, would smiths attempt to set up a cast when it 

could rain? Monsoon rains are fairly predictable therefore would smiths attempt to 

cast in the dry patches of the day during which time the humidity would be 

increasing? This is a very difficult point to address and further research is required 
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before concrete conclusions can be made, it could be that Southeast Asia and those 

with monsoon weather systems need a new model on seasonal specialisation. 

The discovery of a particular individual, within the BNW cemetery, with a vast 

assemblage of clay casting moulds including a number of complete sets of 

'concertina' moulds for multiple bangle casting, suggests ownership of these items by 

an individual directly involved in the vocation of copper working. Considering the 

agential approach adopted in this thesis, this individual allows incredible insight into 

the nature of the bronze industry at Ban Non Wat and potentially the greater region. 

Although the individual was encountered during a period outside my investigation, it 

is pertinent to discuss the evidence and present future avenues for enquiry. 

Investigation related to this individual will enable insight into the potential nature of 

their involvement in the industry, whether attached, or independent. The 'concertina' 

mould arrangement for bangle manufacture is indicative of efficiency, with the 

minimisation of time and raw material costs. Could such a phenomenon be related to 

the fact that this individual was not wealthy, as indicated by the relative lack of grave 

goods included in their interment? Under attached specialisation one would assume 

that raw materials required for the casting of implements for the elite, would also be 

supplied by this elite. The fact that these moulds have been "spent" in this 

individual's interment, does suggest an element of ownership, and thus independence. 

However, like other lines of evidence, such a phenomenon could be interpreted in 

multiple ways, making simple presence/absence studies problematic. This issue may 

be resolved in the future by investigating the clay sources of the moulds and pottery 

vessels included in this individuals interment, as a comparison with other ceramic 

objects from general, and mortuary contexts, from BNW. As independent itinerancy 

has been suggested, any difference in source for the grave goods of burial 549, 

compared to the grave goods of others in the cemetery would strengthen the argument 

for itinerancy. Furthermore, strontium isotope analysis comparing individual 549, 

with a general sample of other BNW interments would indicate whether or not this 

person spent any of their time away from BNW. An affirmative result would 

similarly suggest an independent bronze caster, for which travelling was a feature. 

It does appear, however, that finished bronze goods (products) travelled throughout 

the Northeast region before the associated technology. Thus creating demand with 
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limited supply, creating a positive situation for entrepreneurial figures to mobilise and 

'balance' the situation (service). 

Although most evidence for attached or independent specialisation is ambiguous, I 

consider independent specialisation to be the most likely means for the introduction, 

establishment and maintenance of the smithing tradition noted previously. The 

strikingly similar nature of technical procedures between BNW and those sites further 

to the Northeast, the Phu Lon tradition, and their longevity, attests to movement and 

connections, and continued connections between artisans working in these areas. 

Furthermore, these similarities exist congruent to the local cultural traditions of the 

villages from which the metallurgical evidence is taken. The similarity of the 

metallurgical procedures over distance and time suggests more of an "apprenticeship" 

type transfer of methodology as opposed to attempted replication of witnessed 

techniques. In the latter we would expect to see the emergence of local metallurgical 

techniques, in line with the emergence of the distinct local cultural traditions. 

Numerous studies indicate that increases in centralised leadership are often 

accompanied by significant changes in local subsistence patterns (ie, irrigated fields, 

agricultural terraces) and the reorganisation of local and regional exchange (Brumfiel 

and Earle, 1987). "Mobilisation, the transfer of goods from producers to political 

elites, is seen as lying at the heart of political development, sustaining the elites and 

enabling them to fund new institutions and activities calculated to extend their power" 

(Earle, 1978; D' Altroy and Earle, 1985; Brunfiel and Earle (1987:3). 

It is obvious that complex socio-political organisation was required to perform and 

provide the level of industry and nature of society, present at BNW. There is much 

social interaction (including travel arrangements, workshop areas, choice of artefacts, 

recycling, and the supplying of certain materials) involved in the production process. 

There is no doubt that smith and community are interdependent. However, it has 

been difficult to decipher between suggestions of central organisation for production 

or a somewhat autonomous organisation by independent smiths. 

Given the lack of definite attached specialisation characteristics, and considering the 

current evidence; the presence of an overarching metallurgical tradition, multiple 
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sourcing of clays for moulds and crucibles, the lack of complete/intact crucibles on 

site, and the use of inscribed markings on moulds, and limited range of cast objects 

(Higham, 1994), the "line of best fit" is therefore one that considers independent, and 

possible itinerant, specialisation. Although I believe independent specialisation to be 

more likely, I do think the evidence presented here represents a community on the 

brink of greater centralised leadership. 

Conclusion 

All too often in archaeological investigation, aspects of industry are removed from the 

context of society and investigated as a separate unit, by 'specialists'. This research 

has, however, attempted to re-imbed industry to within the society from which it was 

produced. The investigation of the bronze production industry as an assemblage, and 

from the perspective of the individual, has allowed much greater insight into the 

nature of the technology's acceptance, existence, and management in prehistoric Ban 

Non Wat society. 

In doing so it has been possible to identify how copper metallurgy was potentially 

organised and conducted, and the impact it had on the society incorporating it, namely 

its involvement in the development of increasing socio-political complexity in the 

region. Such investigation has also enabled the clarification of Southeast Asia's, 

namely Thailand's, position during the Bronze Age. 

In traditional Bronze Age economies, the introduction of bronze saw the emergence 

of complex socio-political practices resulting ultimately in the beginnings of state 

society (Muhly, 1988). Here termed the "Southeast Asian Anomaly," elements 

considered indicative of increasing complexity, such as wealth differentiation linked 

to ownership of status advertising goods, are so far missing in Southeast Asian 

contexts. A situation further compounded by a marked lack of wealth differentiation 

between interments linked in any detectable way to bronze ownership. 
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This thesis has, however, shown that the early Bronze Age socio-political climate at 

BNW was one which saw the emergence of social differentiation and wealthy groups 

of people using bronze goods as a means of wealth display. The lack of 

differentiation during the later stages of the Bronze Age at BNW is interesting. It is 

likely that the "climate" has changed during this time, which I have posited, was 

influenced by the changing nature of bronze good production. Moving from a 

product-based situation where bronze objects were first encountered as traded items, 

to one where the majority of goods were likely produced as a service by independent 

copper smiths. However there is still a lack of differentiation regardless of whether 

interments include bronze goods, suggesting an associated change in social form. The 

lack of wealthy individuals within wealthy groups, during latter Bronze Age Ban Non 

Wat may suggest a move from this cemetery for "elite" burial. 

It has been possible to highlight the problematic nature ofrelying solely on mortuary 

remains and single, small excavations, for insight into socio-political organisation. I 

have shown the vastly different conclusions one may purport from smaller 

excavations within the BNW mortuary assemblage. Given the larger size of the BNW 

excavation coupled with the bivalent, mortuary-industry investigation, it is hoped that 

this investigation represents a much more accurate view of the prehistoric society, 

during the period subsequent to the introduction of bronze. 

Thus, methodologically, we need to advance the ways in which we extract socio

political information from archaeological sites. The use of greater sampling, and 

multiple lines of evidence should alleviate some of the inherent problems in current, 

mortuary-based methodology. In the absence of greater sampling or in association 

with it, a bivalent mortuary-industry investigation is likely to provide greater insight 

into the nature of the political economy - social organisaiton - thus providing a more 

accurate view of the Southeast Asian Bronze Age. 

Furthermore, with further investigation, it is hoped a regional picture may become 

apparent as to the choices metalsmiths made relating to bronze metallurgy, as well as 

the extent to which the Phu Lon metallurgical tradition exists throughout Southeast 

Asia. 
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This research has ensured that doubt now exists in the long-standing summations with 

regard to copper production and its 'anomalous' impact on social organisation during 

the Bronze Age in the region. What can be assured is that the traditional view of the 

"rise of the state" (Muhly, 1988) in prehistoric Southeast Asia is now under threat. It 

now appears as though Southeast Asia, may not be an anomalous case. 
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