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Abstract 

On present evidence, the transition from mobile hunter-gatherer societies to Neolithic sedentary 

agricultural communities occurred approximately 5000 to 3000 years ago in Mainland 

Southeast Asia (MSEA). Archaeological evidence of this transition principally derives from the 

excavation of burial contexts. In contrast, settlement contexts are not well researched and are 

the ‘missing factor’ (Higham 2017: 369) in MSEA prehistory. The unbalanced nature of 

archaeological enquiry has important repercussions for hermeneutic traditions in the region. 

Cemeteries and settlements form through different depositional practices and across different 

temporalities, and thus encapsulate different aspects of prehistoric lifeways. Research in this 

thesis applies microstratigraphic investigations of site formation processes to understand the 

settlement experience and social context of communities during the MSEA Neolithic. 

A conceptual life history approach to archaeological settlement is integrated with a 

methodological approach combining geoarchaeology and microarchaeology to reconstruct 

temporal rhythms of dwelling at three occupation sites spanning the Neolithic transition in 

Vietnam. The sites investigated are: Thach Lac, a mid-to-late Holocene (c. 5100–4150 cal BP) 

coastal shell midden; Loc Giang, a mounded Neolithic (c. 3950–3250 cal BP) settlement; and, Lo 

Gach, a Neolithic (c. 3200-3000 cal BP) and Bronze Age (c. 2800-2500 cal BP) settlement. The 

principle analytical technique used is archaeological micromorphology, the study of thin 

sections of archaeological sediments. Supplementary analyses provide compositional 

information to assist in the interpretation of archaeological deposits; they include Fourier 

Transform Infrared Spectroscopy (FTIR), Automated Quantitative Evaluation of Minerals using 

Energy Dispersive Spectroscopy (QEM-EDS), X-Ray Diffraction (XRD), phytolith concentrations, 

pH and particle size analysis. 

For each site, the multiproxy data are used to reconstruct a microstratigraphic sequence of site 

formation that provides rich insight into the materiality and temporality of social life within 

each settlement. Thach Lac was occupied by three distinct cultural groups, each with different 

settlement dynamics, across a millennium of significant environment and cultural changes. At 

Loc Giang, the construction of lime mortar surfaces and pile dwellings and the development of 

waste management strategies reflect continuity in social practices over time. At Lo Gach, 

intensified plant processing activities and structured waste disposal practices were performed 

recurrently across the life of the settlement. 
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Material depositional patterns at the micro-scale can be linked to the organisation of social and 

economic activities within settlements, which in turn can be linked to macro-scale ‘transitions’ 

of sedentism and agriculture that are often associated with the MSEA Neolithic. Each site tells a 

unique narrative of occupation, involving specific social practices and use of space. The differing 

temporal patterns of the material world of the mid-to-late Holocene in MSEA suggest a rich, 

multivalent past that defies simplistic notions of a single, homogenous Neolithic. Site formation 

is demonstrated to be a robust tool for understanding the material world of archaeology, as well 

as a critical lens to interrogate the ways in which pasts are made meaningful. This research 

offers a fresh, contextual perspective on the lived experience of the Neolithic and negotiates 

uncharted space between a ‘Neolithic of the living’ and a ‘Neolithic of the dead’. 
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Oxcal v.3 (Bronk Ramsey 2009a) and are quoted in the text at 95.4% probability, rounded to ten 

years. In very few cases where it was not stated in a given publication whether the dates were 

calibrated or what the value of the standard error was, dates are reported as ‘years ago’. Unlike 

most publications in Mainland Southeast Asian archaeology, dates are reported as BP rather 

than the conventionally used BC. In the author’s view, a Western Christian calendar and dating 

chronology is inappropriate for MSEA prehistory. 

Hermeneutic Disclaimer 

Writing of the human past is a hermeneutic enterprise, and the author acknowledges that the 

archaeological story presented in this thesis is only one of several possible ways of interpreting 

the past. The intention of this research is not to present a definitive or authoritative account of 

MSEA prehistory but to advance debate forward, to contribute towards a multivocal and critical 

archaeology, and to add richness rather than discord in understanding past human experience. 

Any errors which the reader may encounter are undoubtedly my own, for which I offer my 

sincere apologies.
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Chapter 1 
Introduction 

Preoccupation with the search for ‘the origins of agriculture’ has diverted attention from the 
broader question of how mobile ‘hunter-gatherer’ bands gave way, as a dominant mode of 
human organisation, to permanently settled, complex communities. (Harris: 1977: 402) 

The shift from mobile to sedentary lifeways, marked by the emergence of village life, was the 

most important transition in human settlement history. Sedentism involves a permanent 

relationship between an individual, their community, and a landscape. It changes the 

requirements and structure of food resources, the rhythm and organisation of social life, 

perceptions of place and environment, and possibilities for material cultural engagement. 

In Mainland Southeast Asia (MSEA), sedentary lifeways are thought to have emerged 

concurrently with other economic, technological and social changes during the Neolithic 

transition, approximately 5000 to 3000 years ago. A critical perspective of the history and 

current usage of the Neolithic concept in MSEA is developed in Chapter 3. In this introductory 

chapter, the term Neolithic is used uncritically following previous scholarship to refer to the 

transition from hunting and gathering to farming (Bellwood 2005; Bellwood and Oxenham 

2008; Higham et al. 2011a; Higham 2014), thus encapsulating what Harris (1977: 402) dubbed, 

‘the search for “the origins of agriculture”’. 

Across the foraging to farming transition in MSEA there is an absence of evidence of where 

people lived. The ‘lack of a single house plan’ is the ‘missing factor’ (Higham 2017: 369) in MSEA 

prehistory. Recent excavations suggest that this gap may be a result of past excavation strategies 

which focused almost exclusively on mortuary remains. The excavation of Non Ban Jak in 

Thailand (Higham et al. 2014a; Higham 2017) and An Son (Bellwood et al. 2011), Rach Nui 

(Oxenham et al. 2015) and Loc Giang (Piper et al. 2017) in southern Vietnam have provided 

preliminary insights into prehistoric settlements including the construction of dwellings (Piper 

and Oxenham 2014; Higham 2017). 

This doctoral research contributes to an emerging perspective on the settlement experience and 

social context of prehistoric communities undergoing transitions referred to as ‘sedentary’ and 

‘Neolithic’ in MSEA. It uses site formation as the theoretical and methodological lens through 

which to investigate settlement trajectories, social practices and use of space at three prehistoric 

settlement sites that collectively span the purported transitory phase. The three sites 
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investigated are: Thach Lac, a mid to late Holocene (c. 5100-4150 cal BP) coastal shell midden 

site; Loc Giang, a mounded Neolithic (c. 3950-3250 cal BP) settlement site; and, Lo Gach, a 

mounded Neolithic (c. 3300-3000 cal BP) and Bronze Age (c. 2800-2500 cal BP) settlement site. 

In the first section of this chapter (Section 1.1), a dual conceptual and methodological approach 

for studying site formation of prehistoric settlements is developed. The aims and questions 

framing the research are described in Section 1.2 and the study sites are introduced in Section 

1.3. Lastly, an outline of the thesis chapters is given in Section 1.4. 

1.1. Temporality as a dual conceptual and methodological approach 

The unbalanced nature of archaeological research in MSEA, namely the overrepresentation of 

burial evidence and the underrepresentation of settlement evidence, has important 

repercussions for hermeneutic traditions in the region. Burials and settlements form through 

different depositional practices and across different temporalities, and thus provide different 

records of prehistoric lifeways. Excavation of burial contexts in MSEA has largely been driven by 

origins and transitions questions founded on long-term comparative views of prehistory, a fixed 

culture-history relationship with material culture, and binary epistemological frameworks 

underlying mobile/sedentary and hunter-gatherer/agricultural practices. It is argued here that 

settlement deposits offer more contextual perspectives in developing time-and-place narratives 

for prehistoric communities living-in-their-worlds. The differences in site formation between 

burial and settlement contexts are explored in this thesis in relation to the treatment of time in 

archaeological interpretation, both conceptually and methodologically. Conceptually, this thesis 

considers how different temporalities of site formation influence archaeological interpretation 

(Section 1.1.1). Methodologically, this research utilises microarchaeological techniques to 

recover micro-temporal rhythms of dwelling at the prehistoric settlement sites (Section 1.1.2). 

1.1.1. Temporalities of deposition: comparing burial and settlement archaeologies 

Humans are temporal beings: our lives are ‘stretched across time’ (Thomas 1996: 51). This 

thesis follows a phenomenological tradition in its use of the words temporality and time (Ingold 

1993; Thomas 1996: 32-33). Temporality refers to the human perception or experience of time 

as it continually unfolds and reconstitutes our pasts, presents and futures. Time, in contrast, 

refers to an abstract, objective measure for our chronometric narrative passage through life. 

Temporality influences archaeological interpretation in two main ways. First, humans are 

temporal beings who deposit material on substrates. The temporal aspects of deposition – 
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including duration, frequency and repetition – render a temporal character to the deposit. 

Archaeologists can reconstruct the temporal narrative of human experience from the material 

preserved in the deposit. Second, archaeologists are temporal beings themselves who interpret 

the history of deposition from a retrospective viewpoint and according to their perspectives on 

time and the temporal character of objects and processes. These two aspects of temporality 

influence the conditions upon which pasts are made meaningful. This is explored through a 

comparison of burial and settlement archaeologies. 

From a site formation perspective, differences between cemeteries and settlements are 

profound. Burials represent ‘one of the most formal and carefully prepared deposits that 

archaeologists encounter’ (Parker Pearson 1999: 5). They are unique forms of structured 

deposition and meditated material engagement (O’Shea 1984: 23-25; Barrett 1990; Parker 

Pearson 1999: 5). Burials have a high preservation potential due to rapid deposition and burial 

which protects the deposit from disturbance by biological and natural agents over time. Time is 

preconditioned into the interpretation of primary interments in a way analogous to ‘the concept 

of time capsules…for dead people were placed in a grave at a single moment in the past, 

frequently with a range of artefacts’ (Greene and Moore 2010: 116). They thus convey the 

impression of a ‘closed’ cultural context and a singular, stable temporality (Rowe 1962; cf. 

Olivier 1999). 

Perceptions of the Neolithic transition in MSEA have until recently been formulated almost 

exclusively upon archaeological evidence recovered from the mortuary record, as acknowledged 

by Oxenham (2015) and Higham (2017). Burials were the first prehistoric deposits to be 

targeted for systematic excavation (e.g., Sorensen and Hatting 1967; Bayard and Solheim 2009; 

Loofs-Wissowa 2017) and they remain the most researched deposit type by international 

excavation teams in MSEA (see regional syntheses by Bellwood 2005; Higham 2014; Barton 

2015). Most Neolithic sites that contain burials are presented as formal cemetery sites in the 

secondary literature (e.g., Higham et al. 2011a; Higham 2014), however the primary excavation 

reports describe Neolithic settlement deposits and occupation contexts that are not thoroughly 

investigated or understood (Section 2.2.2). Rather, emphasis is placed on material culture 

recovered from Neolithic burials, including grave goods intentionally deposited as discrete 

assemblages. These artefacts demonstrate an array of ‘Neolithic-type’ technologies that lack 

greater antiquity in the region, including ‘incised and impressed’ pottery, polished stone tools, 

and worked stone and shell ornaments (Higham and Thosarat 1998a: 68, 75; Higham 2002a, 
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2014; Bellwood 2005: 131-134; Rispoli 2007; Bellwood et al. 2011; Higham et al. 2011a: 530, 

538; Higham and Kijngam 2012: 372-373). 

Bioarchaeological research of human remains from MSEA sites is largely driven by questions of 

origin. Human remains from pre-Neolithic hunter-gatherer contexts share bioarchaeological 

traits indigenous to the region whereas those from Neolithic agricultural contexts show 

northeast Asian morphologies, suggesting migration from a homeland in what is now China 

(Matsumura et al. 2011; Matsumura and Oxenham 2013, 2014). The artefact and 

bioarchaeological evidence have been interpreted as representing a ‘dramatic agriculturally 

driven demic expansion’ (Matsumura 2017: 61) of Austroasiatic speaking populations from 

China into MSEA from c. 4000 cal BP (see Bellwood 2005; Rispoli 2007; Higham et al. 2011a; 

Higham 2014). This is the crux of the Neolithic of MSEA: a macro-landscape phenomenon 

involving large-scale processes of population migration and cultural replacement enacted over 

long timescales. Insights into the lived experiences of individuals are rare (exceptions include 

Tilley and Oxenham 2016; Willis and Oxenham 2013a). 

In contrast to burials, the formation and preservation of settlement areas are governed by a 

different set of depositional processes; they therefore reflect different temporalities. The 

differences do not collapse into binary categories of structured mortuary deposition on the one 

hand and the unintentional accumulation of domestic debris on the other: the differences are 

much more nuanced. Settlements are a form of site typology that incorporates predominantly 

domestic or residential functions encapsulating ‘a wide range of human activities including 

those essential to daily existence’ (Bruck and Goodman 1999:3). The continued use of space by 

occupants over time encodes basic life-sustaining activities within rhythms of bodily movement, 

social interactions and cultural practices (Bourdieu 1977, 1990, 1991; Pauketat 2001; Hodder 

and Cessford 2004). These rhythms are recorded in material depositional patterns around 

settlements, including activity areas (Middleton and Price 1996; Terry et al. 2004; Matthews 

2005; Shahack-Gross et al. 2005), construction of dwellings (Ge et al. 1993; Matthews et al. 

1996; Karkanas and Van de Moortel 2014) and structured maintenance and refuse disposal 

practices (Shillito et al. 2011a; Milek 2012). The depositional record at settlements thus 

encompasses multi-temporal layers of information representing daily, seasonal and generational 

rhythms of community life (Tringham 1991; Boivin 2000; Matthews 2012). 

Settlements are a minor component of currently excavated Neolithic sites by international 

archaeologists in MSEA. International research has principally focused on two key questions: the 

presence of permanent dwellings, as proxies for sedentary lifeways (e.g., Piper and Oxenham 
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2014), and the presence of domesticated plants and animals, as proxies for agricultural practices 

(e.g., Piper et al. 2012; Castillo et al. 2017). From the outset, these questions have been driven by 

the prevailing Neolithic model, formulated on evidence from the mortuary record, which views 

sedentism and agriculture as preconditions for each other’s development. In southern Vietnam, 

settlement sites such as An Son (Bellwood et al. 2011), Rach Nui (Oxenham et al. 2015) and Loc 

Giang (Piper et al. 2017) have been interpreted through the lens of preconceived Neolithic 

narratives that reflect temporal foci on large-scale, long-term processes, namely the origins and 

timing of population migration and agriculture. Settlement deposits in mixed 

mortuary/occupation sites in Thailand are poorly investigated and published on, conveying an 

impression, perhaps erroneous, that these sites are formal cemeteries (see a critique by White 

and Eyre 2011). In contrast to international research, domestic Thai and Vietnamese 

archaeologists have conducted excavations of numerous settlement sites, reflecting different 

research interests (Chapter 3), yet excavation reports are not easily accessible to international 

readers1. Settlement sites are yet to be studied on their ‘own terms’, in a way that is appropriate 

to the nature and resolution of the settlement record. 

This doctoral research explores the relationship between site formation, temporality and the 

interpretive frameworks of the MSEA Neolithic. The original contribution of this thesis is 

twofold. First, it critically examines the treatment of temporality in current interpretive 

frameworks of the MSEA Neolithic. Second, it explores the experience of settlement across the 

purported Neolithic transition in MSEA from a micro-scalar perspective. Engagement with the 

settlement record at a scale closer to the time dimension of human lives illuminates different 

temporal patterns of the material world during the mid to late Holocene of MSEA. By integrating 

the micro-temporal patterns within the macro-temporal archaeological traditions of MSEA, this 

thesis offers a new temporal perspective on the prehistory of this region. 

 
1 The distinction between the overrepresentation of burial evidence and underrepresentation of settlement 
evidence is a valid one based on archaeological research conducted by international investigators in MSEA. 
There is a wealth of research conducted by domestic archaeologists in Vietnam and neighbouring countries, 
including excavations of settlements, that is regrettably unable to be cited in this thesis. The majority of 
research on Vietnamese archaeology is written in the Vietnamese language and is stored unpublished in 
various institutes in Vietnam or has been published in the Vietnamese language in volumes such as the 
archaeology journal Khao Co Hoc that are difficult to access outside of Vietnam (Nguyen et al. 2004: 205). This 
is also true for other countries across the Southeast Asian region. For this reason, archaeological research cited 
in this thesis is heavily biased towards internationally published literature in the English language. Differences 
in archaeological perspectives between domestic and international scholars are explored in greater depth in 
Chapter 3. 
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1.1.2. Microarchaeological techniques as 'windows into deep time' (Hodder 1999: 129) 

Issues of temporality are inherent to all stages of archaeological practice, including 

archaeological excavation. Excavation of a stratigraphic layer or archaeological feature is 

constrained by inspection of visual properties alone (Barham 1995; Dibble et al. 2005) and by a 

macro-scale tool kit – ‘we can only dig at the resolution that a trowel will allow’ (Farid in Shillito 

2013: 32). Except for rare instances of preservation, the implicit assumption of stratigraphic 

excavation is that archaeological layers represent time-averaged, cumulative palimpsests 

(Binford 1981; Stern 1994; Bailey 2007; Holdaway and Wandsnider 2008a). Consequently, 

archaeological timescales are commonly based on coarse-grained radiometric, typological, 

architectural or mortuary phases and archaeological interpretation has tended to focus on the 

longue duree, the long-term processes of cultural change (Hodder 2000). In contrast, the 

reconstruction of human experiences across short-term timescales requires the archaeological 

record to be studied at the scale at which it was formed – the micro-scale (Goldberg et al. 2009; 

Mallol and Mentzer 2017). 

The methodology used in this thesis employs an integrated microarchaeological and 

microstratigraphic approach to identify material depositional patterns of social life in 

settlements and their temporal rhythms across short-term timescales. Microarchaeology is the 

study of past human activity at high spatial and temporal resolution through the application of 

microanalytical scientific techniques (Weiner 2010). Microstratigraphic analysis is a type of 

microarchaeological approach which operates on a similar set of principles to traditional field-

based stratigraphic analysis, a key difference being that it occurs ‘under the microscope’ 

(Matthews et al. 1997: 285; Karkanas and Goldberg 2008: 64; Shillito 2012: 31). The main 

technique used in the research is archaeological micromorphology, ‘the microscopic study of 

thin sections of undisturbed archaeological sediments’ (Ge et al. 1993: 150). By preserving the 

contextual arrangement of a deposit, micromorphology positions and delimits artefacts and 

multidisciplinary proxies within a relative temporal framework encompassing pre-depositional 

histories, depositional events and post-depositional alterations. The temporal resolution and 

sensitivity of micromorphology makes it an ideal technique to construct multi-temporal 

biographies of cultural and bioarchaeological components within occupation sites (Matthews 

1995; Matthews et al. 1997; Karkanas and Goldberg 2008). 

Additional geoarchaeological techniques are used to collect compositional data to supplement 

the micromorphological analysis. A micro-sampling strategy is used to obtain correlated 

samples for targeted compositional analyses, producing results that are directly comparable to 
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the thin sections. The compositional analyses include Fourier Transform Infrared Spectroscopy 

(FTIR), Scanning Electron Microscopy with Energy Dispersive X-Ray Spectroscopy (SEM-EDS), 

Automated Quantitative Evaluation of Minerals using Energy Dispersive Spectroscopy (QEM-

EDS) employing QEMSCAN® technology, X-Ray Diffraction (XRD) and phytolith concentrations. 

Traditional sedimentological techniques, including pH and particle size analysis, are used in a 

limited way to provide averaged physical and chemical compositional information to assist in 

the discrimination and interpretation of stratigraphy. 

1.2. Research aims 

There are three methodological aims and three conceptual aims which frame the dual approach 

of this research. The three methodological aims focus on the collection and interpretation of 

geoarchaeological evidence at the micro-scale (Section 1.2.1). The three conceptual aims 

contextualise the micro-scale evidence within macro-scale debates in MSEA archaeology 

(Section 1.2.2). The micro-scale and macro-scale lines of investigation are illustrated in Figure 

1.1. 

 
Figure 1.1. Overview of the dual conceptual and methodological approach of the thesis. 

1.2.1. Micro-scale narratives of the Neolithic: aims of the geoarchaeological analyses 

1.2.1.1. Human activities 

The first aim is to characterise the major human activities contributing to the formation of 

archaeological stratigraphy at each settlement site. Humans are positioned as depositional 

agents contributing to site formation (after Schiffer 1983, 1987; Stein 2001; Goldberg and 
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Macphail 2006). A geoarchaeological framework is adopted to facilitate the identification of 

human processes of deposition and associated temporal (microstratigraphic) patterning. The 

research investigates whether variability in the types and temporal structure of activities taking 

place at settlements may be associated with a Neolithic way of life. Three specific practices 

investigated are settlement construction, human activities, and refuse disposal: 

Settlement construction practices: The study aims to differentiate intentionally constructed 

deposits from other types of anthropogenic deposits. In this thesis, the term ‘dwelling’ is used to 

refer to residential structures to avoid western historical connotations of the word ‘house’ (e.g., 

Hodder 1990) and to allow for variability in past cultural practices (after Bruck and Goodman 

1999: 4; Goodman 1999: 146; see Ingold 2000). The research aims to characterise: the materials 

and technology of construction; residues and transformations from the impact of activities on 

the structures; and, the temporal patterning (duration, frequency and repetition) of these 

practices. The results are used to evaluate field-based hypotheses that Neolithic sites show the 

earliest evidence for the construction of permanent dwellings in the region (Piper and Oxenham 

2014; Oxenham et al. 2015; Piper et al. 2017).  

Human activities: The study aims to use micro-scale sedimentary signatures to identify the 

nature of human activities which took place at the settlement sites. In Southwest Asia and 

Europe, microarchaeological analyses have identified a wide range of human activities at 

settlements including animal management and penning, plant use, food preparation and storage, 

trampling and occupation surfaces, pyrotechnological activities, bedding areas, and cleaning and 

refuse disposal practices (Matthews et al. 1997; Macphail and Goldberg 2017; Nicosia and 

Stoops 2017). 

Refuse disposal practices: The study aims to identify waste disposal practices and to evaluate the 

extent to which the temporal dimensions (duration, frequency and repetition) of these practices 

suggest regulated strategies behind the maintenance of habitation areas within settlements. The 

disposal of waste represents a ‘crisis’ (Rathje and Murphy 1992: 33; Hardy-Smith and Edwards 

2004: 253) unique to human communities living in permanent settlements, who, unlike mobile 

groups, require systematic strategies for living with their rubbish on a daily basis. High-

resolution analyses of deposits dubbed as ‘waste’ have revealed complex depositional histories 

which give rich insights into community organisation and structure (Martin and Russell 2000; 

Shillito et al. 2011a; Shillito and Matthews 2013; Villagran 2014). 
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1.2.1.2. Post-depositional alterations 

The second aim is to contribute towards understanding post-depositional processes in the 

tropics, a vastly understudied area in geoarchaeology (Denham 2003; Morley and Goldberg 

2017). In Island Southeast Asia (ISEA), geoarchaeology has mainly focused on cave sites 

(Anderson 1997; Gilbertson et al. 2005; Stephens et al. 2005; Lewis 2007a; Mijares and Lewis 

2009; Morley et al. 2017), with few notable exceptions (e.g., Denham 2003). In MSEA, a 

geoarchaeological tradition regionally specific to northeast Thailand uses landscape-based 

geomorphological approaches (Boyd et al. 1999; Boyd and Habberfield-Short 2007; McGrath et 

al. 2008; Boyd and Chang 2010). This thesis contributes a microarchaeological perspective from 

mid to late Holocene open-air sites situated in lowland coastal and riverine environments in 

Vietnam. The research addresses two broad themes: 

Stratigraphic integrity of the deposits: The study aims to determine the extent to which sediments 

and associated cultural materials have been disturbed, reworked or removed by post-

depositional processes. Stratigraphic integrity provides an assessment of the reliability of 

inferred contextual relationships between artefacts, features or layers, and the security of 

radiometric dating chronologies. 

Preservation and archaeological visibility of settlement sites: The study aims to characterise the 

major post-depositional processes affecting the preservation of archaeological stratigraphy. This 

is used to evaluate whether archaeological visibility of habitation areas has been a contributing 

factor to the limited detection of settlement sites in the region. This research has implications 

for targeting settlements in future survey and excavation in MSEA and in tropical environments 

generally. 

1.2.1.3. Microstratigraphic sequence 

The third aim is to integrate the human and natural site formation processes with a tightly 

constrained radiocarbon chronology to establish a microstratigraphic sequence for each site. 

The microstratigraphic sequence establishes the resolution of depositional processes 

contributing to site formation and thus the temporal frameworks appropriate for the 

interpretation of stratigraphy (Stern 1993: 205; Bailey 1987:7, 2007). The microstratigraphic 

sequence is used to characterise the temporal patterning (duration, frequency and repetition) of 

human depositional practices, enabling the reconstruction of social rhythms across the life 

history of each site, and comparisons between the three sites across the purported Neolithic 

transition. 



Chapter 1                                                                                                                                                                                       Introduction 

10 

1.2.2. Macro-scale narratives of the Neolithic: informing theoretical debates 

1.2.2.1. How appropriate is the term ‘sedentism’ to describe the nature of human settlement 
during the Neolithic in MSEA? 

The significance of sedentism in MSEA prehistory derives from its conceptual association with 

agriculture within the Neolithic paradigm (Shoocongdej 1996: 211). Sedentism has been 

described as a Neolithic element introduced to MSEA by Austroasiatic-speaking agriculturists 

from China (Higham and Thosarat 1998a: 68, 75; Higham 2002a, 2002b: 228, 2014; Bellwood 

2005: 131-134; Rispoli 2007: 238; Higham et al. 2011a: 530, 538; Higham and Kijngam 2012: 

372-373; Piper and Oxenham 2014; Oxenham et al. 2015). In the absence of architectural 

structures in MSEA prehistory, indirect proxies have been used to infer sedentary lifeways. The 

proxies include large-scale pottery production (e.g., Nishimura and Nguyen 2002; Vincent 2004; 

Sarjeant 2014), populous cemeteries (e.g., Higham and Thosarat 2004a; Higham and Kijngam 

2011; Oxenham et al. 2011), the presence of commensal rodent species (e.g., Piper et al. 2012; 

Oxenham et al. 2015) and agriculture (Thompson 1996; Higham and Kijngam 2012: 372; Piper 

and Oxenham 2014: 222; Piper et al. 2017: 46). These practices are assumed to require a stable 

population base. Following global critical archaeological perspectives on sedentism (Kelly 1992; 

Boyd 2006; Marshall 2006a), this research attempts to overcome the dualist categories of 

mobile hunter-gatherers and sedentary farmers to investigate sedentism as a ‘process in its own 

right’ (Marshall 2006a: 153), independent of agriculture and other elements of the Neolithic 

‘package’. 

The microstratigraphic investigation of three settlement sites in this thesis is explored as a 

potential new line of evidence to understand the emergence and experience of sedentism in 

MSEA prehistory. Research draws from international geoarchaeological investigations of 

settlements (e.g., Matthews 1995, 2005, 2012; Matthews et al. 1996; Shahack-Gross et al. 2005; 

Milek 2012; Karkanas and Van De Moortel 2014; Graham et al. 2015; Macphail et al. 2017) to 

determine the nature of evidence that is recoverable from the sites, and how this evidence can 

give insight into the dimensions of life in prehistoric settlements in MSEA. Can a 

microarchaeological approach provide a comparable perspective to that of conventional 

archaeological proxies for identifying sedentism, and can it offer original insight into past human 

experience within settlements? 

1.2.2.2. Is there a difference between a Neolithic of the dead (mortuary record) and a Neolithic 
of the living (settlement record)? 

The MSEA Neolithic is conceptualised primarily as an economic phenomenon involving the 

adoption of agriculture (e.g., Bellwood 2005; Bellwood and Oxenham 2008; Higham et al. 2011a, 
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Higham 2014). However, until recently, there was little secure evidence for domesticated plants 

and animals (Thompson 1996; Castillo and Fuller 2010; Piper et al. 2012; Oxenham et al. 2015; 

Barron et al. 2017; Piper 2017; Piper et al. 2017). Additionally, there is minimal information 

available from Neolithic sites on domestic activities, dwellings and other aspects of lifeways 

(Piper and Oxenham 2014; Piper et al. 2017). There is a far better understanding of deathways 

of the Neolithic than lifeways (Higham and Thosarat 2004b; Bayard and Solheim 2009; Bellwood 

et al. 2011; Higham and Kijngam 2011; Oxenham et al. 2011; Rispoli et al. 2013). The 

experiential dimensions of Neolithic life appear to be directly transposed from grand Childean 

narratives (compare Childe 1951[1936] with Higham 2002a, 2014; Bellwood 2005; Higham et 

al. 2011a). 

Emerging research on early agriculture globally has emphasised considerable local variation in 

community lifeways and non-linearity of pathways to agriculture (Denham 2005; Barker 2006; 

Vrydaghs and Denham 2007). The development of contextual approaches that integrate multiple 

lines of evidence (Denham 2007; Vrydaghs and Denham 2007; Asouti and Fuller 2013) have 

advanced debate forward from Eurocentric demic diffusion models to focus on the local 

environmental and cultural contexts in which Neolithic practices emerged in different parts of 

the world. In light of these international developments, the near-exclusive use of burial evidence 

is a major constraint on the richness of Neolithic narratives in MSEA. This thesis draws from 

geoarchaeology and settlement archaeology to contribute micro-temporal narratives of 

communities undergoing a number of economic, technological and social transitions broadly 

defined as Neolithic. Is there a diachronic change in settlement experience and can this be 

understood within the prevailing Neolithic model? Does the settlement record affirm, contradict 

or extend our understanding of what Neolithic life was like? 

1.2.2.3. How is time preconceived in narratives of the MSEA Neolithic? 

Most archaeological research in MSEA has been characterised by limited theoretical 

development and epistemological reflexivity (notable exceptions include Kallen 2004 and White 

2017). This is partially a consequence of the relatively young and understudied field of MSEA 

archaeology; on a more critical level it mirrors the dominance of culture history frameworks 

that have suppressed intellectual innovation in the region since the 1970s (White 2017). 

Temporality is an underexplored concept in MSEA archaeological theory. The construction of 

prehistory as a progressive, unilinear narrative is largely unchallenged (but see Hutterer 1976; 

Kealhofer 2003; Kallen 2004; White 2006, 2011, 2017; Barton 2015). A critical archaeology 

acknowledges that the macro-temporal interpretative traditions that dominate MSEA 
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archaeology, including the interpretive phenomenon of the ‘Neolithic’, are outcomes of the types 

and temporalities of processes focused on by most archaeologists (Bailey 2007: 201-202). 

In contrast to the ‘different vista on humanity’ (Bellwood 2005: 10) provided by long-term views 

of prehistory, this thesis investigates Neolithic experience at the micro-scale: ‘the scale at which 

individuals interact with and perceive the landscape, and the scale of the household 

‘experience”’ (Shillito 2017: 10). Enlarging on comparisons between Neolithic lifeways and 

deathways, this question explores whether different temporalities of deposition between 

settlement and burial contexts give multi-temporal perceptions of the Neolithic. Perspectives 

draw from two bodies of theory in the social sciences: hermeneutic phenomenology (Heidegger 

1962[1927]; Ricoeur 1988a[1985]) and practice theory (Bourdieu 1977, 1990). Emphasis on 

individual events and actions in this thesis is not a declaration that they are the only phenomena 

worthy of study, nor that a binary temporal framework that discriminates between short-term 

and long-term processes is necessarily appropriate for all archaeological phenomena. In regions 

of the world where archaeological theory is well-established, the simplistic dualism between 

long-term structures and short-term agency is a crude reduction of the complex issues regarding 

temporality (see Gardner 2001; Bailey’s 2007: 217-219 critique of Lucas 2005). As a caveat, 

unravelling the deeply layered complexity of a multi-scalar, multi-temporal prehistory is at 

present unachievable for MSEA archaeology due to its underdevelopment by global 

comparisons. What is achievable in the scope of this thesis is to introduce a new temporal 

perspective to the study of the MSEA Neolithic and cultivate conceptual space for a reflexive, 

critical understanding of temporality. 

1.3. Introduction to the study sites 

Recent archaeological excavations of settlement sites in Vietnam present an opportunity to test 

the potential of micro-temporal analytical techniques to contribute information about social life 

in prehistoric settlements in MSEA. Thach Lac in northern-central Vietnam, and Loc Giang and 

Lo Gach in southern Vietnam (Figure 1.2) were selected as case studies for this doctoral research 

because they provide a diachronic perspective of settlement dynamics across the presumed 

transition from mobile foraging groups to sedentary farming villages. Following previous 

excavations at the Neolithic sites of Man Bac (Oxenham et al. 2011), Rach Nui (Oxenham et al. 

2015) and An Son (Bellwood et al. 2011) in Vietnam, excavations at the three study sites 

intended to address the question of regional diversification of the Neolithic in Vietnam. The 

excavations were conducted using a multidisciplinary investigative framework encompassing 

the specialised study of material culture and faunal and archaeobotanical remains (Piper et al. 
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2017; Nguyen et al. 2020). This thesis offers a geoarchaeological perspective to the 

investigations, contributing microstratigraphic data to correlate and ground the 

multidisciplinary datasets. 
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Figure 2.2. Map of Mainland Southeast Asia showing the location of the three study sites in relation to modern geopolitical 
boundaries, coastlines and major rivers, and elevation. 
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Thach Lac (18°21’58.8”N/105°57’42.78”E) is a coastal site located in Thach Lac Commune, Ha 

Tinh Province on the northern-central coastal plain of Vietnam (Figure 1.2). Thach Lac is a shell-

bearing midden site that was occupied several times between c. 5100 and 4150 cal BP, based on 

radiometric dating and archaeological stratigraphy (Nguyen et al. 2020). 

Today, Thach Lac is situated approximately four km from the present-day coastline. A relict 

dune field about three km wide runs parallel between Thach Lac and the shoreline. In the early 

and mid Holocene, elevated sea levels are recorded throughout Southeast Asia (Clark et al. 

1978). During the period of maximum mid Holocene sea level transgression, approximately 

6000 to 4000 cal BP, sea levels are estimated to have been between 1.5 and 3 m above present 

mean levels along the Vietnamese coastline (Tanabe et al. 2003; Boyd and Lam 2004; Tanabe et 

al. 2006; Stattegger et al. 2013). During its occupation, Thach Lac would have been situated close 

to the shoreline in a back-dune environment and nearby an estuarine palaeochannel. 

The stratigraphy at Thach Lac consists of a complex sequence of alternating human occupation 

and abandonment phases. Thach Lac was successively occupied by three cultures, the Quynh 

Van, Thach Lac and Bau Tro cultures. Little is known about the chronology, economic 

orientation, settlement patterns and social practices of the cultures (see Piper et al. in press for a 

recent synthesis). Quynh Van is classified by domestic Vietnamese archaeologists as a coastally-

oriented culture that is regionally distributed in the Nghe An and Ha Tinh Provinces and 

possesses both Neolithic and pre-Neolithic material cultural affinities (Lam et al. 2020). The 

eponymous Thach Lac site provides most known information about the Thach Lac culture. Based 

on material culture, the Bau Tro culture is classified as a Neolithic site by domestic Vietnamese 

archaeologists, broadly contemporaneous with the well-known Neolithic Phung Nguyen culture 

to the north (e.g., Nguyen et al. 2004; Tong 2015). Evidence for agriculture is demonstrably 

absent, resulting in problems of classification for international archaeologists (e.g., Piper and 

Oxenham 2014; Piper et al. in press). The complex occupation sequence at Thach Lac presents 

an opportunity to address conflicting definitions of the Neolithic in this region and characterise 

settlement trajectories across a period of dynamic cultural and environmental change. 

Loc Giang (10°59'43"N/106°17'25"E) is a mounded settlement site located in An Ninh Tay 

Commune, Duc Hoa District, Long An Province, southern Vietnam (Figure 1.2). It is situated on a 

slightly raised Quaternary alluvial terrace on the east bank of the Vam Co Dong River, a shallow 

eastern tributary of the Vam Co River which flows into the Dong Nai River Basin to the north of 

the Mekong Delta. The remaining archaeological mound covers c. 500 m2 and rises about three 

metres above the surrounding active floodplain and extensive rice fields (Piper et al. 2017). 
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Radiocarbon dating indicates that Loc Giang was occupied between c. 3950 and 3250 cal BP 

(Piper et al. 2017). 

Today, Loc Giang is approximately 85 km inland however during the early to mid Holocene the 

coastline would have been much closer to where the site would later be established (Nguyen et 

al. 2000; Ta et al. 2002; Proske et al. 2010). Delta formation ensued from approximately 6000 to 

5000 cal BP during the period of maximum mid Holocene marine transgression (Ta et al. 2002). 

As sea levels retreated, rapid progradation of the delta led to the establishment of a mangrove 

estuarine environment in the site’s vicinity (Proske et al. 2010). These conditions prevailed at 

the time of site occupation (Piper et al. 2017). 

Loc Giang is an exemplar of the ‘true’ Neolithic site, demonstrating evidence for settlement 

construction, agricultural practices and new material culture technologies including ‘incised and 

impressed’ pottery, stone and shell bracelets, ground and polished stone, and bone artefacts 

(Piper et al. 2017). Similarities in material culture and radiometric chronologies between Loc 

Giang and several other sites in the Vam Co-Dong Nai basins are believed to represent the 

initiation of the Neolithic in this region, including the earliest sedentary lifeways in MSEA 

(Bellwood et al. 2011; Piper et al. 2012; Piper and Oxenham 2014; Oxenham et al. 2015; Piper et 

al. 2017). Within this regional framework, Loc Giang presents an ideal case study to critically 

examine the settlement experience of prehistoric communities identified as Neolithic. 

Lo Gach (10°54’58”N/105°43’50”E) is a settlement site located about 60 km southwest of Loc 

Giang in Vinh Tri commune, Vinh Hung district, Long An Province, southern Vietnam (Figure 

1.2). It is situated in an active floodplain on the west bank of the Vam Co Tay River, a shallow 

western tributary of the Vam Co River. Lo Gach shares a similar geomorphological history with 

Loc Giang. Radiometric dating and archaeological stratigraphy identify two phases of 

occupation: an initial Neolithic presence at 3200-3000 cal BP; and, an early Bronze Age 

occupation at 2800-2500 cal BP (Piper et al. in prep). 

Lo Gach displays a complex stratigraphic sequence of hard, compact cream surfaces thought to 

be outdoor surfaces external to dwellings. The surfaces are interbedded with extensive deposits 

of organics and silicified rice remains. The rice remains, in addition to the remains of 

domesticated dogs, domesticated pigs and commensal rodents, suggests that Lo Gach was 

inhabited by a sedentary society involved in rice agriculture and animal management (Tran and 

Piper 2018; Piper et al. in prep). Sophisticated bone technologies, evidence of metal working, 

impressions of woven matting, local ceramic production, and stone implements including 
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quadrangular adzes and grinding/sharpening tools attest to the sophistication of community 

material production (Cameron 2017; Piper et al. in prep). In this research, Lo Gach provides a 

case study to investigate settlement practices across the terminal end of the Neolithic into the 

Metal Age period. 

1.4. Organisation of the thesis 

The conceptual framework of the thesis centres on sedentism and is developed in Chapter 2. In 

the first section of Chapter 2 (Section 2.1), the concept of sedentism in global archaeology is 

examined. The first section concludes with an overview of proxies for detecting sedentism in the 

archaeological record (Section 2.1.4). In the second section (Section 2.2), focus is narrowed to 

MSEA. Present knowledge of the archaeological sequence of MSEA is summarised (Section 2.2.1), 

including evidence for sedentism and settlement practices (Section 2.2.2). Given the lack of 

macro-scale proxies for detecting sedentism in this region, the microarchaeological approach of 

this thesis is developed as an alternative approach to study settlements across the purported 

sedentary transition in MSEA (Section 2.3). 

The objective of Chapter 3 is to establish an understanding of the Neolithic in MSEA archaeology. 

A critical analysis of the concept of the Neolithic is presented using a dual genealogical approach 

(Section 3.2). First, the embedded historiographic value of the term Neolithic is used to 

interrogate the preconditions for how archaeologists interpret the MSEA past (Section 3.2.1). 

Second, current evidence of the Neolithic period in MSEA is critically reviewed by unpacking the 

Neolithic ‘package’ and comparing the synchronicity of its individual elements (Section 3.2.2). 

The two strands of the genealogical analysis are drawn together and discussed with respect to 

time and temporality (Section 3.3). Shortcomings with the Neolithic model validate alternative 

approaches to time in MSEA prehistory. Drawing from phenomenology and practice theory, the 

approach used in this research is developed in which microarchaeological techniques are used 

to recover micro-temporal perspectives of social life from settlements spanning the Neolithic 

period (Section 3.4). 

Chapter 4 introduces the use of geoarchaeology and microarchaeology to reconstruct human 

depositional practices and activity patterns at settlement sites. The first section of the chapter 

gives a brief background to geoarchaeology (Section 4.1). The narrative value of geoarchaeology 

is then explored through a life history approach which uses sediment biographies to trace the 

materiality and temporality of life in settlements (Section 4.2). First, the life history of a 

settlement is explored from a site formation perspective, encompassing pre-depositional, 
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depositional and post-depositional processes (Section 4.2.1). Second, the major types of cultural 

and bioarchaeological components often encountered at prehistoric settlements are described in 

relation to aspects of composition and interpretive value (Section 4.2.2.). 

In Chapter 5, the methodology and datasets of the geoarchaeological analyses are outlined. In 

the first section (Section 5.1), a rationale of the geoarchaeological and microarchaeological 

techniques used in the thesis is given. A multi-scalar approach is described in the second section 

(Section 5.2) that orders the different geoarchaeological techniques used according to analytical 

resolution, thus decreasing leaps in observation between the field and the laboratory. In the final 

section (Section 5.3), microfacies analysis is introduced as a framework to integrate different 

datasets together within an overall temporal structure of site formation. Sample preparation and 

analysis protocols for the techniques are summarised in Appendix B. 

In Chapter 6, the environmental and archaeological context and collection of geoarchaeological 

samples of the three study sites are summarised. Additional archaeological information for each 

site is provided in supplementary appendices (Appendices D, E and F). 

The results of the microstratigraphic analyses are organised into three chapters; one chapter for 

each of the study sites. Chapters are arranged in order of chronological age of the sites from 

oldest to youngest: Thach Lac in Chapter 7; Loc Giang in Chapter 8; and, Lo Gach in Chapter 9. 

The main components in the sediments are first identified (Sections 7.1, 8.1 and 9.1). Succinct 

summaries of the major deposit types are then presented using microfacies analysis (Sections 

7.2, 8.2 and 9.2) and each microfacies is linked to major human and natural processes of site 

formation (Sections 7.3, 8.3 and 9.3). Lastly, a microstratigraphic sequence of site formation that 

integrates microarchaeological data with field stratigraphic records is presented for each site 

(Sections 7.4, 8.4 and 9.4). Detailed microfacies descriptions and micromorphological recording 

tables are provided in respective appendices for each site (Appendices G, I and K). Data collected 

using supplementary geoarchaeological techniques are presented in additional appendices 

(Appendices H, J and L). 

In Chapter 10, the high-resolution microstratigraphic sequences of the study sites are integrated 

into a wider archaeological context. In the first section (Section 10.1), the micro-temporal life 

histories of the sites are reconstructed in terms of the social rhythms of human activities around 

the settlements. In the second section (Section 10.2), the micro-scale data is contextualised 

within macro-scale models of sedentism and the Neolithic in MSEA prehistory, and the 
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compatibility and contribution of the micro-scale is discussed. In the final section (Section 10.3), 

the value of site formation in archaeological interpretation is explored. 

The thesis is concluded in Chapter 11 with a summary of the major findings of the research. The 

aims of the thesis are revisited and the main contributions of the micro-scale analyses to 

understanding the experience of settlement across the Neolithic are reviewed (Section 11.1). 

The limitations of the research are acknowledged (Section 11.2). The thesis closes by suggesting 

future directions of research that will enrich knowledge of the living context of communities 

undergoing transitions in MSEA prehistory (Section 11.3). 
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Chapter 2 
Places in Time: Sedentism in Mainland Southeast Asian Prehistory 

…it is the rhythm of social life which is at the basis of the category of time (Durkheim 1915: 
440) 

In this chapter, an understanding of the concept of sedentism and its role in the Neolithic 

transition in MSEA is developed. In the first section (Section 2.1), the concept of sedentism in 

archaeology is defined and critically examined. Discussion draws from global perspectives on 

the role of sedentism in the foraging to farming transition (Section 2.1.2.) and social approaches 

to settlement and household archaeology (Section 2.1.3). An overview of the proxies used to 

identify sedentism in the archaeological record concludes the first section (Section 2.1.4). In the 

second section (Section 2.2), current knowledge of the archaeological sequence of MSEA is 

summarised (Section 2.2.1), including the role of sedentism (Section 2.2.2). Evidence for 

settlement practices at prehistoric sites are reviewed and gaps in knowledge are highlighted. In 

the final section, the conceptual approach of the thesis is developed (Section 2.3). 

2.1. Sedentism in archaeology 

2.1.1. Defining sedentism 

Sedentism is a concept which represents a relationship between human groups and the 

landscapes they inhabit. A commonly cited definition is that offered by Rice, who defined 

sedentary societies as ‘those in which at least part of the population remains at the same 

location throughout the entire year’ (Rice in Byrd 1989: 183; see Rafferty 1985; Kelly 1992). 

Others have argued that a timeframe longer than year-round occupation of a site is more 

appropriate because this considers continuity of occupation across generations (Dow and Reed 

2015: 57). 

Sedentism is commonly perceived as a threshold attribute, with societies either being sedentary 

(or in transition), or not (Rafferty 1985; Kelly 1992). Kelly (1992: 50) states that sedentism is 

usually considered as ‘a “point of no return” (Bar-Yosef and Belfer-Cohen 1989: 490), after 

which sedentary peoples cannot return to a mobile life-style’. In the archaeological literature, 

common words such as ‘degrees’ of sedentism, sedentism ‘deepened’, and the ‘emergence’ of 

sedentism (Kelly 1992: 49) impart the belief in a long-term, unidirectional continuum between 

mobility and sedentism: ‘People move less and less until they are not moving at all’ (Kelly 1992: 
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49). These analytical frameworks preclude the study of mobility as a phenomenon of sedentary 

societies. Once people cross the perceived threshold to ‘sedentariness’, subsequent movement 

may only be framed in terms of site abandonment and migration (Varien 1999: 24). 

While sedentism is often viewed as a presence/absence attribute (Marshall 2006a: 158) and 

stable, threshold state (Kelly 1992: 50), mobility is viewed as varied and multidimensional. 

There has been a persistent emphasis on the use of typology to understand ethnographic and 

archaeological variation in human mobility (Varien 1999: 24). Many terms exist to classify the 

movement of human groups across the landscape (e.g., Beardsley et al. 1956; Murdock 1967; 

Binford 1980, 1990: 122; Khazanov 1984: 17-25; Ingold 1987a; Cribb 1991: 15-20; Kelly 1992). 

Binford (1980) proposed one of the most durable classification schemes by differentiating 

between residential mobility and logistical mobility. Residential mobility is practiced by foragers 

who regularly move their residential camps to forage for general resources, whereas logistical 

mobility is practiced by collectors who have a base camp from which specialised small groups 

move away to collect specific resources. Reduction in residential mobility leads towards the 

development of sedentism through increasing complexity of logistical patterns of resource 

procurement (Binford 1980: 12; Price and Brown 1985). 

2.1.2. The emergence of sedentism in global perspective 

The difference in typologies between mobility and sedentism signify a difference in the historical 

study of mobile and sedentary societies. Whereas mobility patterns are based on the study of 

hunter-gatherers, sedentism is traditionally studied as an attribute of agricultural societies 

(Harris 1977; Bender 1978; Binford 1980; Kelly 1983). 

Analytical frames of reference for the study of human mobility were devised under the cultural 

evolution paradigm of the nineteenth century. Cultural evolutionism was the idea that all human 

societies developed ‘in parallel lines along the pathways of human progress from savagery to 

civilization’ (Morgan 1877: vii; see Nilsson 1868; Westropp 1872; Tylor 1881). Sedentism was 

not viewed as a process requiring explanation but as a natural and ‘self-evident progression’ 

(Whitecross 2016: 2) in human nature. Barker (2006: 8) elaborates, ‘the Victorians invariably 

sought their answers in the uniqueness of the human spirit and in its inherent yearning for 

progress.’ 

The notion that settling down was an ‘unproblematic matter related to food supply’ prevailed 

throughout the early decades of the 20th century (Whitecross 2016:113). Based heavily on 
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archaeology in Europe and Southwest Asia, sedentism and agriculture were conflated into a 

single narrative under the Neolithic paradigm (Childe 1946[1923], 1951[1936], 1951: 22-23; 

Braidwood 1958; MacNeish 1964: 419, 425). Agriculture provided ‘stable, predictable and 

accessible’ (Bocquet-Appel and Bar-Yosef 2008: 3) food resources and was viewed a 

prerequisite condition for year-round settlement. For example, following excavations at the 

ancient settlement of Jericho in Southwest Asia, Kenyon (1960: 99) wrote that agriculture ‘not 

only enabled [people] to settle in one spot because the yield of crops was sufficient to support 

them there, but they were in fact tied to that spot for at least part of the year while they waited 

for their crops to ripen’. 

It was not until the late 1960s, following publication of the seminal Man the Hunter conference 

proceedings, that the idea that lifeways of sedentary agriculturalists were more advantageous 

than those of hunter-gatherers was dislodged (Lee and DeVore 1968; see Boserup 1965; Price 

and Brown 1985). Consequently, the reasons why people settled down began to be 

problematised (e.g., Cohen 1977; Bender 1978; Binford 1983). This major theoretical shift 

occurred during processual archaeology and led to a reconceptualisation of human mobility as a 

strategy to manage environmental risk within a cost-benefit framework (e.g., Binford 1980; 

Kelly 1983; Smith 1988). 

Two theories that arose at this time to explain the emergence of sedentism were labelled ‘pull’ 

and ‘push’ (Price and Brown 1985). The ‘pull’ hypothesis describes the development of 

sedentism amongst hunter-gatherer groups in areas where wild resources were abundant, what 

Binford (1983: 200) has labelled a classic ‘Garden of Eden’ situation. Soffer (1989) contends that 

the ‘Garden of Eden’ scenario has never been observed ethnographically. Despite this, the 

hypothesis has been used to explain semi-sedentary and sedentary settlement patterns amongst 

indigenous coastal groups in California (Ames 1991) and the northwest coast of America 

(Perlman 1980), the indigenous Ainu peoples of Japan (Watanabe 1968), early Holocene 

occupants of Lake Texcoco in Central Mexico (Niederberger 1979), the mid Holocene Ertebolle 

culture in northern Europe (Rowley-Conwy 1983) and late Holocene indigenous Australians in 

the Murray River Basin (Pate and Owen 2014), among others. 

In Binford’s critique of the ‘pull’ hypothesis, he pointed out that ‘Garden of Eden’ scenarios share 

a common belief that ‘movement is something that man tries to avoid and that sedentism is a 

desired condition’ (Binford 1983: 204). Binford (1983: 203) exposed gradualism (the belief that 

change occurs gradually across long-term timescales) and teleology (the idea that human social 

and economic change was driven by self-aware, goal-oriented motives) as two philosophical 
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assumptions of human progress underpinning the ‘pull’ hypothesis. Disputing the progressive 

models on philosophical and ethnographic grounds, Binford argued instead that sedentism was 

something people were forced into (Binford 1983: 208). This scenario is labelled as the ‘push’ 

hypothesis. 

According to the ‘push’ hypothesis, sedentism was forced on foragers due to resource scarcity 

relative to population. In this scenario, resource scarcity led to the development of time-

intensive subsistence practices including the processing of wild food resources, that in turn led 

to a decrease in mobility (Price and Brown 1985). The ‘push’ hypothesis encapsulates the 

environmental-demographic stress models which became popular amongst processual 

archaeologists within a paradigm of environmental determinism (Trigger 1987: 140-146). 

Proponents of the model include Binford (1968) and Flannery (1969) who used it to explain the 

development of food production in Europe and Southwest Asia following post-Pleistocene 

climate change. In contrast to the ‘Garden of Eden’ model that did not directly link the 

emergence of sedentism with that of agriculture, the ‘push’ hypothesis was fundamentally an 

explanation for the origins of agriculture. 

The ‘push’ and ‘pull’ hypotheses, while founded on differing subsistence strategies, nevertheless 

agree that sedentism had direct consequences for population growth (Bender 1975: 7; Rafferty 

1985: 137; Kelly 2013). Mothers who resided in sedentary settlements did not have to move and 

transport their children across the landscape, as did mothers who were mobile. This is believed 

to have led to a decrease in maternal stress, energy expenditure and period of suckling, three 

mechanisms which influence how soon after a prior pregnancy a woman may become pregnant 

again, otherwise known as the birth spacing interval (Valeggia and Ellison 2004; Bocquet-Appel 

2008). Reduction in the birth spacing interval is commonly cited to explain the archaeological 

and ethnographic evidence for population growth following the adoption of sedentary lifeways 

(Bocquet-Appel 2002; Bocquet-Appel and Bar-Yosef 2008). Kelly (2013) describes that 

sedentary societies became dependent on food processing and/or storage to provide a higher 

carrying capacity to sustain the increasing population, thus making it difficult to revert to more 

mobile lifeways. In this view, sedentism is ‘self-reinforcing’ (Kelly 2013: 252) and ‘very difficult 

to turn off, once started’ (Bellwood and Oxenham 2008: 13). 

The threshold model of sedentism has been formalised into the Neolithic Demographic 

Transition (NDT) model (Bocquet-Appel 2002: 637). This model describes a purportedly global 

phenomenon of a rapid population increase during the Neolithic transition caused by two 

interrelated factors: a change in mobility strategies to sedentism and an increase in carrying 
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capacity as a result of the development of agriculture (Bocquet-Appel 2002; Bocquet-Appel and 

Bar-Yosef 2008: 4). The NDT lends bioarchaeological support to the Farming Language Dispersal 

Hypothesis (FLDH), a hypothesis that posits that the modern distribution of major language 

families was established by demic dispersals of early agricultural populations (Bellwood and 

Renfrew 2002; Diamond and Bellwood 2003). Both the NDT and FLDH are global, comparative 

meta-narratives which conflate sedentism and agriculture in a ‘mutually reinforcing 

combination’ (Bellwood and Oxenham 2008: 22) under the concept of the Neolithic. 

In recent decades, macro-scale comparative explanations for the emergence of agriculture have 

been replaced by contextual approaches which study the historically and culturally contingent 

‘mosaics of practices’ (Denham 2005: 292) related to cultivation, domestication and human-

environmental interaction at regional and local scales (Denham 2005, 2009; Vrydaghs and 

Denham 2007; Asouti and Fuller 2013). Contextual approaches breach the ‘no man’s land’ 

(Smith 2001:1) between the traditional dualist categories of agriculturalist and hunter-gatherer 

(see Ingold 2000; Smith 2001; Vrydaghs and Denham 2007) and reject Neolithic meta-narratives 

including the FLDH (Thomas 1999; Robertson and Bradley 2000; Denham 2004; Donohue and 

Denham 2010; Barker et al. 2011). This conceptual shift in the study of agriculture was 

accompanied by a revision of the role of mobility in agricultural lifeways, bearing direct 

implications for the study of sedentism. It is now accepted that agriculture can be practiced 

without an associated transition to sedentism (Kelly 1992: 52). Ethnographically documented 

communities such as the Rararumi of northern Mexico (Hard and Merrill 1992) are mobile with 

an agricultural economy (see Kelly 1992: 52 for further examples). In the tropical rainforests of 

Central and West Africa, Southeast Asia and South America, swidden agriculture, or shifting 

cultivation, involves semi-sedentary patterns where the location of permanent villages are 

periodically moved to let land regenerate following cultivation (Rafferty 1985: 114). 

The recognition that agriculture does not necessarily require sedentism has liberated the 

discourse from an ‘insidious hangover’ (Marshall 2006a: 158) of nineteenth century cultural 

evolutionism. Despite a long-held view that sedentism preconditions and enables agriculture 

(Rafferty 1985: 142; Bellwood 2005; Dow and Reed 2015), there are very few examples 

worldwide of the initiation of plant cultivation among sedentary foragers (Bellwood 2005: 23; 

Fuller et al. 2014: 6151). One example is the Yangtze Valley, China where evidence for 

permanent settlements by approximately 8000 cal BP occurs alongside early cultivation prior to 

the morphological domestication of rice (Jiang and Liu 2006; Fuller and Qin 2009). 
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Several archaeological examples where sedentism is not the precursor to or associated with 

early agriculture are now well documented. Agriculture developed without sedentism in the 

American southwest, and when sedentism eventually emerged some 1500 years or more after 

agriculture, it did not appear to be driven or accompanied by intensified cultivation (Wills 

1988). Similarly, maize cultivation in Mesoamerica preceded sedentary settlements by about 

5000 years (Fuller et al. 2014: 6151). In northern China, there is a lag of approximately 3000 

years between the earliest millet cultivation (c. 9500 cal BP) and the establishment of sedentary 

villages (c. 6500 cal BP) (Liu et al. 2009; Yang et al. 2012; Fuller et al. 2014: 6151). Bailey et al. 

(2005) uncoupled sedentism from early agriculture in Europe, exploring the possibility that 

Neolithic communities practiced variable settlement patterns that may have incorporated a high 

degree of mobility. Similar arguments were put forward for the British Neolithic (Whittle 1997; 

Pollard 1999; Thomas 1999). 

These case studies amongst non-sedentary agricultural groups have been complimented by 

research on sedentary societies who do not practice agriculture. There is evidence of sedentism 

in the Late Pleistocene Natufian complex hunter-gatherer societies in Southwest Asia by 13,000-

11,500 cal BP, approximately 3000 years before evidence of agricultural practices (Belfer-Cohen 

and Bar-Yosef 2000: 20; Edwards 2012). Debate is ongoing about the degree and variability of 

sedentary practices among Natufian societies. (Bar-Yosef and Belfer-Cohen 1989; Edwards 

1989, 2012; Byrd 1989, 2005; Valla 1998, 2018; Belfer-Cohen and Bar-Yosef 2000; Hardy-Smith 

and Edwards 2004; Shewan 2004; Boyd 2006). The Jomon (c. 15,500-3000 cal BP) culture is 

another well-debated example of sedentism among complex hunter-gatherer societies with 

limited horticulture. From the Incipient (c. 15,500-11,000 cal BP) to Middle (c. 5000-4000 cal 

BP) Jomon periods, the establishment of large villages, construction of durable architecture, 

specialised production of pottery and crafts, and storage facilities are cited as evidence of 

sedentism (Watanabe 1968; Kobayashi 2004; Pearson 2006, 2007; but see Habu 1996, 2004). 

Several case-studies of sedentism in non-agricultural societies, ranging from early Holocene 

foragers in semi-arid North Africa (Garcea 2006) to Middle Holocene fisher-gatherers along the 

Arabian Sea (Biagi and Nisbet 2006) and late Holocene bison hunters of the north American 

plains (Walde 2006), were published as a collection of papers in World Archaeology in 2006 

(Marshall 2006b). The volume unequivocally demonstrated that sedentism without agriculture 

can no longer be dismissed as ‘isolated exceptions to a presumed rule’ (Marshall 2006a: 156).  

While sedentism has not experienced critical examination comparable to agriculture, these 

examples move towards uncoupling sedentism from agriculture and investigating it as a process 
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‘in its own right’ (Marshall 2006a: 159). Sedentism is not an either/or attribute but is practiced 

in a myriad of ways across different temporal and geographical scales (Marshall 2006a). Short-

term sedentism or semi-sedentary practices involves a community residing in the one place 

continually for several years, followed by a period of abandonment, such as that practiced by 

swidden agriculturalists (Rafferty 1985: 114). Sedentism can also involve a segment of a 

population residing in the same location throughout the year, while other segments are mobile 

(Rosenwig 2006: 336). Sedentism has been reconceptualised as an ‘open two-way street’ rather 

than a unidirectional trajectory and threshold attribute (Marshall 2006a: 159; e.g., Boyd 2006; 

Garcea 2006; Gibson 2006; Walde 2006). For example, interwoven or ‘punctuated’ sedentism 

refers to a pattern in which a group is sedentary for several years, then nomadic or 

semisedentary for several years, then sedentary again. Broadbent (2009) proposed ‘punctuated’ 

sedentism for hunter-gatherer groups adapting to climate-induced resource fluctuations in Iron 

Age sealing sites on the Swedish north Bosnian coast, and Vickers (1989) documented a similar 

pattern among some Amazonian societies.  

2.1.3. Social archaeological approaches to sedentism 

The recognition of variability in pathways to sedentary life has led to a reaction against 

functional and processual approaches that focus on external and environmental factors driving 

sedentary transitions. Alternative hypotheses for the emergence of sedentism emphasise the 

social transformations which enable sedentism to emerge. For example, Acemoglu and 

Robinson’s (2012: 137-142) model of political elites and centralisation of power, Bender’s 

(1978) hypothesis of social competition and exchange networks and Hayden’s (1990) model of 

competitive feasting all converge on a fundamental view that sedentism foremost involves a 

change in human social relations. 

Bender’s (1978) ground-breaking article refuted environmental and demographic explanations 

by considering the social consequences of sedentism. She argued that sedentism leads to a range 

of social problems, including: increased risk of intragroup conflict due to continuous contact; 

increased energy expenditure from labour costs in procuring food and building substantial 

shelters; increased ownership problems of material culture, dwellings and storage facilities; 

increased probability of disease due to concentrations of people, animals and waste; and, 

increased risk of nutritional deficiencies and famine due to a greater dependence on a smaller 

range of resources. According to Bender’s (1978) hypothesis, social alliances and exchange 

networks played a key role in mitigating these social problems, leading to increased production 
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to create a surplus to support trade. These conditions required residential stability and 

investment in permanent facilities (Bender 1978). 

As social approaches narrowed focus from the long-term evolutionary causes and consequences 

of social change to the short-term context of social life, the home and household became the 

avenue for investigation (Tringham 2015). Wilson (1988) argued that a greater value placed on 

privacy emerged as a strategy to mediate social relationships and negotiate social boundaries. 

Residential architecture is viewed as part of this social strategy to achieve privacy through the 

segregation of public and private space and the separation of societies into smaller social units 

such as households (Wilson 1988; Watkins 1990, 2004a, 2004b; Byrd 1994, 2002; Kuijt 2000; 

Banning 2003; Goring-Morris and Belfer-Cohen 2012). According to Watkins (1990: 344), 

during the Neolithic the house, ‘formerly the shelter for general everyday activities’ was 

transformed to the home, ‘the private and concrete expression of a particular family group’. 

Watkins (1990) based his argument on architectural evidence from the Neolithic site of Qermez 

Dere, northern Iraq, including maintenance and repair of residential structures, cleanliness of 

floors, interment of human remains within dwellings, and placement of food-processing 

equipment in communal areas rather than individual dwellings (Watkins 1990). 

The evolution of the built environment has been interpreted by some archaeologists as manifest 

of a more fundamental cognitive-symbolic change occurring in people’s identity and world view 

through a connection to place (Wilson 1988; Hodder 1990; Watkins 1990, 2004a, 2004b, 2016; 

Cauvin 2000; Bradley 2005). Through constructing buildings people constructed their worlds, 

including transforming the material landscape, reifying social boundaries and regulating bodily 

movement (Barrett 1994; Thomas 1996, 1999; Ingold 2000; Hodder and Cessford 2004; 

Watkins 2004a, 2004b; Bradley 2005). Wilson (1988) described how humans became 

domesticated, alongside presumed crop and animal domesticates, when they began building and 

inhabiting permanent dwellings. Hodder (1990) used the terms ‘domus’ (home) and ‘agrios’ 

(outside world) to symbolise a shift in human cognition across the sedentary transition. He 

argued that humans who built and lived in the earliest permanent structures in Neolithic Europe 

realised they were distinct from ‘agrios’ and capable of controlling nature (Hodder 1990). This 

domestication of people was marked economically by the domestication of plants and animals 

and symbolically by introducing wild elements into the ‘domus’ and taming them through 

practices surrounding the domus, the domestic practices of home (Hodder 1990). Renfrew 

(2003: 115) believed that sedentism was the first great ‘revolution’ humanity experienced and 

led to people becoming fully human. 



Chapter 2                                                                                       Places in Time: Sedentism in Mainland Southeast Asian Prehistory 

28 

A major problem in charting the emergence of sedentism through residential architecture and 

domestic practices is ‘the assumption that structures mean houses, mean households, mean 

homes’ (Finlayson et al. 2011: 8187). Cognitive-symbolic approaches ‘leav[e] hunter gatherers 

as not fully human’ (Finlayson and Warren 2010: 226), part of the ‘agrios’ (outside world). The 

study of domestic space uses an interpretive framework which equates domestic practice with 

activities such as food preparation, childcare and cleaning practices (Bruck 1999; Price 1999). 

These associations are not universal; they are founded on historically contingent values and 

institutions that are inherited from modern European pasts (Bruck 1999; Price 1999). There are 

many different ways human populations can organise themselves socially and the concept of a 

nuclear family household unit is not appropriate in many contexts. For example, among 

ethnographically documented societies throughout Southeast Asia there is high diversity in 

residential architecture for social groups of varying sizes, including the longhouses of Borneo 

that house entire clans or villages (Waterson 1990; Fox 1993). 

In contrast to long-term evolutionary and explanatory approaches to sedentism, social 

approaches contribute more humanised reconstructions of life in sedentary settlements. The 

disadvantage of these approaches lies in problematic assumptions of equating sedentism with 

evidence of dwellings and domestic practices. On a conceptual level, this reflects the dominance 

of the ‘rural idyll’ (Finlayson and Warren 2010: 226) trope in which life in prehistoric sedentary 

farming villages is modelled on a recent European past (Hill 2000; Gamble 2007; Finlayson 

2013). These reconstructions confirm rather than challenge the dichotomy between sedentary 

agriculturalists and mobile hunter gatherers; they contribute nothing new towards 

understanding how (and why) sedentism differed across time and space. On a more practical 

level, it reflects problems in detecting sedentism in the archaeological record and discriminating 

what kind of practices occurred amongst sedentary populations that are fundamentally different 

from those in non-sedentary societies. 

2.1.4. Archaeological indicators of sedentism 

…the demonstration of sedentism in prehistory is one of the most difficult tasks that an 
archaeologist can face. (Bellwood 2005: 23) 

Identifying levels of permanence at archaeological sites and distinguishing them from other 

temporally variable settlement patterns involves correlating sedentary lifeways with specific 

material culture or bioarchaeological traits. This section discusses the use and limitations of 

several methodological approaches to identify sedentism. Most criteria can demonstrate 

presence of human groups in a locality, but not their absence (Table 2.1). 
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Settlements and dwellings are the primary location for identifying sedentism in the 

archaeological record (Marshall 2006a). A settlement is distinct from other types of sites based 

on its residential and domestic function: ‘[t]he recognition of settlement sites is therefore 

dependent on our ability to identify domestic practice in the archaeological record’ (Bruck and 

Goodman 1999: 3). The construction of durable dwellings requires an investment of labour and 

is thus used as an indicator of the longevity of occupation (Rafferty 1985: 129-130). However, 

architecture is influenced by historical and cultural factors rather than universal rules (Rafferty 

1985: 129-130; Edwards 1989). Edwards (1989: 17) cites examples of durable architecture and 

extensive settlements amongst mobile groups, demonstrating that architecturally complex sites 

are not limited to sedentary societies. Moreover, durable materials such as stone and clay will 

differentially preserve, creating a bias towards some forms of residential architecture, such as 

stone structures, and against others, such as pile dwellings. 

Site size, internal site differentiation and use of space are additional indicators related to the 

nature and complexity of settlements. According to Kelly (1992: 56), internal site differentiation 

is driven by the privatisation of space as a strategy to manage conflict resolution within 

sedentary communities. Nevertheless, observations of the size, organisation and complexity of 

settlements cannot be used to unequivocally distinguish between habitation sites formed 

through continuous occupation and those formed through multiple short occupation events 

(Edwards 1989; Simms and Heath 1990: 810).  

High artefact variability and elaboration may be observed in sedentary sites as a result of two 

factors: (1) the entire yearly activities being carried out in one location (Binford and Binford 

1966: 268); and, (2) the long-term evolution in style and technology in multi-generational 

settlements (Rafferty 1985: 135). The number of artefacts may increase in sedentary sites due to 

increased time spent at one site (Rafferty 1985: 135). However, the increase and/or diversity in 

artefact assemblages are not exclusive traits of sedentary sites and can also be generated by 

repeated occupations over a long period of time or by densely populated, intensive site use over 

a short period of time (Rafferty 1985: 135). Large or heavy artefacts are assumed to be an 

indicator of sedentary populations due to the difficulty in transporting these items, yet they may 

just as easily be cached and reused during successive visits (Rafferty 1985: 132; Boyd 2006: 

172). It was once thought that ceramic production was made possible through sedentism and 

thus pottery was a robust indicator of sedentary lifeways (Arnold 1985: 113–18; Fagan 1995: 

334, 356). Rafferty (1985: 133) reported that among ethnographically documented societies, 

42.5% of non-sedentary communities produced ceramics compared with 79% of sedentary 
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groups. In Southwest Asia and coastal Peru, populations did not adopt pottery until long after 

their transition to sedentism (Rafferty 1985: 134), whereas many mobile groups made and used 

pottery (Eerkens et al. 2002; Grillo 2014).  

Storage facilities is a recurrent line of evidence in debates regarding sedentary lifeways. 

According to Kuijt (2011: 150) ‘new food storage practices must have changed communities [sic] 

ability to overcome seasonal risk and food shortages’. There are two main problems with using 

storage facilities as proxies for sedentism. First, the identification of storage facilities is difficult. 

Many forms of plant storage lack archaeological visibility (Kuijt 2011) and it is often assumed 

rather than demonstrated that pits and features were used to systematically store food (Boyd 

2006). During the Natufian, many so-called ‘silos’ interpreted as storage facilities actually 

contained refuse middens or human burials (Boyd 2006: 172). Second, storage facilities are not 

exclusive to sedentary societies. They are also used by mobile groups to buffer against seasonal 

fluctuations in resource availability (Testart 1982; Kelly 1983; Ingold 1987b). 

Refuse management strategies often develop in long-term habitation sites for sanitary and 

aesthetic reasons, as noted by Murray (1980) in her cross-cultural ethnographic study. Hardy-

Smith and Edwards (2004) related the evolution of refuse disposal strategies from 20,000 to 

8000 years ago in the Levant to the gradual adaption of communities to the requirements of 

sedentary living. According to Goring-Morris and Belfer-Cohen (2012: 37), systematic cleaning 

of residential structures developed in the context of sedentism during the Neolithic in Southwest 

Asia. However, Simms and Heath (1990) document discrete secondary refuse disposal areas and 

little primary refuse in habitation structures at a semi-mobile occupation site. They warn that 

correlating patterning of refuse to levels of sedentism may lead to erroneous interpretations. 

Edwards (1989: 27) critiques that western archaeologists set standards of waste disposal that 

are based on modern urban societies. Edwards (1989: 27-28) provides examples of refuse 

patterning among non-western sedentary communities that do not conform to regulated 

strategies of waste removal, including the deposition of refuse interwoven with living spaces. 

It was once thought that mobile hunter gatherer societies did not have the time, labour 

resources and level of sociocultural complexity to build large constructions such as monuments. 

This idea is now dislodged, and it is accepted that monuments do not require a permanent 

population base (Marshall 2006a: 157-158). The Middle Archaic earth mounds of the Mississippi 

basin (Gibson 2006) and Neolithic monuments in Britain (Thomas 1999) were probably 

constructed and used by semi- or seasonally mobile communities. Rafferty (1985: 131) argued 

that communal areas played a significant role in the regulation and distribution of goods in early 
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sedentary societies. Yet, communal areas are known amongst mobile groups, where they 

provide focal points in the landscape for social networking and trade (Bender 1978). 

It has been argued that the presence of human commensal species such as rodents indicate a 

steady source of human-enriched debris including food waste and refuse middens within 

sedentary settlements (Tchernov and Horwitz 1991). The validity of this indicator is highly 

debated (Tangri and Wyncoll 1989; Tchernov 1991; Wyncoll and Tangri 1991; Edwards 1989; 

Hardy-Smith and Edwards 2004). Commensal species are often present in non-sedentary sites 

and their presence in sedentary sites may be the result of natural predation by animals or an 

increase in food refuse unrelated to sedentism (Tangri and Wyncoll 1989; Wyncoll and Tangri 

1991). The impact of human niche modification of the natural habitats of commensal species 

over the long-term may have played a greater role in their distribution (Laland and O’Brien 

2010: 310). 

The seasonality of floral and faunal assemblages is assessed using a variety of scientific 

techniques to infer the season of occupation at archaeological sites. There are two main 

methods: the identification of seasonally available species (e.g., migratory animals); and, the 

analysis of physiological processes characterised by periodic growth (e.g., epiphyseal fusion; 

tooth eruption patterns; incremental growth in shell) (Milner 2005: 34). Marshall (2006a: 157-

158) states that ‘faunal evidence offers perhaps the most robust method for determining the 

precise seasons during which a site was occupied’. Yet, while the presence of seasonal indicators 

can determine that a site was occupied during a particular part of the year, absence does not 

necessarily correlate to when the site was not occupied (Milner 2005: 34). Seasonality studies 

are unable to distinguish whether faunal or floral assemblages are a result of intermittent or 

seasonal harvesting episodes or sustained harvesting over successive years (Ellana 1990). 

Rafferty (1985:135) pointed out that seasonal indicators have limited utility in equatorial areas 

where there is reduced seasonal variation in the availability of resources. They are best utilised 

as seasonality indicators, not sedentary indicators. 

Large cemetery sites have been interpreted as evidence for sustained burial practices across 

several generations by local permanent populations (Biagi and Nisbet 2006; Oxenham et al. 

2018). Similarly, burying human remains within residential structures has been used as an 

indicator of sedentism (Inomata et al. 2015). These two burial practices, however, may be 

practiced among mobile or semi-mobile communities who return to sites seasonally or 

intermittently (Edwards 1989). Edwards (1989) interprets residential burials as indicative of a 

change in burial strategy only, not as a change in settlement pattern. Cohen (1977) argued that 
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there was a decline in overall health of human populations across the transition to sedentism 

and agriculture, and many palaeopathological studies of human skeletal remains have since 

provided support for his hypothesis (Kent 1986; Larsen 1995). Bioarchaeological indicators of 

increased fertility in communities transitioning to sedentary lifestyles lends support to the NDT 

model of demographic growth (e.g., Willis and Oxenham 2013b). Long-term comparative 

palaeodemographic and palaeohealth profiles of populations contribute indirect evidence for the 

implications of sedentism, not sedentism directly.  

The sedimentation rate and thickness of cultural deposits has been cited as a relative indicator 

of the length of occupation (Rafferty 1985: 135; Edwards 1989: 36; Boyd 2006: 168). 

Correlations between sedimentation rates and longevity of site use require a consideration of 

use of space (different activities will generate different sedimentary signatures), habitation 

pattern (distinguishing between continuous and intermittent or repeated occupation), 

depositional pathway (e.g., burning will drastically reduce the volume of occupation deposits; 

see Shahack-Gross et al. 2005: 1427) and taphonomic implications (post-depositional processes 

will vary between specific environmental contexts). The thickness of cultural deposits will vary 

depending on settlement form. For example, tell formation in Southwest Asia and the Balkans 

involves a spatially restricted type of settlement where continued occupation occurs in the same 

locale (Edwards 1989: 37). Site formation of other settlement forms involves lateral spread of 

occupation across a general area (Edwards 1989: 37). Geoarchaeological techniques may be 

used to discriminate short interruptions in sedimentation that may help to clarify abandonment 

and re-occupation patterns (Edwards 1989: 15). The effectiveness of this method is highly 

dependent on depositional environment and sediment supply. 

None of the proposed archaeological indicators of sedentism provide unequivocal evidence of 

sedentary lifeways (Table 2.1; Rafferty 1985:129; Edwards 1989:16). Boyd’s (2006) and 

Edwards’ (1989) critical reviews of the use of sedentary indicators demonstrate that several of 

the indicators are ambiguous and underlain by problematic assumptions. Additionally, because 

culturally contingent settlement practices leave behind different material remains, specific 

archaeological indicators of sedentism are given differential weight in different parts of the 

world (see Marshall 2006b). Edwards (1989: 16) suggests that sedentism may be a human 

practice for which ‘exclusive archaeological correlates may not exist’. The proxies should not be 

applied universally or uncritically. They are best utilised as complimentary lines of evidence and 

interpreted within specific environmental and cultural contexts (Rafferty 1985:136; Edwards 

1989; Belfer-Cohen and Bar-Yosef 2000; Marshall 2006a: 158). 



Chapter 2                                                                                       Places in Time: Sedentism in Mainland Southeast Asian Prehistory 

33 

2.1.4.1. Sedentism in tropical environments 

Sedentism in tropical environments has received comparatively little attention in anthropology 

and archaeology (Eder 1984; Shoocongdej 1996). The temperate and semi-arid zones have 

produced the most evidence for sedentism (Binford 1980; Kelly 2013; Dow and Reed 2015) and 

this is where the key sedentary indicators (Section 2.1.4) have greatest utility (e.g., Byrd 1989; 

Belfer-Cohen and Bar-Yosef 2000; Boyd 2006). There is limited evidence for sedentism in the 

tropics and its development appears to take place significantly later than in temperate zones 

(Fuller et al. 2014; Dow and Reed 2015). Binford (1980: 14) argued that among contemporary 

hunter gatherer societies, mobility is greatest in those living in the tropics and the arctic. 

The structure of food resources and conditions of food storage is different in tropical 

environments compared to temperate environments and this influences the relationship 

between seasonality, food resources and settlement pattern. The combination of hunting, 

gathering, fishing, vegeculture and cereal cultivation, broadly referred to as a mixed economy, is 

common in tropical environments (Eder 1984; Griffin 1989; Shoocongdej 1996: 211). As a 

result, hunter gatherer and agricultural practices significantly overlap (Denham 2005; Roberts 

2019: 19). Vrydaghs and Denham (2007: 5) highlighted the ‘diffuseness’ of agricultural practices 

in tropical environments of the Americas, Africa and Southeast Asia. In Barton and Denham’s 

(2011: 23) review of subsistence practices in Island Southeast Asia, they conclude that new 

forms of subsistence involving cereal cultivation were ‘gradually grafted onto, or incorporated 

into, pre-existing practices’ of vegeculture and foraging. In Mexico, Inomata et al. (2015: 4273) 

found that the transition to sedentism during the Mayan period did not occur as an abrupt 

replacement of foraging with agriculture but involved ‘shifts in scheduling and combination 

among pre-existing subsistence options’ within a mixed economy. The tropical climate and high 

temperatures constrain food storage possibilities amongst hunter-gatherers. According to 

Keeley (1988), no extensive storage facilities were used by hunter-gatherers living below 28° 

latitude. However, Griffin (1989) describes the caching of root crops among the Agta who live in 

northeastern Luzon, the Philippines, and the storage of cereal crops such as rice and millet is 

well-documented (Weber and Fuller 2008; Castillo 2018). 

Mixed economies in tropical environments require flexibility and variability in settlement 

patterns. Indigenous Amazonian groups who live in tropical rainforests and practice a mixed 

economy with shifting cultivation have a highly flexible settlement pattern involving year-round 

settlements that are shifted every 5-20 years to a new location (Vickers 1989). Shoocongdej 

(1996, 2000) proposed a model of forager mobility involving different settlement patterns in the 
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wet and dry season in response to seasonal tropical environments in Thailand. A similar model 

was described in northern Columbia where the site of San Jacinto 1 was interpreted as a 

seasonally occupied special purpose site for the harvesting of a specific wild plant species in a 

seasonal tropical savanna rainforest (Oyuela-Caycedo 1996; Stahl and Oyuela-Caycedo 2007). A 

seasonal settlement pattern was also found among the Agta who practice swidden agriculture in 

rainforests in the Philippines (Griffin 1989). 

The structure of archaeological settlements in the tropics may be different from classic nucleic 

villages well-known in semi-arid and temperate regions of the world. The idea of the nucleic 

village central to the classic Neolithic model is founded on an ‘imaginary pastoral idyll’ 

(Finlayson 2013: 136) reminiscent of a modern western past. In contrast to the nucleated 

village, a diversity of settlement forms is documented ethnographically in tropical environments 

(Izikowitz and Sorensen 1982; Waterson 1990). A common settlement form across the tropics is 

the dispersed settlement village containing several settlements dispersed across a wide area 

(Clarke 1971; Rappaport 1984). 

The form of dwellings and utilisation of space around habitation sites is also different in tropical 

environments. Pile-built dwellings, in which the living platform is raised off the ground, are a 

common form of residential construction across Southeast Asia (Waterson 1990). Pile dwellings 

provide distinct advantages in the tropical climate, including underfloor ventilation in hot 

temperatures and dry living spaces protected from floods and damp conditions in the 

monsoonal season. Architecture in the tropics commonly utilises plant materials. In Southeast 

Asia, wood and bamboo are used for the structural frame of a dwelling and palm leaves and 

grasses are used as thatching material for roofs and floor mats (Charpentier 1982: 52; Waterson 

1990). Structures built using perishable plant materials tend to be impermanent due to the wet 

and biologically active conditions of the tropics causing decay and insect infestations. Wulff 

(1982: 142) notes that wooden structures in Southeast Asia last between 10-15 years and many 

cycles of rebuilding may occur in an individual’s life (see also Bernot 1982: 35). This has 

implications for the archaeological preservation and visibility of dwellings in tropical 

environments. In tropical climates, outside spaces such as open-air patios, yards and gardens are 

commonly utilised as activity areas (Robin 2002; Hutson et al. 2007; Friesem and Lavi 2017). It 

is therefore necessary to seek beyond the formal habitation structure for evidence of domestic 

contexts. At the same time, outdoor areas tend to be poorly preserved and significantly 

reworked by post-depositional processes relative to indoor spaces (Matthews and Postgate 

1994; Shillito and Ryan 2013; Banerjea et al. 2015a). 
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The utility of archaeological indicators for understanding the emergence of sedentism in MSEA 

prehistory are examined in the next section. The archaeological sequence of MSEA prehistory is 

summarised in Section 2.2.1 to provide a background to evaluate current evidence of sedentism 

in Section 2.2.2. 

2.2. Archaeological record of mobility and sedentism in prehistoric MSEA 

2.2.1. Introduction to the MSEA archaeological sequence 

Archaeology has a relatively short history in MSEA; the earliest modern stratigraphic 

excavations date to the late 1960s (e.g., Sorensen and Hatting 1967; Watson and Loofs 1967; 

Bayard 1970; Gorman 1970). Due to this short history, establishing the basic cultural and 

chronological sequence is a central focus of research. Key archaeological debates in the region 

have the ‘classical archaeological foci on questions of origins and timings’ (Halcrow and Tayles 

2011: 48). Archaeologists ‘do not know when the first farmers reached Southeast Asia and there 

remains a basic uncertainty over the date for the inception of copper-base metallurgy in 

Southeast Asia’ (Higham and Higham 2009: 124). The following paragraphs provide a summary 

of the current state of archaeology in MSEA. Archaeological research on the Neolithic transition, 

including the emergence of agriculture and sedentism, is reviewed in greater depth in Chapter 3. 

2.2.1.1. Late Pleistocene to mid Holocene 

Palaeolithic sequences from the terminal Pleistocene to the mid Holocene are generally 

attributed to the Hoabinhian lithic tradition, or ‘technocomplex’ (after Gorman 1970: 82). 

Hoabinhian assemblages are identified by stone artefacts termed ‘sumatraliths’ which are locally 

sourced river cobbles with distinctive unifacial flaking patterns (Shoocongdej 2001: 71). 

Hoabinhian technology is believed to have developed out of MSEA’s pre- Last Glacial Maximum 

generalised flake and core lithic traditions (Ha 1997; White 2011). Historically, several 

Pleistocene lithic industries were described in terms of ‘cultures’, for example the Nguom, Son Vi 

and Dieu cultures (Ha 1997; Bui 1998; Nguyen et al. 2004). These classifications have ‘no real 

analytical value or any strong typo-technological justification’ (Forestier et al. 2013: 46) and are 

not systematically used. This has resulted in ‘the gradual abandonment of all but one cultural 

designation: the Hoabinhian’ (Forestier et al. 2013: 46). 

Due to poorly constrained chronostratigraphic excavation records and a lack of standardisation 

in describing lithic assemblages, the Hoabinhian remains an ‘ill-defined’ term (Marwick 2008: 

10) and its ‘edges in time and space…are still fuzzy’ (White 2011: 26). The majority of sites date 

to between 23,000 and 9000 cal BP (Ha 1997; Yi et al. 2008), but sites have been reported as 
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early as c. 36,000 cal BP (Shoocongdej 2006) and possibly 43,500 BP (Ji et al. 2016; no 

calibration details provided). Termination of the Hoabinhian throughout the early and mid 

Holocene was dependent on local cultural developments and in some areas persisted until c. 

3700 cal BP (Forestier et al. 2013). The Hoabinhian has been reportedly found across a wide 

geographical area from northeast India (Sharma 2010) to Australia (Bowdler 1994). The region 

of northern-central Vietnam is an historical focus for Hoabinhian research with over 120 caves 

and shelters recorded (Nguyen et al. 2004: 179). Hoabinhian sites show a preservational bias 

towards caves and rockshelters of upland areas; few open-air sites have been discovered (Ha 

1997: 37; Forestier et al. 2013). Caves and rockshelters represent a narrow window into 

Hoabinhian lifeways which are believed to have been relatively mobile, involving variable 

adaptive strategies across diverse environments (Rabett and Barker 2010; White 2011: 26; 

Rabett and Jones 2014: 498-499).   

Pottery and edge-ground technology are a component of Hoabinhian assemblages. Pottery has 

been reported from Hoabinhian contexts, including: at several sites in Vietnam (Ha 1984-5, 

1997); Laang Spean (Mourer and Mourer 1970) in Cambodia; and, Moh Khiew (Forestier et al. 

2013: 52 reporting on Pookajorn’s excavations), Banyan Valley Cave (Reynolds 1992) and Huai 

Hin (Forestier et al. 2013) in Thailand. The pottery is plain or decorated using a paddle wrapped 

with vine or bark, shaped by hand without wheel turning, tempered with coarse mineral grains, 

or less commonly shell, and fired at a low temperature (Ha 1984-5: 135; Reynolds 1992; 

Forestier et al. 2013). The stratigraphic integrity of ceramics within Hoabinhian layers has been 

questioned (e.g., Gorman 1970: 82; Hoang 1989), for example early dates obtained on pottery 

from Spirit Cave, northwestern Thailand are probably erroneous (Higham and Thosarat 1998a: 

30; Lampert et al. 2003).  

Ground and polished stone artefacts have been recovered from mid Holocene contexts at 

Hoabinhian sites, including: Laang Spean (Mourer and Mourer 1970: 137) in Cambodia; Spirit 

Cave (Gorman 1970), Banyon Valley Cave (Reynolds 1992), Khao Khi Chan (Reynolds 1989), 

Moh Khiew (Forestier et al. 2013: 52 reporting on Pookajorn’s excavations), Khao Talu Cave, 

Ment Cave and Heap Cave (Pookajorn 1990: 22) in Thailand; and, Xom Trai Cave, Soi Nhu Cave 

and Bac Son sites (Nguyen et al. 2004: 179-180) in Vietnam. The stratigraphic and cultural 

associations are poorly understood and they are generally reported as new or exotic elements 

occurring in the upper layers of Hoabinhian sequences (Matthews 1966; Pookajorn 1990: 22). In 

north Vietnam, mid Holocene cultural groups such as the Da But culture and the Ru Diep culture 

are thought to be local developments arising out of the Hoabinhian. The Da But (Oxenham et al. 
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2018) and Quynh Van (Lam et al. 2020) cultures have produced ground and polished pebble 

adzes from securely dated contexts. The adze forms differ substantially from the standardised 

fully ground quadrangular and shouldered adzes typical of Neolithic sites. 

Pottery as well as ground and polished stone artefacts have long been used as classic markers of 

the Neolithic in Europe (e.g., Burkitt 1921; Wells 1930). The development of these technologies 

within mobile hunter-gatherer contexts in MSEA creates problems in classifying the cultural 

sequence using exogenous terms such as the Neolithic. Based on material cultural associations, 

Vietnamese archaeologists classify the Hoabinhian and descendent cultures such as Bac Son, Da 

But and Quynh Van as Neolithic and argue that the Neolithic in Vietnam ‘evolved continuously 

from the early Holocene’ (Nguyen et al. 2004: 188; see also Tong 2015: 31). However, there is no 

secure evidence for agricultural practices from Hoabinhian or descendent sites, and thus these 

sites are considered pre-Neolithic by international archaeologists who equate Neolithic with 

agriculture (Chapter 3). Palaeoenvironmental research suggests some degree of human 

management of forests (Kealhofer 1996, 2003; Penny 1999) and it is likely that vegecultural and 

arboricultural practices contributed to Hoabinhian subsistence (Hunt and Rabett 2014; Barton 

2015; Denham et al. 2018). 

Understanding the relationship between Hoabinhian and later cultures is problematic due to a 

lack of archaeological evidence dating to the mid Holocene (c. 8000-4000 cal BP) (White and 

Bouasisengpaseuth 2008:39; White 2011: 32; Marwick et al. 2017:94-95). It is unknown 

whether these ‘missing millennia’ (White and Bouasisengpaseuth 2008:39) represent a decline 

in population in the region, a shift to mobility patterns with lower archaeological visibility, or 

the incompleteness of the archaeological record. There are few known sites which bridge the 

gap between Hoabinhian hunter-gatherer sites and Neolithic agricultural sites, among them are 

Khok Phanom Di and Nong Nor in coastal Thailand and the Da But culture and other coastal sites 

in northern Vietnam (Barton 2015; Piper et al. in press). Khok Phanom Di is a coastal complex 

hunter-gatherer site dated to 4000-3500 cal BP that is believed to have been occupied 

continuously for approximately 20 generations (Higham and Thosarat 2004a: 1). The economy 

had a maritime and hunting focus, however at c. 3750 cal BP, approximately half-way through 

the life of the settlement, there is evidence for incipient rice cultivation (Higham and Thosarat 

2004a). Nong Nor is a shell midden site dating to c. 4400 cal BP (Higham and Thosarat 1998b) 

and is believed to have been occupied for a single season (Higham 2013: 33). The Da But culture 

was a complex of estuarine and marine oriented foraging communities that lived in northern 

Vietnam between c. 7500 and 5000 cal BP (Nguyen et al. 2004). The most researched Da But site 
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is Con Co Ngua (6700–6200 cal BP) in Thanh Hoa Province which demonstrates marine resource 

dependency, high disease rates comparable to farming communities, a degree of sedentism, 

pottery and ground stone technology, and complex mortuary rituals (Oxenham et al. 2018). A 

range of other regional cultural complexes with unique material cultural assemblages have been 

proposed for northern Vietnam (Nguyen et al. 2004; Nguyen 2019; Piper et al. in press), 

including the Quynh Van, Thach Lac and Bau Tro cultures represented by Thach Lac (Nguyen et 

al. 2020), a site investigated in this thesis. Nearby to Thach Lac, the Quynh Van site of Ru Diep 

(5200-4900 cal BP) in Ha Tinh Province provides evidence for deliberate shell mound building, 

use of shell middens as surfaces for in situ hearths and dwellings, as well as practices associated 

with later Neolithic groups including supine burials and impressed pottery (Lam et al. 2020). 

Overall, the coastal sites in Thailand and northern Vietnam suggest changes in settlement 

patterns and the emergence of seasonal or semi- sedentary practices by the mid Holocene. 

2.2.1.2. Emergence of the Neolithic 

International archaeologists working in Vietnam recognise the Neolithic as the major cultural 

discontinuity in MSEA prehistory, in contrast to Vietnamese archaeologists who follow an 

internal (indigenous) sequence of prehistoric development (Chapter 3). International 

archaeologists use a variant of the classic Farming Language Dispersal Hypothesis (Bellwood 

and Renfrew 2002) originally formulated in Europe using genetics, language and archaeological 

evidence. The European FLDH describes a ‘wave of advance’ of early farming populations who 

colonised Europe from western Asia, replaced indigenous hunter-gatherer groups and 

established the distribution of the proto-Indo-European language (Ammerman and Cavalli-

Sforza 1973; Renfrew 1987). In MSEA, the current Neolithic model adopted by international 

archaeologists is an intrusive, primarily demic dispersal event of Austro-Asiatic speaking 

agricultural populations from a homeland in the Yangtze region of modern-day China (Higham 

2002a, 2002b, 2014; Bellwood 2005; Rispoli 2007; Fuller et al. 2010; Zhang and Hung 2010). 

Bioarchaeological evidence has a central role in the MSEA Neolithic demic model. Using skeletal 

evidence from prehistoric burials across MSEA, Bellwood and Oxenham (2008) found evidence 

to support the NDT (Bocquet-Appel 2002) model of population growth among agricultural 

communities in MSEA and argued that this growth was the impetus for migration. The 'two layer 

hypothesis' (Matsumura et al. 2011; Matsumura and Oxenham 2013, 2014) describes the 

resultant demographic composition of Neolithic communities in MSEA. It hypothesises that 

Southeast Asia was initially occupied by indigenous populations similar to extant Australo-
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Melanesian populations that were later assimilated or replaced by migrants from North and East 

Asia. 

The migrant Neolithic populations are believed to have introduced into MSEA a ‘package’ of new 

behavioural and cultural attributes that appear with apparent synchronicity and which lack 

antiquity in the region. The central component of this ‘package’ is the ‘incised and impressed’ 

pottery style, comprising two incised lines infilled by patterns and motifs which are impressed 

or incised (Rispoli 2007: 235). The ‘package’ is purported to include polished stone adzes, shell 

and stone beads and bracelets, sedentary settlements, extended burials, and an agricultural 

economy centred on rice cultivation and pig and dog domestication (Higham and Thosarat 

1998a: 68, 75; Higham 2002a, 2002b: 228, 2014; Bellwood 2005: 131-134; Rispoli 2007; 

Bellwood et al. 2011; Higham et al. 2011a: 530, 538; Oxenham et al. 2011; Higham and Kijngam 

2012: 372-373; Piper et al. 2012; Piper and Oxenham 2014; Oxenham et al. 2015; Piper et al. 

2017). Collectively, these phenomena are believed to have appeared suddenly in MSEA from as 

early as 4200 cal BP and lasted until the beginning of the Bronze Age, 3300-3000 cal BP (Higham 

and Higham 2009; Bellwood et al. 2011; Higham et al. 2011a; Oxenham et al. 2011; Higham and 

Kijngam 2012; Oxenham et al. 2015; Piper et al. 2017). Neolithic sites are thought to represent a 

sudden appearance of fully developed sedentism, rather than a gradual change in settlement 

patterns (e.g., Piper and Oxenham 2014; but see Shoocongdej 1996). Four major centres of 

Neolithic research in MSEA are: Chao Phraya Valley, central Thailand (Sorensen and Hatting 

1967; Rispoli et al. 2013; Loofs-Wissowa 2017); Khorat Plateau, northeastern Thailand (Higham 

and Thosarat 2004b; Bayard and Solheim 2009; Higham and Kijngam 2011); the convergence of 

the Red and Black Rivers in northern Vietnam (Oxenham et al. 2011); and, the Vam Co and Dong 

Nai River Basins in southern Vietnam (Bellwood et al. 2011; Piper et al. 2012; Piper and 

Oxenham 2014; Oxenham et al. 2015; Piper et al. 2017). Within these centres, there is increasing 

evidence for diversity in Neolithic practices and lifeways (reviewed in Chapter 3). 

By 3000 cal BP, the Neolithic was superseded by the Bronze Age period, and by approximately 

2300 cal BP, iron was introduced alongside bronze technology, marking the beginning of the 

Iron Age (Higham and Higham 2009). Scholars use words such as ‘adoption’ and ‘transmission’ 

(e.g., White and Hamilton 2009; Higham et al. 2011b) to describe the Metal Age transition, in 

contrast to terms like ‘arrival’ and ‘expansion’ for the Neolithic transition (Bellwood 2005;  

Higham et al. 2011a). This indicates an underlying perception that the cultural and genetic basis 

of the Neolithic persisted into the Bronze and Iron Ages without widespread population 

displacement or economic change. Significantly more Bronze and Iron Age sites have been 
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excavated than Neolithic sites in MSEA and the period is generally much better understood. The 

Metal Age is perceived to herald the ‘veritable agricultural revolution’ (Higham 2014: 235) 

involving the development of lowland labour-intensive systematic rice cultivation assisted by 

the metal ploughshare, the water buffalo and water control infrastructure (see also O’Reilly 

2014). Typical markers of complex societies begin to develop during this period, including 

specialist craft production, status and social hierarchies, and the development of political 

economies (Stark 2006a; Kealhofer and Grave 2008; Higham 2014; O’Reilly 2014). Iron Age sites 

provide the first evidence for urban development in MSEA, including Co Loa in northern Vietnam 

and large, moated sites in the Khorat Plateau, northeastern Thailand (Higham 2014). 

2.2.2. The role of sedentism in MSEA prehistory 

From the above summary of the late Pleistocene to late Holocene archaeological sequence of 

MSEA it is evident that the interpretive model of prehistory in the region is underpinned by the 

Three Age System (Thomsen 1848; Worsaae 1849) and its embedded fixation with the idea of 

progress. As early as 1976, Hutterer (1976) pointed out that the MSEA prehistoric chronological 

framework rests on an underlying assumption that cultural change unfolds at a uniform rate 

across all regions. Concepts of human mobility are linked to specific economic systems in a step-

wise linear progressive narrative: mobility in hunter-gatherer societies, sedentism in 

agricultural societies and the emergence of urbanism in the Metal Age and protohistoric period 

(e.g., Higham 2014). 

The significance of sedentism in current models of MSEA prehistory derives from its conceptual 

association with agriculture within the Neolithic paradigm (Shoocongdej 1996: 211). Human 

mobility is largely perceived in terms of large-scale, supra-regional processes of population 

dispersal (Higham 2002a, 2002b, 2014; Bellwood 2005, 2013; Matsumura et al. 2011; 

Matsumura and Oxenham 2013, 2014). Sedentism is assumed to be one component of a 

preformed Neolithic ‘package’ introduced to MSEA from a southern Chinese homeland (Higham 

and Thosarat 1998a: 68, 75; Higham 2002a, 2002b: 228, 2014; Bellwood 2005: 131-134; Rispoli 

2007: 238; Higham et al. 2011a: 530, 538; Piper and Oxenham 2014; Oxenham et al. 2015). Once 

Neolithic groups ‘settle’ within a landscape, they are described as sedentary communities who 

practice agriculture (Higham and Thosarat 1998a: 68, 74; Higham 2002a, 2002b: 228, 2014; 

Bellwood 2005: 131-134; Higham et al. 2011a: 530, 538; Higham and Kijngam 2012: 372-373). 

Sedentism endures as an abstract concept bound within Neolithic frames of reference that 

represent it as a threshold and steady state condition of agricultural societies. 
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Shoocongdej (1996) offers one of the only studies of sedentism in MSEA prehistory. Her 

research on settlement patterns in Kanchanaburi Province, western Thailand, demonstrates that 

mobility and sedentism co-existed in the region. She raises three possible interpretations for 

coeval sedentism and mobility: agriculturalists were less sedentary than previously thought and 

had high logistical mobility; mobile hunter-gatherers were not replaced but continued to live 

alongside sedentary agriculturalists; or, agriculture was a local development and agriculturalists 

were descended from existing hunter-gatherers. Shoocongdej (1996: 211) states: 

…the problem with previous interpretations of subsistence-settlement patterns is that they are 
often assumed rather than systematically demonstrated. Thus far little is known of “Neolithic” 
settlement, subsistence economy and social organisation…besides cemetery sites, we certainly 
need fine-scale chronological control for entire settlement systems... 

Shoocongdej (1996: 212) challenges the assumed relationship between agriculture and 

sedentism and argues that the ‘simple equation that Neolithic equals rice agriculture and 

sedentary village life should be dropped or re-evaluated’. 

Although Shoocongdej was writing in 1996, knowledge of settlement and social organisation has 

not significantly improved and her comments are still relevant today. While conceptually the 

importance of sedentism is acknowledged, the archaeological evidence for sedentism in MSEA is 

ephemeral and the emergence of sedentism is not problematised but assumed to be a natural 

development associated with the arrival of agriculture. Claims for sedentary societies in MSEA 

draw from indirect lines of evidence using conventional archaeological proxies of sedentism 

(Section 2.1.4). The utility and limitations of these proxies in MSEA are presented in Table 2.1 

and summarised in the following paragraphs.
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Table 2.1. Archaeological proxies of sedentism and their utility in MSEA. 
Indicator Usefulness in MSEA Problems and assumptions 

Evidence of dwellings 
and architectural 
structures 

Very few exist. Floor surfaces and postholes have 
been found at the recently excavated sites of Loc 
Giang (Piper et al. 2017), An Son (Bellwood et al. 
2011) and Rach Nui (Oxenham et al. 2015) in 
southern Vietnam. Postholes at Man Bac (Tilley 
and Oxenham 2016), Phung Nguyen (Nguyen 
1980), Khok Chareon (Loofs-Wissowa 2017) and 
Nong Chae Sao (Henriksen 1982) are thought to be 
indicative of pile dwellings. Occupation floors have 
been described at Ban Chiang (Gorman and 
Chareonwongsa 1976) and pits, middens, 
postholes and occupation floors recorded at Ban 
Non Wat (Higham and Kijngam 2009). 

Dwellings are also made and used by 
non-sedentary societies. 
Short lived impermanent dwellings and 
use of plant-based construction materials 
common in the tropics have low 
archaeological visibility and preservation 

Site size, internal site 
differentiation and 
use of space 

Not systematically investigated Cannot distinguish between continuous 
occupation and multiple short 
occupation events. 
Large and complex sites are not limited 
to sedentary societies (Edwards 1989) 

Non-transportable 
material culture, 
large-scale 
production of 
material culture, 
and/or high artefact 
diversity and 
elaboration 

Material cultural repertoire broadened during 
Neolithic (Higham 2002a, 2014; Rispoli 2007). 
Local, large-scale pottery production used to infer 
sedentism (Nishimura and Nguyen 2002; Vincent 
2004; Oxenham and Matsumura 2011; Sarjeant 
2014). Large, heavy ceramic containers at Tha Kae 
are interpreted as evidence of sedentism (Rispoli 
et al. 2013). 

Not exclusive traits of sedentary societies 
and can be generated by several 
repeated visits, or by short, densely 
populated visits. 
Pottery is found widely amongst non-
sedentary societies and is no longer 
accepted as a reliable indicator of 
sedentism (Rafferty 1985) 

Storage facilities None reported Food storage occurs in non-sedentary 
societies. Archaeological features of food 
storage are often assumed based on pit 
form, rather than demonstrated through 
use of scientific analyses (Boyd 2006) 

Waste disposal 
practices 

Not systematically investigated. Middens 
interwoven with burials at Khok Phanom Di 
(Higham and Bannanurag 1990). At the sites of An 
Son and Loc Giang, areas used for dumping were 
levelled and then overlain by constructed surfaces 
for living as the settlements expanded in size 
(Piper and Oxenham 2014). 

Culturally variable. Sedentary societies 
may have uncharacteristic or ad-hoc 
waste discard practices. Conversely, 
highly regulated waste disposal practices 
are found in non-sedentary societies 
(Edwards 1989) 

Monuments Moated sites in Thailand date to the Iron Age 
(Higham 2014; O’Reilly 2014). The chronology of 
circular earthwork sites in Cambodia is less well 
established but are thought to date from Neolithic 
to Metal Age contexts (Dega 1999, 2002). Circular 
earthwork sites in southern Vietnam similar to 
those in Cambodia are identified as Neolithic 
based on material culture and radiocarbon dating 
(Piper et al. 2017). 

Monuments also found amongst non-
sedentary societies (Marshall 2006a) 

Commensal faunal 
species 

Commensal faunal species such as the rat are 
present at the Neolithic sites of An Son (Piper et al. 
2012), Rach Nui (Oxenham et al. 2015) and Loc 
Giang (Piper and Nguyen 2016) in southern 
Vietnam. 

Debatable theoretical ground (Edwards 
1989; Tangri and Wyncoll 1989; Wyncoll 
and Tangri 1991) 

Seasonality of floral 
and faunal 
assemblages  

None reported Indicates season of occupation only. 
Cannot identify when people are absent 
from a site, or whether a site was 
occupied for only one season or across 
several consecutive seasons  
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Table 2.1 (cont.). Archaeological proxies of sedentism and their utility in MSEA. 
Large cemeteries Several large cemeteries including Ban Non Wat 

(Higham and Kijngam 2011), Mac Bac (Oxenham et al. 
2011), Con Co Ngua (Oxenham 2016: 226; Oxenham et 
al. 2018), Khok Phanom Di (Higham and Thosarat 
1994, 2004a; Higham 2004a: 17-18) and Khok Chareon 
(Watson 1979) are thought to represent semi-
sedentary to sedentary groups. Con Co Ngua and some 
levels of Khok Phanom Di have forager economies 
(pre-Neolithic); the remaining sites are thought to 
practice agriculture (Neolithic).  

Large cemeteries may also be used 
by non-sedentary societies 

Residential burials White and Eyre (2011) argued for the presence of 
residential burials in the Metal Age period in Thailand 
(see Henriksen 1982; O’Reilly 1997). This view is 
contested by Higham (2015a). 

Residential burials also found 
amongst non-sedentary societies. 
They are indicative of a change in 
burial strategy, not necessarily a 
change in the nature of occupation 
(Edwards 1989) 

Population increase 
and/or decline in 
health 

Prehistoric MSEA has a very good palaeohealth record. 
A relative increase in fertility as a result of the 
adoption of agricultural diets and sedentary lifestyles 
is used to support the Neolithic Demographic 
Transition model (Bellwood and Oxenham 2008). This 
is accompanied by a decline in health and increase in 
infectious diseases across this period (Tayles and 
Buckley 2004; Oxenham et al. 2005; Douglas and 
Pietrusewsky 2007; Oxenham and Domett 2011; Willis 
and Oxenham 2013b; Oxenham 2016; Oxenham et al. 
2018). Long-term survival of a high-care quadriplegic 
individual at Man Bac is used as a proxy for sedentism 
(Tilley and Oxenham 2011: 37; Tilley and Oxenham 
2016). 

Long-term comparative and indirect 
indicator that ignores local trends 
and variation (e.g., Douglas and 
Pietrusewsky 2007) and often 
conflates different processes such as 
agriculture and sedentism 

Sedimentation rate 
and/or thickness of 
cultural deposits 

Prehistoric sites in Vietnam (e.g., Phung Nguyen sites) 
are typically shallow (<1 m) and comprise a single 
cultural layer (Nguyen et al. 2004: 189). There have 
been no attempts to define settlement patterns of 
these sites. 
‘Mimotien’ circular earthworks in Cambodia are 
thought to be sedentary due to continuous occupation 
layers and an uninterrupted sequence of pottery 
sherds throughout site sequences (Dega 2002). 

Highly dependent on use of space 
and settlement form. Useful for 
nuclear villages and spatially 
restricted settlements such as tells, 
less useful for dispersed settlements 
and settlements constructed from 
plant-based construction materials, 
such as in the tropics 

Most excavations of prehistoric sites in MSEA by international scholars have focused on burial 

contexts (Higham and Bannanurag 1990; Higham and Thosarat 2004b; Higham et al. 2007; 

Bayard and Solheim 2009; Higham and Kijngam 2011; Oxenham et al. 2011; Rispoli et al. 2013; 

Loofs-Wissowa 2017). Determinations of sedentism in MSEA prehistory therefore rely heavily 

on mortuary data (Table 2.1). Large burial grounds have been interpreted as evidence for a 

permanent local population (Watson 1979; Higham and Thosarat 1994, 2004a; Higham 2004a: 

17-18; Oxenham et al. 2011; Oxenham 2016: 226; Oxenham et al. 2018). A number of 

researchers have identified bioarchaeological indicators of a decline in health consistent with 

the adoption of sedentism and/or the intensification of agriculture, including infectious diseases, 

dental caries, linear enamel hypoplasia and cribra orbitalia (Tayles and Buckley 2004; Oxenham 

et al. 2005; Oxenham and Tayles 2006a; Douglas and Pietrusewsky 2007; Oxenham and Domett 
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2011; Pechenkina and Oxenham 2013; Oxenham 2016; Oxenham and Buckley 2016a; Oxenham 

et al. 2018). An increase in fertility and decrease in life expectancy reported from prehistoric 

sites corresponds to predictions of the NDT model (Bellwood and Oxenham 2008; Willis and 

Oxenham 2013b). In contrast, Douglas and Pietrusewsky (2007) reported a decline in fertility 

across the Neolithic period at Non Nok Tha, northern Thailand. The recovery of a quadriplegic 

adult male skeleton at the Neolithic site of Man Bac is used as a unique indicator that the 

community practiced sedentary lifeways, based on the individual’s restricted mobility and high 

level of care (Tilley and Oxenham 2016). 

Other than the burial and bioarchaeological evidence, there are very few indicators of sedentism 

in MSEA prehistory (Table 2.1). The presence of commensal faunal species such as Rattus spp. 

has been reported at the Neolithic sites of An Son (Piper et al. 2012) and Rach Nui (Oxenham et 

al. 2015) in southern Vietnam. Local large-scale pottery production at the Neolithic sites of Man 

Bac in northern Vietnam (Oxenham and Matsumura 2011: 128), An Son in southern Vietnam 

(Nishimura and Nguyen 2002; Sarjeant 2014) and Khok Phanom Di in coastal Thailand (Vincent 

2004) is thought to indicate sedentary populations. Large, heavy ceramic containers at Tha Kae 

are interpreted as evidence of sedentism due to difficulties in transporting these items (Rispoli 

et al. 2013). During the Iron Age in the Khorat Plateau, northeast Thailand, the construction of 

monumental architecture comprising circular mounds surrounded by moats and embankments 

that would have required a considerable labour force is argued to represent the intensification 

of settlement, land use and incipient urbanism in the region (Stark 2006a; Kealhofer and Grave 

2008; O’Reilly 2014). To the author’s knowledge, no storage facilities have been reported. 

A major problem with understanding the development of sedentism in the region is the near 

absence of settlement evidence. Unlike the remarkably preserved urban landscapes of 

Southwest Asia, the cradle of archaeological scholarship on sedentary lifeways (Byrd 1989; 

Belfer-Cohen and Bar-Yosef 2000; Boyd 2006), architectural structures at prehistoric sites in 

MSEA are rarely encountered prior to the Iron Age. The dearth in settlement evidence is widely 

acknowledged (Higham 1989, 2017; Bellwood and Glover 2004: 11; Piper and Oxenham 2014), 

although it is important to acknowledge that these perspectives do not generally incorporate 

research conducted by domestic archaeologists within MSEA. Settlement areas, residential 

structures and the remains of where people lived have been described as the ‘missing factor’ 

(Higham 2017:369) in MSEA prehistory. According to Higham (2017: 369), there is a ‘lack of a 

single house plan’ and the typically small exposure sizes of excavations preclude assessments of 

site size and structure (Higham 2004b: 492). Piper and Oxenham (2014: 210) summarised that 
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previously excavated Neolithic sites ‘have provided little or no information on settlement 

pattern or structures built and occupied by the communities that inhabited them’. Many 

Neolithic sites in Vietnam typically report shallow stratigraphy not usually exceeding one metre 

in depth, making it difficult to investigate occupation duration and intensity (Nguyen et al. 2004: 

189; Piper and Oxenham 2014: 209-210). Recent excavations at the Neolithic sites of An Son, Loc 

Giang and Rach Nui uncovered evidence of settlement remains which the excavators interpreted 

as constructed floors in association with postholes (Piper and Oxenham 2014; Oxenham et al. 

2015; Piper et al. 2017). Iron Age Non Ban Jak has revealed evidence of house plans in which 

rooms were attributed functions such as ‘mortuary room’ and ‘kitchen room’ based on extant 

field observations (Higham et al. 2014a; Higham 2017); the designated activity area functions 

have not been tested by microarchaeological techniques. 

If the lack of settlements in MSEA prehistory is an archaeological reality, alternative ways to 

interpret the archaeological evidence should be considered. For example, it has been proposed 

that highly varied and mobile settlement strategies were practiced during the British Neolithic 

based on the absence of habitation evidence (Whittle 1997; Pollard 1999; Thomas 1999). 

However, the lack of settlements may not be a true representation of the archaeological record, 

but a result of an historical tradition among international archaeologists of targeting burials, in 

combination with contingent issues of archaeological preservation. Bruck (1999) attributes the 

apparent invisibility of settlements in the Bronze Age of southern England to contemporary 

expectations and values and the way in which sites have been identified and categorised by 

archaeologists. In MSEA, while most Neolithic sites are portrayed as cemeteries in the secondary 

literature (e.g., Higham et al. 2011a; Higham 2014), the primary site reports describe Neolithic 

settlement deposits and occupation contexts (Tables A.13 and A.14), although they are not 

thoroughly investigated or understood. Occupation floors were described at Ban Chiang 

(Gorman and Chareonwongsa 1976) and pits, middens, postholes and occupation floors were 

recorded at Ban Non Wat (Higham and Kijngam 2009). At Khok Phanom Di substantial wooden 

structures and clay-plastered floors and walls are interpreted as mortuary structures rather 

than occupation contexts (Higham and Bannanurag 1990). Tilley and Oxenham (2016: 105) 

briefly refer to earthen floors and postholes suggestive of pile dwellings at the Neolithic site of 

Man Bac, yet this evidence is not mentioned in the excavation monograph and the only 

habitation evidence is reported generally as an occupation layer lying above the cemetery 

(Matsumura and Oxenham 2011: 4). Other prehistoric sites such as Khok Chareon (Loofs-

Wissowa 2017), Nong Chae Sao (Henriksen 1982) and Non Muang Kao (O’Reilly 1997) provide 

evidence of burials associated with domestic contexts, including postholes that are thought to 
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represent pile dwellings. At several Iron Age Thai sites (Non Yang, Non Muang Kao, Non Ban Jak, 

Ban Non Wat), clay-lined floors have been reported in association with human burials (Nitta 

1991; O’Reilly 1997; Higham and Kijngam 2012; Higham et al. 2014a; Higham 2017), but they 

have not been systematically investigated. At all of these sites, little attention has been given to 

substantiating field-based interpretations of the occupation evidence, reconstructing the 

techniques and materials used in construction, or understanding the social consequences of 

architecture in terms of community organisation and use of space. 

In this light, the problem appears not to be the lack of settlement sites, but the lack of studying 

settlement deposits in sites with mortuary remains. The presentation of these sites as 

‘cemeteries’ is thus an interpretation which is a product of the agenda and methodologies of 

scholars who, for their own research interests, focus on burials at the main source of 

information on the archaeology of this period. 

White and Eyre (2011) offer a counter-history of Metal Age cemetery sites previously 

interpreted as ‘designated spatially discrete formal areas for the disposal of corpses’ (2011: 60). 

White and Eyre (2011) argue that burials may have been interred within domestic contexts that 

were obliterated through post-depositional processes and overlooked during archaeological 

excavation which focused exclusively on recovering grave material. White and Eyre (2011) link 

residential burials at Metal Age sites in Thailand with sedentism and argue that residential 

burials provided a strategy to decrease community conflict and establish inter-generational 

longevity to settlement practices. Although met with strong rebuttal (Higham 2015b), it is a 

fascinating hypothesis that challenges the notion that ‘settlement’ and ‘burial’ are distinct, fixed 

categories, and would benefit from the application of microarchaeological approaches.  

Research in this thesis presents an opportunity to explore the issues surrounding previous 

excavation strategies, site formation, and the nature of archaeological evidence at settlement 

sites in MSEA. The three study sites investigated in this research have deep stratigraphic 

sequences comprising multiple occupation layers, rare for many known settlement sites in the 

region that are typically shallow, less than one metre in depth and contain a single cultural layer 

(Nguyen et al. 2004: 189; Piper and Oxenham 2014: 210). 

2.3. Sedentism at the micro-scale: recovering the rhythms of past social life 

Two major problems discussed in this chapter, one conceptual and one methodological, have 

bearing on the direction of this research. The first issue is the conceptual separation of 
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sedentism from mobility (Section 2.1). Sedentism and mobility have traditionally been 

positioned at opposite ends of a single scale of settlement permanence. Mobile and sedentary 

settlement strategies are perceived as stable states with societies being classified as mobile, 

sedentary or undergoing a sedentary transition. Milner (2005: 36) states that ‘[t]he very word 

sedentary is restrictive because it sets up a binary opposition to mobility.’ Mobility within 

sedentary societies is framed only in terms of site abandonment and migration (Varien 1999: 

24). Yet, as Kelly points out, individuals do not stop moving when they become sedentary: ‘the 

inception of village life entails changes in (but not a cessation of) movement’ (Kelly 1992: 51). 

Disentangling the rhythms of movement by individuals and groups in settlement sites gives 

insight into the transformative processes in societies undergoing settlement transitions and 

gives texture to reconstructions of human activities and social organisation within sedentary 

communities. 

The second problem which influences the direction of this research relates to the detection of 

sedentism in the archaeological record. Traditional archaeological proxies (Section 2.1.4) are 

observed at the macro-scale during field survey and excavation and use a presence/absence 

approach to identifying sedentism. This imparts an unrealistic sense of constancy and 

permanency to sedentary societies and offers little potential for understanding sociality, 

settlement organisation and dimensions of life in sedentary communities. Many of the 

archaeological indicators of sedentism were demonstrated to have limited utility in MSEA 

(Section 2.2.2). 

Given these conceptual and methodological shortcomings, this thesis uses an alternative 

methodology to study the sedentary transition in MSEA. A traditional definition of sedentism as 

year-round occupation of a settlement across generations is retained in this research, however, 

mobility is not eschewed in favour of sedentism. Rather, changing mobility rhythms in human 

settlements provide the core focus for the exploration of sedentism in this thesis. A sedentary 

way of life involves the intersection of residential, subsistence, social and sacred practices of a 

community in space and across time. Sedentary settlements become the primary locus of human 

experience across many temporal scales including the daily life cycle of the individual, the life 

cycle of the household, and the seasonal, annual and intergenerational cycles of the community. 

Reframing sedentism in this way shifts focus from sedentism as a concept to an experience. 

Accordingly, the basic unit of time shifts from demonstrating a numerical threshold of year-

round permanence of a population at a site to reconstructing ‘the rhythms of social life’ 

(Durkheim 1915: 448) which unfold over generations of permanent co-living. These rhythms are 
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likely to be context-specific rather than universal. Thus, sedentary transitions must be conceived 

at the local and regional level in which they occur, rather than as an all-embracing concept 

sharing the same causes and consequences in all places. 

The reconceptualisation of sedentism is applied to the case studies in this thesis through a 

methodology that studies sedentism as a phenomenon of site formation. According to Renfrew 

(2001: 128), the emergence of sedentism marked the most fundamental change in human 

engagement with the material world. Architecture and material culture ‘materialised’ social 

practices in durable forms (Renfrew 2001). The idea that the materiality of human life changed 

significantly with the transition to sedentary lifeways has implications for the structure of 

material remains in the archaeological record (Bradley 2005). Material culture becomes imbued 

with specific activity and land use associations, and repeated human practices at particular 

localities create more temporally stable patterns of material deposition. Bourdieu’s (1977, 

1990) practice theory acknowledged the recursivity of social life; how daily routines, rhythms 

and bodily movements such as eating, sitting, sleeping, moving and performing tasks in domestic 

spaces over short-term timescales reproduce social structures and patterns over long-term 

timescales. Practices are actions with temporal structure and they produce regularities in the 

depositional patterning of the archaeological record. The localities in which practices are 

performed, i.e. activity areas, are ‘endowed with meaning through practice’ (Matthews et al. 

1997: 283). Life rhythms that arise through concentrated, prolonged habitation are manifested 

archaeologically by material depositional patterns and use of space. 

The premise of this dissertation is that micro-scale patterns of human mobility at settlement 

sites provide a novel perspective on lifeways and sociality across the sedentary transition in 

MSEA. Research in the thesis investigates whether micro-scale material depositional patterns 

identified at the study sites can be correlated to mobile or sedentary settlement patterns or 

otherwise shed light on changes in social organisation, use of space and persistence in the 

landscape across the purported sedentary transition. Patterns of material deposition at 

settlement sites are reconstructed using microarchaeological and microstratigraphic techniques 

(Chapter 4). The microstratigraphic approach is not a method for detecting sedentism per se; 

rather, it focuses on understanding the experience of living in settlements across short-term 

time frames spanning daily, seasonal and generational life cycles (Matthews 2012; Matthews et 

al. 2014). Like traditional macro-scale proxies for studying sedentism (Section 2.1.4), 

microstratigraphy is considered secondary or indirect evidence for sedentary lifeways. Unlike 

macro-scale proxies, microstratigraphic techniques engage with the archaeological record at a 
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scale closer to individual and community experiences and are thus able to recover high-

resolution information on the rhythms of daily life. 

2.4. Chapter summary 

In this chapter, the concept of sedentism in archaeology and MSEA prehistory was discussed. In 

the first section, an historical review of the study of sedentism revealed the dominance of a 

dualistic epistemological framework that separated mobility as a strategy among hunter-

gatherers from sedentism as an attribute of agriculturalists. Through a worldwide 

archaeological and ethnographic survey of the emergence of sedentism it was established that 

the conventional association between agriculture and sedentism cannot be assumed and that 

subsistence practices are temporally and spatially structured in different ways. 

The most frequently cited archaeological indicators of sedentism are macro-scale proxies such 

as architectural remains, non-transportable artefacts, food storage facilities, waste dumps and 

burial grounds (Section 2.1.4). These macro-scale proxies cannot unequivocally demonstrate the 

temporal continuity of occupation and are therefore considered ‘secondary evidence’ (Belfer-

Cohen and Bar-Yosef 2000: 20) for sedentism. The proxies were shown to have limited utility in 

MSEA prehistory, and tropical environments generally. The study of micro-scale depositional 

patterns using microstratigraphic techniques was developed as an alternative approach to 

understand sedentism in MSEA, namely, to reconstruct the rhythms of human mobility and use 

of space within settlements. 

The second section of this chapter introduced the archaeological sequence of MSEA from the late 

Pleistocene to late Holocene. The period represents one of the most poorly understood yet 

crucial periods in MSEA prehistory that is associated with key developments including new 

ceramic and lithic technologies, agricultural practices and sedentism. Few settlement sites have 

been systematically excavated, thus information on the social context of these transformations 

are lacking. The transformations have been broadly combined under the term Neolithic yet 

emerging evidence for complexity and variation in pathways from foraging to farming in the 

region indicates the need for a critical examination of prevailing interpretive traditions in MSEA 

archaeology.
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Chapter 3 
Genealogies of the Neolithic: Tracing the Neolithic Concept through Time 

in Mainland Southeast Asian Prehistory 

How is it that the Neolithic has been handed down to us? (Thomas 1993: 362) 

The overarching question which frames this chapter is how archaeologists conceptualise a 

Neolithic way of life. The chapter opens with a definition of the term Neolithic and exposes 

assumptions and inconsistencies regarding its usage (Section 3.1). The deficiencies of the term 

necessitate an in-depth critical analysis of the concept of the Neolithic (Section 3.2). A dual 

genealogical framework of investigation is used to trace: (1) the historiography of the Neolithic 

concept within MSEA scholarship (Section 3.2.1); and, (2) the lines of archaeological evidence at 

MSEA sites considered to be ‘Neolithic’ (Section 3.2.2). The dual genealogical exercise is an 

appropriate literature review methodology to critically examine the preconditions for the 

construction of archaeological knowledge in MSEA. A synthesis of the findings of the exercise 

(Section 3.2.3) reveals discord between material expression of the Neolithic and interpretive 

traditions used to frame narratives of the past. The shortcomings of dominant theoretical 

frameworks and the large gaps in archaeological knowledge of this period in MSEA prehistory 

validate use of alternative approaches to MSEA prehistory. The final section (Section 3.3) 

describes the approach of this thesis. 

3.1. Defining the Neolithic 

So it is that when we come to discuss the term ‘Neolithic’, we may be referring to a 
chronological horizon, a stage in an evolutionary scheme, a form of economy, a set of social 
relations or a cultural phenomenon. (Thomas 1999: 13) 

The term Neolithic was first used in a ‘quasi-geological sense’ (Thomas 1993: 364) to describe a 

technological tradition of ground and polished stone tools (Lubbock 1890[1865]). During the 

first half of the twentieth century culture-historic and palaeoeconomic approaches shifted 

emphasis from stone technology to pottery production and agriculture as the Neolithic was 

absorbed into cultural diffusionist models of socio-economic complexity (e.g., Childe 

1946[1923], 1951[1936], 1951). Among Childe and his contemporaries, the term Neolithic came 

to embody a homogenous cultural phenomenon culminating in the concept of a ‘Neolithic 

revolution’ (Childe 1951[1936]: 59; see Hawkes 1940; Braidwood 1960). By the 1980s this was 

formalised into the Farming/Language Dispersal Hypothesis (FLDH) (Renfrew 1987), a global 

interpretive construct used to explain the macro-scale correlation of language, culture and 
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genes. A ‘functional, adaptational and economic’ (Verhoeven 2011: 77) Neolithic prevailed 

during the processual period (e.g., Binford 1983; Dennell 1983) whilst post-processual 

archaeologies reframed the Neolithic as an ideology and particular ‘way of thinking’ (Bradley 

1998:21), which manifested in the symbolic mastery of the landscape and the cognitive role of 

new material culture (e.g., Hodder 1990; Tilley 1996; Edmonds 1999; Thomas 1999). Today, the 

Neolithic is predominantly used to refer to societies with an agricultural economy (e.g., Smith 

2001; Barker 2006; Bentley et al. 2015), and remains tenuously associated with a suite of 

material cultural and behavioural attributes (e.g., Zeder 2009). 

Despite numerous paradigm shifts and consequent semantic changes to the Neolithic (Thomas 

1993; Pluciennik 1999; Trigger 2006), the cultural evolutionary notion that the Neolithic is an 

appropriate global construct is embedded in current use (Bellwood and Renfrew 2002; Diamond 

and Bellwood 2003; Bellwood 2005). The identification of early independent agricultural 

development in at least six to eight regions in the world (Bellwood 2005: 2) challenges the use of 

a single interpretive framework for understanding the emergence of agriculture in widely 

contrasting environmental and sociocultural contexts (Barker 2006; Vrydaghs and Denham 

2007; Asouti and Fuller 2013). In Eurasia, the homeland of the Neolithic concept, problems of 

spatial and temporal non-synchronicity between individual elements of the ‘package’ have 

revealed the Neolithic as ‘a more complex, messy and fragmented series of developments’ 

(Thomas 1999:14; see Whittle 1996; Verhoeven 2011; Finlayson 2013). Outside of Eurasia, the 

Neolithic model imparts a deeply entrenched tradition of interpretation which masks the 

significance of regional environmental, economic and social factors in the emergence of 

agriculture (Denham 2004; Vrydaghs and Denham 2007; Denham 2019). 

3.1.1. The Neolithic of MSEA 

The Neolithic of MSEA is a poorly defined melange of meanings borrowed from Eurasian 

archaeological contexts. Originally, the term was introduced to MSEA in culture-historic practice 

to classify material culture into distinct chronologically and geographically delimited cultures 

(e.g., Nguyen et al. 2004; Tong 2015). The first professionally trained international 

archaeologists in the region followed the European Three Age System and used the term 

Neolithic to refer to pottery-producing cultures distinct from cultures with stone and metal 

technologies (e.g., Boriskovsky 1966; Watson and Loofs 1967; Bayard 1970; see Hutterer 1976: 

221-222). Use of the term Neolithic lapsed into ‘a form of short-hand for the presence of pottery’ 

(Oxenham and Matsumura 2011: 128) as pottery became the primary means of constructing site 

chronologies in the absence of reliable radiometric dating. 
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In Vietnam, there is disagreement over the type of pottery used as a Neolithic marker by 

Vietnamese and foreign archaeologists. Most Vietnamese archaeologists classify assemblages of 

cord-marked pottery as Neolithic and interpret the process of Neolithisation as a continuous, 

internal development within Vietnam (e.g., Nguyen et al. 2004; Tong 2015). In contrast, 

international archaeologists attribute cord-marked pottery to pre-Neolithic cultures and instead 

use the well-cited ‘incised and impressed’ ceramics as a proxy of the Neolithic (Rispoli 2007; 

Bellwood et al. 2011; Higham 2014; Sarjeant 2014). International archaeologists use the spatial 

and temporal distribution of the ‘incised and impressed’ ceramic tradition to argue for a 

predominantly demic character to the MSEA Neolithic involving the expansion of agriculturalists 

from southern China (Rispoli 2007; Bellwood et al. 2011; Higham 2014). 

Culture-history is the main interpretive construct underpinning both models. The difference 

between the models derive from opposing views of whether Neolithisation was driven by 

internal or external processes. Yet this discussion is a red herring: it masks a more fundamental 

assumption of both groups that ceramic technology is an appropriate proxy of Neolithic lifeways. 

The deep antiquity of pottery, dating to 18,400-15,430 cal BP in China (Boaretto et al. 2009), and 

its production by non-agricultural prehistoric societies in MSEA (Mourer and Mourer 1970; Ha 

1984-5, 1997; Reynolds 1992; Forestier et al. 2013: 52) demonstrate its independent 

development from other so-called Neolithic attributes. 

Despite this, pottery is the foremost item in an extensive material cultural repertoire collectively 

referred to as the Neolithic ‘package’ that supposedly accompanied the migrant farmers (Rispoli 

2007: 235). Other elements included in the MSEA Neolithic ‘package’ include stone adzes, shell 

and stone beads and bracelets, sedentary settlements, extended burials and domesticated 

animals (cattle, chickens, pigs and dogs) and plants (rice and millet) (Higham and Thosarat 

1998a: 68, 75; Higham 2002a, 2002b, 2014; Bellwood 2005: 131-134; Rispoli 2007: 238; 

Bellwood et al. 2011; Higham et al. 2011a: 530, 538; Oxenham et al. 2011; Higham and Kijngam 

2012: 372-373; Piper et al. 2012; Piper and Oxenham 2014; Oxenham et al. 2015; Piper et al. 

2017). The main problem with the ‘package’ concept is that it assumes all elements arrive at 

Neolithic sites simultaneously and that the Neolithic unfolds as a seamless homogenous horizon 

of change. Elsewhere in the world, Neolithic packages have been unpacked with post-processual 

vigour (Whittle 1996; Thomas 1999; Denham 2004, 2013; Oppenheimer 2006; Donohue and 

Denham 2010; Spriggs 2011; Verhoeven 2011; Finlayson 2013). The MSEA Neolithic ‘package’ 

has not faced comparable critical enquiry. The spatial and temporal synchronicity of the 
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individual elements of the purported Neolithic ‘package’ of MSEA is critically examined in 

Section 3.2.2. 

Some archaeologists in MSEA have responded to these problems by eliminating pottery as a 

Neolithic marker altogether (e.g., Higham and Higham 2009; Matsumura and Oxenham 2011; 

Piper and Oxenham 2014). Matsumura and Oxenham (2011: 4) tentatively apply the term 

Neolithic to ‘food-producing communities that lacked evidence for metal’ (see also Higham and 

Higham 2009) while Piper and Oxenham (2014: 224) use Neolithic to refer to ‘sites dating 

between 2500 and 1500 cal. bc that are considered by some to represent the earliest appearance 

of agriculturalists’ in the region. Here, the focus on pottery production as an indicator of 

Neolithic lifeways is replaced by a focus on food production. This focus reflects use of the term 

Neolithic in global archaeological discourse (e.g., Smith 2001; Barker 2006). 

This alternative emphasis is not without problems. There are only a handful of purported 

Neolithic sites with clear archaeobotanical and zooarchaeological evidence of domesticated 

plants and animals (Thompson 1996; Weber et al. 2010; Higham and Kijngam 2011; Piper et al. 

2012; Castillo et al. 2017; Piper et al. 2017). Amongst these sites, there is substantial variability 

in the pre-depositional pathways of the plant remains. For example, very few grains of Oryza 

sativa have been recovered from the Neolithic site of Rach Nui in southern Vietnam (Castillo et 

al. 2017). It is argued that these grains were acquired through trade with other Neolithic 

communities due to the unsuitability of Rach Nui’s mangrove and highly saline environment for 

rice cultivation (Castillo et al. 2017). A similar story is reported for the early phases of Khok 

Phanom Di in peninsular Thailand (Higham and Thosarat 2004a). Should Rach Nui be classified 

as a Neolithic site, as suggested by the investigators (Oxenham et al. 2015)? Yes, if the Neolithic 

is used to refer to a period of time in MSEA (c. 4500-3000 cal BP); perhaps not, if identification 

of the Neolithic rests exclusively on evidence for agricultural production. This leads into a more 

fundamental issue of how to define agricultural practices and how to distinguish between 

agricultural and non-agricultural societies (Smith 2001). Is the presence of domesticates 

enough, or does there need to be evidence of a reliance on agricultural production? 

This feeds into a larger debate on what agriculture constitutes. Archaeologists who promulgate 

the Neolithic model adhere to a narrow, traditional definition of agriculture as cereal crop 

production (e.g., Bellwood 2005; Higham et al. 2011a; Higham 2014). This has led to a single 

emphasis on rice in archaeobotanical research in MSEA (Thompson 1997: 159; Castillo and 

Fuller 2010). Other agricultural practices characterised by more diffuseness in landscape use 

and less visibility in the archaeological record are overlooked (Kealhofer 2003; Barton 2015: 
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416-417; Denham et al. 2018: 1172). Research in Island Southeast Asia is highlighting the need 

for a broader definition of agriculture including the cultivation of vegetatively propagated root 

crops (Denham 2004, 2013). While there is emerging evidence for vegeculture in MSEA (Section 

3.2.2.2), the Neolithic as both an interpretive concept and as employed in current usage in MSEA 

refers narrowly to cereal crop production. 

These definitional complexities of the term ‘Neolithic’ are not addressed in MSEA archaeology 

and there is a crucial need to re-evaluate the term’s usage. Most archaeological publications 

referencing the Neolithic do not consistently provide a definition of the term. Lowercase 

neolithic is used by some authors (e.g., Oxenham and Tayles 2006a; Matsumura and Oxenham 

2011; Sarjeant 2014) to signpost their dissatisfaction with the term and dissociate it from 

epistemological baggage inherited from Eurasian contexts. A handful of researchers (Solheim 

1972; Hutterer 1976; Kealhofer 2003; Kallen 2004; White 2006, 2011; Halcrow and Tayles 

2011; Hunt and Rabett 2014; Barton 2015; White 2017) encourage the abandonment of classical 

Eurasian terminologies and neo-evolutionary frameworks in favour of contextual approaches to 

understand archaeological sequences within specific social and environmental contexts. 

3.2. A genealogical approach to understanding the Neolithic 

Problems of definition exposed in Section 3.1 necessitate an in-depth examination of the 

Neolithic concept in MSEA archaeology. How did the Neolithic become the dominant framework 

through which the interpretation of archaeological pasts in this region is shaped? Addressing 

this question requires a type of critical analysis that goes beyond ontic conceptions of the 

Neolithic, i.e. its definition, meaning and usage, to the ontological basis of what is constitutive for 

those meanings, i.e. the preconditions for meaning to emerge (Johnson and Olsen 1992). It is 

thus a hermeneutic enterprise, placing emphasis ‘not so much [on] what we understand as how 

we understand’ (Johnsen and Olsen 1992: 420, italics in original). 

This section uses genealogy as a critical method to interrogate the preconditions through which 

the Neolithic emerged as a concept in MSEA archaeology. The use of genealogy as a literature 

review methodology is inspired by Thomas (1999) who used it to unpack the Neolithic ‘package’ 

of southern Britain and produce a counter-narrative of this period involving ‘dissonance and 

contrast’ (1999: 221) of cultural practices. Genealogy as a critical method of historical analysis 

was conceived by Nietzsche and substantially developed by Foucault (1984[1971]) to expose 

cultural ideas and institutions commonly perceived as ‘timeless truths’ to be products of 

historically contingent forces shaped through social relations. Firmly rooted in the corpus of 
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post-modern social science theory, genealogical history ‘opposes itself to the search for 

“origins”’ (Foucault 1984[1971]: 77) and rejects a totalising and progressive view of history. 

Instead, it seeks to understand how particular ‘regimes of practices’ (Foucault 2000[1984]: 225) 

developed through time. 

That genealogy challenges the ground on which a body of knowledge stands is the point of 

overlap with schools of philosophy concerned with epistemological enquiry, particularly 

phenomenology. The hermeneutic phenomenologist Heidegger was the ‘essential philosopher’ 

(Foucault 1990[1984]: 250) for Foucault. Phenomenology describes how we come to experience 

and understand the material world through our embeddedness in the world (Being-in-the-

world). It is through our embodied experience that our existence and any meaning we derive 

from existence is constituted. From the mid-1990s, phenomenology has had a significant impact 

on archaeological theory, particularly in Britain (see Bruck 2005 for a review). In archaeology, 

phenomenology is often ‘misrepresented as, “making meaningful”’ (Denham 2000: 8) and 

phenomenologically informed approaches are often misconceived as post-processual subjective 

archaeologies (see Bruck 2005: 57). A handful of archaeologists who have grappled with the 

philosophical roots of phenomenology agree that it is best utilised in archaeological discourse as 

a method to expose the preconditions surrounding the construction of knowledge in the 

contemporary world and to encourage a more critical and reflexive archaeology (Thomas 1999; 

Denham 2000; Bruck 2005). Phenomenology informs the genealogical investigation presented 

here specifically in relation to conceptions of time. Heidegger (1962[1927]: 427) believed that 

our human lives are ‘stretched’ across time and our ability to recognise past, present and future 

as they continually form and reform makes us temporal beings. For Heidegger, lived or 

experiential temporality as experienced by an individual within their subjective flow of life, is 

ontologically prior to any other concept of time. He distinguished temporality, or ‘lived’ time, 

from ‘world’ time or ‘clock’ time – which he referred to as ‘vulgar’ time (Heidegger 1962[1927]: 

335). ‘Clock’ time encapsulates a common, everyday understanding of time as sequence rather 

than flow and as an objective phenomenon rather than a subjective experience. 

Temporal dualism is not unique to Heidegger. Ricoeur (1988b[1985]) contrasted two classical 

western philosophical treatises on time: Aristotle’s ‘time of the world’, equating with an external 

chronological time, and Augustine’s ‘time of the soul’, equating with an internal temporality of 

individual experience. The dichotomy resurfaced in the earlier twentieth century in several 

intellectual fields, including in a famous debate between Bergson and Einstein (Canales 2015) 

and the physicist McTaggart’s (1908) distinction between the A-series and the B-series. In 
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archaeology, archaeologists (e.g., Foxhall 2000; Hodder 2000; Lucas 2005; Haslam 2006) invoke 

this dichotomy in their pursuit to recover more humanised interpretations of the past across 

short-term timescales. The dual conception of time has been critiqued by archaeologists (Ingold 

1993; Gardner 2001; Bailey 2007) on the grounds that it oversimplifies issues of time and 

temporality. In this thesis, the two categories of time are not utilised as formal, opposing time 

regimes but as heuristic tools for thinking about time and its influence on archaeological 

interpretation. 

The following section presents a two-fold genealogy of the concept of the Neolithic in MSEA 

archaeology, based on the dual concepts of time. The first part (Section 3.2.1) interrogates the 

‘lived’ or experiential time of the archaeologist. It provides a historiographical perspective on 

the descent of the Neolithic by considering the subjective context for the production of 

archaeological knowledge in the present. The second part of the genealogy exercise (Section 

3.2.2) uses the concept of ‘world’ time or ‘clock’ time to interrogate the material evidence of the 

Neolithic in MSEA prehistory. It uses time as a measurement tool to trace genealogies of 

individual practices of the Neolithic ‘package’ and establish their chronological and spatial 

relationships. 

3.2.1. ‘Lived’ time: Historiography of the descent of the MSEA Neolithic 

In a 1993 article, Thomas (1993: 362) posed the question to fellow European archaeologists: 

‘How is it that the Neolithic has been handed down to us?’ In a similar way, this section explores 

how the Neolithic concept has come to dominate models of MSEA prehistory. The development 

of Neolithic archaeology in MSEA has been influenced by three main factors: (1) the recent 

geopolitical history of the region which constrained the growth of archaeological enquiry in 

certain countries; (2) local and regional environmental and geomorphological regimes which 

govern the preservation and circumstances of discovery of Neolithic sites; and, (3) the history of 

scholarship which influences the intellectual paradigms underlying archaeological 

interpretation. Each of these historical factors are discussed in turn and then drawn together to 

evaluate the way in which meaning is bestowed upon the past by archaeologists in the present. 

3.2.1.1. Geopolitics 

Despite calls for a borderless approach to archaeology in MSEA (Higham 1989, 2006), modern 

geopolitics have led to different trajectories in the development of national heritage and 

archaeology within nation state borders. Vietnam, Cambodia and Laos share similar colonial 

antiquarian foundations, however military conflict and ensuing political and economic 
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instability limited the development of domestic archaeology and visits by foreign archaeologists 

until the later decades of the twentieth century. Although experiencing twentieth-century 

conflict, Thailand was exempt from colonial rule and subsequent independence struggles and 

remained relatively more stable and open to foreign researchers (Higham 2002a: 16). Thus, a 

robust archaeological record of Thailand is available internationally in the English language (e.g., 

Higham 2014) while Cambodia and Vietnam have only recently emerged as viable areas of 

international and domestic archaeological collaboration (e.g., Dega 2002; Stark 2006b; Bellwood 

et al. 2011; Oxenham et al. 2011) and Lao is a ‘virtual archaeological terra incognita’ for 

international researchers (White 2006: 102; see White and Bouasisengpaseuth 2008). 

The regional disparity in archaeological datasets is clear within Vietnam itself. In the aftermath 

of the Second Indochina War, northern and southern Vietnam emerged with two distinct 

archaeologies (compare Davidson 1979a and 1979b). In northern Vietnam, archaeology was an 

early and significant part of the legitimisation of the Democratic Republic of Vietnam and 

nationalist archaeological projects were sponsored by the government (Cherry 2009). In 

southern Vietnam, archaeology remained under-developed throughout the second half of the 

twentieth century, the basic cultural sequence was unknown and published accounts of 

systematic excavations were rare (Nishimura and Nguyen 2002: 101; Tran 2012: 12). Joint 

domestic-international excavations in southern Vietnam in recent years (Bellwood et al. 2011; 

Oxenham et al. 2015; Piper et al. 2017) opened up the region for international engagement. 

3.2.1.2. Preservation and discovery of Neolithic sites 

Geomorphological and environmental regimes in MSEA impose additional bias in the recovery of 

prehistoric sites. The most striking feature of the region’s environment is its humid tropical to 

subtropical climate (Koppen 1936) characterised by monsoonal climatic patterns which produce 

two distinct seasons, high annual precipitation and high annual temperatures. Site formation 

processes in the tropics are among the most understudied of archaeological landscapes globally 

(Gupta 2011: xiii, Morley and Goldberg 2017); they are also among the most destructive to site 

preservation. Post-depositional regimes within tropical climates involve accelerated rates of 

chemical diagenesis, pedogenesis and biological activity due to high rainfall and temperature, 

and physical erosion and mobilisation of sediments due to monsoonal intensity (Morley 2017). 

The path of three major rivers, the Red, Mekong and Chao Phraya, from upland headwaters to 

lowland valleys and deltas, give character to the geomorphology of the region. Archaeological 

research has largely followed the course of these rivers and has resulted in a distinction between 

upland mountainous and lowland valley areas (Higham 2002a: 29; Fuller and Qin 2009; Scott 
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2009). Elevated sites in upland regions are more protected from natural processes of erosion 

and sedimentation compared to sites in active alluvial environments in lowland valleys (Higham 

2002a: 29). Archaeologists working in Thailand have described finding Neolithic sites as ‘more 

often a matter of luck’ (Higham and Thosarat 2006: 100) due to landscapes being buried by thick 

sequences of Holocene alluvium and subsequent human occupation (see Higham 2002a: 29, 

2014: 113). Known archaeological sites in lowland areas occur in the form of conspicuous 

mounds (Piper and Oxenham 2014; Higham 2015a: 383; Oxenham et al. 2015), some of which 

date to the Neolithic period, including Loc Giang (Piper et al. 2017) and Lo Gach, two case 

studies of this thesis. Scott (2009: 71) critiqued emphasis on lowland mounds as a bias towards 

a particular form of settlement pattern that leaves concentrated material residues. In contrast, 

the record of dispersed and more mobile groups is ‘relatively invisible…because they spread 

their debris more widely’ (Scott 2009: 71). 

In addition to alluvial processes, the detection of late Pleistocene and early Holocene 

archaeological sites in lowland areas has been constrained by sea level rise. Post-glacial sea level 

rise resulted in the submergence of vast tracts of Pleistocene and early Holocene coastlines 

(Sathiamurthy and Voris 2006), thus precluding the study of maritime adaption strategies 

during this period. Sea level change diminished by the mid Holocene, coinciding with an increase 

of evidence of coastal habitation. The increasing number of coastally-oriented early to mid 

Holocene sites along north-central Vietnam, southern China and peninsular Thailand has been 

interpreted as evidence for demographic growth, incipient sedentism and the emergence of 

complex maritime hunter-gatherer economies in MSEA (Higham and Thosarat 1994; Barton 

2015; Oxenham et al. 2018). Despite widespread acceptance, the validity of the mid Holocene 

maritime adaptation hypothesis cannot be tested as this period coincides with the earliest 

potential preservation of coastal archaeological landscapes following post-glacial sea level rise 

(Sathiamurthy and Voris 2006; see Jamieson 1981; Bailey and Flemming 2008). 

Pleistocene and early Holocene archaeological research has historically focused on cave sites 

(Nguyen et al. 2004: 179), because caves offer high archaeological visibility and recovery rates of 

artefacts. A reliance on cave stratigraphy to establish cultural and chronological sequences is 

problematic due to intensive reworking, homogenisation of layers, movement of artefacts and 

chemical diagenesis commonly reported from southeast Asian caves (Morley 2017; Lewis 2018). 

Although very few pre-Neolithic open-air sites are known (Ha 1997: 37; Higham and Thosarat 

1998b; Forestier et al. 2013; Oxenham et al. 2018; Lam et al. 2020), they demonstrate that cave 

sites represent a partial component of pre-Neolithic settlement patterns. These biases in site 
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visibility and preservation limit the validity of diachronic comparisons of settlement and 

subsistence patterns, and hence the recognition of continuity and change across the purported 

Neolithic transition. In particular, an understanding of how these issues articulate with what 

White and Bouasisengpaseuth (2008: 39) termed the ‘missing millennia’ – the lack of 

archaeological evidence dating to the middle Holocene period (c. 8000-4000 cal BP) – is needed. 

3.2.1.3. History of scholarship 

[T]he past is a moral force in Vietnam, unequalled anywhere else in the world. (Glover 2006: 
26) 

The development of archaeology in Vietnam has been described as having three stages: the 

French colonial period from the late nineteenth century to 1954; the post-French independence 

period from 1954 to the late 1980s; and, the present time from the late 1980s (Nguyen 1980; 

Tong 2015). Throughout these three stages, the history of archaeology in Vietnam reflects the 

history of politics, and the way in which the past has been appropriated to provide moral 

legitimacy to the ruling elite. 

During the French colonial era (1887-1954), archaeological activities were exclusively 

conducted by European foreigners, mainly the French. Some of these researchers, such as 

Mansuy and Colani, had influential legacies but were amateur antiquarians lacking professional 

archaeological training and their excavations have since been heavily criticised as non-scientific 

and ‘technically inadequate’ (Cherry 2009: 92; see Matthews 1966). The first archaeological 

activities were directed by the Ecole Francaise d’Extreme Orient, established in 1898 and 

modelled on existing French schools in Europe (Cherry 2009). Research efforts were largely 

‘overground’ (Davidson 1979a: 98), focusing on the study of monuments. 

Colonial scholars used MSEA’s prehistory as a vehicle to ultimately understand their own 

European past. Under the cultural evolutionism paradigm, prehistoric hunter-gatherer 

assemblages were viewed as a ‘living museum of the past’ (Glover 1999: 594). In contrast, 

artefacts and monuments of the later prehistoric and early historic period, including the Dong 

Son Bronze drums in northern Vietnam and the monuments of the Khmer and Cham in central 

and southern Vietnam, were believed to be too culturally advanced to have been developed by 

indigenous populations (Davidson 1979a; Glover 1999: 594). Instead, origins were respectively 

attributed to China and India using cultural diffusionist explanations appropriated from 

European prehistory (Glover 1999). Indeed, the name given to the region in the early nineteenth 

century – Indochina – distils a conviction of the region’s derivative nature, as a southward 

extension of China or an eastward extension of India (Smith and Watson 1979: vi). The idea that 
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indigenous cultures were primitive and static and cultural change was driven by external 

processes provided legitimacy to the colonial regime and their ‘civilizing [sic] mission’ (Glover 

1999: 595; see Trigger 1984): ‘Thus Viet-Nam [sic], overshadowed by both India and China, 

received little attention in her own right’ (Davidson 1979a: 98). 

Independence from colonial rule was ratified in 1954 following the end of the First Indochina 

War (1946-1954). The country was subsequently divided into two states: communist North 

Vietnam (the Democratic Republic of Vietnam) and anti-communist South Vietnam (the Republic 

of Vietnam). North and South Vietnam were unified under the Socialist Republic of Vietnam at 

the end of the Second Indochina War (1955-1975) in 1976. Throughout the second half of the 

twentieth century, the Communist Party of Vietnam used archaeology as a means to legitimise 

their rule and create a national identity forged upon nostalgia of a heroic past (Glover 1999, 

2006; Cherry 2009). A line of kings ancestral to the modern Vietnamese people were established 

from the Neolithic Phung Nguyen culture to the Bronze and Iron Age Dong Son culture, and Dong 

Son was perceived as the zenith of Vietnamese culture, a belief which continues to this day (Bui 

2015; Trinh 2015). Archaeology was intellectually situated within a Marxist-Leninist paradigm 

of historical enquiry and Vietnamese archaeologists received training in the Soviet Union and 

China (Nguyen 1980; Glover 2006: 26; Cherry 2009: 110). The Russian archaeologist 

Boriskovsky trained Vietnamese archaeologists and gave lectures at the University of Hanoi, and 

these lectures formed the basis of one of the first textbooks on Vietnamese archaeology, Co so 

Khao co hoc [Vietnam in Primeval Times] (1966). 

Nationalist archaeologies can be understood as a reaction to a colonial past (Trigger 1984). In 

Vietnam, nationalist archaeologies were reacting against a long history of military subjugation 

by the Chinese Han Dynasty in ancient times and by France, Japan and America in modern times. 

Archaeology was used to cultivate a spirit of resistance against external influences (Cherry 

2009). In contrast to a borderless approach advocated by foreign archaeologists (Higham 1989, 

2006), Vietnamese archaeologists emphasise internal cultural developments within the 

geographical boundaries of present-day Vietnam (Ciochon and Olsen 1986). Thus, Bui (2015) 

and Trinh (2015) emphasise continuity from pre-Dong Son cultures to the present-day 

Vietnamese culture, and Nguyen et al. (2004: 188) describes that the Neolithic, far from being an 

external demic and cultural discontinuity, ‘evolved continuously’ from the Hoabinhian culture 

exclusively within Vietnam (see also Tong 2015: 31). The border between north and south 

Vietnam is also perpetuated in nationalist archaeologies. The underdevelopment of archaeology 
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in southern Vietnam (Section 3.2.1.1) served a nationalist purpose in reinforcing north Vietnam 

as the ancestral homeland of Vietnamese culture and people. 

The Vietnamese have been prolific in archaeological research from the 1970s onwards (see 

references within Davidson 1979a, 1979b; Nguyen 1980; Cherry 2009). Today, archaeology and 

cultural heritage in Vietnam are well funded, government supported enterprises, and the 

Vietnamese people emanate passion and pride in their heritage. Each province has a provincial 

museum, in the larger cities archaeological research is undertaken by several institutes and 

universities, and the journal Khao Co Hoc (Vietnam Archaeology) is the central place of 

publication of Vietnamese archaeology. 

Since the late 1980s, a third stage of archaeology has taken place, characterised by an increase in 

two main types of foreign visitors. First, cultural tourism has become a major economy in 

Vietnam since tourists were permitted into the country in the late 1980s. In similar ways to 

other MSEA countries, the past is being ‘re-invented, sanitized [sic], simplified and packaged for 

tourist consumption’ (Glover 1999:599). Second, there is an increasing degree of collaboration 

with overseas archaeological institutions, leading to conflicts of interest between local and 

foreign archaeologists (Glover 1999, 2004). Foreign archaeologists experience difficulties in 

accessing and understanding domestic research written in the Vietnamese language, and 

domestic archaeologists struggle to publish in international journals (Reinecke 2015a: 17-18). 

More problematic is the issue of conflicting research agendas (Glover 2004: 68). The 

interpretation of Vietnam’s prehistory by Vietnamese scholars is different to most international 

researchers. Inherited intellectual frameworks from Europe, such as the Three Age System, 

dominate international discourse (White 2017). International archaeologists satisfy their own 

research agendas and publish in international platforms, giving rise to two different narratives 

of the past, one domestic and one western, written alongside each other (e.g., compare Tong 

2015 and Trinh 2015 with Bellwood 2015 in the bilingual volume Reinecke 2015b). This thesis, 

as just one example, is undoubtedly incomplete as its research is based on English language 

literature which excludes Vietnamese perceptions of their past. The situation is not all negative: 

fruitful initiatives have been undertaken in recent years. These take the form of events and 

projects organised by institutions such as the Southeast Asian Ministers of Education 

Organization (SEAMEO) Project in Archaeology and Fine Arts (SPAFA) and the IndoPacific 

Prehistory Association, as well as collaborative domestic-foreign projects that seek to combine 

elements of both domestic and international narratives (e.g., White and Bouasisengpaseuth 

2008, 2010; Lam et al. 2020; Piper et al. in press). 
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3.2.1.4. Hermeneutic reflections on the relationship between the present and past 

The subject of archaeological knowledge is the past but it is formulated in the present, and is 

thus an outcome of the relationship between past and present (Ricoeur 1988c[1985]). 

Consequently, the archaeologist is not an external, objective observer but plays an active, 

constitutive rule in the production of knowledge (Shanks and Tilley 1987; Bapty and Yates 

1990). This is the hermeneutic circle and archaeology is a hermeneutic enterprise (Hodder 

1991; Johnsen and Olsen 1992; Thomas 1996). Interrogating the relationship between past and 

present is key to a critical, self-reflexive archaeology (Leone et al. 1987; Hill 2000). 

The hermeneutic philosopher Ricoeur (1988c[1985]) identified three tropes of historical writing 

that are useful for understanding the different types of relationships between the past and the 

present. The three tropes – the Past-as-Same, Past-as-Other and Past-as-Analogous – were 

introduced to archaeology by Thomas (1999). They are used here to offer some reflections on 

the intentionality and subjective engagement of archaeologists working in the MSEA region. 

First, the Past-as-Same trope refers to re-enactment of the past in the present and involves 

rendering the past intelligible and relatable using the structures and modes of thinking of the 

present (Ricoeur 1988c[1985]: 144-147). In archaeology, the Past-as-Same trope is the most 

pervasive, present in any approach that employs a form of universalism to make inferences 

about the past (Thomas 1999). This includes numerous approaches throughout archaeology’s 

history, including cultural evolutionism (e.g., Morgan 1877), processual behavioural-ecological 

archaeologies (e.g., Binford and Binford 1968), middle-range theory (e.g., Binford 1983), 

ethnographic analogy (Currie 2016), and structuralist archaeologies (e.g., Hodder 1990). Past-

as-Same transposes the values of our society onto past societies and produces a primitive 

version of – and one which teleologically evolves into – our present (e.g., Morgan 1877; Hodder 

1990). The very means through which historians ‘dull the sting of temporal distance’ (Ricoeur 

1988c[1985]: 144) to access the past is also the major problem with the Past-as-Same approach: 

it assumes too much similarity between past and present and leads to reconstructions of the past 

that are ‘the same as, or a pale reflection of, the present’ (Hill 2000: 431). 

Archaeology in MSEA is not undertaken for the sole purpose of recovering knowledge of the 

past. Within the Past-as-Same trope, archaeology is driven by subjective research agendas: 

‘archaeology is of little value unless we can relate it to the here and now’ (Bellwood 2005: 279). 

Unlike archaeologies of Britain and Europe which are created by archaeologists writing about 

their own pasts (Hill 2000: 432), the relationship between the past and the present in MSEA is 

complex and multivalent. On the one hand, local archaeologists use archaeology as a vehicle for 
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political nationalism and cultural heritage. On the other, both colonial and modern international 

scholars impose Eurocentric intellectual paradigms on a past which is not theirs. The Past-as-

Same trope can be identified in both domestic and foreign approaches as both stress a degree of 

continuity from Neolithic times to the present. Yet the form they take is different. For domestic 

archaeologists, maintaining a continuous relationship between past and present serves as both 

an anchoring source of cultural identity and a tool to legitimise the present political and moral 

character of the nation. For international archaeologists, reconciliation of past and present is 

achieved through a neo-cultural evolutionary narrative of progress which envisions a past 

parallel to an ancestral European past. Tension between nationalist and foreign archaeological 

narratives is encapsulated in the term Neolithic. Vietnamese archaeologists celebrate the 

Neolithic as an internal cultural development (Nguyen et al. 2004: 188; Tong 2015: 31) whereas 

foreign archaeologists identify the Neolithic as an externally driven demic event (Bellwood 

2005; Bellwood et al. 2011; Oxenham and Matsumura 2011; Barton 2015; Oxenham et al. 2015; 

Piper et al. 2017). In this western narrative, the Neolithic plays a prominent role of being a 

major threshold to the emergence of historically recognisable economic, material and social 

conditions within the Three Age system (e.g., Higham 2002a, 2014; Bellwood 2005). 

In contrast to searching for similarities between past and present, the Past-as-Other trope is the 

‘restoration of temporal distance’ (Ricoeur 1988c[1985]: 144) between past and present to 

produce a sense of unfamiliarity and strangeness towards the past. It exposes ‘otherness’ 

(Ricoeur 1988c[1985]: 148) to delegitimise the present. The use of Other is less prevalent in 

archaeology. Notably Hill (2000) situates his counter-history of the late Bronze and Iron Ages in 

Britain within this trope. Hill (2000) uses difference as a tool to practice a critical and reflexive 

archaeology that challenges present-day subjective ideologies:   

But where does the difference of the past lie? …the structures and practice of everyday life; in 
exactly those areas of life which previous archaeologies have felt to be unchanging, familiar, 
commonsensical, and readily understandable….attitudes to dirt; refuse-maintenance strategies; 
the construction and use of space; the procurement, production, and exchange of objects; the 
preparation and consumption of food; the classification and perception of the natural world; 
time; and the nature of gender relations are not universal constants. They differ considerably 
between historically- and culturally- specific contexts, and are all closely bound up with each 
other as part of the social construction of reality (Hill 2000: 433-434). 

The main shortcoming of Other is that it is difficult to recognise structures and experiences that 

we do not understand. Any archaeology of difference, while successfully acknowledging the 

hermeneutic circle, will ultimately fail in producing an acceptable reconstruction of the past 

because a past founded on difference must essentially be incomplete and unintelligible (Thomas 

1999: 5). Moreover, contrasting the past and present sets up a type of binary thinking where the 

past is defined by how-it-is-not the present. 
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There are not many examples of Past-as-Other in MSEA archaeology. Kallen’s (2004) post-

colonial interpretation of the late prehistoric site of Lao Pako in Laos and White’s (2017: 67) call 

to unseat the entrenched ‘Mid-20th Century Anglophone Paradigm’ of neo-cultural evolutionism 

may be identified as pursuits to uncover difference. White and Eyre (2011) challenged 

previously accepted assumptions that burials in Metal Age Thailand were interred in formal 

cemeteries, instead suggesting burials were interred within residential spaces. Their 

reinterpretation of burial practices is an archaeology of Other in the sense that it challenges not 

only dominant interpretive frameworks of site formation but also contemporary western 

notions of the sacred/mundane dichotomy (Bruck 1999). How far the archaeological community 

in MSEA has to go before achieving a healthy level of critical discussion and diversity is indicated 

by Higham’s (2015a) scathing rebuttal to their work. 

The third trope of Analogous is Ricoeur’s (1988c[1985]) dialectical solution to the deficiencies of 

Same and Other. It is not enough to point out an alien past shrouded in unintelligibility: ‘[a]t 

some point we must come to terms with this, and simply write a story’. Past-as-Analogous 

involves a compromise that on the one hand accepts the reality of the past is not able to be 

recovered, and on the other hand persists in this task, compelled by the idea of debt and a wish 

to ‘do justice to the past’ (Ricoeur 1988c[1985]: 152). The Past-as-Analogous is a representation 

of the past; it takes the place of or stands for the past (Ricoeur 1988c[1985]: 151). For Ricoeur 

(1988c[1985]), Analogous is achieved through use of historical narrative as a form of writing 

history. In archaeology, Thomas (1999) uses genealogy and deconstruction as Analogous 

methods to arrive at a reconciliation between Same and Other. While under the Analogous, any 

reconstruction of the past must be accepted as ‘a failure to fully articulate difference’ (Thomas 

1999: 6), arguably, archaeologists are uniquely equipped to deal with such deficiencies as the 

very practice of archaeology is forged on an incomplete record of the past. 

3.2.2. ‘Clock’ time: Tracing the material correlates of the MSEA Neolithic through time and 
space 

Having reflected on how pasts are made meaningful by archaeologists in MSEA, the second part 

of the genealogical investigation reviews what archaeologists use as material traces of the past, 

utilising the concept of time as a clock. The concept of ‘clock’ time underlies everyday 

archaeological practice of temporalising material remains of the past within a chronological 

framework (Denham 2000: 8). The genealogical approach follows Thomas (1999) who traced 

independent genealogies of individual elements of the British Neolithic ‘package’ to test 

archaeological preconceptions of the Neolithic as a homogenous, seamless whole and to show 
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how each element ‘potentially has its own story’ (Thomas 1999: 221). Here, the Neolithic 

‘package’ is disarticulated in order to trace individual elements and associated practices 

independently through time and space. The temporal and spatial patterns of nine archaeological 

phenomena commonly cited as elements of the MSEA Neolithic ‘package’ are described in turn, 

based on published archaeological literature. The immediate aim is to test whether individual 

elements of Neolithic lifeways have similar or different temporalities and trajectories; the end 

goal is to create conceptual space to reflect on whether the current Neolithic model fits the 

material evidence for what Neolithic life was like. Due to the limited scope of the thesis, each 

element is summarised as succinctly as possible. Additional information and appropriate 

references are provided in Appendix A. 

3.2.2.1. Overview of Neolithic sites 

The number of well-researched Neolithic sites in MSEA is small. Many sites were excavated 

decades ago and the results have not been analysed using archaeological science techniques or 

published in sufficient detail to permit inclusion in the current discussion (as noted by White 

and Bouasisengpaseuth 2008). Secure radiocarbon chronologies are lacking for many presumed 

Neolithic sites in Vietnam and Thailand (e.g., Tha Kae, Ban Kao, Krek, Phung Nugen and Xom 

Ren) and chronologies are still based on material cultural typologies (Sarjeant 2014; Oxenham et 

al. 2015: 313). Several excavations and analyses by domestic archaeologists are not published in 

western languages (Glover 2004; White and Bouasisengpaseuth 2008:39). Faunal studies 

conducted by Vietnamese archaeologists that identify domesticated animals in pre-Neolithic 

contexts such as Da But have not been accepted by international archaeologists (Higham 2002a: 

37; Piper 2017: 258; Jones et al. 2019). The genealogy relies heavily on Neolithic sites which 

have been excavated systematically, have robust radiocarbon chronologies, and have excavation 

reports and/or laboratory analyses accessible in English language volumes and journals. 

Unfortunately, this means that many sites in Vietnam excavated by Vietnamese archaeologists 

are not included, and the same is true for other countries in MSEA2. The genealogies include the 

sites of early Ban Non Wat, Khok Phanom Di, Man Bac, An Son, Loc Giang and Rach Nui. 

Additional sites are included to a limited extent even though they lack secure radiocarbon 

chronologies and detailed information on stratigraphy and artefact associations. These include 

the sites of Phung Nguyen, Xom Ren, Krek, Samrong Sen, Laang Spean, early Ban Lum Khao, early 

 
2The majority of research on Vietnamese archaeology has been undertaken by local scholars and is unpublished 
in various institutes in Vietnam or has been published in the Vietnamese language in volumes that are difficult 
to access outside of Vietnam (Nguyen et al. 2004: 205). This is also true for other countries across the 
Southeast Asian region. For this reason, information in this review was drawn from literature that the author 
could access and is thus heavily biased towards internationally published literature in the English language. 
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Ban Chiang, early Non Nok Tha, Khok Chareon, early Ban Kao, early Tha Kae and early phases in 

sites in the Khao Wong Prachan Valley. Figure 3.1 shows the locations of the main Neolithic sites 

discussed in the genealogy. Table 3.1 summarises the radiocarbon chronology and main 

references for these sites. 
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Figure 3.1. Map of Mainland Southeast Asia showing the location of Neolithic sites discussed in the genealogies.
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Table 3.1. Summary of Neolithic sites discussed in the genealogies. 
Site Location Date Archaeological Period References 

Man Bac, 
Ninh Binh 
Province 

Northern 
Vietnam 

3950-3470 cal BP from 7 C14 
dates on charcoal from the 
cultural unit above and post-
dating the burials (Nguyen et al. 
2011: 169). The burials are thus 
thought to date before 3950-
3470 cal BP (Nguyen et al. 2011: 
169). Material culture similar to 
Phung Nguyen Culture 

Attributed to the Phung Nguyen 
Culture. Described as Early 
Bronze Age but evidence of metal 
is absent at the site (Oxenham et 
al. 2008: 192); described in 
subsequent publications as 
Neolithic or late Neolithic (e.g., 
Oxenham et al. 2011) 

Matsumura et al. 
2008; Oxenham et 
al. 2008; Oxenham 
et al. 2011; Tilley 
and Oxenham 2011, 
2016; Mcdonell and 
Oxenham 2014; 
Bellwood 2015; 
Jones et al. 2019 

Phung 
Nguyen, 
Phu Tho 
Province 

No reliable C14 dates. Described 
as c. 4200 to 3500 BP (Nguyen et 
al. 2004, based on material 
culture); 3400 BP (Nguyen 1980: 
44, no source given) 

Eponymous site of the Phung 
Nguyen Culture. Described as 
Early Bronze Age (Nguyen 1980; 
Nguyen et al. 2004) 

Hoang 1966; 
Nguyen 1980; 
Nguyen et al. 2004 

Xom Ren, 
Phu Thọ 
Province 

C14 AMS dating on charcoal: c. 
4300-3550 cal BP (Yi et al. 2004: 
4190±50; 3450±70; 3770±60; 
3360±40; 3370±40). 
Pottery thermoluminescence: 
3282±176; 3104±160; 3276±175; 
3969±153; 3992±156; 3337±180; 
3276±175 (depth 0.8 m from 
surface) (Han 2009) 

Attributed to the Phung Nguyen 
Culture. Described as early 
Bronze Age (Nguyen 1980; 
Nguyen et al. 2004) 

Nguyen 1980; 
Nguyen et al. 2004; 
Yi et al. 2004; Han 
2009; Bellwood 
2015 

An Son, 
Long An 
Province 

Southern 
Vietnam 

4250-3150 cal BP from 31 C14 
dates on charcoal, tooth enamel, 
food residue and shell from the 
1997, 2004, 2007 and 2009 
excavations (Bellwood et al. 
2011) 

Neolithic period Nishimura and 
Nguyen 2002; 
Bellwood et al. 
2011; Piper et al. 
2012; Willis and 
Oxenham 2013a; 
Sarjeant 2014, 2017 

Loc Giang, 
Long An 
Province 

3950-3250 cal BP from 13 C14 
dates on charcoal and shell from 
the 2014 excavation (Piper et al. 
2017) 

Neolithic period Piper et al. 2017 

Rach Nui, 
Long An 
Province 

3500 to 3300 cal BP on 18 C14 
dates on charcoal (Trenches 1,2 
and 3; entire depositional 
sequence of 5 m) (Oxenham et al. 
2015) 

Neolithic period Oxenham et al. 
2015; Castillo et al. 
2017; Frieman et al. 
2017 

Krek 
52/62 and 
other 
‘Mimotien
’ circular 
earthwork 
sites, 
Kompong 
Cham 
Province 

Cambodia Carbonnel (1979: 225) reported 
two C14 dates of 2340-1900 cal 
BP and 1280-900 cal BP from 
organic material within tumuli. 
Organic temper in pottery 
produced dates of 4240-3980 cal 
BP (Trameng earthwork) to 2350-
2150 cal BP (Chi Peang 
Earthwork) (Dega 2000 
summarised in Albrecht et al. 
2000). Fragments of glass bangles 
from Krek 52/62 suggest Iron Age 
occupation (2500 BP or later) 
(Haidle 2001). Dega (2002) used 
relative and absolute 
chronologies to infer a date range 
of 4200 to 1700 BP 

The acidic soils do not preserve 
organic or metal material making 
it difficult to establish dating 
chronologies (Albrecht et al. 
2000: 41). The absence of shell, 
bone and metal and the presence 
of glass has led to contentious 
chronologies ranging from 
Neolithic (Groslier 1966: 195) to 
Metal Age (Albrecht et al. 2000) 
and historic contexts (Carbonnel 
1979) (see Albrecht et al. 2000; 
Haidle 2001; Dega 2002: 49). The 
sites are believed to be 
contemporaneous to Neolithic 
and Bronze Age sites in MSEA but 
are a local cultural development 
that does not fit into fit into 
broader MSEA chronology. 

Groslier 1966; 
Carbonnel 1979; 
Dega 1999, 2002; 
Albrecht et al. 2000; 
Haidle 2001 
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Table 3.1 (cont.). Summary of Neolithic sites discussed in the genealogies. 
Laang 
Spean, 
Battamba
ng 
Province 

Cambod
ia 

C14 date from the Hoabinhian 
level 7300-6960 cal BP, two C14 
dates from the Neolithic level: 
4650-4150 cal BP and 4820-4230 
cal BP (Mourer and Mourer 
1970); Hoabinhian layer dated to 
11,000 BP (one OSL date on 
sediment) and 11,760-11,330, 
6160-6000, and 5890-5660 cal BP 
(three C14 dates on charcoal) 
(Forestier et al. 2015); bone 
collagen of a Neolithic burial 
associated with Neolithic pottery 
3600-3460 cal BP (Zeitoun et al. 
2012) 

Cave site inhabited 
periodically throughout 
prehistory. Recent 
excavations identified 
three phases of 
occupation: a 
Pleistocene stone 
artefact industry, a 
Hoabinhian layer and a 
Neolithic layer including 
a human burial (Zeitoun 
et al. 2012; Forestier et 
al. 2015; Sophady et al. 
2016) 

Mourer and Mourer 1970; 
Mourer 1977; Zeitoun et al. 
2012; Forestier et al. 2015; 
Sophady et al. 2016 

Samrong 
Sen, 
Kampong 
Chnang 
Province 

3730-3160 cal BP from one C14 
date on shell (Carbonnel 1979); 
4860-4070 cal BP from one C14 
date (Vanna 2002) 

Described as late 
Neolithic. Bronze 
artefacts are attributed 
to a later phase of 
occupation (Mourer 
1977: 46–47) 

Mourer 1977; Carbonnel 1979; 
Vanna 2002; Sophady 2008 

Ban 
Chiang, 
Udon 
Thani 
Province 

Khorat 
Plateau, 
Northea
st 
Thailand 

Debated chronology (White 
1990, 1997, 2008; White and 
Hamilton 2009; Higham et al. 
2011b; Higham et al. 2015; White 
2015). Site chronology spans 
from approximately 4000 to 1800 
cal BP; the Neolithic period is 
dated to 4050-3650 cal BP on rice 
inclusions in burial pottery 
(White and Hamilton 2009) or 
3550-3050 on human bone 
collagen from burials (Higham et 
al. 2015). 

Metal Age burials over 
earlier Neolithic burials. 
The Neolithic deposits 
are attributed to the 
Initial Period to Early 
Period I-II. 

Gorman and Charoenwongsa 
1976; Bayard 1977; Higham 
and Kijngam 1979; Suthiragsa 
1979; Higham et al. 1980; 
White 1982, 1986, 1990, 1997, 
2008; Yen 1982; McGovern et 
al. 1985; White et al. 1991; 
Douglas 1997; Pietrusewsky 
and Douglas 2001, 2002; 
Bubpha 2003; Bentley et al. 
2005; King and Norr 2006; 
Douglas and Pietrusewsky 
2007; White and Hamilton 
2009; Higham et al. 2011b; 
White and Eyre 2011; Higham 
et al. 2015; White 2015 

Ban Lum 
Kao, 
upper 
Mun 
Valley, 
Nakhon 
Ratchasim
a Province  

Five C14 dates on charcoal from 
initial Neolithic deposits dated to 
c. 3440-2960 cal BP (Higham and 
Thosarat 2004b: 5) 

Basal occupation 
deposits are Neolithic 
(Neolithic Layer 3 and 
Mortuary Phase 1). 
Most of the site 
sequence is Bronze Age. 

Higham and Thosarat 2004b; 
Bentley et al. 2009 

Ban Non 
Wat, Huai 
Yai Valley, 
Nakhon 
Ratchasim
a 
Province^ 

3 C14 dates for hunter-gatherer 
occupation: 3690–3480, 3470–
3370 and 3210–3000 cal BP; 
Neolithic contexts are dated to c. 
3700–3450 cal BP (initial 
Neolithic deposits), c. 3600–3200 
cal BP (Phase 1 Neolithic burials) 
and c. 3200–3000 cal BP (Phase 2 
Neolithic burials) (Higham and 
Higham 2009) 

Four phases: late 
Pleistocene hunter 
gatherer occupation; a 
late Neolithic 
occupation (Mortuary 
Phases 1 and 2; basal 
layer 5 and lowest spits 
of layer 4); Bronze Age 
burials; Iron Age burials 

Boer-Mah 2008; Higham and 
Higham 2009; Higham and 
Kijngam 2009, 2011, 2012; 
Clark et al. 2013; King et al. 
2013; Higham 2015b; King et al. 
2015 

^ The site of Ban Non Wat provides a chronological framework for the prehistoric cultural sequence throughout the MSEA 
region (Higham and Higham 2009). 
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Table 3.1 (cont.). Summary of Neolithic sites discussed in the genealogies. 
Non Nok 
Tha, Phu 
Wiang 
District, 
Khon Kaen 
Province 

 Contentious dating 
chronologies and no reliable 
C14 dates (Bayard and Solheim 
2009). Bayard and Solheim 
argue that the Neolithic phase 
(‘Early Period’) dates between 
5000-4500 cal BP. Higham et 
al.’s (2014b) reassessment of 
the chronology of the site 
including new C14 dates places 
the Neolithic phase at c. 3400 
to 3100 cal BP. 

Bronze Age burials 
overlying Neolithic burials. 
Mainly Bronze Age material 
culture. Early dates for the 
presence of domesticated 
plants and animals (cattle, 
pig, dog and rice) have 
been challenged (see 
Bayard and Solheim 2009) 

Bayard 1970, 1972, 1977, 
1996; Pietrusewsky 1974; 
Higham 1975; Rispoli 
1997; Douglas and 
Pietrusewsky 2007; 
Bayard and Solheim 2009; 
Higham et al. 2014b 

Khok 
Charoen, Pa 
Sak Valley, 
Lopburi 
Province 

Chao 
Phraya 
Valley, 
Central 
Inland 
Thailand 

Dating problematic (see Loofs-
Wissowa 2017 for an in-depth 
review). 2930±450 BP, 
3130±300/3030±300 BP 
(pottery thermoluminescence) 
(Watson 1979: 55); 4410-4150 
cal BP (burial) (Bulbeck 2011); 
material culture suggests a 
Neolithic occupation (Watson 
1979; Ho 1984); Loofs-Wissowa 
(2017) presents dates which 
suggest two main phases of 
occupation: 3150-2570 cal BP 
and 1850 to 1250 cal BP. 

Classified as a Neolithic site 
(Higham 2014: 124) 

Watson and Loofs 1967; 
Loofs and Watson 1970; 
Watson 1979; Ho 1984; 
Loofs-Wissowa 2017 

Non Pa Wai, 
Non Mak La 
and Nil 
Kham 
Haeng, 
Khao Wong 
Prachan 
Valley, 
Lopburi 
Province 

Neolithic occupation is dated 
from 3750-3050 uncal BP based 
on material culture typologies 
(Rispoli et al. 2013) 

Focus of research has been 
on Metal Age occupation 
but earlier stratigraphic 
levels at Non Mak La and 
Non Pa Wai appear to be 
Neolithic. Nil Kham Haeng 
has not yielded any 
Neolithic deposits. 

Agelarakis 1996; Pigott et 
al. 1997; Pigott et al. 
2006; Weber et al. 2010; 
Rispoli et al. 2013 

Tha Kae, 
Lopburi 
Province 

No C14 dates. Chronology 
based on material cultural 
typologies 

Layer 5 (basal layer) is 
attributed to the Neolithic 
and Layer 4 is attributed to 
the Late Neolithic/early 
Bronze Age (Rispoli et al. 
2013, based on material 
culture) 

Ciarla 1992; Rispoli 1992, 
1997; Rispoli et al. 2013; 
Ciarla et al. 2017 

Ban Kao, 
Kanchanabu
ri Province 

Western 
Thailand 

A C14 date of 1770±140 BC on 
pottery from initial Neolithic 
deposits; a second C14 date of 
1360±140 is difficult to relate 
to archaeological phases 
(Sorensen and Hatting 1967) 

Three phases: Phase 1 
(early Neolithic), Phase 2 
(late Neolithic) and Phase 3 
(Iron Age). A lack of clear 
stratigraphy was a 
persistent problem during 
the excavations (Sorensen 
and Hatting 1967: 111). 

Sorensen 1964; Sorensen 
and Hatting 1967 

Khok 
Phanom Di, 
Chonburi 
Province 

Coastal 
Thailand 

c. 4000 and 3500 cal BP 
(Higham and Bannanurag 1990) 

Coastal complex hunter-
gatherer site 
contemporaneous to 
Neolithic sites with 
evidence of rice cultivation 
occurring mid-way through 
the sequence 

Higham and Bannanurag 
1990, 1991; Higham et al. 
1992; Higham and 
Thosarat 1993, 1994, 
2004a; Thompson 1996; 
Tayles 1996, 1999; 
Higham 2004a; Vincent 
2004; Bentley et al. 2007; 
Halcrow et al. 2012 
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3.2.2.2. Genealogies of Neolithic elements 

Ceramics 

Pottery is regarded as ‘the most important material in Southeast Asian archaeology’ (Solheim 

2003: xix). The ‘incised and impressed’ ceramic ware, comprising red-slipped vessels decorated 

with two incised lines infilled with impressed or incised geometric and/or curvilinear motifs, is 

the most widely cited archaeological proxy for identifying Neolithic contexts in MSEA (Bellwood 

2005; Rispoli 2007; Higham et al. 2011a; Higham 2014). This type of pottery decoration does 

not appear in the region before c. 4500 cal BP and is present at all Neolithic sites (Table A.1). The 

specific designs and technology of the ceramics differ substantially (Sarjeant 2017; White 2017). 

Distinct southern and northern regional traditions are identified (Bellwood 2015; Sarjeant 

2017). For example, red painted motifs and ‘S’-shaped incised motifs occur in northern Vietnam 

and northeast and central Thailand whereas punctate and roulette stamping, ca rang ceramic 

stoves and wavy-rimmed pottery appear to be distinct to southern sites in Vietnam with some 

connections to southern Cambodia and coastal central Thailand (Bellwood et al. 2011; Piper et 

al. 2017; Sarjeant 2017). The intensive use of rouletting to decorate vessels is a local 

development at An Son not seen at other sites (Bellwood et al. 2011: 158; Sarjeant 2017: 181). 

Rice tempered ceramics are common at most sites but absent at Man Bac (Bellwood 2015: 60) 

whereas shell tempered pottery is common at Man Bac and Rach Nui but absent at other sites 

(Sarjeant 2014). 

Stone artefacts 

Stone artefacts, particularly polished ground stone adzes, are present at most Neolithic sites 

(Table A.2). Stone industries are not uniform across the region. At northern sites such as Man 

Bac, Phung Nguyen and Xom Ren stone artefacts made from nephrite and other precious stone 

are common whereas these are rare to absent in southern sites such as An Son and Loc Giang 

(Table A.2; Piper et al. 2017: 43). At some sites (Ban Kao, Krek 52/62, Phung Nguyen, Khok 

Chareon) a range of stone artefacts including adze blanks, flake debitage, cores from stone 

bracelets, and portable grinding stones indicate that manufacture took place on-site (Sorensen 

and Hatting 1967; Nguyen 1980; Ho 1984; Dega 2002; Frieman et al. 2017; Table A.2). The 

absence of these artefacts at other sites (e.g., An Son, Ban Non Wat, Loc Giang) imply that adzes 

were imported in finished forms. 

Shell artefacts 

Shell artefacts are present at most Neolithic sites (Table A.3). There is a great diversity in shell 

artefact typology and some sites have unique forms of shell ornaments (Table A.3). For example, 
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Khok Phanom Di demonstrates an abundance and diversity of shell artefacts not matched at any 

other Neolithic site, including: disc-, barrel-, I-, and H-shaped beads; bracelets; ear-discs; and, 

knives (Higham et al. 1992). Anadara sp. beads from Ban Non Wat (Higham and Kijngam 2009) 

and turtle shell adzes and bracelets from Rach Nui (Oxenham et al. 2015) are unique forms with 

no similarities at other sites. Furthermore, different species of shellfish appear to be favoured at 

different sites, for example shell artefacts made from Tridacna sp. are common at Khok Phanom 

Di (Higham et al. 1992), whereas shell artefacts at Khok Chareon are dominated by Conus sp. and 

Trochus sp. (Loofs and Watson 1970). 

Spindle whorls 

Cameron (2004: 211) reports that Neolithic or Bronze Age contexts ‘have yielded few, if any, 

[spindle whorls] whereas they are often found during the Iron Age’. The genealogies support this 

view and suggest that spindle whorls can be dismissed from the Neolithic ‘package’ altogether. 

Spindle whorls were recovered from Xom Ren, Phung Nguyen, Krek 52/62 and Ban Kao, sites 

which had limited controlled stratigraphic excavation and/or insecure absolute chronologies 

(Table A.4). Spindle whorls were recovered from late Neolithic/early Bronze Age contexts at Ban 

Non Wat, however both Cameron (2012: 497) and Sarjeant (2014: 339) discuss the probability 

of the items being intrusive from upper layers. 

Faunal domesticates  

Four domesticated animals – pigs, dogs, cattle and chickens – are commonly cited as part of the 

Neolithic ‘package’ (Bellwood 2005; Higham et al. 2011a; Higham 2014). For all four 

domesticates, there is a lack of standardisation of methods used to discriminate domesticated 

from wild species, a lack of reference collections, and a lack of identification criteria published 

on a site-by-site basis (Tables A.5-A.8). 

Pig 
In zooarchaeological assemblages from Neolithic sites, pig (Sus scrofa) remains are present at 

some sites and absent from others (Table A.5). At sites where pig remains are present, many 

sites (Ban Chiang, Ban Lum Khao, Ban Non Wat) lack published identification criteria of 

domestication status. Distinguishing domesticated and wild pigs is complicated because 

domesticated populations probably included a mixture of wild boar individuals (Piper 2017). 

Morphological and morphometric comparisons have produced inconclusive results (Oxenham et 

al. 2015; Piper and Nguyen 2016), except at Non Nok Tha where they were used to discriminate 

domesticated pigs (Bayard and Solheim 2009). The strongest claims for managed populations, 

although perhaps not necessarily biologically domesticated populations, rest on age profiles with 
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implicit assumptions of early ‘kill off’ slaughtering practices (Albarella et al. 2006; Rowley-

Conwy et al. 2012). Based on age profiles, managed populations are inferred for Man Bac (Jones 

et al. 2019), Loc Giang (Piper et al. 2017), An Son (Piper et al. 2012) and Non Pa Wai (Pigott et al. 

2006). 

Dog 
Dog (Canis sp.) remains show good representation at Neolithic sites (An Son, Non Nok Tha, Non 

Pa Wai, Non Mak La, Rach Nui and Man Bac). The ubiquity of the remains and the presence of cut 

marks suggest dogs were a probable source of meat (Table A.6; Pigott et al. 2006; Bayard and 

Solheim 2009; Piper et al. 2012; Oxenham et al. 2015; Jones et al. 2019). The domestication 

status of dogs at several sites (Non Nok Tha, Ban Lum Khao, Khok Phanom Di, Samrong Sen, 

Rach Nui) is unclear due to a lack of published identification criteria (Table A.6). Thus, only few 

sites including An Son (Piper et al. 2012), Man Bac (Jones et al. 2019), Ban Non Wat (Kijngam 

2011) and Ban Chiang (Higham et al. 1980) demonstrate unequivocal evidence for domesticated 

dog (Canis familiaris) populations (Table A.6). 

Chicken 
Domesticated chicken (Gallus gallus domesticus) remains are reported from Neolithic contexts at 

Ban Chiang (Higham and Kijngam 1979), Ban Non Wat (Kijngam 2011) and Non Nok Tha 

(Bayard and Solheim 2009). No morphological criteria are presented, and it appears that 

identification of domesticated status rests on circumstantial evidence such as population 

distribution, rather than morphology (Table A.7). Based on morphology, one bone fragment 

from Loc Giang was identified as a possible domesticated chicken, but it is tentative because it is 

an isolated find (Piper et al. 2017). 

Buffalo and cattle 

No water buffalo (Bubalus sp.) remains of certain domesticated status have been recovered from 

Neolithic sites (Table A.8; cf. Pigott et al. 2006). The economic importance of the domesticated 

water buffalo (Bubalus bubalis) in MSEA appears to have been established during the Metal Age 

(Higham 2015a). 

Domesticated cattle (Bos taurus) are identified based on morphometrics at sites such as Non Nok 

Tha and Ban Non Wat in northeastern Thailand (Higham and Kijngam 1982: 21; Bayard and 

Solheim 2009; Kijngam 2011). At other sites such as Non Pa Wai and Ban Chiang morphometric 

analysis has not been undertaken and domestication status is uncertain (Table A.8; Higham and 

Kijngam 1979; Pigott et al. 2006). In northern Vietnam, few fragmentary remains of Bos sp. from 



Chapter 3                                                                                   Genealogies of the Neolithic in Mainland Southeast Asian Prehistory 

74 

Man Bac could not be identified to species (Sawada et al. 2011). Cattle are absent from Neolithic 

sites in southern Vietnam (Table A.8). 

Domesticated plants and other evidence for plant use 

Rice 
Rice remains (Oryza sp.) are not present at all Neolithic sites and even when present, very few 

sites have secure determinations of domestication status (Table A.9; see Castillo 2011 for an in-

depth review of rice remains in Thailand). The status of rice at some sites is indeterminate (e.g., 

Ban Chiang, Non Non Tha); at other sites, archaeobotanical analyses were not undertaken to 

reliably differentiate domesticated forms (e.g., Ban Non Wat, Krek 52/62, Khok Chareon, Man 

Bac, Phung Nguyen, Samrong Sen). The sites of Rach Nui (Castillo et al. 2017), An Son (Bellwood 

et al. 2011), Loc Giang (Piper et al. 2017) and Khok Phanom Di (Thompson 1996) reliably report 

domesticated rice (Oryza sativa ssp. japonica) based on spikelet base morphology (Table A.9), 

which is the only reliable way to differentiate between domesticated and non-domesticated 

forms (Thompson 1997; Castillo 2011). Out of these sites, due to the infrequency of the rice 

remains and/or the unsuitability of the environment for rice cultivation, only An Son, Ban Non 

Wat and Khok Phanom Di (Mortuary Phase 3-4) are thought to have practiced local rice 

cultivation (Higham 2014; Oxenham et al. 2015; Piper et al. 2017). 

Millet 
On current evidence, domesticated millet is present in two regions in MSEA (Table A.10). At 

Rach Nui in southern Vietnam foxtail millet (Setaria italica) was identified (Castillo et al. 2017). 

In the Khao Wong Prachan Valley in Central Thailand, three species of domesticated millet were 

identified in consistently higher abundance than rice remains: foxtail millet; broomcorn or 

common millet (Panicum sp.); and, Job’s tear (Coix sp.) (Weber et al. 2010). Direct radiocarbon 

dating of Setaria grains (4410-4150 cal BP) and associated charcoal (4100-3890 cal BP) from 

Non Pa Wai provide the earliest dates for domesticated millet in MSEA (Table A.10). Castillo 

(2011: 119) suggests that the archaeological visibility of millet in MSEA may reflect the limited 

use of flotation recovery techniques during excavation, rather than actual distribution of millet 

cultivation and consumption practices (see Castillo and Fuller 2010). 

Vegeculture 
Vegecultural practices including the cultivation of roots, tubers and fruits, are understudied in 

MSEA and only in the last decade has the specialist archaeobotanical study of vegecultural 

remains been initiated (Castillo and Fuller 2010). Khok Phanom Di and the more recently 

excavated sites of An Son, Loc Giang and Rach Nui have produced evidence for vegeculture 

(Table A.11). At Khok Phanom Di, Thompson (1996) identified a range of species thought to 
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represent gathering of wild plant resources. At An Son (Castillo et al. 2017) and Loc Giang (Piper 

et al. 2017), banana (Musa sp.), palm (family Arecaeceae), dayflower (family Commelinaceae) 

and sedges (family Cyperaceae) are present, which is suggestive of the utilisation of plants for 

both consumption and construction purposes. The archaeobotanical assemblage at Rach Nui is 

dominated by vegecultural components, implying that this was a focus of the economy at the site 

(Castillo et al. 2017). The absence of evidence from other Neolithic sites is not necessarily 

meaningful because most excavations have not undertaken requisite archaeobotanical sampling 

and analyses (Castillo and Fuller 2010). 

Bioarchaeology 

Bioarchaeological evidence indicates that the advent and intensification of agriculture and 

presumed sedentism did not lead to a decline in health (Tayles et al. 2000; Pietrusewsky and 

Douglas 2002; Oxenham 2006; Tayles and Oxenham 2006; Douglas and Pietrusewsky 2007; 

Clark et al. 2013). Instead, significant local variation in health between sites is exhibited, with an 

overall trend of continuity or improvement in health over time (Table A.12; see Oxenham and 

Tayles 2006b; Halcrow and Tayles 2011). This is attributed to a broad-spectrum subsistence in 

which crops such as rice contributed a part of the diet and terrestrial, riverine and marine 

hunting and foraging continued to be important (Pietrusewsky and Douglas 2002; Tayles and 

Oxenham 2006; Douglas and Pietrusewsky 2007), an hypothesis supported by isotopic studies 

(Bentley et al. 2005; King and Norr 2006; King et al. 2013). Populations from An Son, Man Bac 

and Khok Phanom Di reported high fertility and poor health (Tayles 1999; Oxenham et al. 2008; 

Domett and Oxenham 2011; Willis and Oxenham 2013a, 2013b). However, a decline in fertility 

was found at Non Nok Tha and mixed fertility indicators at Ban Chiang, while health indicators 

demonstrate continuity in health at Ban Chiang and an improvement at Ban Non Wat and Non 

Nok Tha (Pietrusewsky 1974; Douglas and Pietrusewsky 2007; Clark et al. 2013). 

The bioarchaeological evidence reveals a heterogenous population basis of the Neolithic, 

encompassing several events of migration and relocation of individuals between communities 

(Table A.12). The two-layer hypothesis for MSEA describes an indigenous Australo-Melanesian 

population base overlain by intrusive Neolithic populations showing North Asian morphologies 

(Matsumura et al. 2008; Matsumura et al. 2011; Matsumura and Oxenham 2013, 2014). Man Bac 

shows morphological admixture of populations, effectively capturing this transition as it 

unfolded (Matsumura et al. 2008; Dodo 2011; Matsumura 2011a, 2011b). The two-layer 

hypothesis accords well with a recent genetic study undertaken on the Man Bac population 

which demonstrated the mixture of individuals with an East Asian heritage and individuals with 
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an indigenous South Asian lineage (Lipson et al. 2018). On a local level, bioarchaeological 

evidence reveals mobility patterns of individuals between different communities (Table A.12). 

Individuals bearing isotopic signatures that are distinct from the majority of individuals at a 

given site are present at Ban Lum Khao (Bentley et al. 2009), Ban Non Wat (King et al. 2013) and 

Khok Phanom Di, the latter suggesting female immigration specifically (Bentley et al. 2007). 

Burial practices 

Burial practices among pre-Neolithic indigenous populations are thought to have been 

characterised by flexed interments and few grave goods (but see Shoocongdej 2006: 29 and Lam 

et al. 2020 for extended burial practices and Oxenham et al. 2018: 950 for elaborate body 

treatment practices in pre-Neolithic contexts). The Neolithic is believed to have ushered in a 

different set of burial practices involving supine extended interments and higher quantities and 

elaboration of grave goods (Rispoli 2007; Higham et al. 2011a; Higham 2014). However, the 

genealogies reveal a great deal of variation in burial practices during the Neolithic, including 

variation in burial interment, body direction and grave goods (Table A.13). The placement of 

individuals in supine extended position into single graves is dominant, yet individuals are also 

interred in jar burials (Ban Non Wat, Tha Kae), mortuary structures (Khok Phanom Di) and in 

flexed positions (An Son, Ban Chiang, Ban Kao, Man Bac and Ban Non Wat) (Table A.13). Recent 

research at Laang Spean indicates the use of caves for mortuary practices during the Neolithic, a 

topic which has been underexplored relative to large cemeteries in open sites (Zeitoun et al. 

2012). Finally, despite sites containing burials often being represented as formal cemeteries, 

sites including Ban Chiang, Ban Non Wat, Khok Chareon, Khok Phanom Di and Man Bac 

demonstrate evidence for occupation contexts (Table A.13). 

Permanent settlements 

Few Neolithic sites excavated by international scholars provide evidence for domestic activities, 

settlement areas, construction of dwellings and use of space (Section 2.2.2; Table A.14). Within 

Vietnam, most sites have shallow stratigraphy comprising one cultural layer less than 1 m in 

depth and provide little information on settlement and construction practices (Piper and 

Oxenham 2014: 210). The sites of Rach Nui, Loc Giang and An Son in southern Vietnam are 

unique because they exhibit deep stratigraphy in the form of mounded settlements and it is from 

these sites that the most detailed information on settlements has been recovered (Table A.14). 

At all three sites, lime mortar construction was recorded, suggesting a regional tradition in 

southern Vietnam (Table A.14; Nishimura and Nguyen 2002; Piper and Oxenham 2014; 

Oxenham 2015; Piper et al. 2017). 
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Elsewhere in MSEA, occupation contexts associated with burials have been recorded but are 

poorly understood (Table A.14). At Khok Phanom Di substantial wooden structures and clay-

plastered floors and walls are interpreted as mortuary structures, while hearths and middens 

are identified as evidence of mortuary feasts (Higham and Bannanurag 1990; Higham et al. 

1992). At Khok Chareon, Man Bac and Phung Nguyen, postholes indicative of pile dwellings were 

recorded (Nguyen et al. 2004; Oxenham et al. 2011; Tilley and Oxenham 2016; Loofs-Wissowa 

2017). At Ban Non Wat, evidence for Neolithic settlement activities include postholes, pits, 

middens and occupation floors, but the spatial association between the archaeological features 

and the burials is not well understood (Higham and Kijngam 2009, 2011). At Ban Chiang, 

occupation floors have been described associated with the burials (Gorman and Chareonwongsa 

1976). 

Sedentism is inferred at Neolithic sites using proxies including local pottery production, 

dwellings, increased fertility and disease, commensal rodents, domesticated plants and animals, 

large populous cemeteries, and the survival of a quadriplegic individual (Table A.14; see Chapter 

2 for critiques of these proxies). The proxies are not discussed or critically examined, rather they 

are referred to in descriptions of a given site and imply that sedentism is largely self-evident. 

3.2.2.3. Unpacking the Neolithic ‘package’: ‘what kind of a phenomenon was the Neolithic?’ 
(Thomas 1999:221) 

The findings of the genealogical exercise reveal a multivalent and multi-temporal character to 

the MSEA Neolithic. Individual elements of the Neolithic ‘package’ do not show uniform 

geographical distribution; rather, some elements are absent or infrequent at some sites yet 

significant at other sites. The Neolithic elements also demonstrate divergent temporal 

trajectories, both within a given site and across different geographic regions. For example, rice 

and millet appear to be contemporaneous at Rach Nui in southern Vietnam (Castillo et al. 2017) 

whereas in Central Thailand millet appears almost a millennia before rice, with rice arriving 

relatively late to the region (c. 2800 cal BP, Bronze Age; Weber et al. 2010). Chronological and 

geographical variance between Neolithic elements suggests the Neolithic ‘package’ represents 

multiple temporalities and dispersal events, and that individual elements have potentially 

separate histories (Zhang and Hung 2010; Fuller 2011). Additionally, the timing of the MSEA 

Neolithic highlights a significant delay between the establishment of Neolithic attributes (rice 

cultivation, domesticated animals, presumed sedentism) in Chinese sites by at least 8000 cal BP, 

and the appearance of these elements in MSEA by no earlier than 4000 cal BP (Bellwood 2005: 

130; Rispoli 2007; Zhang and Hung 2008). The timeframe sits within White and 

Bouasisengpaseuth’s (2008: 39) ‘missing millennia’ of archaeological research in MSEA and 
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necessitates a more extensive genealogy encompassing sites in China as well as early to mid 

Holocene sites in MSEA. 

The demic diffusion model of the Neolithic is founded on a dualistic epistemology comprising 

categories of ‘agriculture’ and ‘hunter-gatherer’ (Smith 2001). Yet, clear and consistent evidence 

indicates that the Neolithic did not bring about complete replacement of a hunter-gatherer way 

of life. Zooarchaeological analyses from several sites (Ban Lum Khao, Non Pa Wai, Ban Chiang, 

Khok Phanom Di, Ban Non Wat, Man Bac, Loc Giang, Rach Nui, An Son) demonstrate that 

Neolithic groups consumed mixed broad-spectrum diets encompassing a diverse range of 

hunted and foraged terrestrial, riverine and marine resources (Higham and Bannanurag 1991; 

Higham and Thosarat 2004b; Higham and Kijngam 2011; Piper et al. 2012; Rispoli et al. 2013; 

Oxenham et al. 2015; Jones et al. 2019), and is supported by the bioarchaeological evidence 

(Table A.12). The prevalence of broad-spectrum economies during the Neolithic suggests the 

role of cereal cultivation in current conceptual frameworks of the Neolithic needs to be revised. 

New economic practices involving domesticated plants and animals may have been gradually 

integrated into pre-existing subsistence practices, as suggested for Island Southeast Asia (Barton 

and Denham 2011). Oxenham and Buckley (2016b: 659) postulate that the minor dietary role of 

crops such as rice during the MSEA Neolithic may indicate the use of these crops in ritual 

capacities rather than daily subsistence (see Hayden 2011). Evidence for a reliance on food 

production (Smith 2001) is not apparent in MSEA until during the later stages of the Iron Age, 

approximately a millennium after the Neolithic (King et al. 2014; Jones et al. 2019: 9). 

The importance of different economic resources differs between Neolithic sites, indicating 

subsistence strategies were locally contingent and influenced by sociocultural and 

environmental factors (Piper et al. 2012). The variable distribution of domesticated cattle 

remains across Neolithic sites highlights a marked difference in economic strategies between 

eastern (e.g., Thailand) and western (e.g., Vietnam) regions of MSEA (Piper 2017; Table A.8). 

Even within regions, there is significant variability. An abundance of rice remains recovered 

from An Son suggest that rice was cultivated locally, but at Loc Giang, less than 700 m away, very 

few rice remains were recovered, too few to be certain of local cultivation (Bellwood et al. 2011; 

Piper et al. 2017). Rach Nui and Khok Phanom Di appear to have acquired rice through exchange 

with other Neolithic communities rather than local cultivation (Higham and Thosarat 2004a; 

Castillo et al. 2017). Within a given region, mutualistic relationships may have developed 

between some groups who practiced agriculture and other groups who maintained forager 

lifestyles (Shoocongdej 1996). The idea of the Neolithic being fuelled by a rice-based 
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monoculture is now unfounded as crops such as foxtail millet have been securely identified at 

Rach Nui (Castillo et al. 2017) and Non Pa Wai (Weber et al. 2010). Moreover, the economic 

importance of non-cereal crops including vegecultural tubers, roots and fruits at sites such as 

Rach Nui and Khok Phanom Di (Thompson 1996; Castillo et al. 2017) has two implications. First, 

current definitions of agriculture which refer exclusively to cereal crop production are 

insufficient (Section 3.1.1). Second, methodologies used to study agricultural practices need to 

include systematic archaeobotanical analyses of phytoliths, starch and archaeological 

parenchyma (Denham et al. 2020): these analyses are rare in MSEA. 

Identification of Neolithic contexts in MSEA has rested largely on material culture. The Neolithic 

phenomenon and its purported ‘package’ are represented as a fundamental transformation in 

material culture in MSEA (White 2017: 69). Ceramic, shell and stone artefact traditions attest to 

significant variability between sites, thus challenging the idea that the Neolithic was founded on 

a homogenous material culture repertoire (Tables A.1-3; Sarjeant 2014, 2017; White 2017). 

Some differences in material culture may be attributed to regional resource availability, for 

example, the absence of ornaments made from precious stone at sites in southern Vietnam, or 

the presence of shell temper at coastal sites such as Man Bac and Rach Nui (Sarjeant 2014). 

Stone artefacts at An Son, Ban Non Wat and Loc Giang were imported in finished forms (Table 

A.2), probably via established trade routes from specialist stone-working workshops established 

adjacent to quarries, such as Hang Ong Dai, Hang Ong Dung and Suoi Linh in southern Vietnam 

(Frieman et al. 2017) and Trang Kenh (Nguyen 1996) in northern Vietnam. Other differences in 

material culture may be attributed to the location of sites, for example more centrally placed 

sites appear to show a range of ceramic traditions whereas relatively remote sites at ‘the end of 

the line’ (Sarjeant 2014: 381) such as An Son display distinct stylistic differences. Ceramic 

technological analyses at An Son (Sarjeant 2014) and Ban Chiang (White et al. 1991) suggest 

that ceramic variability during the Neolithic is a factor of community-based ceramic production 

involving local stylistic identities. As a salient example of regional diversification, the ‘Mimotien’ 

circular earthwork sites in Cambodia represent a local autochthonous development 

characterised by unique material culture and settlement forms shared between sites and no 

evidence for exotic goods originating outside the region (Dega 1999, 2002; Albrecht et al. 2000).  

In the MSEA Neolithic, burials have been more commonly encountered than the remains of daily 

life, echoing Thomas’ (1999: 126) observation of the British Neolithic that ‘the dead seem to be 

more visible than the living’. The bias towards burials reflects the research agendas of 

international archaeologists rather than the archaeological absence of settlements; domestic 
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MSEA archaeologists have excavated numerous settlements. Secure evidence of Neolithic 

settlements is limited to three sites in southern Vietnam excavated by joint international-

domestic teams. The three sites – An Son, Loc Giang and Rach Nui – provide another example of 

regional diversification in the shared use of lime mortar technology in settlement construction 

(Piper and Oxenham 2014), a hypothesis investigated in this research (Chapters 8 and 10). 

A major limitation of archaeological research on the Neolithic is that most archaeological 

evidence derives from burial contexts, and thus material deposition is symbolic and 

premeditated (Parker Pearson 1999: 5). Burials in MSEA are treated as deliberate mortuary acts 

of deposition that were isolated from daily life. The conceptual distance between mortuary and 

domestic practices mirrors a distinction between ritual/sacred and domestic/profane that 

characterises contemporary western culture (Bruck and Goodman 1999) but may not be 

appropriate to MSEA prehistory. While sites such as Man Bac and An Son in Vietnam 

demonstrate clear separation between burial grounds and settlement areas (Table A.13; 

Bellwood et al. 2011; Oxenham et al. 2011: 4; Tilley and Oxenham 2016), burials at Ban Chiang, 

Ban Non Wat, Khok Chareon and Khok Phanom Di in Thailand occur intermixed with non-

mortuary occupation deposits, although these have not been thoroughly investigated or 

published on (Tables A.13 and A.14; White 2006, 2017; White and Eyre 2011). 

Aside from a focus on grave interments as acts of deliberate deposition, the study of depositional 

modes in the MSEA Neolithic is virtually non-existent. The genealogical exercise revels that one 

of the most significant problems with the concept of the Neolithic in MSEA archaeology is the 

lack of attention paid to understanding site formation processes – including human processes of 

deposition (see White and Eyre 2011: 61-62). Site interpretations are based exclusively on field-

based identifications of burials, hearths, occupation features and middens (also critiqued by 

White 1986). Linking putative Neolithic elements to large-scale Neolithic models is tenuous 

without a clear understanding of how archaeological remains become entrained into 

stratigraphy through human depositional processes. 

The genealogical exercise reveals a mismatch between the existing archaeological evidence and 

current interpretive frameworks of MSEA between 5000 and 3000 years ago. Certainly, at a 

fleeting glance, considerable changes occur in the MSEA archaeological record between c. 5000 

and 3500 cal BP. The bioarchaeological evidence implies that these changes are linked to human 

population migration from the north (Matsumura et al. 2011; Matsumura and Oxenham 2013, 

2014). Triggered by migration, the onset of the Neolithic is thought to occur suddenly and fully 

formed, yet the genealogies of individual elements of the Neolithic show that this is not true. 
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Across the transition from pre-Neolithic to Neolithic periods there is demonstrated overlap, and 

when the Neolithic is ‘established’ by c. 4000-3500 cal BP, variability in social, cultural, 

economic and ideological expression is evidenced by ‘innovation at a local level almost 

immediately after settlement’ (Sarjeant 2017: 182). Individual genealogies of Neolithic elements 

establish diversity in Neolithic lifeways and complexity in Neolithic trajectories, revealing the 

MSEA Neolithic to be much more complicated than a simple ‘package’. Regional differences in 

the Neolithic are outcomes of culturally contingent practices, interactions between new and pre-

existing cultural groups and local environmental conditions: of people coping with their worlds. 

The individual elements of the Neolithic ‘package’ do not amount to one coherent story and this, 

along with other recent studies which integrate domestic archaeological perspectives (e.g., Piper 

et al. in press), is beginning to fracture the Neolithic concept and suggest the possibility of a 

different, or at least multivalent, MSEA past. 

3.3. Synthesis: How is time preconceived in narratives of the MSEA Neolithic? 

The results of the dual genealogical exercise reveal that there is much still to learn about life 

during the Neolithic in MSEA. Neolithic archaeology has been constrained by the short history of 

archaeology in the region. Small and unrepresentative fragments of archaeological landscapes 

have been excavated and archaeological sites are unevenly dispersed between modern 

geopolitical boundaries and accessible environmental terrains. Evidence for the Neolithic 

derives from individual site sequences and only a handful of Neolithic sites have been 

systematically excavated and analysed by international researchers (Figure 3.1; Table 3.1). Two 

main site types have been excavated: cave sites in upland areas and mounded sites in lowland 

alluvial environments. Well-researched sites are clustered in the inland and peninsular regions 

of Thailand, the Red River Delta area of northern Vietnam, and, more recently, the Vam Co and 

Dong Nai drainage basins in southern Vietnam. Other regions including Cambodia, Lao and 

Myanmar are severely under-represented in international archaeological research. The scarcity 

of evidence results in data from different environmental contexts being collated together to 

reconstruct a single, homogenous Neolithic horizon of change. 

The fragmentary, site-specific nature of archaeological evidence in MSEA contrasts markedly 

with the macro-landscape, long-term processes emphasised in dominant interpretive 

frameworks. Approaches to writing prehistory in Southeast Asia conceptualise the Neolithic as a 

chronological and cultural bridge linking Palaeolithic sequences with Bronze, Iron and proto-

historic complex societies. The conventional temporal structure is a progressive unilinear 

narrative. Prehistory unfolds along a teleological course in which time is divided into static 
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cultural periods founded on dualist epistemological categories such as hunter-gatherer/farmer 

and mobile/sedentary (Finlayson 2013: 137). White (2017) recently challenged the overarching 

paradigm of archaeological interpretation in MSEA, which she labels the ‘Mid-20th Century 

Anglophone Paradigm’. White (2017) argues that this paradigm is buttressed by two temporal 

approaches to MSEA prehistory – the ‘bird’s eye view’ (long-term macro-views) and the ‘rear-

view mirror’ (retrospective). These views of time engender an emphasis on origins and 

transitions and is deeply interwoven with the concept of progress, namely, the Past-as-Same 

(Ricoeur 1988c[1985]) relationship with the present. Under the mid-20th century Anglophone 

paradigm, different cultural processes are conflated and variability is overlooked in order to 

reconstruct a prehistory at the macro-scale that is structured by the Three Age System and 

cultural evolutionary progressive complexity narratives (White 2017). 

By contrasting ‘lived’ time and ‘clock’ time, the genealogical exercise reveals the discordance 

between the empirical structure of the archaeological record and the theoretical constructs of 

the Neolithic. Global critical examination of the Neolithic has moved beyond tensions between 

evidence and interpretation to explore the epistemological method of writing and interpreting 

the past (Wylie 1995; Pluciennik 1999; Thomas 1999; Finlayson 2013). Two different 

approaches to writing prehistory are identified (Denham 2004, 2011). Traditional comparative 

approaches focus on large-scale, long-term cultural processes to reconstruct generalised views 

of cultural development. More recently, contextual approaches have emerged which study small-

scale, short-term phenomena within local cultural and environmental contexts. The theoretical 

stances of large- and small-scale approaches relate to a central debate in social science research 

regarding the relative significance of structure and agency and the role of people in influencing 

their own histories (Marx 1926[1852]: 5; Giddens 1979, 1984). 

It is clear from the genealogical exercise that comparative approaches to reconstructing the past 

dominate MSEA archaeology. Archaeological interest ‘is in the dispersals themselves, in their 

tempos, extents, densities of coverage and so forth, rather than in the myriad transformations 

that have muddled up, even buried traces of them in the subsequent millennia’ (Bellwood 2002: 

17). In contrast, the genealogies of individual elements of the Neolithic ‘package’ reveal 

variability in Neolithic practices. Contextual approaches tease out, rather than ‘iron out’ 

(Bellwood 2005: 10) this variability and show the past as different rather than ‘the same as, or a 

pale reflection of, the present’ (Hill 2000: 431). 
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3.3.1. In-between time: reconciling structure/agency through Social time 

The findings of the two-fold genealogical exercise validate use of alternative approaches to time 

in MSEA prehistory. Critical reflection of the concept of time in archaeology began from the 

1980s as the implicit assumption that time equated to chronology was questioned (Leone 1978; 

Shanks and Tilley 1987). The re-theorisation of time was primarily executed through a binary 

contrast between measured, objective time and experienced, subjective temporality (Gosden 

1994; Foxhall 2000; Hodder 2000; Lucas 2005). Conceptions of time in archaeology were 

traditionally dominated by the long term or longue duree (Hodder 1987; Bintliff 1991; Bradley 

1991; Knapp 1992; Stern 1994; Sherratt 1995), because this was seen to be more appropriate to 

a fragmentary record (Bailey 1987, 2007). Emphasis on short-term time resolutions 

accompanied a wider concern in the discipline to recover individual agency in the archaeological 

record (Foxhall 2000; Hodder 2000). Some studies of the short term attempted to recover past 

individual or social perceptions of time (e.g., Cooper 1993; Agrawal et al. 1999; Cremo 1999; 

Lucas 2005, Chapter 3), however subjective temporalities are historically and culturally 

constituted and are thus inaccessible to present-day archaeologists (Barrett and Ko 2009). 

Another approach of the short term involves investigating the relationship between time and 

materiality through object biographies, multi-temporality and social memory (e.g., Barrett 1994; 

Lane 1994; Thomas 1996; Olivier 1999). Archaeologists have also explored the role of time in 

structuring the archaeological record (Bailey 1987, 2007; Stern 1994; Murray 1999b; Lucas 

2005, Chapter 3; Holdaway and Wandsnider 2008b) and a few have delved into philosophical 

issues of time (Gosden 1994; Thomas 1996). 

The opposition between short-term and long-term timescales mirrors Ricoeur’s (1988b[1985]) 

contrast between Aristotle’s ‘time of the world’ and Augustine’s ‘time of the soul’, but the 

dualism is a heuristic distinction only. A multitude of levels and resolutions of time exist. For 

example, Durkheim (1915) viewed time as inherently social, meaning that societies in different 

times and places have different perceptions of time. Meanwhile, phenomenology states that time 

is humanly experienced and thus differs between each individual (Heidegger 1962[1927]). 

Attempts to reconcile short-term and long-term dualism, including practice-based (Bourdieu 

1977, 1990; Gardner 2001) and dwelling approaches (Ingold 1993, 2000; Gosden 1994; Bender 

2002; Roddick 2013), emphasise the recursivity of the two scales and the multi-temporal 

dimensions of human engagement with their natural and cultural worlds, as represented in the 

phenomenological concept of Being-in-the-world (Heidegger 1962[1927], 78-9). 
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In this thesis, the temporal dualism underlying long-term and short-term approaches in 

archaeology, and the underlying structure/agency dichotomy they reference, is bridged by 

introducing a third category of time, referred to as social time. Social time conceptually sits 

between ‘clock’ time and ‘lived’ time and considers how they unfold and articulate with each 

other (Figure 3.2). In this way, social time reconciles the ‘indeterminate relations’ (Hodder 1999: 

175) between structuring principles and individual agents in human prehistory. 

 
Figure 3.2. Schematic representation of social time linking ‘clock’ time and ‘lived’ time. Human figures were inspired by 
Goldberg et al. (2009) and Hubbard (2015). 

Two major theses in social theory and philosophy provide the theoretical basis for this 

approach: phenomenology (Heidegger 1962[1927]) and practice theory (Bourdieu 1977, 1990). 

First, phenomenology (Section 3.2) is used to give precedence to human temporal histories as a 

way of recovering aspects of human engagement with their worlds. Ricoeur (1988a[1985]) 

believed that the concept of time is grounded in the individual’s temporal experience and is 

humanised through narrative. Hodder (1999) and Thomas (1996) describe that the essential 

human experience of time is story-like and it is through a narrative composition that ‘windows’ 

(Hodder 1999: 129) into the past may be gleaned. Narrative plays an important role in 

archaeological interpretation (Joyce 2002), both in totalising macro views of prehistory – the so-

called grand narratives – and in recovering the ‘faceless blobs’ (Tringham 1991: 97) of 

individuals in the past (see Hodder 1999, 2000). In this thesis, the narrative aspect of social life 

in prehistoric settlements is recovered using a life history approach (Chapter 4). Second, 

practice theory (Bourdieu 1977, 1990) attempts to reconcile the structure/agency dichotomy by 

exploring how daily individual actions and embodied experience reproduce the structuring 

principles of society (Section 2.3). Archaeologists have drawn on practice theory to explore how 



Chapter 3                                                                                   Genealogies of the Neolithic in Mainland Southeast Asian Prehistory 

85 

daily practices contribute to social memory and the reproduction of social structures (Pauketat 

2001; Hodder and Cessford 2004; Denham 2005, 2009). 

There are two points at which phenomenology and practice theory intersect. The first is the 

central role of human experience in constituting our understanding of the world, namely, Being-

in-the-world. The second point of convergence is that this embodied experience is played out in 

the material world, thus human existence is constituted through material engagement. Given 

that materiality is ‘at the heart of archaeological endeavour’ (Bruck 2005: 46), materiality 

provides an entry point for archaeologists to utilise these theories to recover aspects of the 

human past (Thomas 1996, 1999). This does not involve universalising the human experience or 

entering into the minds of past individuals (cf. Hodder 1986: 79): ‘meaning is not locked away in 

the individual mind: it is produced in public, in interaction, in the relationships between people 

and things’ (Thomas 1999: 4). Material engagement occurs in a social world and artefacts are 

material components of social relations which collect different layers of meaning through time 

(Thomas 1996). Social time can be recovered by reconstructing pathways of objects throughout 

circulation in social life to deposition. 

An in-between category of social time acknowledges that humans engage in the world not only 

as individuals but also as members of social groups. The idea that a shared world is the basis for 

experiencing reality is implicit to both Heidegger’s Dasein and Bourdieu’s Habitus concepts 

(Lahtinen 2014). Similarly, Durkheim argued that ‘it is the rhythm of social life which is at the 

basis of the category of time’ (Durkheim 1915: 440). For Durkheim (1915), the human 

experience of time and our individual narrative passage through life is derived from social 

actions and events such as tasks and ceremonies. As archaeologists, ‘the living experience we 

uncover is not that of the individual but of collectives’ (Goodman 1999: 153). A focus on social 

processes across short-term timescales ‘provides a platform for developing an approach to both 

daily life and to the long-term structural processes of social life through their transgenerational 

continuities and discontinuities’ (Goodman 1999: 153). 

Social time is a useful framework for studying sedentism because settlement has temporal 

duration beyond the individual. Settlements are an active arena of social space and constitute a 

familiar setting of Being-in-the-word (Chapter 2). Within settlements, rhythms of bodily 

movement and repetition of activities across daily, seasonal, annual and generational timescales 

create memory associations and ways of experiencing the world (Barret 1994). Material 

elements within settlements accumulate meaning through time and contribute to the ongoing 

recursivity of social life. According to Souvatzi (2013: 58), a ‘settlement as a whole served as a 
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material manifestation of a community’s history and identity’. Architecture is an example of how 

people create their social worlds through material engagement. Buildings are bound up in a 

society’s future temporality, or ‘projects’ (Thomas 1996: 44); once built, buildings ‘stabilise 

social life’ (Gieryn 2002: 35) by giving structure and permanence to social interactions (Wilson 

1988; Rapoport 1990; Ingold 2000; Watkins 2004b). While place grounds human practices in a 

settlement, the sequences of actions and experiences have a narrative structure which parallels 

the narrative structure of human temporality (Thomas 1996: 90). Place – and deposition – thus 

come to have a temporal character through human use (Thomas 1996: 90). 

Studying the Neolithic from the perspective of social time involves characterising change or 

continuity in the temporality of practices within and between archaeological sites spanning the 

Neolithic transition. The question driving the genealogy exercise was: do individual Neolithic 

elements add up to a shared way of life? At the end of this exercise, the question becomes, did 

people living in different Neolithic settlements share the same routines and rhythms of life? Did 

the Neolithic bring about a major disruption to these routines and rhythms? This is the question 

that guides the geoarchaeological analysis of the three settlement sites in this thesis. 

The narrative of settlement and temporalities of practices at the three study sites are 

reconstructed at the microlayer. In contrast to the ‘different vista on humanity’ (Bellwood 2005: 

10) provided by long-term comparative views of prehistory, the micro-scale is ‘the scale at 

which individuals interact with and perceive the landscape, and the scale of the household 

‘experience”’ (Shillito 2017: 10). The micro-scale is more appropriate to the scale of human 

activities and experiences, and thus the scale at which the archaeological record was created 

(Hodder 2000; Goldberg et al. 2009; Mallol and Mentzer 2017). Microarchaeological techniques 

are used to identify and situate material depositional patterns within social rhythms and use of 

space around settlement sites. The rhythms of everyday life (=social time) reconstructed at the 

micro-scale provide the means to link site-specific sequences (=‘lived’ time) to meta-narrative 

processes (=‘clock’ time). By analysing the temporal structure of human practices it is possible 

to explore how small-scale, short-term rhythms constitute broader social, economic and 

environmental processes (Figure 3.2). 

 3.4. Chapter summary 

This chapter critically examined the preconditions, usefulness and shortcomings of the Neolithic 

concept in MSEA archaeology. A dual genealogical approach was used to trace the descent of the 

Neolithic in MSEA archaeology. First, the intellectual and historical contexts of archaeologists 
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conducting research in MSEA were examined. It was demonstrated that the Neolithic paradigm 

originated in early twentieth century European and Southwest Asian archaeology and was 

appropriated to MSEA archaeology through culture history and nationalist archaeology 

theoretical frameworks underlain by a Past-as-Same (Ricoeur 1988c[1985]) relationship 

between the past and present. Second, archaeological evidence for Neolithic practices were 

critically evaluated by reconstructing genealogies of individual elements of the MSEA Neolithic 

‘package’. A high degree of local variability in Neolithic lifeways was demonstrated, challenging 

current Neolithic models which engage with the past through long-term comparative scales and 

perceive the Neolithic as a homogenous cultural phenomenon. 

The discordance between interpretive models and the empirical structure of the evidence 

validates use of alternative approaches to understanding the Neolithic in MSEA. In this thesis, 

the concept of social time is used to bridge individual events and experiences in the 

archaeological record with long-term comparative views of prehistory to understand the social 

dimensions of inhabiting a settlement during the MSEA Neolithic. The next chapter introduces 

the methodological approach used to recover the materiality of social time: the small-scale 

events of deposition that result from the unfolding of social life in settlements. 
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Chapter 4 
The Geoarchaeology of Social Life in Settlements 

A social interpretation of sedimentation is just as necessary as a social view of the artefacts 
contained in the soil. (Gosden 1994: 193) 

Geoarchaeology has the potential to introduce new perspectives of temporality and scale to 

MSEA prehistory. Geoarchaeologists interrogate the nature and integrity of the archaeological 

record by reconstructing how the record formed and transformed over human and natural 

timescales. Like their colleagues in the related fields of geology, geomorphology and 

palaeoecology, geoarchaeologists recognise that scale plays a constitutive role in the search for 

and production of knowledge (Stein 1993; Holdaway and Wandsnider 2008a: 8). Specifically, 

geoarchaeological perspectives can help clarify the recursive relationship between the analytical 

scale at which the archaeological record is studied and the interpretative scales at which the 

past is made meaningful (Bailey 2008: 8). In this way, geoarchaeology can support critical and 

reflexive investigations in archaeology. 

The aim of this chapter is to establish the suitability of geoarchaeology to address the research 

objective of this thesis, namely, to recover the social context of Neolithic life in MSEA. In the first 

section of the chapter (Section 4.1) the research field of geoarchaeology is introduced and its 

hermeneutic role in integrating the social and environmental landscape of past human 

experience is described. In the second section (Section 4.2) the concept of sediment biographies 

is developed using the life history approach borrowed from social archaeology. Sediment 

biographies reconstruct material depositional patterns at settlement sites to illuminate the 

social rhythms of life in prehistoric settlements. The narrative value of this approach is 

summarised at a macro-scale level by investigating site formation processes at occupation sites 

(Section 4.2.1) and a micro-scale level by exploring information preserved in archaeological 

sediments (Section 4.2.2). 

4.1. What is geoarchaeology? 

Geoarchaeology is an interdisciplinary research field located between geomorphology, 

environmental history and archaeology (Butzer 2008: 402). It studies the interrelationships 

between humans and their cultural and natural environments (French 2003: 3), principally 
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through the study of soils and sediments utilising a range of earth science and soil science 

techniques (Butzer 1982: 35; Waters 1992: 3-4). 

Throughout most of the history of modern archaeology sediments were traditionally considered 

as the ‘embarrassing material concealing the objects of prime importance’ (Fedele 1976: 23) and 

were routinely dumped onto the spoil heap of the excavation site. The landmark texts Soils for 

the Archaeologist (Cornwall 1958) and Environment and Archaeology (Butzer 1964) established 

the foundations for the development of a formal research field of geoarchaeology from the 

1970s. The term ‘geo-archaeology’ was coined by Butzer in 1973 (1973: 315) and endorsed in 

Davidson and Shackley’s (1976) edited symposium volume Geoarchaeology: Earth Science and 

the Past. The original growth of the field occurred in association with site formation studies, 

stratigraphic dating and palaeoenvironmental reconstruction (Gladfelter 1977, 1981; Hassan 

1979; Butzer 1982; Waters 1992; Brown 1997; Rapp and Hill 2006). In the last few decades the 

growth of micro-contextual studies in geoarchaeology involving the use of high-resolution 

archaeological science techniques has forged deeper interdisciplinary links with 

microarchaeology and material cultural studies (e.g., Matthews et al. 1997; Boivin 2000; Weiner 

2010; Shillito 2017). It is now recognised that sediments constitute not only the matrix and 

context of cultural materials (Macphail and Goldberg 1995: 1); they are also cultural materials in 

themselves (Shahack-Gross et al. 2005; Karkanas 2010; Weiner 2010) and preserve richly 

networked data on past human practices (Matthews et al. 1997; Karkanas and Goldberg 2008). 

The definition and role of geoarchaeology has been a subject of debate across four decades of 

research (Renfrew 1976; Gladfelter 1977, 1981; Hassan 1979; Butzer 1982; Rapp and Gifford 

1982; Leach 1992; Stein 1993; Rapp and Hill 2006). In earlier decades, some practitioners 

distinguished between archaeological geology – ‘geology that is pursued with an archaeological 

bias or application’ (Butzer 1982:5) – and geological archaeology (geo-archaeology) – 

‘archaeological research using the methods and concepts of the earth sciences’ (Butzer 

1982:35). Archaeological geology was conducted as geological research whereas geoarchaeology 

was supposedly driven foremost by questions proposed by the archaeologist, with an emphasis 

on integrating geological data at a scale equivalent to archaeological interpretation (Butzer 

1980; French 2003; Rapp and Hill 2006). Other researchers did not recognise this distinction 

(Gladfelter 1981: 344; Leach 1992; Goldberg and Macphail 2006 :2). Leach (1992) points out 

that both terms are purely descriptive methodological definitions that fail to describe the 

purpose and value of geoarchaeological research to archaeological knowledge. This remains a 

valid criticism as methodological definitions predominate today (e.g., Gilbert et al. 2017: xxvii). 
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Leach (1992) and Wilson (2011) among other geoarchaeologists have challenged a 

methodological-based definition because methods of data collection are ‘merely a set of tools’ 

(Wilson 2011: 2) and do not in themselves define an independent field. In Leach’s (1992) 

seminal paper, she argues that there is an absence of a collective research objective, 

philosophical framework or set of theories that unites the field of geoarchaeology (see Stein 

1993: 7; Jusseret 2010). Geoarchaeologists have persistently argued that their research suffers 

from a lack of integration with archaeological research (Stein 1993; Goldberg 2008; Goldberg 

and Aldeias 2016). For example, Stein (1993: 8) points out that traditional geomorphological 

studies were commonly ‘relegated to an appendix in the archaeologist’s report’ because of the 

mismatch between archaeological and geoarchaeological scales of resolution. According to Stein 

(1993: 2), geoarchaeologists conduct analyses at traditional geological scales using earth science 

techniques yet are ‘being asked to…make interpretations about the human past at the scale 

(resolutions) defined in archaeology’. 

Interdisciplinary fields such as geoarchaeology incorporate questions, techniques and 

interpretations ‘of different disciplines and, therefore, of different scales’ (Stein 1993: 1). 

Dealing with different temporal and spatial scales can be challenging, but probably constitutes 

geoarchaeology’s greatest contribution to archaeological knowledge. ‘Archaeology provides 

access to a wider range of scales than any other discipline concerned with human affairs’ (Bailey 

2008: 22) and it is in the quandary created by multiple scales that geoarchaeology ‘provides a 

means to understand and manage scalar issues of time and place’ (Denham 2008: 477). 

Geoarchaeology can ‘exten[d] our perspective’ (Wilson 2011: 1) to integrate long geological and 

environmental timespans, and within this expanse of time to contextualise ‘the scale at which 

individuals interact with and perceive the landscape’ (Shillito 2017: 10) across daily, seasonal 

and annual cycles. Geoarchaeologists are in a unique position to observe how small-scale 

individual actions reproduce or transform large-scale cultural and environmental patterns. In 

this way, geoarchaeology contributes to understanding the ‘indeterminate relations’ (Hodder 

1999: 175) between agency and structure in archaeology (Hodder 1999, 2000; Dobres and Robb 

2000) as well as the social sciences more generally (Marx 1926[1852]; Giddens 1979, 1984; 

Bourdieu 1977, 1990). Scale thus provides an avenue for geoarchaeologists to ‘socialise’ 

geoarchaeology through identifying the social processes involved in the formation of the 

archaeological record (Jusseret 2010: 688). 

Today, geoarchaeology is a large interdisciplinary field combining techniques, concepts and 

scales from a range of fields including pedology, palynology, geomorphology, geology, 
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stratigraphy, climatology, geochemistry and geochronology. This thesis is located within a 

specialised sub-field that Goldberg and Macphail (2006: 189) term ‘nontraditional 

geoarchaeology’, Matthews describes as ‘micro-contextual analysis’ (Matthews 2012; Matthews 

et al. 2014) and Butzer (2008: 404) prefers the phrase on-site ‘depositional micro-

environments’. Non-traditional geoarchaeology involves the study of archaeological deposits 

using high-resolution techniques to understand modes of deposition and transformation at a 

micro-scale level. Goldberg and Macphail (2006: 191) consider this approach non-traditional 

due to a traditional geoarchaeological emphasis on regional geomorphology and 

palaeoenvironments. Here, a non-traditional or micro-contextual geoarchaeological approach is 

favoured because the analytical scale of resolution is much closer to the scale of human 

processes that created the archaeological record. This approach centres humans as depositional 

agents who contribute to site formation and allows the recovery of information pertaining to 

human agencies and social practices. The next section explores the potential of using patterns of 

material deposition to reconstruct the rhythms of social life in prehistoric settlements. 

4.2. Sediment biographies: reconstructing the materiality and temporality of 
social life in settlements 

The concept of domestic space is used in this thesis to refer to areas in which domestic activities 

are carried out. Domestic activities are activities through which the physical, social and material 

conditions of life are maintained and transformed. These include: construction of dwellings, 

maintenance of material items and dwelling spaces; preparation of food; waste discard; caring 

for dependents such as elders and children; and, sleeping. In domestic spaces where certain 

activities are performed repeatedly, activity areas may become ‘endowed with meaning through 

practice’ (Matthews et al. 1997: 283). There is potential for material residues associated with 

activities to become entrained onto floors and other occupation surfaces over successive periods 

of use, and thus enter the archaeological record at or close by the activity locality. 

Reconstructing the types of domestic activities carried out in occupation sites was traditionally 

studied through the spatial analysis of architectural remains and floor assemblages (LaMotta 

and Schiffer 1999). Early studies assumed that ‘variation in the structure and content of an 

archaeological assemblage is directly related to the form, nature, and spatial arrangement of 

human activities’ (Binford and Binford 1966: 239). From the 1970s archaeological, ethnographic 

and experimental research challenged the assumed direct relationship between the structure of 

the archaeological record and past human behaviour (Butzer 1964, 1982; Schiffer 1976, 1987; 

Murray 1980; Kent 1984; Cameron and Tomka 1993). Research led by Schiffer (1976, 1987) and 
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Butzer (1964, 1982) focused on identifying processes which form and transform archaeological 

sites over time, also known as site formation processes. Schiffer (1976) classified two types of 

site formation processes: C-transforms, the movement and transformation of material culture by 

human agencies; and, N-transforms, the movement and transformation of material culture by 

natural agencies. 

Natural site formation processes include physical processes (e.g., erosion, sedimentation), 

chemical processes (e.g., ground water) and biological processes (e.g., bioturbation). The 

identification of natural processes draws from multidisciplinary research in the fields of 

sedimentology, soil science, climatology and geochemistry, among others (see Goldberg and 

Macphail 2006 and references there-in). Cultural site formation processes include human 

processes of creation (e.g., raw material procurement, technology), use (e.g., function, 

circulation), re-use (e.g., repurposing artefacts), deposition (e.g., primary discard, secondary 

refuse and abandonment refuse), and post-depositional disturbances (e.g., reoccupation, 

scavenging or earth-moving) (Schiffer 1987). In contrast to natural systems, the diversity and 

impact of cultural formation processes is less well known and there is a lack of established 

criteria for identifying human depositional environments (Karkanas and Goldberg 2008: 69). A 

dedicated body of research combining archaeological, experimental and ethnoarchaeological 

approaches is exploring the potential for human activities to leave signatures in a similar way 

that natural depositional processes leave signatures indicative of origin and depositional 

process (Section 4.2.3; e.g., Goldberg and Whitbread 1993; Macphail et al. 2004; Villagran et al. 

2011a; Milek 2012; Miller and Sievers 2012; Friesem et al. 2014a; Banerjea et al. 2015b; Nicosia 

and Stoops 2017). 

Site formation is a concept that helps archaeologists understand how sites form and transform 

over time. However, site formation models often produce simplistic, abstract formation 

sequences at sites with a long chronology and complex sequence of occupation, such as 

sedentary settlements. Formation processes are processes which ‘affect or transform artifacts 

[sic] after their initial period of use’ by humans (Schiffer 1987: 7, emphasis added). This assumes 

that artefacts, features and structures comprising the archaeological record have singular, 

finished forms, yet many do not (Ingold 2000: 187-188). For example, the construction of a floor 

is a primary activity which produces a ‘finished’ feature, yet use and maintenance activities of 

the floor continue after construction of the floor is finished. These activities fit poorly into 

discrete categories of formation processes. The repetitive cycle of use, cleaning and re-use of a 

hearth is another example. According to the site formation model proposed by Schiffer (1976), 
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the act of sweeping a hearth and redepositing the refuse at a secondary location is a type of 

cultural formation process that is ‘potentially distorting’ (Binford 1981: 200) to archaeological 

interpretations of site use. As Binford (1981: 200) points out, ‘[f]rom the perspective of the 

occupants of the site, it was cleaning up’. Connecting these ‘little events’ and ‘human episodes’ 

(Binford 1981: 197) in time is the process through which archaeologists glimpse the complex, 

articulating relationships between material culture, daily practices and deposition. 

These examples encapsulate the unique way that settlement sites, in contrast to cemetery sites 

and ephemeral occupation sites such as single-use camps, have a unique relationship with time 

in that they are in a constant state of unfolding (Ingold 2000). Deposition of cultural material 

does not occur as a single event but becomes part of daily routines and practices involving 

movement around the site which is repeated across several overlapping timespans. This 

temporal depth to human experiences at settlement sites generates deeply interwoven rhythms 

of individual and social life. In the social sciences, Bourdieu (1977, 1990) developed practice 

theory to explain how daily bodily movements and routines such as sleeping, eating, moving and 

performing domestic tasks can be the mechanisms by which people create and reproduce social 

behaviour and meaning. In archaeology, practice theory is useful to help understand how human 

depositional processes contribute to site formation. Practices are actions with temporal 

structure (frequency, duration and repetition) and temporality plays an important role in 

transmitting and transforming social structures (Goodman 1999; Boivin 2000; Pauketat 2001; 

Terry et al. 2004; Hodder and Cessford 2004; Matthews 2012). 

How can these multi-temporal layers of information preserved in the complex stratigraphy of 

settlement sites be understood within a model of site formation? Simplistic heuristic models of 

the formation of the archaeological record generally fall into two types. The first of these is 

represented by the term ‘Pompeii premise’ (Ascher 1961: 324) and describes instances in the 

archaeological record where depositional events reflecting short-lived human activities are 

rapidly abandoned, buried and preserved. In this model, the archaeological record is viewed as 

‘the remains of a once living community, stopped as it were, at a point in time’ (Ascher 1961: 

324). Examples of this are the dramatic life and death narratives provided by Otzi the Iceman, a 

5000-year-old human body naturally mummified in the Swiss Alps, and the towns of Pompeii 

and Herculaneum, microcosms of the Roman world effectively sealed by the eruption of Mt 

Vesuvius (Hodder 2000: 31). Such events are generally held to be rare instances of preservation 

(Hodder 2000: 31) in comparison to the slower processes of deposition, erosion and burial 
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which form most archaeological landscapes (see Binford 1981; Schiffer 1985; Murray 1999b; 

Bailey 2007; Holdaway and Wandsnider 2008a: 8). 

The second model of the formation of the archaeological record is based on the concept of 

palimpsest, ‘the traces of multiple, overlapping activities over variable periods of time and the 

variable erasing of earlier traces’ (Lucas, 2005: 37). Palimpsests are time-averaged deposits 

formed over relatively longer time periods than ‘Pompeii premise’, hence a longer temporal 

perspective is appropriate to their interpretation (Foley 1981: 14; Stern 1993; Bailey 2007, 

2008). Bailey (2007) distinguishes between true and cumulative palimpsests. True palimpsests 

are palimpsests in which ‘all traces of earlier activity have been removed except for the most 

recent’ (Bailey 2007: 203). To Bailey (2007: 203), the Neolithic house is the model of a true 

palimpsest, where primary refuse is frequently swept and discarded elsewhere, leaving the last 

layer of activity in its primary context. Cumulative palimpsests are palimpsests in which 

‘successive episodes of deposition, or layers of activity, remain superimposed one upon the 

other without loss of evidence, but are so re-worked and mixed together that it is difficult or 

impossible to separate them’ (Bailey 2007: 204). Examples of cumulative palimpsests are shell 

middens formed through multiple episodes of shell discard and rock art consisting of 

superimposed paintings on rock surfaces (Bailey 2007: 204-205).  

Neither of these models are appropriate to understand the layers of temporal meaning 

preserved at settlement sites. An alternative way to understand site formation is through the life 

history or biographical approach developed in social archaeology (Kopytoff 1986; Bailey 1990, 

1996; Tringham 1994, 1995; Shanks 1998; Gerritsen 1999; Gosden and Marshall 1999; Holtorf 

2002). The life history approach can identify and manage temporal relationships involved in the 

constant unfolding of social rhythms in domestic spaces. In her study of Neolithic houses, 

Tringham (1995: 98) developed the life history approach to deal with this ‘time aspect’: 

the duration of the house, the continuity of its generation (its replacement), its ancestors and 
descendants, the memories of it that are held by its actors, the ghosts that are held within its 
walls and under its foundations. In other words, I become interested in its biography. 

The foundations of the life history approach can be traced to the behavioural archaeology 

system proposed by Schiffer (Holtorf 2002: 51) that differentiated the systemic context, 

encompassing the procurement and use life of an artefact, from the archaeological context, 

involving the burial and decay of an artefact after discard (Schiffer 1976). Post-processual 

archaeologists developed the approach to understand the various interconnections and ‘mutual 

biographies’ (Gosden and Marshall 1999: 173) between things and people (e.g., Tringham 1994, 

1995; Tilley 1996; Thomas 1996; Shanks 1998; Gosden and Marshall 1999). A change in 

terminology from ‘use life’ (Schiffer 1976: 60) to ‘life history’ (Tringham 1994: 188) reflected a 
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conceptual shift from considering material culture as being passive objects used by people 

during their lifetimes to having a dynamic and constitutive role in human experience. By 

studying the biographies of material culture, aspects of the biographies of the people who made 

and used them are illuminated (e.g., Bailey 1990, 1996; Tringham 1994, 1995; Gerritsen 1999). 

The life history approach has been successfully used in micromorphological studies to 

reconstruct the life cycle of architectural structures in Natufian and Neolithic sites in Southwest 

Asia (Matthews et al. 1997: 300; Stahlschmidt et al. 2017). 

The objective driving this research is the recovery of the social context of the sedentary 

transition in MSEA, or, to borrow Tringham’s (1994: 188) phrase, ‘the tangible expression of the 

continuity of place’. The life history approach provides an effective framework to address this 

question through emphasising ‘the time aspect’ (Tringham 1995: 98) of deposition: the temporal 

structure and patterning of the archaeological record involving duration, frequency and 

repetition of depositional practices. This approach is realised through linking ‘moments of 

archaeological deposition’ to ‘moments of social action’ (Tringham 1994: 198). By 

understanding the way different components of the archaeological record articulate with time 

and human agency, material depositional patterns at the micro-scale may be linked to social 

rhythms of life in sedentary societies at a larger scale. 

As a starting point for this approach, Kopytoff (1986: 66) asks: what are the biographical 

possibilities of a thing and how are these possibilities realised? The following section reviews 

the biographical possibilities of settlement sites and archaeological components commonly 

encountered in these sites. It establishes an understanding of how components become 

entrained into deposits, first at a macro-scale site level (Section 4.2.1) and subsequently at a 

micro-scale level (Section 4.2.2). As little is known about domestic activities and residential 

buildings in archaeological and ethnoarchaeological contexts in MSEA, the review draws 

selectively from international studies to highlight processes relevant to this research. 

4.2.1. Life histories of occupation sites 

LaMotta and Schiffer (1999) defined three main stages in the life history of a dwelling: 

habitation, abandonment and post-abandonment. These three stages provide the life history 

framework for reconstructing narratives of site formation at settlement sites. At different times 

in the life history of a settlement, different types of cultural and natural formation processes can 

accrete, deplete and transform residues associated with habitation surfaces (LaMotta and 

Schiffer 1999). 
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Habitation: During habitation, primary activities produce an accumulation of residues on 

surfaces, cleaning activities remove primary debris to a secondary location, and maintenance 

activities repair or replace surfaces and structures. The place where objects are deposited or 

discarded is therefore not necessarily where they were used (LaMotta and Schiffer 1999: 20). 

Murray’s (1980) cross-cultural ethnographic research showed that it is rare for material items 

to be discarded at the location of use because most activity areas are cleaned periodically. It is 

common for artefacts larger than 1–2 cm in size to be deliberately removed during cleaning or 

dumped or cached during abandonment (Milek 2012: 120). Smaller items typically less than 2 

cm, including microarchaeological residues, are more likely to be retained at the original 

location of use and are thus more likely to represent primary activities, a premise formalised as 

the McKellar hypothesis (McKellar 1983; Schiffer 1987: 62-63). Maintenance and cleaning 

practices can also produce microartefact residues. For example, Milek (2012) found that 

microscopic residues on floors of historic turf buildings in Iceland were more indicative of floor 

maintenance practices, such as the spreading of ash and turf, than the use of the floor for 

primary activities. 

Architecture influences the accumulation and preservation of artefacts and microarchaeological 

residues on habitation surfaces. Built structures increase opportunities for the accumulation of 

debris and reduce the effects of natural agencies such as wind and water (Butzer 2008). 

Activities taking place in outside areas may not preserve as they are likely to be winnowed, 

removed by water, or, if organic, ingested by scavenging animals. The penetrability of the floor 

substrate influences the degree to which microarchaeological residues accumulate in a primary 

location. Micro-residues may be embedded into surfaces by foot traffic (Matthews 1995; Rentzel 

et al. 2017). Trampling of soft, unconsolidated sediments can give rise to accumulations of 

anthropogenic, organic and mineralogic debris in the form of ‘beaten floor’ deposits (Macphail et 

al. 2004; Goldberg and Macphail 2006: 246). Prepared surfaces of clay or plaster inhibit the 

penetrability of objects due to their hardness and density (Schiffer 1987: 64, 126-128). In pile-

dwellings composed of plant materials, objects may slip through structures to accumulate on the 

ground below (Wallace 2003: 84). Experimental research demonstrated that the accumulation 

of anthropogenic debris on occupation surfaces is promoted by damp conditions; dry or very 

wet conditions lead to reworking or removal of material (Banerjea et al. 2015a). 

Primary residues of activities may be systematically removed to secondary locations through 

cleaning practices. The repeated use of a designated location for the disposal of waste leads to its 

accumulation over time, forming conspicuous features such as middens or pits (Schiffer 1987). 
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Middens may be periodically burnt to sterilise and reduce large volume of waste (Schiffer 1987: 

70; Shillito et al. 2011a: 1036). Distinguishing between secondary refuse and abandonment 

refuse can be difficult because abandoned buildings may be used as locations for waste discard 

(Shillito and Matthews 2013). Not all refuse items may be discarded; some may be recycled, for 

example chaff waste from crop processing may be used to temper pottery (Van der Veen 1999; 

Tomber et al. 2011) and provide fodder for animals (Van der Veen 1999; Albert et al. 2008). 

Domestic refuse including ash, dung, food remains and pottery may be used to temper 

constructed floors (Matthews et al. 1996: 306; Karkanas and Efstratiou 2009; Karkanas and Van 

de Moortel 2014; Stoops et al. 2017: 193). 

Abandonment: Abandonment can be premeditated or spontaneous, and the nature of 

abandonment influences the entry of material culture into the archaeological record (Cameron 

and Tomka 1993: 3). In premeditated abandonment circumstances, portable and valuable 

objects are often removed and taken to a new settlement whilst unwanted or easily replaceable 

objects are left behind (LaMotta and Schiffer 1999). This is based on a ‘least-effort’ assumption 

of human abandonment practices. LaMotta and Schiffer (1999) caution against unrestrained use 

of this assumption by providing examples of ritual abandonment practices that contribute 

additional sources of variability to abandonment site formation processes. Ritual destruction 

practices may involve deliberate house burning after the death of a household member, as 

observed ethnographically in southwest America (Kent 1984: 140) and postulated for 

archaeological sites in Europe and the Levant (Tringham 1994; Stevanovic 1997; Chapman 

1999; Verhoeven 2000). Depletion processes associated with abandonment may not be as 

thorough if abandonment was spontaneous or hurried. Dramatic archaeological events of 

conflagration and destruction of settlements are recognised globally (Torrence and Grattan 

2002). Paradoxically, acts of destruction often promote preservation of archaeological material, 

producing in situ ‘time capsules’ (Namdar et al. 2011: 3471; Driessen 2013) that offer 

quintessential windows into the past. Friesem et al. (2014a) demonstrated that rapid 

conflagration and structural collapse effectively sealed floor deposits, enabling the preservation 

of activity residues on occupation surfaces. 

Post-abandonment: Over time, abandoned settlements are subjected to the same sedimentary 

and pedological processes that affect natural landscapes. Water and wind action erode the 

surface of the site, leading to deflation of higher areas and redeposition of material downslope 

(Butzer 2008: 407). Natural colluvial processes result in a general levelling of topography. 

Discrete structures such as dwellings form mounded deposits (Kirkby and Kirkby 1976) while 
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sites typically acquire smooth, mounded topographies with extended footslopes of colluvially 

redeposited occupational debris (Rosen 1986). Scavenging by humans and animals can 

differentially deplete occupation deposits of certain components, as well as redistribute 

components across different parts of the site (Schiffer 1987). Surfaces are altered by vegetation 

whilst subsurface deposits are altered by soil formation, biological activity and chemical 

weathering (Schiffer 1987; Courty et al. 1989). Chemical weathering may distort the original 

depositional context of artefacts, produce volume changes and lead to the destruction or 

transformation of anthropogenic materials (Karkanas 2010). Decomposition of organic matter 

by biological agents destroys organic materials in occupation deposits (Schiffer 1987). 

Structures composed of earthen materials such as mudbrick degrade primarily through water 

action, resulting in small-scale talus deposits that mimic natural sedimentary regimes (Friesem 

et al. 2014b). The type and severity of post-depositional processes are governed by climatic and 

environmental conditions as well as human reoccupation of formerly abandoned sites. 

4.2.2. Life histories of archaeological sediments from occupation sites 

It is clear from the discussion of life histories of settlements at the macro-scale that artefact 

distributions on occupation surfaces are more likely to represent last use, abandonment or post-

depositional processes than the nature of past activities carried out in those structures (LaMotta 

and Schiffer 1999). The study of microarchaeological residues increases the recovery of 

information relating to use of space. Micro-scale techniques reconstruct hierarchies of formation 

processes, permitting the three stages of pre-deposition, deposition and post-deposition 

influencing the life history of a deposit to be unravelled. A clarification of the terminology of 

soils, sediments and anthropogenic sediments is provided below (Section 4.2.2.1), followed by a 

discussion of material components often encountered in archaeological sediments (Section 

4.2.2.2), and lastly a review of the main post-depositional processes which can transform or 

destroy these components (Section 4.2.2.3). 

4.2.2.1. Defining soils, sediments and archaeological sediments 
Sediments are formed by the transport and deposition of particles by gravity, water, air or ice, or 

by the chemical or biological growth of material in situ (Nichols 2009: 1). There are three types 

of sediments. Clastic sediments are weathered mineral grains with a dynamic history 

encompassing erosion, transport and deposition over a landscape (Goldberg and Macphail 2006: 

46). Chemical sediments are those produced by direct precipitation from solution and include 

sediments formed in evaporative lakes, caves and marine environments (Goldberg and Macphail 
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2006: 13). Organic sediments are composed mainly of organic matter and typically form 

deposits such as peats or organic-rich clays in swamps (Goldberg and Macphail 2006: 13). 

A soil is a deposit that forms in situ through various physical, chemical and biological processes. 

Soil formation can therefore be considered a type of weathering process (Schiffer 1987: 200; 

Stein 1992: 195; Holliday 2004: 3; Goldberg and Macphail 2006:46). Soil formation occurs 

during periods of stability in a landscape, in contrast to dynamic periods of sediment deposition. 

Soil formation processes are responsible for turning sediments into soils over time (Schiffer 

1987: 200). Conversely, a change in geomorphological regimes can expose soil horizons and lead 

to soil material re-entering the sedimentary cycle (Nichols 2009: 93). Jenny’s (1941) classic 

model of soil formation proposed that soil development results from the interaction of five 

independent factors: climate, biota, parent material, topography and time. The role of these 

factors can be inferred from extant soil properties, thus soils are considered 

palaeoenvironmental proxies (Gerrard 1992; Birkeland 1999). 

There has been debate as to whether archaeological materials and stratigraphy constitute soils 

or sediments (Stein 1987; Goldberg and Macphail 2006: 46). To clarify terminology used in this 

thesis, archaeological deposits are referred to as anthropogenic sediments (after Goldberg and 

Macphail 2006: 46). According to Goldberg and Macphail (2006: 46), archaeological deposits 

may be considered anthropogenic sediments because they have a history of transport and 

deposition that, unlike natural sediments, is a result of human agency. Like natural sediments, 

anthropogenic sediments can undergo post-depositional transformations, including reworking 

by natural sedimentary agents such as wind, water or gravity, or modification by soil forming 

processes (Goldberg and Macphail 2006: 46). For example, talus deposits formed from the 

degradation of mudbrick are anthropogenic sediments with a secondary natural depositional 

regime (Friesem et al. 2014b). 

Archaeological sediments are described as being in a primary or secondary context. Primary 

components are found in the initial depositional context at a site, for example primary refuse 

deposited by humans at the location of activity. Secondary components are those which have 

been moved to a secondary location through human (e.g., cleaning and discard) or natural (e.g., 

sedimentary or pedogenic) agencies. 

4.2.2.2. Components in archaeological sediments 

The main components of archaeological sediments can be divided into four categories based on 

respective origin: geogenic, biogenic, organic and anthropogenic (Courty et al. 1989; Goldberg 
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and Macphail 2006). Aspects of composition, identification and interpretive significance are 

summarised for each component type below, followed by a discussion of the main post-

depositional processes that can transform or destroy them. 

Anthropogenic components 

Ceramics are clay-rich artefacts produced and used by humans (Rice 1987). Ceramics include 

pottery, figurines, bricks, crucibles and a range of other material culture (Rice 1987). Pottery is 

the most ubiquitous type of ceramic material and can be intentionally deposited as complete 

vessels, discarded as smaller fragments in midden refuse, or accidently trampled into sediments. 

Ceramic fragments can also be recycled as temper in construction materials (Figure 4.1) (Stoops 

et al. 2017: 190). The microarchaeological study of ceramics involves characterising the 

composition and microstructure to identify the raw materials used, the technological process, 

and drying and firing conditions (Whitbread 1995; Reedy 2008; Quinn 2013). Microscopically, a 

fragment of pottery appears as a discrete feature with clear boundaries and made up of three 

components: clay matrix, voids and inclusions (Quinn 2013).  

 
Figure 4.1. Ceramics in thin section. (a) A thin section scan with the lower half of the thin section showing a series of 
(sub-)horizontally-oriented fragments of pottery. (b) A photomicrograph of a pottery fragment in thin section, showing 
clear boundaries, dense clay matrix, vertical planar voids and mineral sand inclusions. (c) A photomicrograph of a dark 
coloured fragment of pottery fired in reduced conditions and tempered with rice husks. (d) A photograph showing a large 
red coloured fragment of pottery in a floor deposit. (e) A photomicrograph showing a fragment of red coloured pottery 
embedded within a dense microstructure of a constructed floor. Source: images taken by the author on deposits and thin 
sections from Thach Lac and Loc Giang. 

Burnt clay is sediment that has rubified through exposure to heat (Figure 4.2). Exposure of iron-

bearing clay to heat mimics the natural chemical transformation involved in soil rubification, 

leading to iron oxidation (the conversion of Fe2+ to Fe3+) and the formation of hematite that is 

distinctive based on its bright orange-red colour (PPL and OIL) (Courty et al. 1989: 109; Mentzer 
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2014; Ropke and Dietl 2017: 173). It has been suggested that this change starts at about 400°C 

(Berna et al. 2007) to 600°C (Ropke and Dietl 2017: 173) however not all materials show 

reddening when heated (Canti and Linford 2000; Berna et al. 2007; Gur-Arieh et al. 2013). Heat-

induced alterations such as reddening are non-reversible (Courty et al. 1989: 107) and the 

durability of these features assists in identification of burning activities when less stable by-

products of fires are lost due to post-depositional processes (Mentzer 2014; Ropke and Dietl 

2017). Identification of reddening as a result of burning as opposed to natural pedogenic 

rubification needs to be carefully evaluated (Courty et al. 1989: 167; Mentzer 2014). Burning 

produces changes in clay crystalline structure that can be detected in shifts in spectral peak 

position using infrared spectroscopy (Figure 4.2c; Berna et al. 2007; Friesem et al. 2014a). 

 
Figure 4.2. Heat-altered clay in thin section. (a) and (b) Burnt clay aggregates, showing a distinctive red (PPL), crimson (OIL) 
colour. (c) Infrared spectra showing changes in peak position indicative of changes in clay crystalline structure after 
exposure to high temperatures. In the OH region, the absorbance bands at 3700 and 3624 cm-1 diminish as a result of the 
loss of structural water in the clay minerals (Berna et al. 2007; Friesem et al. 2014a). In the Si-O-Si region, the main silica 
band shifts from 1031 cm-1 to higher wavenumbers as a result of the destruction of clay minerals and conversion to 
amorphous and crystalline phases at increasingly higher temperatures (Berna et al. 2007; Friesem et al. 2014a). Source: 
photomicrographs and spectral images taken by the author on thin sections and sediments from Loc Giang. 

Building fragments and construction aggregates are common components of occupation 

deposits (Courty et al. 1989; Matthews et al. 1996; Matthews et al. 1997; Macphail and Goldberg 

2017). They result from the collapse, disintegration or bioturbation of architectural structures 

such as floors, walls and mudbricks. They are characterised by a densely packed fabric with 

sharp edges and evidence of pugging (mixing), characteristic voids including plant 

pseudomorphs and planar fractures from drying or firing, and possibly coarse mineralogenic or 

biogenic inclusions (Courty et al. 1989) (Figure 4.3). 
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Figure 4.3. Construction debris in thin section. (a) and (b) Photomicrographs showing examples of fill deposits containing 
heterogenous construction aggregates. The aggregates are randomly admixed in a biological microstructure produced by 
the action of soil fauna. Source: images taken by the author on a thin section from Loc Giang. 

Constructed floors are ‘intentionally made occupation surfaces prepared from sedimentary 

materials’ (Ge et al. 1993: 151). They are distinguished from inferential surfaces (Wallace 2003), 

otherwise known as ‘living floors’ or ‘beaten floors’ (Goldberg and Macphail 2006: 246), which 

are unintentional surfaces produced through the accumulation of debris and trampling. 

Constructed floors can be distinguished on the basis of micromorphological characteristics, 

including: a massive microstructure; dense homogenous groundmass; evidence of directional 

pressure from pugging (mixing); low porosity with characteristic planar voids (drying/firing or 

trampling), pseudomorphic plant voids (if organics were added), and vesicles (from trapped 

air); uniform distribution and random orientation of anthropogenic, organic and geogenic 

temper; and, sharp boundaries (Figure 4.4) (Courty et al. 1989; Ge et al. 1993; Karkanas 2007: 

779; Macphail and Goldberg 2017). Floors can be relatively homogenous (e.g., composed of local 

geogenic materials), or include diverse temper such as recycled pottery, construction 

aggregates, bone, shell, and plant material including chaff (Figure 4.4) (Matthews et al. 1996: 

306; Karkanas and Van de Moortel 2014; Stoops et al. 2017: 193). 

Lime or calcareous mortars are sophisticated construction materials involving the heat-induced 

conversion of a source of calcium carbonate (CaCO3), such as shell or limestone, to quicklime 

(CaO) (Karkanas 2007). Quicklime is mixed with water into a thick paste to produce slaked 

(hydrated) lime (Ca(OH)2) (Karkanas 2007). It is applied as a building material where, upon 

exposure to air, it naturally reverts to calcium carbonate, producing a hardened, durable surface 

(Karkanas 2007). Identification of lime mortar is based on a number of microscopic attributes, 

including a fine calcitic groundmass (binder), the addition of coarse mineralogenic, organic or 

anthropogenic components (temper), and the presence of unreacted or partially reacted slaked 

‘lime lumps’ and reaction rims (Figure 4.4) (Karkanas 2007; Stoops et al. 2017). 
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In this thesis, the term surface is used to refer to non-constructed occupation surfaces while the 

term floor refers to deliberately constructed surfaces (Ge et al. 1993; Karkanas 2006; Karkanas 

and Van de Moortel 2014). The term plaster is used to refer to the application of a wet medium 

such as clay or lime, usually without a coarse fraction, to produce a fine coat or finish on an 

architectural surface (Weiner 2010: 185; Stoops et al. 2017). The term mortar is used to refer to 

a fabric that consists of a fine matrix (binder) and coarse temper (aggregates) that is used to 

construct architectural surfaces (Weiner 2010: 185; Stoops et al. 2017). 

 
Figure 4.4. Characteristics of constructed floors prepared from lime mortar in thin section. (a) A fragment of floor surface 
showing a dense, massive microstructure and heterogenous inclusions including charred organic material, clay aggregates 
and a large piece of ceramic sherd. (b) A photomicrograph of lime mortar in thin section, consisting of a fine calcium 
carbonate matrix (birefringent in XPL) and a coarse temper fraction of fired clay aggregates, some of which show reaction 
rims. (c) A photomicrograph of the lime mortar groundmass at increased magnification, showing the well-mixed, dense 
microstructure, the fine calcium carbonate binder (birefringent in XPL) and the coarse temper of orange clay aggregates. 
Source: images taken by the author on deposits and thin sections from Loc Giang. 

Ge et al. (1993) proposed a microstratigraphic model of site formation for constructed floors, 

involving a tripartite division between active, reactive and passive zones. Passive unaltered 

zones are structurally intact zones towards the bottom of floors. They are overlain by reactive 

and active zones towards the top of floors where anthropogenic sediments are incorporated and 

the physical structure is fragmented through trampling (Ge et al. 1993). The modelled zones 

have been successfully identified in floors at some archaeological sites (e.g., Ge et al. 1993; 

Matthews et al. 1996; Stahlschmidt et al. 2017), but not others (e.g., Matarazzo et al. 2010). 

Macphail and Goldberg (2017: 345) stress that the model cannot explain the total range of 
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variability of floor microstratigraphy and is best used as a heuristic to ‘understand some of the 

processes involved in the formation of occupation surface deposits’. 

Evidence for trampling and cleaning practices may be found in microstratigraphic layers 

directly overlying constructed floors and other occupation surfaces (Macphail and Goldberg 

2017; Rentzel et al. 2017). Trampling produces microstructural modifications including: 

compaction; sub-horizontal planar voids; laminated, platy or horizontal microstructures; 

horizontal orientation of components; and, in situ fragmentation of coarse inclusions (Figure 

4.5) (Ge et al. 1993; Miller et al. 2010; Milek 2012; Rentzel et al. 2017; Villagran et al. 2017a: 26-

27). Thoroughfares such as streets and trackways accumulate as a result of human and animal 

traffic (Shillito and Ryan 2013). The absence or thinness of debris on occupation surfaces has 

been interpreted as evidence of frequent cleaning and/or use of mats (Matthews et al. 1997: 

294; Macphail and Crowther 2007). 

 
Figure 4.5. Micromorphological characteristics of trampled deposits. (a) Bone fragments showing in situ fragmentation from 
vertical pressure of trampling. The microstructure of the surrounding organic-rich deposits comprises (sub-)horizontal 
undulating microlaminations formed through compaction by trampling. (b) Accumulation of debris (top light-coloured 
layer) embedded onto an occupation surface (bottom dark-coloured layer) through trampling. Source: images taken by the 
author on thin sections from Loc Giang and Lo Gach. 

Biological/organic components 

Unless organic materials at archaeological sites are carbonised through burning or deposited in 

anaerobic burial environments (e.g. waterlogged, arid or frozen environments) the likelihood of 

preservation of organic materials is extremely low (Beck 2015: 12). In tropical environments, 

decomposition of organic matter is accelerated (Morley and Goldberg 2017). Microbial and 

fungal attack will destroy organic remains, liberating compounds for other organisms to uptake 

and leaving behind the mineralised parts. For plants, mineralised remains include phytoliths, 

starch, pollen and calcium oxalate crystals (ash). For animals, the mineralised parts include 

bone, teeth, shell, faecal spherulites and eggshell. Due to their mineralogical composition, these 
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components are considered as ‘inorganic residues of biological origin’ (Stoops 2003: 73) and are 

discussed below. 

Biogenic components: Plants 

The diverse depositional pathways of plant remains in archaeological sites include food 

preparation and cooking, fuel, storage, building construction, plant cultivation, animal 

enclosures and ritual practices (Van der Veen 2007; Matthews 2010). The most common way for 

plant material to be preserved in occupation deposits is through burning (Graham and Smith 

2012: 248). Burning is one of the most common site formation processes and is an integral 

process involved in food preparation, social gatherings, land management, artefact production 

and ritual practices (Canti and Huisman 2015: 98). Burnt components undergo identifiable 

changes in colour, structure and mineralogy, and have the potential to preserve due to their 

carbonised or mineralised state (Canti 2003; Braadbaart and Poole 2008). The study of these 

components can provide insight into temperature and regimes of burning, whether burnt 

residues are in a primary or secondary context, and associated hearth maintenance practices 

(Mentzer 2014; Mallol et al. 2017). 

In situ hearths can be identified based on tripartite microstratigraphy consisting of ash, charcoal 

and rubified sediment (Mentzer 2014). The iron oxide mineral conversions that produce 

rubification is dependent on burning conditions and iron content of the substrate (Canti and 

Linford 2000; Mentzer 2014). When observed in isolation, rubification may not be a reliable 

indicator for burning activities, particularly as it mimics natural pedogenic processes of 

rubification in iron-bearing soils (Mentzer 2014; Mallol et al. 2017). 

Charcoal is formed by incomplete combustion of woody tissues in parts of fires where oxygen is 

low or absent (Braadbaart and Poole 2008). Charcoal is most likely to form in low temperature 

fires (between 350°C and 500°C), reduced oxygen parts of fires or from the burning of material 

with a high water content (Braadbaart and Poole 2008). In thin section, charcoal is identified by 

its black colour, opaque and isotropic properties, and anatomical structure resembling wood or 

plant matter, although cells may be distorted (Figure 4.6) (Mentzer 2014). Identification of wood 

charcoal using micromorphology can be made to a broad level but the random anatomical 

orientation of fragments precludes observation of the transverse, tangential and radial planes of 

section necessary for identification (Matthews 2010: 101). Charcoal is a mostly inert substance 

that preserves well in a range of burial environments and is therefore a robust indicator of fire 

(Braadbaart and Poole 2008; Mentzer 2014). Disintegration can occur in alkaline conditions, 

including in the presence of ash (Cohen-Ofri et al. 2006; Braadbaart et al. 2009; Huisman et al. 
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2012). Charcoal does not generally survive transport across long distances thus its relative size 

is a good indicator of distance from the scene of combustion (Clark 1988). 

Ash is residual material left after the burning of plant material. During combustion, the bulk of 

plant matter, consisting of cellulose, lignin and resinous substances, are transformed to gases, 

charcoal and char (Schiegl and Conrad 2006). The mineralised parts of plants, including salts, 

phytoliths and oxalates, constitute a minor proportion of the original plant matter, and are 

released into sediments as ash (Schiegl and Conrad 2006). The composition of ash depends on 

the fuel used: burning wood-dominated fuel (e.g., trees and shrubs) produces residues 

dominated by charcoal and calcium carbonate pseudomorphs of calcium oxalate crystals 

whereas burning fuel dominated by monocotyledon plants (e.g., grasses) produces ash 

dominated by phytoliths and melted phytolith slags (Canti 2003; Braadbaart et al. 2012). The 

whitish colour of ash is a product of both its siliceous and calcitic composition (Mentzer 2014). 

Calcitic ashes are calcium carbonate pseudomorphs of calcium oxalate crystals found in trees, 

shrubs and herbs (Brochier et al. 1992; Brochier and Thinon 2003; Canti 2003). During burning, 

calcium oxalate crystals are dissolved and reprecipitated as calcium carbonate (Brochier et al. 

1992; Brochier and Thinon 2003; Canti 2003). Calcitic ash differentially forms over charcoal in 

oxidised combustion environments (Braadbaart and Poole 2008: 2435) and requires 

temperatures exceeding 500°C for the conversion of oxalate to calcite (Weiner 2010: 170). 

Calcitic ashes are silt-sized, have rhombic crystal morphologies and show interference colours of 

calcite under cross-polarised light (Figure 4.6). Due to their small size and calcium carbonate 

mineralogical composition, calcitic ashes are easily dissolved in acidic microenvironments and 

can be removed from the deposit through leaching, recrystallise into secondary carbonate or 

combine with other minerals in solution to form authigenic phosphatic minerals (Karkanas et al. 

2000; Weiner et al. 2002; Weiner 2010). Multiproxy studies integrating techniques such as 

micromorphology and FTIR can be used to distinguish calcitic ashes from other natural or 

human sources of calcium carbonate as well as identify the post-depositional by-products of 

chemical alteration of ash deposits (Chu et al. 2008; Regev et al. 2010; Mentzer 2014; Goldberg 

et al. 2017). Ash preservation in open-air, wet and acidic environments is typically low; ashes 

are more likely to preserve in sheltered, dry and alkaline environments, such as caves (Canti 

2003).  
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Figure 4.6. Calcitic ashes and charcoal in thin section. (a) Dispersed calcitic ash and charcoal fragments. (b) in situ 
combustion showing charcoal and calcitic ash pseudomorphs preserved in relict anatomical position. Source: images taken 
by the author on thin sections from Loc Giang and Lo Gach. 

In siliceous ash, the siliceous component of ash from the burning of phytolith-abundant plants 

consists of mostly morphologically unchanged phytoliths (Braadbaart et al. 2012). Phytoliths are 

microscopic bodies composed of biogenic silica that form in the tissues of certain plants, 

particularly monocotyledons (Piperno 2006). Phytolith morphologies can undergo change when 

burnt in the presence of alkaline salts. This lowers the melting temperature of silica (usually at 

1450°C), producing vitrified (glassy) slags (Figure 4.7) (Canti 2003). Phytoliths generally 

preserve well and are stable in acidic, neutral and slightly alkaline conditions (Weiner 2010). 

They thus can be good indicators of burning in cases where calcitic ash has been transformed or 

leached through diagenesis (Schiegl et al. 1996; Albert et al. 2000). 

 
Figure 4.7. Articulated phytoliths and vitrified phytoliths in thin section. (a) Microlaminated siliceous material dominated by 
articulated husk phytoliths of rice. (b) Vitrified (glassy) silica slag formed from the burning of phytoliths at high 
temperatures. Phytolith slags are isotropic and exhibit a vesicular (bubbly) microstructure. Source: images taken by the 
author on thin sections from Loc Giang and Lo Gach. 

Unlike calcitic ashes, phytoliths may enter archaeological sites through human activities 

unrelated to burning, including dung and bedding (Mentzer 2014). Mats woven from grasses 

and reeds produce laminated articulated layers of siliceous material on top of floors (Matthews 

and Postgate 1994: 190; Macphail et al. 2004). Microlaminated deposits of articulated phytoliths 
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from sedges and grasses were identified as evidence for plant bedding at the Middle Stone Age 

site of Sibudu, South Africa (Wadley et al. 2011). At the Bronze Age site of Tel Dor, Israel, pure 

phytolith layers in an undulating microlaminated structure were believed to derive from the 

decay of herbivore dung (Shahack-Gross et al. 2005; Albert et al. 2008). Taxonomic identification 

based on phytolith morphology (Piperno 2006) can be used to identify plant sources. Integration 

of phytolith studies with microstratigraphic and micromorphological methods allows an 

understanding of plant use, depositional mode and human-plant interactions (e.g., Albert et al. 

2008; Shillito 2011; Sulas and Madella 2012). 

Biogenic components: Animals 

Bone is composed of the mineral carbonate hydroxyapatite, also known as dahllite (McConnell 

1952). In thin section bone is orange to yellow in plane-polarised light and exhibits a 

characteristic ropy texture and moderate birefringence in cross-polarised light (Figure 4.8) 

(Courty et al. 1989: 110). Bone preserves well in sediments with a pH above 7.6-8.1 (Berna et al. 

2004). In alkaline conditions, bone minerals dissolve and may recrystallise into authigenic 

phosphatic minerals that can be identified using multiproxy approaches integrating FTIR, SEM 

and micromorphology (Weiner et al. 1993; Karkanas et al. 2000; Weiner et al. 2002; Weiner 

2010). Burning of bone produces characteristic compositional and structural changes including 

a change in colour and birefringence (Stiner et al. 1995; Villagran et al. 2017a). Semi-digested 

and coprolitic bone can also be identified, such as leached bone and bone fragments embedded 

in amorphous coprolitic material (Courty et al. 1989: 114). 

 
Figure 4.8. Bone fragments in thin section. (a) Unburnt bone fragments, trampled in situ. (b) Burnt bone fragment 
exhibiting darker and redder colours than (a). Source: images taken by the author on thin sections from Thach Lac and Lo 
Gach. 

Terrestrial and marine shell is composed of calcium carbonate, including both aragonite and 

calcite. Shells commonly enter archaeological deposits through discard following the 

consumption of shellfish (Figure 4.9). They can also be modified into tools or decoration or used 
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in the production of lime (Canti 2017). Villagran et al. (2011a) and Canti (2017) conducted 

experiments on burnt shell, demonstrating that between 200°C and 700°C shell fragments can 

darken, fracture and lose birefringence and at 900°C they are calcined. Dissolution of primary 

carbonate mineral phases of shell occurs in acidic microenvironments, resulting in translocation 

in pore solution, loss through leaching or secondary reprecipitation if saturation conditions are 

restored (Weiner 2010) (Figure 4.9). 

 
Figure 4.9. Mollusc shell in thin section. (a) Horizontally-oriented fragments of the oyster bivalve Placuna placenta in a 
loose, porous sandy shell midden deposit. (b) A fragment of a mollusc shell showing dissolution of calcium carbonate. 
Source: images taken by the author on thin sections from Thach Lac. 

Coprolites (Figure 4.10) can be attributed to animal or human origin using micromorphology 

(Courty et al. 1989; Bronnimann et al. 2017a; Bronnimann et al. 2017b) and biomolecular 

analysis utilising gas chromatography–mass spectrometry (Shillito et al. 2011b). The primary 

depositional pathway of dung in archaeological sites is its accumulation in livestock trackways 

and enclosures (Shahack-Gross et al. 2003; Macphail et al. 2004; Shahack-Gross et al. 2004). 

Several archaeological and ethnographic studies have reported additional ways that dung can 

become entrained into deposits, including use as fertiliser (Bogaard et al. 2013), fuel (Milek 

2012; Gur-Arieh et al. 2013, 2014) and construction material (Boivin 2000; Shahack-Gross et al. 

2004; Matthews 2005, 2010; Karkanas 2006; Berna 2017a; Gur-Arieh et al. 2018). Shahack-

Gross (2011) outlined criteria for the identification of dung, listing five durable indicators of 

dung: elevated levels of phosphate, nitrogen isotopes, grass phytoliths, faecal spherulites, and 

microlaminated sediments in livestock enclosure areas. Faecal spherulites are small (5-20 µm) 

radially arranged crystals composed of calcium carbonate that form in the gut of herbivores. 

Given their calcium carbonate composition, spherulites dissolve easily in non-alkaline 

environments (Canti 1999; Lancelotti and Madella 2012; Gur-Arieh et al. 2014) and are unlikely 

to preserve in wet, tropical soils. 
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Figure 4.10. Coprolites in thin section. They exhibit: irregular, rough outlines; dark-brown external coatings; an amorphous 
organic fibrous composition that may be humified and/or phosphatised; internal pseudomorphic vegetal voids; and, 
embedded biogenic silica bodies (phytoliths from ingested plant matter and diatoms from ingested drinking water; 
Shahack-Gross 2011: 207). Source: images taken by the author on thin sections from Loc Giang. 

Geogenic components 

Geogenic components of archaeological sites have a natural origin and depositional regime and 

are dominated by aeolian and waterlain sediments, rocks and weathered parent material. The 

size, shape and composition of particles are indicative of the energy involved in the 

transportation of the material (Nichols 2009). At the ancient tell site of Abu Salabikh in Iraq, 

Matthews and Postgate (1994: 201) reported wind- and water-laid deposits in unroofed areas. 

Natural sediments deposited as substantive and laterally continuous layers between 

archaeological deposits may indicate hiatuses in human occupation (Figure 4.11). Macphail et al. 

(2010) reported the effects of marine inundation at archaeological sites, including burial of 

archaeological deposits by estuarine muds. 
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Figure 4.11. Examples of natural sediments in archaeological deposits. (a) Wind-deposited, well-sorted quartz sand grains 
occur as a discrete layer between human occupation deposits at a coastal shell midden site. (b) Waterlain lenses of clays 
and silts deposited under low energy conditions during a human abandonment period at a coastal shell midden site. 
Source: images taken by the author on thin sections from Thach Lac. 

4.2.2.3. Post-depositional processes affecting archaeological sediments 

The taphonomic challenges of working in tropical environments is commonly expressed in 

hyperbole extremes, entailing the hottest, wettest or most chemically active conditions (Pope 

2013), whilst archaeologists who work in these conditions describe their experiences as 

‘formidable’ (Barker et al. 2005:4; see Glover 1979; Gilbertson et al. 2005; Mijares and Lewis 

2009; O’Connor et al. 2010; Gupta 2011; Stephens et al. 2017). The increased temperatures, high 

annual precipitation and heavy monsoonal rains in tropical environments accelerate biological 

activity and chemical processes which are unfavourable to the preservation of archaeological 

materials and stratigraphy (Morley 2017; Morley and Goldberg 2017). The main post-

depositional processes are summarised according to arbitrary categories of biological, physical 

and chemical processes, yet there is often complex interaction between these categories. 

Among physical processes, the infiltration of water due to high rainfall or flooding can lead to 

transformations in the microstructure of a deposit and translocation of fine materials and 

chemicals in solution (Courty et al. 1989: 150-160). Repeated cycles of wetting and drying 

produce microstructural collapse, compaction, and the formation of cracks (Courty et al. 1989: 

151). Translocated clay coatings and infillings may form as a result of water movement through 

a profile (Figure 4.12) (Courty et al. 1989: 156-157; Kuhn et al. 2010). Inundation during 
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tropical wet seasons can deposit surface crusts and reorganise distribution patterns of fine and 

coarse materials, producing well-sorted fine lag deposits or distinctive graded bedding fabrics 

(Homsey and Capo 2006: 253; Pagliai and Stoops 2010). 

 
Figure 4.12. Clay translocation features in thin section. Photomicrographs show a textural pedofeature formed through clay 
translocation and redeposition as an infilling within a void. The crescentic layering of the infilling (PPL) indicates several 
wetting and drying cycles of the deposit. The clay exhibits optical continuity with parallel extinction and strong 
birefringence (XPL) resulting from good alignment of clay domains deposited under low energy conditions. Source: images 
taken by the author on a thin section from Loc Giang. 

Post-depositional alterations by biological agents such as roots, soil fauna and insects are 

referred to as bioturbation. Bioturbation typically produces a well-homogenised biological 

fabric composed of round to ellipsoidal excremental peds produced by soil fauna (Courty et al. 

1989; Kooistra and Pulleman 2010). Other biological features include channels and chambers 

which may have residual plant root sections or characteristic smooth packing around void walls, 

infillings of excremental material, and certain fabric arrangements such as bow-like or 

spheroidal microstructures (Figure 4.13) (Courty et al. 1989; Kooistra and Pulleman 2010). 

Tropical environmental conditions promote intensive bioturbation, leading to the disturbance of 

archaeological stratigraphy and loss of anthropogenic components (Denham 2003; Lewis 2007a; 

Simpson et al. 2008; Kourampas et al. 2009). In the tropics, the growth of vegetation, the activity 

of soil fauna and the decay of organic matter can rapidly follow the abandonment of a site 

(Friesem and Lavi 2017: 8). 
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Figure 4.13. Examples of bioturbation features in thin section, showing disruption of archaeological deposits. (a) Large 
channels through a compacted surface deposit. The channels were created by the action of soil fauna and are infilled with 
excremental aggregates and comminuted anthropogenic material. (b) A smooth circular void created by a plant root. The 
root section is preserved in the centre of the void. The void has subsequently been infilled with soil faunal excremental 
aggregates. Source: images taken by the author on thin sections from Loc Giang. 

Chemical weathering processes include the dissolution, translocation, leaching or 

reprecipitation of mineral compounds in solution (Courty et al. 1989; Weiner 2010), resulting in 

the loss or transformation of anthropogenic components. For example, the growth of authigenic 

crystals can disrupt primary locations of artefacts and stratigraphic boundaries (Figure 4.14b). 

Authigenic minerals can reveal information about the burial environment and the nature of the 

primary material that has been chemically transformed (Karkanas et al. 2000; Weiner et al. 

2002; Karkanas 2010). Some materials can disappear from the profile altogether through 

leaching if conditions for reprecipitation are not achieved. A specific type of dissolution is 

decalcification, the leaching of calcium carbonate. At the Marco Gonzales Maya site in tropical 

Belize, Graham et al. (2015) described decalcification of the calcium carbonate binder of lime 

mortar floors, resulting in a series of ‘ghost’ floors. 

Redoximorphic features form in response to the reduction, movement and oxidation of iron and 

manganese following water saturation and desaturation of sediments (Courty et al. 1989; 

Lindbo et al. 2010). Anaerobic conditions (e.g., submergence) cause the reduction and 

dissolution of iron and manganese oxides whereas aerobic conditions (e.g., drying) cause 

dissolved iron and manganese to become insoluble and reprecipitate as oxides (Figure 4.14a). 

Friesem and Lavi (2017) note that the presence of secondary iron has been used as an indicator 

for occupation horizons in archaeological sites in Southeast Asia, due to numerous episodes of 

wetting and drying in tropical, monsoonal environments. 
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Figure 4.14. Examples of the effects of chemical processes in archaeological deposits. (a) Impregnative dendritic nodule 
formed from the precipitation of iron and manganese oxides. (b) Clusters of authigenic lenticular gypsum crystals, derived 
from the dissolution of calcium- and sulphur-bearing materials such as organic matter and ash, and reprecipitation as 
calcium sulphate (gypsum). Source: images taken by the author on thin sections from Loc Giang and Lo Gach. 

4.3 . Chapter summary 

In this chapter, the different components making up archaeological deposits were shown to 

differ in the way they articulate with human agency and time. Settlement sites form through 

non-uniform rates of deposition, from initial construction of dwellings through subsequent 

occupation over daily, seasonal and annual timescales. Material components in occupation 

deposits have diverse pre-depositional and depositional pathways, and once deposited they are 

variably affected by post-depositional processes. Geoarchaeological investigations can aid in the 

interpretation of multi-temporal deposits at settlement sites by ordering site formation 

processes within a relative temporal sequence and determining the temporal resolution 

appropriate to interpretation. When combined with a life history approach, material 

depositional patterns at the micro-scale can be used to reconstruct the multi-temporal rhythms 

of social life in settlements. The following chapter outlines the geoarchaeological methodology 

and datasets of the thesis. 
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Chapter 5 
Research Methodology 

The first question which natural science generally asks in opening a new investigation of an 
object in nature is: How does it appear? If we would state this question more exactly, we would 
have to say: How does it seem to us? How does it seem to our special human senses? Because, 
as the philosophers tell us, we know nothing about the things as such, we only know how they 
seem to us. 
How does the soil appear to human beings? (Kubiena 1938: 5) 

The research methodology and datasets investigated are outlined in this chapter. In the first 

section (Section 5.1), the usefulness of common geoarchaeological techniques are evaluated and 

the rationale for selecting techniques used in this thesis is discussed. Microarchaeological and 

microstratigraphic techniques are selected based on relative effectiveness in dealing with 

heterogeneity and multi-temporal pathways of components in settlement sites. The collection of 

data using different techniques is facilitated by a multi-scalar approach, outlined in the second 

section (Section 5.2), that orders techniques according to analytical resolution. The use of 

microfacies analysis to integrate and interpret results from different datasets is summarised in 

the third section (Section 5.3). 

5.1. Rationale of geoarchaeological techniques used 

There is a wide range of geoarchaeological and microarchaeological techniques available to 

study archaeological sediments (Goldberg and Macphail 2006). Appendix B lists the most 

common techniques used to study occupation deposits and summarises respective advantages 

and disadvantages. One way of navigating through the myriad of techniques available is to 

classify them based on whether they are performed on disaggregated or aggregated samples. 

Canti (1995) distinguishes between disaggregated (bulk) samples extracted as loose sediments 

and aggregated (contextual) sediment samples extracted as micromorphology blocks or 

sediment cores which preserve the original arrangement of the sediment (see Courty et al. 1989; 

Matthews 1995; Matthews et al. 1997; Goldberg and Macphail 2006). 

Traditional geoarchaeological techniques borrowed from sedimentology and pedology are 

performed on disaggregated sediments. They include textural (particle size analysis), mineral 

(X-ray diffraction, heavy mineral analysis), elemental (X-ray fluorescence, ICP-MS) and 

geochemical analyses (pH, magnetic susceptibility, phosphorous, carbonates and organics) 

(Table B.1; see Goldberg and Macphail 2006). Due to the disaggregated nature, the use of bulk 
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samples blurs microstratigraphy and generates mixed, time-averaged data (Canti 1995: 183). 

The principle limitation of using disaggregated samples is that they ‘fail to unravel the 

compound effects of two successive events (be they geological, archaeological or pedological) 

superimposed on the same material’ (Courty et al. 1989: 4-5). They thus have limited utility and 

interpretive potential for understanding heterogenous, multi-temporal occupation deposits at 

archaeological sites (Matthews 1995). For example, particle size analysis is an established 

technique for characterising the energy and environment of deposition of sediments in 

geomorphology (Folk 1980). However, it performs poorly on archaeological sediments which 

consist of a range of anthropogenic, biogenic and organic components (Courty et al. 1989: 4; 

Goldberg and Macphail 2006: 339). The resultant particle size data does not necessarily relate to 

natural depositional conditions and may generate misleading results. Bulk sediment techniques 

are best used to provide physical (textural) or chemical (elemental and mineral) compositional 

data in a supplementary way and are particularly effective on layers that have formed largely 

through sedimentological or pedological processes. 

The main basis for selecting techniques in this research is their effectiveness in dealing with 

heterogeneity, microstratigraphy and multi-temporal pathways of components in settlement 

sites. Many of the geological and social science techniques used in geoarchaeology are not suited 

to disentangling complex, multi-temporal formation histories of occupation deposits (Courty et 

al. 1989; Matthews 1995). The research questions of the thesis require different methods, 

namely, the use of aggregated samples. In contrast to disaggregated samples, aggregated 

samples preserve the contextual arrangement of the sediment, providing insight into the life 

history of a deposit. The main methods used in this research are therefore carried out on 

aggregated samples, with disaggregated samples used in a limited way to provide 

supplementary compositional data. The different techniques and datasets used in the research 

are summarised in Table 5.1; the rightmost column states the purpose of use for each technique.  
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Table 5.1. Methodological framework and datasets of the thesis. The multiple geoarchaeological techniques are ordered using a multi-scalar framework ranging from macro-scale (field 
observations) to meso-scale (mid-level observations) and micro-scale (microscopic analyses). The rightmost column states the purpose of use for each technique. 

Method 
Site 

Purpose of use in this research 
Thach Lac Loc Giang Lo Gach 

Fi
el

d 

M
ac

ro
-s

ca
le

 

Trench excavation 
records 

✓ 
 

✓ 
 

✓ Field excavation and stratigraphic records 

Micromorphology 
block samples from 
archaeological 
stratigraphy 

n=10 (2015) n=15 (2010); 
n=17 (2014) 

n=19 (2014)  Micromorphology 
QEM-EDS 
‘Mirror-image’ semi-impregnated micromorphology blocks 
used to extract sediment samples for FTIR, phytolith 
concentrations and XRD 

Intact feature 
deposits (e.g., floor 
surfaces) 

- n=71 (2016: preliminary 
inspection and macro-
photography); 
n=14 (2016: exported for 
microstratigraphic 
analysis) 

n=44 (2016: preliminary 
inspection and macro-
photography); 
n=10 (2016: exported for 
microstratigraphic 
analysis) 

Micromorphology 
‘Mirror-image’ semi-impregnated micromorphology blocks 
used to extract sediment samples for FTIR, phytolith 
concentrations and XRD 

Bulk sediment 
samples from 
archaeological 
stratigraphy 

n=18 (2015) n=6 (2014) n=3 (2014) Particle size analysis 
pH 

Micromorphology 
block samples from 
reference material 

n=1 (2015: modern soil 
reference material from 
nearby the archaeological 
site) 

^ ^ Establish a natural environmental baseline for sedimentary and 
pedogenic processes in the local environment nearby the sites 
(micromorphology; FTIR; phytolith concentrations; particle size 
analysis; pH) 

^Permission not granted to extract natural sediments.
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Table 5.1 (cont.). Methodological framework and datasets of the thesis. 
La

bo
ra

to
ry

 

M
es

o-
sc

al
e 

FTIR n=44 (micro-sampled 
from micromorphology 
blocks, cross-correlated 
with thin sections); 
n=45 (bulk sediment 
samples); 
n=5 (modern soil 
reference material from 
bulk sediments and 
sediments micro-sampled 
from the 
micromorphology block) 

n=56 (micro-sampled 
from micromorphology 
block, cross-correlated 
with thin sections); 
n=14 (bulk sediment 
samples); 
n=44 (intact feature 
deposits) 
 

n=55 (micro-sampled 
from micromorphology 
block, cross-correlated 
with thin sections); 
n=8 (bulk sediment 
samples); 
n=37 (intact feature 
deposits) 

All sites: Identify composition of sediments and degree of 
alteration or burning of components. The compositional data 
assists in discriminating between deposit types. Results are 
correlated with micromorphological observations to interpret 
the source, mode of deposition and nature of post-depositional 
processes of the components. 

XRD n=1 (C.113 bulk 
sediment) 

n=3 (F-112, F-113 and F-
141 intact feature 
deposits) 

n=1 (14LGa MSU H1_1.3 
micro-sampled from 
micromorphology block, 
cross-correlated with thin 
section) 

All sites: Used on specific samples to identify mineral 
composition including clay minerals. The results are correlated 
with micromorphology to understand arrangement patterns 
and interpret the source, mode of deposition and weathering 
of mineral constituents. 

Particle size n=18 (bulk sediment 
samples); 
n=2 (bulk sediment 
samples from modern soil 
reference) 

n=3 (bulk sediment 
samples from C.100 
topsoil, C.101 and C.113 
basal deposit) 

n=3 (bulk sediment 
samples from C.100 
topsoil, C.103 and natural 
basal deposit below 
C.105) 

Thach Lac: Reconstruct a depositional sequence of the 
sedimentary environment over time. 
Loc Giang and Lo Gach: Targeted layers identified as ‘alluvium’ 
in the field and natural surface and basal deposits to 
characterise natural environments of deposition.  
Results are compared to micromorphology observations to 
understand microstructures and arrangement patterns of the 
sediments. 

pH n=18 (bulk sediment 
samples); 
n=2 (bulk sediment 
samples from modern soil 
reference) 

n=13 (intact feature 
deposits); 
n=6 (bulk sediment 
samples) 

n=3 (bulk sediment 
samples); 
n=19 (intact feature 
deposits); 
n=1 (bulk sediment 
samples from modern soil 
reference) 

All sites: Indicator of preservation of archaeological and 
biomineral inclusions. 
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Table 5.1 (cont.). Methodological framework and datasets of the thesis. 
La

bo
ra

to
ry

 

M
ic

ro
-s

ca
le

 

Micromorphology n=20 thin sections from 
stratigraphic profiles 
(2015); 
n=2 reference thin 
sections (modern soil 
adjacent to site) 

n=15 thin sections from 
archaeological 
stratigraphy (2010: 
survey of the quarry 
profile); 
n=17 thin sections (2014: 
excavation profiles); 
n=14 thin sections (intact 
feature deposits) 

n=23 thin sections from 
archaeological 
stratigraphy (2014: 
excavation profiles); 
n=10 thin sections (intact 
feature deposits) 

All sites: Main technique used to: identify microstratigraphy; 
characterise composition, contextual arrangements and  
preservation of main components in sediments; identify 
nature of depositional processes and whether a deposit 
formed through human or natural agencies; and, assess 
extent of post-depositional alterations and whether 
components are in primary or secondary depositional 
contexts. 

QEM-EDS and SEM-
EDS 

- n=4 (10LGi-3 and 10LGi-8 
polished thin sections; 
14LGi6 and F-99 polished 
billets prepared from 
intact feature deposits) 

- Loc Giang: Used on representative samples of three deposit 
types to produce a combined visual output of: (1) 
microstratigraphy; (2) mineral distributions; and, (3) 
geochemical (elemental) maps. 

Phytolith 
concentrations 

n=18 (bulk sediment 
samples); 
n=2 (bulk sediment 
samples from modern 
soil reference) 

n=13 (micro-sampled 
from micromorphology 
block, cross-correlated 
with thin sections); 
n=12 (intact feature 
deposits); 
n=4 (bulk sediment 
samples) 

n=18 (micro-sampled 
from micromorphology 
block, cross-correlated 
with thin sections); 
n=3 (bulk sediment 
samples); 
n=10 (intact feature 
deposits); 
n=1 (bulk sediment 
sample from modern soil 
reference) 

All sites: Compare relative input of plant materials across 
deposit types to clarify use of space and human depositional 
practices related to plant processing. Results are compared to 
micromorphology observations. 
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5.1.1. Main technique: archaeological micromorphology 

The main technique used in this thesis is archaeological micromorphology, the microscopic 

study of thin sections of anthropogenic sediments prepared from undisturbed block samples. 

Micromorphology is a type of microstratigraphic analysis that operates on a similar set of 

principles to traditional field-based stratigraphic analysis; a key difference is that it occurs under 

the microscope, and thus at a much finer scale of resolution (Matthews et al. 1997:285; Karkanas 

and Goldberg 2008: 64). Micromorphology was selected as the main technique because it 

provides the most appropriate method to permit characterisation of the composition, state of 

preservation, and depositional context and relationships of a diverse range of constituents 

encountered at occupation sites. The primary methodological advantage of micromorphology 

over traditional geoarchaeological techniques is that it preserves the contextual arrangement of 

deposits, enabling simultaneous and/or successive processes enacting on the formation of 

archaeological stratigraphy to be discriminated and ordered in a relative temporal sequence 

(Matthews et al. 1997; Karkanas and Goldberg 2008). This includes: pre-depositional histories, 

comprising origin and transport of sedimentary components; natural and anthropogenic 

processes of deposition; and, a range of post-depositional transformations encompassing the 

effects of erosive, pedogenic and taphonomic agents that can rework or remove the sediment 

and associated cultural material. 

Micromorphology is regarded as one of the most effective techniques to disentangle the 

temporal hierarchies of site formation processes encompassing human and natural agencies at 

settlement sites (Ge et al. 1993; Matthews et al. 1997; Shahack-Gross et al. 2005; Karkanas and 

Goldberg 2008; Milek and Roberts 2013; Macphail et al. 2017). The temporal resolution and 

sensitivity of micromorphology means that the technique can effectively deal with ‘the time 

aspect’ (Tringham 1995: 98) of material deposition, including the duration, frequency and 

repetition of depositional practices resulting from the continuous unfolding of social life in 

settlements. When micromorphology is combined with a life history approach, multi-temporal 

biographies of diverse cultural, biogenic and geogenic components within occupation deposits 

can be reconstructed (Matthews 1995, 2005, 2012, 2013; Matthews et al. 1997; Wallace 2003). 

The laboratory procedures of micromorphological analysis are provided in Appendix C. 

5.1.2. Supplementary techniques 

Micromorphological analysis is complemented by six supplementary geoarchaeological 

techniques carried out to provide chemical and physical compositional data to assist in the 
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discrimination and interpretation of occupation deposits. The use of multiple, independent 

techniques can overcome limitations associated with each respective technique and provide 

complimentary datasets for cross correlation and multiproxy validation (Canti 1995; Shillito et 

al. 2011a; Milek and Roberts 2013). The supplementary techniques used in this research are: 

Fourier Transform Infrared Spectroscopy (FTIR); X-Ray Diffraction (XRD); phytolith 

concentrations; Automated Quantitative Evaluation of Minerals using Energy Dispersive 

Spectroscopy (QEM-EDS) employing QEMSCAN® technology; pH; and, particle size analysis. 

Appendix C details the analytical protocols followed during data collection procedures. 

FTIR was selected as the main compositional technique to accompany micromorphological 

analysis. FTIR can identify organic, crystalline and amorphous components as well as 

characterise the degree of alteration of archaeological materials, including the transformation of 

clay minerals caused by heating (Weiner 2010). FTIR detects a set of absorption peaks that are 

characteristic of particular materials (Weiner 2010). Variations in the shape and location of 

specific peaks signify the state of atomic order or disorder of materials, which is influenced by 

origin and formation, exposure to high temperatures or diagenetic alteration (Weiner 2010). 

XRD a method of identifying the mineralogical composition of a sample based on the principles 

of X-ray crystallography (Cullity 1978). XRD was conducted on select samples to supplement the 

micromorphology observations and identify the clay minerals present. 

Phytolith concentrations were carried out to provide a comparative measure of the amounts of 

phytoliths in different deposit types. A rapid method of obtaining phytolith counts devised by 

Katz et al. (2010) was followed. The method can identify deposits relatively high in phytoliths 

from those that are relatively low in phytoliths, thus assisting in interpreting use of space and 

depositional practices across different deposit types. 

QEM-EDS consists of an automated scanning electron microscope equipped with multiple 

energy-dispersive X-ray spectrometers. The technique provides quantitative, automated 

mineralogical identification and spatial distribution analysis (Butcher et al. 2000; Pirrie et al. 

2004). Data outputs typically comprise quantitative mineral percentages and mineral maps 

which visually represent spatial associations of minerals, porosity, microstructure and 

microstratigraphy (Edwards et al. 2017). The technique was used on four polished 

micromorphological thin sections from three deposit types from Loc Giang to help elucidate 

composition and formation histories. SEM-EDS (Scanning Electron Microscopy with Energy 

Dispersive X-Ray Spectroscopy) point analyses were performed on the polished thin sections to 
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collect quantitative elemental data from unclassified areas in the QEM-EDS maps to assist in the 

QEM-EDS mineral classification. 

Measurement of pH provides an indication of the alkalinity or acidity of the burial environment 

which influences the solubility and preservation of geogenic, archaeological and biomineral 

components (Weiner 2010). While it is a quick indicator of what is likely to be preserved or 

absent in a deposit, its major limitation is that it reflects contemporary rather than past soil 

conditions (Crowther et al. 1996: 110-111). 

Particle size analysis measures the size distribution of individual particles in a sediment sample. 

The proportions of sand, silt and clay comprise the texture of a sediment and are a proxy for the 

origin, mode of transport and environment of deposition (Goldberg and Macphail 2006). It is an 

established method for understanding sedimentary dynamics and environments of deposition in 

natural landscapes with high a siliclastic proportion of sediments (Folk 1980). Particle size 

analysis was used to identify the depositional conditions of samples thought to have a natural 

sedimentary origin. Specifically, it was used to establish a depositional sequence for the coastal 

site of Thach Lac. Due to problems of using particle size analysis on deposits rich in 

archaeological materials and/or with microstratigraphy (Section 5.1), only targeted samples 

from Loc Giang and Lo Gach were analysed for particle size. The results are compared to 

micromorphological observations of texture and microstructure. 

FTIR, phytolith concentrations and XRD analyses were conducted at the level of 

microstratigraphic units (MSU) defined during micromorphological analysis. A micro-sampling 

strategy was used to collect sediments from the ‘mirror image’ semi-impregnated 

micromorphology blocks left over from thin section manufacture, producing results which are 

directly comparable to the thin sections (Denham et al. 2009) (Figure 5.1). QEM-EDS was 

conducted on polished micromorphological thin sections (30 µm thick) prepared without a 

cover slip. Particle size analysis and pH were performed on bulk sediments from the main 

stratigraphic units of each site. In the next section (Section 5.2), a multi-scalar approach is 

outlined to organise and manage the different geoarchaeological techniques. The resultant 

datasets are correlated and integrated using a microfacies approach (Section 5.3). 
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Figure 5.1. Micro-sampling strategy used in the thesis. (a) Example of a thin section scan. (b) The equivalent ‘mirror image’ 
semi-impregnated slice produced as a by-product of thin section manufacture. (c) A small amount of sediment was carefully 
removed from microstratigraphic units (MSUs) correlated to the thin section for supplementary analyses (XRD, FTIR, 
phytolith concentrations). 

5.2. A multi-scalar approach to manage the geoarchaeological datasets 

Geoarchaeological investigations encompass several analytical and interpretive scales ranging 

from the regional environment to the archaeological deposit and micro-environment of burial 

(Stein 1993; Butzer 2008). The different geoarchaeological techniques used in the thesis engage 

with the archaeological record at varying scales of resolution from field excavation and 

stratigraphic recording to high-resolution laboratory analyses using microscopic methods. A 

multi-scalar approach provides a framework to order the different techniques according to 

relative analytical resolution, thereby reducing leaps between scales of observation (Brewer 

1976; Bullock et al. 1985: 10; Courty 2001). A multi-scalar approach assists in relating 

microscopic data to field-based observations (Canti 1995:186; Denham 2008: 474). It thus 

supports an integral aspect of geoarchaeological research that Butzer labels ‘scale switching, 

from large to small and back again’ (Butzer 2008: 403). 

An arbitrary framework is used to operationalise the continuum of spatiotemporal resolution 

from the landscape to the laboratory into a tripartite classification consisting of macro-scale, 

meso-scale and micro-scale resolutions. Use of the terms macro, meso and micro vary between 

authors and fields of specialisation (e.g., Clarke 1977; Butzer 1982; Dincauze 2000). Individual 

datasets should be analysed and interpreted ‘in terms of their own scales of time and place’ 

(Dincauze 2000: 25:) using scales of analysis appropriate to the research questions framing each 

study. In this research, the terms macro, meso and micro are used to refer to different scales 

within a site to contextualise high-resolution micro-depositional information within field 
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stratigraphic records. The terms are used to arbitrarily group different techniques according to 

analytical resolution, but observations may overlap between different scales. The multi-scalar 

research methodology used in this thesis is illustrated in Figure 5.2. 

Macro-scale relates to the level of the site and involves routine excavation recording methods 

and field-based observations of the stratigraphy. This includes: context and feature recording 

sheets; section drawings; site photography; and, sediment descriptions including field texture 

tests, pH colorimetric tests, and Munsell colour descriptions. At this level, the main stratigraphic 

units are identified and representative sediments are collected using two sampling strategies: 

bulk (disaggregated) samples and micromorphology blocks (aggregated samples) (Canti 1995; 

Goldberg and Macphail 2003). 

Meso-scale is a mid-level scale that assists in moving between field and microscopic levels. 

Meso-scale analyses interrogate the demarcation and inter-relationships of field stratigraphic 

units. Analyses at this scale consist of low powered stereomicroscopy to visually inspect 

microstratigraphy, microstructure and the nature of boundaries in thin section (Arpin et al. 

2002). Particle size and pH analyses are performed on bulk samples to characterise the textural 

and chemical properties of the main stratigraphic units. A micro-sampling strategy is used to 

remove small amounts of sediment from targeted MSUs within the ‘mirror image’ semi-

impregnated micromorphology blocks for FTIR, XRD and phytolith concentration analyses 

(Figure 5.1). 

Micro-scale draws from the definition of microarchaeology proposed by Weiner (2010: 1) to 

refer to information collected using microscopic methods. The main analytical technique at the 

micro-scale is archaeological micromorphology. Micromorphological observations focus on 

characterising: the internal composition and microstructure of stratigraphic units; the 

identification, alteration state and contextual arrangement of individual components; and, the 

nature of boundaries between different units. Micromorphology facilitates cross-correlation and 

interpretation of supplementary geoarchaeological datasets. Additional micro-scale analyses 

include QEM-EDS and phytolith concentrations on targeted samples to obtain compositional 

data. 
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Figure 5.2. Schematic flowchart of the multi-scalar geoarchaeological methodology used in the thesis. Three consecutive 
stages of research utilising different combinations of techniques are defined according to increasing analytical resolution. 
Based on Courty et al. (1989: 65). 
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5.3. A microfacies approach to integrate the geoarchaeological datasets 

Three deposit classification numbers are employed in the thesis. The first classification consists 

of context (C.#) and feature (F-#) numbers assigned in the field according to the context system 

of excavation. The context and feature numbers are recorded on profile drawings and excavation 

recording sheets and are retained on the bulk and micromorphology block sediment samples to 

assist in correlating multidisciplinary datasets. 

The second classification number is assigned during micromorphological analysis to 

differentiate microstratigraphic units (MSUs) too thin to resolve by trowel excavation in the 

field. In thin sections where more than one layer was present, thin sections are assigned an MSU 

number allocated from top to bottom (e.g., MSU 1.3 is the third MSU from the top of thin section 

1). Each MSU is described separately in the micromorphological analysis. 

In reviewing thin section descriptions, it was found that some MSUs from different thin sections 

exhibit similar micromorphological characteristics. Previous micromorphological studies relate 

this phenomenon to shared formation histories of the depositional units and, if the units contain 

a high anthropogenic signature, to consistencies in the type of human activities and use of space 

(Matthews and Postgate 1994; Goldberg et al. 2009; Villagran et al. 2011b). Villagran et al. 

(2011b: 358-359) states that ‘the [micromorphological] similarities indicate an analogous 

origin…meaning that the same deposition agent was responsible for its formation’. This 

approach is referred to as microfacies analysis (after Goldberg et al. 2009; Villagran et al. 2011b; 

Goldberg and Aldeias 2016). 

Microfacies analysis derives from the concept of facies in classical geology which refers to a rock 

or sedimentary layer with specific lithological characteristics that reflect the sedimentary 

environment in which it formed (Reading and Levell 1996: 19). Microfacies analysis extends the 

analytical scale of traditional facies observation from the field to the microscope (e.g., thin 

sections, rock samples and polished blocks) (Flugel 2004). Originally developed within 

sedimentary petrography, the technique has been applied to archaeological micromorphology to 

provide links between field and microscopic observations (Courty 2001). Microfacies analysis 

has proven effective in characterising anthropogenic processes of deposition that do not have 

natural analogues (Courty 2001; Goldberg and Macphail 2006; Goldberg et al. 2009). 

Microfacies analysis is used in this research to provide temporal structure to the 

microstratigraphic investigations. Microfacies is used to group MSUs based on depositional 
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process (and the human practices or natural processes they represent) and to reconstruct 

temporal patterning in site formation. 

A good way to explain the relationship between microfacies and microstratigraphy is through 

analogy to Gould’s (1987) dichotomy between cyclical and linear time. Gould proposed that 

time’s arrow, a metaphor for linear time, and time’s cycle, a metaphor for circular time, 

represent a dichotomy in western thought about the nature of time. Time’s arrow sees history as 

a series of unique events ordered in a chronological sequence. Time’s cycle views history as 

made up of repeated cycles and natural laws. Gould (1987) argued that both metaphors of time 

are necessary to understand the structure and meaning of history. Gould’s (1987) ideas are 

equally applicable to geoarchaeology, where interpretations of stratigraphy are produced by 

incorporating the concepts of cyclical and linear time. Cyclical time is reflected in recurring 

depositional processes created by repeated human activities or natural sedimentary events 

(=microfacies). Over time, the continued layering of deposition produces the general sequence 

build-up of occupation, reflecting the linear time of a site’s history (=microstratigraphy). 

MSUs identified during micromorphological analysis were ascribed microfacies (mF) types  

based on similarities and differences in attributes (e.g., microstructure, groundmass, type and 

percentage of components). Microfacies types are denoted using alphabetical letters (e.g., mF A) 

and the mF classifications are unique to each site (e.g., mF A at Thach Lac is different to mF A at 

Loc Giang). An interpretation of the formation processes associated with each microfacies was 

informed by contextual relationships preserved in thin section, supplementary compositional 

analyses, field observations, and comparisons to reference thin sections and published 

micromorphological literature. 

Once the microfacies analysis was finalised, a microstratigraphic sequence of site formation was 

reconstructed for each site based on the temporal (microstratigraphic) patterning of the 

microfacies groupings. The microstratigraphic sequences are presented in the results chapters 

(Chapters 7-9). Figure 5.3 illustrates the integrated research methodology of the thesis. 

The microarchaeological results are communicated in a way that enhances accessibility and 

understanding for non-specialists. Microfacies descriptions are summarised in the results 

chapters while detailed technical data are reserved for the appendices, following 

recommendations by Goldberg and Macphail (2006) and Goldberg and Aldeias (2016). 

Respective appendices for micromorphological descriptions (Appendices G, I and K) and 

supplementary geoarchaeological data (Appendices H, J and L) are presented for each site. 
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Figure 5.3. Overview of research methodology of the thesis. In the field, bulk and micromorphology block samples are removed from the stratigraphic profile. The micromorphology block 
samples are prepared into thin sections for the micromorphological analysis. At the same time, physical chemical compositional analyses are performed on bulk sediments and sediments 
removed from the ‘mirror image’ semi-impregnated micromorphology blocks using a micro-sampling strategy (Figure 5.1). Once the different datasets are compiled, they are integrated using 
a microfacies approach to identify the main human and natural depositional processes. Lastly, the temporal patterning of microfacies is used to reconstruct a microstratigraphic sequence of 
site formation for each study site. Human figures were inspired by Goldberg et al. (2009) and Hubbard (2015).
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5.4. Chapter summary 

In this chapter, geoarchaeological methods used to study occupation deposits were reviewed 

and a microarchaeological and microstratigraphic approach was outlined as an effective 

research methodology to recover the temporal rhythms of social life in settlements. The 

microarchaeological approach uses archaeological micromorphology as the principle analytical 

technique. Due to its temporal sensitivity, micromorphology is ideally suited to disentangle the 

pre-depositional, depositional and post-depositional pathways of components in occupation 

deposits and to reconstruct the life histories of settlements from a site formation perspective. 

Supplementary techniques provide physical and chemical compositional data to cross-check and 

complement the micromorphological results. The multiple geoarchaeological techniques are 

ordered using a multi-scalar framework and integrated using microfacies analysis. The temporal 

patterning of microfacies is used to reconstruct a microstratigraphic sequence of site formation 

for each of the study sites. 
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Chapter 6 
Background to Sites and Field Sampling 

In this chapter, the environmental and archaeological backgrounds to the three study sites are 

presented. The study sites are located in the tropics, a climatic region between 23° latitude north 

and south of the equator charactered by high temperatures and rainfall (Gupta 2011: 3). The 

tropics can be broadly classified on the basis of rainfall into the humid tropics and the sub-

humid or arid tropics (Gupta 2011: 3). The three sites are located in the humid tropics and have 

a monsoonal climate with distinct wet and dry seasons. The sites are situated in relatively new 

landscapes created as a result of significant geomorphological changes during the early to mid 

Holocene including changing sea levels and delta formation. 

Thach Lac in Ha Tinh Province, northern-central Vietnam is the subject of the first section 

(Section 6.1). Loc Giang and Lo Gach, located in Long An Province in southern Vietnam, have 

similar environmental settings and are therefore described together in the second section 

(Section 6.2). For each site a general introduction to the regional climate, geomorphology and 

sea level histories is given, followed by a summary of the excavation, stratigraphy, radiocarbon 

chronology and collection of geoarchaeological sampling for this research. 

6.1. Thach Lac, Ha Tinh Province, central Vietnam 

6.1.1. Environmental setting 

Thach Lac is located in Thach Lac Commune, Ha Tinh Province, north-central Vietnam at 

coordinates 18°21'58.86''N 105°57'42.78''E (Figure 6.1a). This region of central Vietnam is less 

than 60 km in width, bordered to the east by the South China Sea and to the west by the Annam 

Cordillera, also known as the Truong Son Range. The Annam Cordillera defines the present-day 

border between Vietnam and Laos (Figure 6.1a). From the upland Annamite tropical montane 

forest environments of Central Vietnam, elevation descends rapidly to coastal lowland plains, 

where Thach Lac is situated (Figure 6.1a). Due to the meeting of upland and lowland 

environments, Central Vietnam has the widest range of habitats and climates and one of highest 

areas of biodiversity in the country (Sterling et al. 2006). 
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6.1.1.1. Climate 

According to the Koppen climate classification system (Koppen 1936), Thach Lac has a tropical 

monsoon climate. The region experiences two distinct seasons, a wet season between August 

and November, and a dry season between February and May (Sterling et al. 2006: 218). Annual 

precipitation is 2000-2500 mm (Sterling et al. 2006: 218) and 65-70% of the precipitation falls 

during the wet season. The average annual temperature is 24°C, with an average annual high 

temperature of 30°C and an average annual low temperature of 17°C (Sterling et al. 2006: 218). 

A northeast monsoon blows from September to March and a southwest monsoon blows from 

April to August. Regional vegetation consists of humid tropical evergreen rainforests in the 

mountain ranges and drier dipterocarp deciduous forests and savannah vegetation in the coastal 

plains (Gupta 2005; Sterling et al. 2006). Coastal dune vegetation on sandy soils include 

Casuarina spp., shrubs and grasses. Mangrove forests grow along the banks of rivers and 

estuaries. Natural vegetation has been significantly cleared for rice cultivation. 

6.1.1.2. Geology and geomorphology 

The regional geology primarily consists of unconsolidated sands, silts, clays and peats 

comprising coastal sedimentary successions of recent Pleistocene and Holocene origin (Nguyen 

et al. 1986; Phan 1991). Further inland, sediments are formed on terraces that include 

conglomerate, shale, sandstone, limestone and rhyolite components (Nguyen et al. 1986; Phan 

1991). Soils form on three main parent materials in the area: old marine terraces, old fluvial 

terraces and recent beaches (Truong et al. 1965). Fluvisols form on young unconsolidated 

alluvium of river terraces and floodplains and typically show prominent surface horizons and 

little subsurface profile development. Regosols form on beach ridge and dune deposits of coastal 

zones and show little profile development and no prominent horizons. 

Thach Lac is situated approximately four km southwest of the present-day coastline (Figure 

6.1b). The dominant landform between Thach Lac and the coastline is a relict dune field 

approximately 2-3 km wide running parallel to the present-day shoreline (Figure 6.1b). This 

dune belt comprises a succession of relict beach dune ridges with low-lying undulating sand 

plains and deflation surfaces in between (Figure 6.2). It most likely formed after 6000 cal BP 

following maximum Holocene transgression. Relict dunes that formed as the sea receded denote 

the position of former coastlines (Figure 6.1b). A palaeochannel aligned in a northeast–

southwest direction intersects Thach Lac (Figure 6.1b) and may have been active during human 

occupation of the site. 
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Figure 6.1. Google Earth satellite imagery of the landscape surrounding Thach Lac archaeological site. (a). Thach Lac is 
situated in a low-lying coastal plain in central Vietnam. The top-right map inset shows the area shown in the satellite 
imagery. The white square shows the area magnified in (b). (b) The location of Thach Lac in relation to the modern 
coastline, former coastlines and palaeochannel. A relict dune field approximately 2-3 km wide separates Thach Lac from the 
present-day coastline. Topographical variations and lines of vegetation record the location of beach dune ridges, denoting 
the position of formers coastlines (dashed yellow lines). A palaeochannel can be identified nearby Thach Lac, running in a 
northeast–southwest direction (bold yellow arrow). Further inland, the major land use is agriculture (rice cultivation). 
Modified image from Google Earth (10th September 2015). 
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Figure 6.2. Relict dune landforms between Thach Lac archaeological site and the present-day coastline. (a) an eroding 
beach dune ridge partially stabilised by coastal shrub vegetation, and a deflation surface in the foreground. (b) close-up of a 
dune ridge shown in (a). 

6.1.1.3. Sea level history 

During the mid Holocene, sea levels throughout southeast Asia were higher than present levels. 

A relative sea level rise during the Holocene was driven by the melting of the ice sheets which 

redistributed mass from the land to the oceans at the end of the Last Glacial Maximum about 

20,000 years ago (Stattegger et al. 2013; Khan et al. 2015). In equatorial regions, as far-field 
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locations away from the major ice sheets, hydro-isostatic contributions exceeded glacio-isostatic 

contributions to sea level, producing a mid Holocene highstand (Fleming et al. 1998; Khan et al. 

2015). The subsequent fall of relative sea level to present levels in the late Holocene is mainly a 

result of hydro-isostatic loading (continental levering) (Clark et al. 1978). Sea level records at 

far-field tropical locations including South America, Africa, Asia, and Oceania demonstrate that 

the timing of the mid Holocene highstand varies between 8000 and 4000 years ago and the 

magnitude varies between <1 m and 6 m above present levels (Khan et al. 2015). In Southeast 

Asia, the magnitude and timing of the highstand and the nature of sea level fall to present levels 

is not uniform due to the local effects of hydro-isostacy, tectonism, sedimentation, tidal regimes 

and coastline configurations (Boyd and Lam 2004; Khan et al. 2015: 256). 

In the absence of Holocene sea level records from central Vietnam, other sea level studies nearby 

this region can be used in a tentative way to estimate the magnitude and timing of the mid 

Holocene sea level highstand and concomitant changes in coastal geomorphology nearby Thach 

Lac. Sea level reconstructions closest to Thach Lac are from: the Bac Bo Plain in Song Hong (Red 

River) delta (Tanabe et al. 2003; Tanabe et al. 2006) and Halong Bay (Boyd and Lam 2004) in 

northern Vietnam; and, the coastline between Phan Tiet and Phan Rang in southern Vietnam 

(Stattegger et al. 2013). Wave-cut notches in Halong Bay were used by Boyd and Lam (2004) to 

establish a mid Holocene sea level highstand of 3.25 m above present levels at approximately 

5500 cal BP, prior to sea level lowering to 1.5 m by around 2000 cal BP. In the sedimentary 

facies model for the Song Hong (Red River) delta proposed by Lam and Boyd (2003), a period of 

maximum transgression was established by c. 6700 cal BP, followed by a regressive phase c. 

4500 cal BP. Tanabe et al. (2003) used marine notches, mangrove development, shell middens 

and sedimentary facies to reconstruct Holocene sea levels around the Song Hong (Red River) 

delta area. They reported a sea level highstand of 2-3 m above present levels from 6000 to 4000 

cal BP, with sea falling after 4000 cal BP. Along the southern Vietnamese coast, beachrocks and 

beach ridge deposits record a mid Holocene sea level highstand of +1.4 m between 6700 and 

5000 cal BP, before falling continuously until c. 600 cal BP (Stattegger et al. 2013). 

Based on these studies, a sea level highstand of between 1.5 m and 3 m above present mean sea 

levels between 6000 and 4000 cal BP can be postulated for the Thach Lac study area. Relative 

sea level fall to present levels may have begun as early as 5000 cal BP (Boyd and Lam 2004; 

Stattegger et al. 2013) and certainly by 4000 cal BP (Lam and Boyd 2003; Tanabe et al. 2003). 
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6.1.2. The archaeological site of Thach Lac 

The archaeological site of Thach Lac (18°21’58.8”N/105°57’42.78”E) covers an area greater than 

12,000 m2 (Nguyen et al. 2020). The main archaeological mound lies inside the grounds of Dinh 

Nam Buddhist Temple and rises c. two metres above the surrounding landscape. A stone wall 

demarcates the temple grounds from surrounding modern features including roads, a grass 

playing field, a school, a village centre, agricultural plots and residential properties. The 

archaeological area within the temple grounds has been relatively protected from modern 

activities. Minimal impact land use including gardening and human and animal traffic has 

occurred. In the surrounding agricultural fields the main cropping strategy, inundated rice 

cultivation (Figure 6.1b), has had far greater impact on subsurface deposits. 

The 2015 excavation of Thach Lac was conducted by a collaborative team from the Australian 

National University (Canberra), the Department of Archaeology in the Vietnam National 

University (Hanoi), The Institute of Archaeology (Hanoi) and the Ha Tinh Provincial Museum 

(Ha Tinh). One trench measuring 5 m (E-W) x 4 m (N-S) was excavated in 2015 (Figure 6.3). It 

provided the geoarchaeological samples analysed in the current research. Appendix D provides 

further archaeological information on the site, including a summary of previous excavations, the 

results of the 2015 excavation, and the material culture recovered during the excavation. 

 
Figure 6.3. Placement of the 5 m x 4 m excavation trench at Thach Lac in 2015. Buildings and paved walkways of the Dinh 
Nam Buddhist temple can be seen in the background of the photograph. 
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6.1.2.1. Stratigraphy 

The major stratigraphic units recorded from the 2015 excavation trench and sampled for 

geoarchaeological analyses are summarised in Table 6.1. Profile photographs and section 

drawings of the four exposed walls of the 2015 trench are shown in Figures 6.4 to 6.11. The 

sequence shows a high degree of stratigraphic variation with 15 major stratigraphic units 

identified including human occupation layers and natural sedimentary layers that suggest 

numerous cycles of human occupation and abandonment. The layers slope markedly across the 

trench and vary in thickness between trench walls (Figures 6.4 -6.11). There is a general change 

from relatively thin loose sand and shell deposits at the bottom of the sequence to thick dark 

humic soil horizons towards the surface (Figures 6.4 -6.11). The lower human occupation 

deposits (C.111, C.112 and C.114) are dominated by bedded Placuna Placenta and Anadara sp. 

shell deposits. They are interspersed with sterile layers that are thought to have accumulated by 

natural sedimentation during periods of human abandonment. Most sterile layers (C.105, C.107, 

C.109, C.115) consist of loose sands that were deposited on a sloping surface. One natural sterile 

layers (C.113) is a silty clay loam that was potentially deposited during marine transgression 

following elevated sea levels in the mid Holocene. The upper human occupation layers (C.102 

and C.104) are dark humic sandy silt loams that contain abundant faunal remains, ceramics, 

possible burnt sediments, and markedly fewer shell fragments. Field descriptions of the contexts 

(C.#) and features (F-#) from the 2015 trench are presented in further detail in Appendix D.
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Table 6.1. Summary of Thach Lac stratigraphy and geoarchaeological sampling (2015 excavation). 

Context 
Colour 

(Munsell) 
Sediment 

description 
Archaeological associations 

and field hypothesis 

Basis for 
geoarchaeological 

sampling 

Micromor
phology 

block 
samples 

Trench 
wall 

sampled* 

100 10YR 2/2 
Very dark 
brown 

Dark humic loamy 
sand, loose, non 
plastic, non sticky 

Modern topsoil with reworked 
archaeological materials 

- - S 

101 10YR 2/2 
Very dark 
brown 

Sandy loam, friable, 
non plastic, non 
sticky 

Mixed modern/archaeological 
deposits 

- - S 

102 10YR 4/3 
Brown 

Dark humic sandy 
silt loam, friable, 
plastic, sticky 

Uppermost horizon of the 
archaeological sequence. 
Possible in-situ burning. 

Formation processes, 
nature of human inputs 
and activities 

3, 7 E, S 

103 10YR 5/3 
Mottled 
yellow 
and 
brown 

Sandy silt loam, 
friable, plastic, 
sticky 

Sterile, few cultural materials. A period of human 
inactivity (hiatus) at the 
site? Natural formation 
history? 

3, 7, 8, 16 N, E, S 

104 10YR 4/2 
Dark 
greyish 
brown 

Dark humic sandy 
loam, loose, slightly 
sticky, slightly 
plastic 

Second cultural horizon. Burnt 
deposits, charcoal and discrete 
concentrations of 
archaeological material. 
Possible structural features 
and in-situ burning. 

Formation processes, 
nature of human inputs 
and activities 

8, 16 N, S 

105 10YR 4/6 
Brownish 
yellow 

Loose loamy sands, 
non-plastic, slightly 
sticky. 

Mostly sterile, restricted to the 
west end of the trench, 
deposited on a sloping surface. 

A period of human 
inactivity (hiatus) at the 
site? Natural formation 
history? 

21 W 

106 7.5YR 4/4 
Dark 
brown 

Sandy loam, loose, 
slightly plastic, 
slightly sticky 

Occupation layer restricted to 
the west end of the trench, 
deposited on a sloping surface. 

Formation processes, 
nature of human inputs 
and activities 

21 W 

107 10YR 7/6 
Yellow 

Loose sands, non-
plastic, non-sticky. 
Small grain size. 

Mostly sterile with discrete 
clusters of discarded shell and 
a low amount of burnt 
sediments, and artefacts. 

A period of human 
inactivity (hiatus) at the 
site? Natural formation 
history? 

13 E 

108 7.5YR 4/5 
Strong 
brown 

Dark humic loamy 
sand, loose, non-
plastic, slightly 
sticky 

Occupation layer restricted to 
the east end of the trench 

Formation processes, 
nature of human inputs 
and activities 

13, 14 E 

109 10YR 7/4 
Very pale 
brown 

Loose sands, non-
plastic, non-sticky 

Mostly sterile, restricted to the 
eastern and middle part of the 
trench. 

A period of human 
inactivity (hiatus) at the 
site? Natural formation 
history? 

14 E 

110 10YR 6/6 
Brownish 
yellow 

Loose sands, non-
plastic, non-sticky 

A loose sand and shell deposit 
patchily distributed across the 
trench and consisting 
predominantly of bedded 
Placuna Placenta valves.  

Natural and/or human 
formation processes? 
Change in natural 
depositional 
environment? 

- - 

111 7.5YR 4/4 
Dark 
brown 

Dark, relatively 
compacted sandy 
silt loam, firm, 
plastic, sticky.  

Occupation layer with bone, 
shell, charcoal and pottery 
deposition 

Natural and/or human 
formation processes? 
Change in natural 
depositional 
environment? 

10 E 

112/1 10YR 5/6 
Yellowish 
brown 

Loose sands, non-
plastic, non-sticky 

Anthropogenic shell midden of 
Placuna placenta valves, shells 
tightly bedded and 
predominantly horizontally-
oriented. 

Formation processes of 
layer, nature of human 
activities 

15 E 

*The North wall is shown in Figures 6.4-6.5. The East wall is shown in Figures 6.6-6.7. The South wall is shown in Figures 6.8-
6.9. The West wall is shown in Figures 6.10-6.11.
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Table 6.1 (cont.). Summary of Thach Lac stratigraphy and geoarchaeological sampling (2015 excavation). 
112/2 10YR 6/6 

Brownish 
yellow 

Sand, friable, non-
plastic, non-sticky 

A thin layer of relatively hard, 
compacted sediment with 
crushed shell and charcoal. 

A natural 
surface/interruption in 
deposition? Human or 
natural processes of 
formation? 

  

112/3 10YR 6/6 
Brownish 
yellow 

Loose sands, non-
plastic, non-sticky, 
abundant small 
flakes of shell 
‘hash’. 

Anthropogenic shell midden of 
almost entirely Anadara sp. 
valves, some burnt. 

Formation processes of 
layer, nature of human 
activities 

113 7.5YR 6/4 
Light 
brown 
with a 
blue-grey 
hue 

Silt loam, compact, 
very plastic, very 
sticky. 

A thin, patchily distributed 
deposit, mostly sterile. 

Natural depositional 
environment – period 
of marine 
transgression? A period 
of human inactivity 
(hiatus)?  

15 E 

114/1 2.5YR 4/5 
Light olive 
brown  

Silt loam, friable, 
slightly plastic, 
slightly sticky 

Occupation layer, patchily 
distributed throughout the 
trench, intermittent human 
activity at the site. 

Formation processes of 
layer, nature of human 
activities 

15, 20 N, E 

114/2 10YR 7/4 
Very pale 
brown  

Coarse sand mixed 
with silt loam, 
loose, non-plastic, 
slightly sticky. 

A thin layer of sand, mostly 
sterile, intermittent human 
activity at the site. 

Formation processes of 
layer, nature of human 
and natural processes 

114/3 Light 
brownish 
grey 10YR 
6/2, 
oxidation 
mottles 

Loamy sand, 
friable, non-plastic, 
slightly sticky. 
Sediments are 
compacted around 
and within large 
shell fragments 

Anthropogenic shell midden, 
predominantly Placuna 
placenta, intermixed with 
other archaeological remains. 

Formation processes of 
layer, nature of human 
activities 

20 E 

114/4 10YR 7/4 
Very pale 
yellow 

Loose sands, non-
plastic, non-sticky 

Initial deposition of 
archaeological material at the 
site. Archaeological material 
appeared to be crushed into 
sediments. 

Formation processes of 
layer, nature of human 
activities 

115 Predomin
antly 
2.5YR 7/6 
Yellow, 
with 
white, 
grey and 
blueish 
mottles 

Loose sands, non-
plastic, non-sticky. 

Natural sterile basal deposit of 
fine sands below the 
archaeological sequence 

- - S 

Modern 
topsoil 

10YR 3/3-
4/3 
Brown to 
dark 
brown 

Sandy loam, friable, 
slightly sticky, 
plastic, crumb 
structure. 

Modern topsoil nearby site. Characterise modern 
environmental 
conditions, effect of 
geology and climate on 
soil development 

23 Off-site 

Modern 
subsoil 

7.5YR 5/3 
brown 

Silt loam, firm, 
sticky, plastic to 
very plastic, sub-
angular blocky 
structure. 

Modern subsoil nearby site. 23 Off-site 
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Figure 6.4. Section drawing of the north wall (south-facing profile) of the 2015 excavation trench at Thach Lac. Note the variable thickness and sloping nature of the deposits. The locations of 
the micromorphology block samples analysed in the thesis are indicated by grey rectangles. Source: Drawing by Philip Piper (modified from Nguyen et al. 2020: 31). 



Chapter 6                                                                                                                                                                                                                                                                Background to Sites and Field Sampling 

140 

 
Figure 6.5. Photograph of the north wall (south-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the middle 
and bottom of the profile. Note the variable thickness and sloping nature of the deposits. The locations of the micromorphology block samples analysed in the thesis are indicated by black 
rectangles. 



Chapter 6                                                                                                                                                                                                                                                                Background to Sites and Field Sampling 

141 

 
Figure 6.6. Section drawing of the east wall (west-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the 
middle and bottom of the profile. Note the variable thickness and sloping nature of the deposits. Two large postholes [F-35] and [F-95] associated with C.104 are visible in the centre and right 
(south end) of the profile. The locations of the micromorphology block samples analysed in the thesis are indicated by grey rectangles. Source: Drawing by Philip Piper (modified from Nguyen 
et al. 2020: 25). 
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Figure 6.7. Photograph of the east wall (west-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the middle 
and bottom of the profile. Note the variable thickness and sloping nature of the deposits. Two large postholes [F-35] and [F-95] associated with C.104 are visible in the centre and right (south 
end) of the profile. The locations of the micromorphology block samples analysed in the thesis are indicated by black rectangles. 
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Figure 6.8. Section drawing of the south wall (north-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the 
middle and bottom of the profile. Note the uneven thickness and sloping nature of the deposits. The locations of the micromorphology block samples analysed in the thesis are indicated by 
grey rectangles. Source: Drawing by Philip Piper (modified from Nguyen et al. 2020: 19). 
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Figure 6.9. Photograph of the south wall (north-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the middle 
and bottom of the profile. Note the uneven thickness and sloping nature of the deposits. The locations of the micromorphology block samples analysed in the thesis are indicated by black 
rectangles. 
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Figure 6.10. Section drawing of the west wall (east-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the 
middle and bottom of the profile. Note the uneven thickness and sloping nature of the deposits. The location of the micromorphology block sample analysed in the thesis is indicated by a grey 
rectangle. Source: Drawing by Philip Piper (modified from Nguyen et al. 2020: 14). 
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Figure 6.11. Photograph of the west wall (east-facing profile) of the 2015 excavation trench at Thach Lac. Dark humic layers at the top give way to sand and bedded shell layers in the middle 
and bottom of the profile. Note the uneven thickness and sloping nature of the deposits. The location of the micromorphology block sample analysed in the thesis is indicated by a black 
rectangle. 
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6.1.2.2. Geoarchaeological sampling strategy 

The main question driving the geoarchaeological analysis at Thach Lac is variability over time in 

settlement practices and use of space. 16 micromorphology blocks representing the main 

stratigraphic contexts were sampled from the 2015 excavation trench. All micromorphological 

samples were extracted from stratigraphic profiles following completion of excavation. Due to 

the sloping nature of the mound deposits, contexts were not uniformly distributed across the 

site but had varying thicknesses at different locations and not all contexts were visible in every 

profile. For this reason, areas for sampling were chosen by surveying the four exposed 

excavation walls and selecting a location most representative of each stratigraphic context, and 

where disturbance from bioturbation was minimal. In micromorphology, the nature of contact 

between stratigraphic units helps establish depositional histories, thus, unlike other forms of 

sampling where stratigraphic boundaries are purposely avoided, micromorphology samples 

were placed over unit transitions (Goldberg and Macphail 2003). The stratigraphic locations of 

the micromorphology blocks are shown in the section drawings of the four walls of the 2015 

trench (Figures 6.4-6.11). Table 6.1 lists the field-based hypothesis and questions that the 

micromorphological analysis aimed to test for each stratigraphic context. 

As sampling is destructive to stratigraphy, the sections were cleaned, drawn and photographed 

prior to sample removal. The sampling locations of micromorphology blocks were marked on 

section drawings (Figures 6.4-6.11) and photographed using a macro-lens camera. The sampling 

photographs accompany the thin section descriptions in Appendix G. The samples were then 

carved out of the profile and wrapped in plaster-of-paris bandages using a method described by 

Goldberg and Macphail (2003). In contrast to the use of steel kubiena tins, the plaster-of-paris 

sampling method performs well on unconsolidated sediments, particularly loose sand deposits 

and sediments containing coarse archaeological materials (Goldberg and Macphail 2003; 

Shahack-Gross et al. 2005), such as the sand-dominated shell midden deposits at Thach Lac. 

Additionally, plaster-of-paris proved a flexible method to cater for the different thicknesses of 

stratigraphic units at the site (Figures 6.4-6.11). The samples were labelled with a sample 

number and orientation and laid to dry in a storeroom on-site prior to packaging and couriering 

to Australia. Of the 16 micromorphology blocks sampled, 11 blocks were impregnated and 

sectioned to produce 19 thin sections for micromorphology analysis. Blocks were selected for 

processing based on the degree of intactness and preservation following transport. 

Associated bulk samples were collected adjacent to all micromorphology sampling locations, 

avoiding unit boundaries. Field sediment tests were conducted on the bulk samples including: a 

field colorimetric pH test; the degree of compaction by observing resistance between fingers; 
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sediment texture and the degree of plasticity by performing ribbon and roll tests; and, the 

degree of cohesion by analysing stickiness (Table 6.1). 

Off-site control sampling was undertaken to establish a background environmental signature 

including the influence of local climatic and geological conditions on soil development in the 

site’s vicinity (after Quine 1995; French 2003; Shahack-Gross et al. 2003). An off-site location 

not impacted by human activity was chosen outside the temple grounds, on the edge of a grassed 

playing field. A section was dug to a depth of 40 cm and a micromorphology block and associated 

bulk samples were collected from surface deposits. Section and sampling photographs 

accompany thin section descriptions of this sample in Appendix G. 

6.1.2.3. Radiocarbon chronology 

Radiocarbon dating obtained on materials from Thach Lac were undertaken in the Waikato 

Radiocarbon Dating Laboratory, New Zealand by Fiona Petchey and the results are reproduced 

from Nguyen et al. (2020) in Appendix D. The radiocarbon dates were analysed using Bayesian 

statistical analysis to provide a chronological model of human occupation at the site. Bayesian 

analysis is used to constrain radiocarbon dates with prior information obtained from site 

stratigraphy (Bronk Ramsey 2009a). A total of 26 radiocarbon dates, eighteen dates from 

charcoal and eight dates from Cervidae (deer) tooth dentine, were entered into a multi-phase 

sequential model consisting of three sequential phases – Quynh Van, Thach Lac and Bau Tro – 

separated by hiatus periods. The model was produced in OxCal 4.3 (Bronk Ramsey 2009a) using 

the IntCal13 calibration curve (Reimer et al. 2013). The modelled phases were further 

interrogated using the Interval function to determine the duration of each phase (Bronk Ramsey 

2009a). The likelihood of individual samples being outliers was assessed using the General t-type 

Outlier Model (Bronk Ramsey 2009b). If outliers are detected, the model calculates an 

appropriate offset which downweighs their influence (Bronk Ramsey 2009b; Bronk Ramsey et 

al. 2010). All modelled dates were given a 5% prior probability of being an outlier. The 

convergence integral, a measure of the effectiveness of the Monte Carlo Markov Chain algorithm 

(Bronk Ramsey 2009a), was above 95%. The agreement index (AModel) assesses the overall 

validation of the model and degree of internal consistency of the calibrated ranges and should be 

over 60% for a model to be considered valid (Bronk Ramsey 1995, 2009a). The agreement index 

of the Bayesian age model for Thach Lac was high (AModel = 88.5%). 

The Bayesian age model for Thach Lac is shown in Figure 6.12 and Table 6.2. The Quynh Van, 

Thach Lac and Bau Tro phases of human occupation show minimal or no overlap of age ranges. 

The phase boundaries are shown in Figure 6.13 and Table 6.3. Nine radiocarbon dates from the 
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Bau Tro phase produced a modelled radiocarbon age of c. 4450 to 4150 cal BP, spanning 300 

years or less. The modelled radiocarbon age for the Thach Lac phase, based on 13 radiocarbon 

dates, is c. 4850 and 4600 cal BP, with occupation taking place across a period of less than 250 

years. Four radiocarbon dates from the Quynh Van phase produced a modelled radiocarbon age 

of c. 5100 to 4900 cal BP and a duration of less than 300 years. For both the Thach Lac and 

Quynh Van phases, individual dates show similar age ranges to other dates in the respective 

phases. This suggests that occupation was short-lived, perhaps in the span of years and decades, 

and that the modelled 250-300 year durations may be an artefact of the temporal precision of 

the radiocarbon method. The three phase model is in good agreement with material culture 

changes and archaeological stratigraphy. These lines of evidence are integrated to provide a 

summary of the cultural associations of site stratigraphy in the next section. 
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Figure 6.12. Bayesian age model of radiocarbon dates for Thach Lac. This model is composed of three separate phases 
corresponding to Quynh Van, Thach Lac and Bau Tro. The model was produced in OxCal 4.3 (Bronk Ramsey 2009a) using the 
IntCal13 calibration curve (Reimer et al. 2013). Each date was assumed to have a 5% prior probability of being an outlier 
within the General t-type Outlier Model (Bronk Ramsey 2009b). The light grey distributions indicate the unmodelled (prior) 
calibrated dates and the dark grey distributions indicate the Bayesian modelled (posterior) dates. The bars beneath the 
distributions indicate the 68.2% (above) and 95.4% (below) modelled calibrated age ranges. Each sample number is 
followed by a set of brackets containing the posterior and prior probability of the date being an outlier in the form [O: 
posterior/prior]. 
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Table 6.2. Bayesian age model output for Thach Lac, showing posterior (modelled) radiocarbon distributions, agreement indices, convergence integral and outlier analysis. The model is shown 
in Figure 6.12. 

Phase 
Sample 

Code 
Provenance Material 

Conventional 
Radiocarbon 

BP Age 

Modelled 68.2% 
range cal BP 

Modelled 95.4% 
range cal BP 

Agreement 
index 

(AModel=88.5) 
Convergence 

Outlier analysis 

from to from to Prior Posterior 

Bau 
Tro 

Wk-41888 C.102 Charcoal 3863±20 4349 4238 4401 4229 109.2 99.7  5  4 
Wk-41889 C.102 Charcoal 3887±20 4355 4251 4397 4244 97.4 99.8  5  4 
Wk-41890 C.102 Charcoal 3888±20 4355 4255 4397 4245 97.2 99.7  5  4 
Wk-41891 C.102 Charcoal 3911±20 4371 4290 4413 4252 95.1 99.6  5  4 
Wk-42415 C.102 Tooth: Cervidae: Rusa unicolor 

or Rucervus eldii 
3787±20 4239 4198 4289 4143 95.5 99.1  5  7 

Wk-42416 C.102 Tooth: Cervidae: Axis procinus 3854±20 4344 4234 4398 4179 111.5 99.7  5  4 
Wk-42417 C.102 Tooth: Cervidae 3826±20 4285 4184 4341 4155 90.6 99.6  5  4 
Wk-42418 C.102 Tooth: Cervidae 3831±20 4288 4185 4350 4155 93.8 99.6  5  4 
Wk-42419 C.102 Tooth: Cervidae: Axis procinus 3921±20 4372 4291 4419 4255 90.1 99.6  5  4 

Thach 
Lac 

Wk-41894 C.104 Charcoal 4106±23 4802 4670 4811 4598 77.9 99.4  5  5 
Wk-41895 C.104 Charcoal 4182±20 4758 4657 4828 4645 105.1 99.5  5  4 
Wk-41898 C.106 Charcoal 4117±20 4803 4670 4813 4603 86.9 99.1  5  4 
Wk-41899 C.106 Charcoal 4165±20 4761 4655 4824 4638 106.7 99.5  5  4 
Wk-41903 C.108 Charcoal 4217±20 4754 4708 4838 4651 63.2 99.4  5  4 
Wk-41905 C.109 Charcoal 4213±20 4754 4707 4836 4652 74.6 99.5  5  4 
Wk-42425 C.109 Tooth: Cervidae 4160±20 4762 4655 4822 4633 106.1 99.5  5  4 
Wk-42426 C.109 Tooth: Cervidae 4130±20 4807 4640 4815 4611 95.5 99.2  5  4 
Wk-41907 C.110 Charcoal 4190±20 4756 4662 4830 4646 102.5 99.5  5  4 
Wk-41908 C.110 Charcoal 4144±20 4808 4649 4817 4624 100.9 99.3  5  4 
Wk-41910 C.111 Charcoal 4137±23 4807 4648 4815 4622 99.3 99.3  5  4 
Wk-42429 C.111 Tooth: Cervidae 4174±20 4759 4655 4827 4642 106.4 99.5  5  4 
Wk-41912 C.112 Charcoal 4160±20 4762 4654 4822 4633 105.9 99.5  5  4 

Quynh 
Van 

Wk-41914 C.113 Charcoal 4449±20 5015 4972 5065 4890 109.6 99.6  5  5 
Wk-41916 C.114 Charcoal 4363±20 4973 4910 5033 4869 92.5 99.6  5  4 
Wk-41917 C.114 Charcoal 4389±20 5029 4909 5035 4879 98.3 99.7  5  4 
Wk-41919 C.114/4 Charcoal 4423±20 5031 4965 5046 4890 106.9 99.6  5  4 
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Figure 6.13. Bayesian modelled boundary ages for the three archaeological phases at Thach Lac. 

Table 6.3. Results of the Interval queries for the durations of three archaeological phases at Thach Lac. 

Phase Boundary divisions 
Modelled boundary ages (one 

sigma) cal BP 
Modelled boundary ages (two 

sigma) cal BP Convergence 

Bau Tro 
End Bau Tro 4226-4155 4257-4084 95.3 
Interval duration 122-266 cal years 60-365 cal years 98.2 
Start Bau Tro 4426-4331 4490-4295 98.8 

Thach Lac 
End Thach lac 4702-4604 4801-4560 97.4 
Interval duration 37-176 cal years 8-252 cal years 97.1 
Start Thach Lac 4842-4734 4865-4670 97.3 

Quynh Van 
End Quynh Van 4960-4860 5021-4797 99.3 
Interval duration 35-191 cal years 0-305 cal years 98.7 
Start Quynh Van 5063-4983 5175-4910 96.5 

6.1.2.4. Cultural associations 

The cultural framework of human occupation at Thach Lac consists of three distinct, sequential 

archaeological phases which show minimal or no chronological overlap and are separated by a 

period of human abandonment. The cultural sequence is based on the field stratigraphy, 

radiocarbon chronology and material culture analyses. Zooarchaeological and palaeobotanical 

analyses of Thach Lac materials are ongoing. 

Quynh Van phase: The earliest phase is represented by a single context [C.114] and is dated to c. 

5100 to 4900 cal BP. It is identified as the Quynh Van phase based on the presence of ceramics 

with pointed bases, a regional marker of the Quynh Van Culture (Nguyen et al. 2004: 182). The 

majority of pottery is undecorated. Few sherds show surface decoration consisting of cord-

wrapped paddle-impression (Appendix D). A few stone artefacts, including pounders and 

fragmented grinding stones, were recovered from this phase, along with marine shell, faunal 

bone and a human radius and ulna (Appendix D). 

Hiatus: The Quynh Van cultural phase was succeeded by a hiatus in human occupation in which 

natural sedimentation occurred. This is represented by C.113, a mostly sterile deposit consisting 
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of clays and silts. It is hypothesised to represent flooding of the site during a period of elevated 

sea levels in the mid Holocene. 

Thach Lac phase: The Thach Lac phase includes the contexts C.104 to C.112 and is radiocarbon 

dated to c. 4850 and 4600 cal BP. The lower layers of the Thach Lac phase consist of culturally 

sterile light yellowish-brown sand (C.105, C.107, C.109) interspersed with lenses of darker, 

humic sand containing concentrations of Placuna placenta and Anadara sp. shell, pottery and 

faunal bone (C.106, C.108, C.110, C.112). The alternating sequence of sterile sand deposits and 

cultural deposits indicate intermittent visits to the site that were of relatively short duration 

(Nguyen et al. 2020). A few small postholes were recorded, representing the construction of 

shelters or other structures at the site. 

The nature and duration of human occupation at Thach Lac changed in the final period of 

occupation in the Thach Lac phase (C.104). The uppermost Thach Lac horizon (C.104) is a 

relatively thick dark humic layer with increased concentrations of pottery and bone. Postholes of 

various sizes were recorded, including two structural alignments (Appendix D). The increase in 

material culture and postholes suggest a higher degree of permanency and intensity in site use, 

compared to earlier site visits (Nguyen et al. 2020). 

Pottery in the Thach Lac phase is generally dark grey to brown in colour, tempered with sands, 

and decorated using paddle impression and rare single-line comb incision (Appendix D). Stone 

artefacts included pounders, grinders, a pestle, fully ground and polished shouldered adzes and 

a partial, unfinished shouldered adze (Appendix D). Manufacturing tools and unfinished 

implements indicate stone artefact preparation occurred on-site (Nguyen et al. 2020). Several 

bone artefacts including a bone awl and bone points, were also recovered (Appendix D). 

Hiatus: C.103 overlies the uppermost layer of the Thach Lac phase (C.104) and separates it from 

the succeeding Bau Tro occupation of the site (C.102). It consists of a light yellowish-brown 

sandy loam deposit (C.103) reflecting a period of natural sedimentation at the site. A low 

amount of pottery and faunal bone may have been deposited through minimal activity or 

redeposited from above or below layers through disturbance. Overall, C.103 is interpreted as a 

hiatus in human occupation between the Thach Lac and Bau Tro phases. 

Bau Tro phase: A single layer (C.102) represents the final archaeological please at Thach Lac. It 

consists of a relatively thick, dark brown organic rich sandy silt loam. Numerous large and deep 

postholes were recorded, representing the construction of durable structures. This, together 
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with the thickness of the layer and the abundance of discarded pottery and bone, suggests a 

higher level of relative permanency in site use (Nguyen et al. 2020). Radiocarbon dating of 

materials from C.102 indicates that occupation took place sometime between c. 4450 to 4150 cal 

BP. The succeeding layer [C.101] is a re-worked subsoil that contained large quantities of 

pottery that match pottery from C.102, suggesting that the Bau Tro occupation deposits were 

formerly deeper and have been truncated. 

A departure in pottery traditions was identified in the Bau Tro phase, marked by the appearance 

of red pottery that was decorated with incised rectilinear and curvilinear patterns (Nguyen et al. 

2020; Appendix D). New ceramic artefact classes, including baked clay bow pellets and a clay 

pendant/earring appear in this layer (Nguyen et al. 2020; Appendix D). In contrast to the adzes 

of the Thach Lac phase which were consistently shouldered, shouldered and unshouldered adzes 

were recovered from the Bau Tro phase, in addition to untanged adzes with quadrangular cross-

sections (Nguyen et al. 2020; Appendix D). The presence of pounders, polishers and grinders 

indicate that preparation of stone tools occurred locally (Nguyen et al. 2020; Appendix D). Bone 

artefacts were also recovered from this phase (Nguyen et al. 2020; Appendix D). 

6.2. Loc Giang and Lo Gach, Long An Province, southern Vietnam 

6.2.1. Environmental setting 

Loc Giang (An Ninh Tay Commune, Duc Hoa District) and Lo Gach (Vinh Tri commune, Vinh 

Hung district) are situated near the Vietnam-Cambodia border in Long An Province, southern 

Vietnam. They are both mounded sites situated on river banks on different tributaries of the 

Vam Co River northwest to its confluence downstream. Loc Giang is situated on a slightly raised 

Quaternary alluvial terrace on the east bank of the Vam Co Dong River, the eastern tributary of 

the Vam Co River. Lo Gach is located about 60 km southwest of Loc Giang in an active floodplain 

on the west bank of the Vam Co Tay River, the western tributary of the Vam Co River. The Vam 

Co River is part of the greater Mekong River Delta and Long An Province covers the northeastern 

extent of the Mekong Delta basin. The geomorphological and environmental formation of the 

landscapes encompassing Loc Giang and Lo Gach are closely linked to the evolution of the 

Mekong Delta during the early to mid Holocene. 

6.2.1.1. Climate 

Southern Vietnam has a tropical monsoonal climate, according to the Koppen climate 

classification system (Koppen 1936). The Mekong River basin experiences the summer monsoon 

and its associated wet season between April and October (Hori 2000). The average annual 
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precipitation of 1000–2000 mm falls mainly in the wet season causing an increase in river 

discharge that results in flooding of large parts of Long An Province (Proske et al. 2010: 2). The 

dry season lasts from November to March and experiences almost no precipitation (Hori 2000). 

An average temperature of 27-30°C is relatively uniform throughout the year (Nguyen et al. 

2000: 427). Humidity is high, varying across the year from 68.2% in March to 80.6% in 

September. 

6.2.1.2. Geology and geomorphology 

The northeastern part of the Mekong Delta, including Long An Province and the study sites, has 

generally low elevation, on average 0.5 to 1.5 m above modern sea level (Proske et al. 2010: 2). 

The main geomorphological landforms are the river systems and sediment delivery is 

predominantly via fluvial processes governed by seasonality. Loc Giang and Lo Gach are located 

on river banks within active alluvial floodplains that are today largely deforested and used for 

rice cultivation (Figure 6.14). 

The modern Mekong Delta formed during the last 10,000 to 6000 years, thus the deposits are 

relatively young, comprising unconsolidated alluvial silts and clays of marine and fluvial origin 

(Nguyen et al. 2000). Unconformably underlying the Holocene alluvial sediments are thick 

sequences of geological deposits consisting of Quaternary-age marine clays (Nguyen et al. 2000). 

The Pleistocene-Holocene boundary becomes increasingly shallow approaching the Vietnam-

Cambodian border where Pleistocene terraces denote the early Holocene coastline prior to the 

Mekong Delta formation (Nguyen et al. 2000). The two sites are situated on Quaternary-age 

alluvial terrace landforms (Figure 6.15). 

Due to Long An Province lying within an alluvial plain with no bedrock, deposits are 

unconsolidated and there is no source of rock, volcanic rock or limestone in the region. Lithic 

raw material sources have been identified in the northern part of the Dong Nai River more than 

70 km northeast from Loc Giang and further from Lo Gach (Nishimura and Nguyen 2002: 106; 

Frieman et al. 2017: 936). 

Three major soil types developed in the northeastern part of the Mekong Delta: alluvial soils 

(Fluvisols), humic gley soils (Gleysols) and acid sulfate soils (Thionic-Fluvisols or Thionic-

Gleysols) (Moorman 1961; Ton et al. 1990). These three soil types reference the soil 

classification system of the World Reference Base for Soil Resources published by the Food and 

Agriculture Organisation of the United Nations (FAO 1998). Alluvial soils exist in the vicinity of 

alluvial floodplains of the Vam Co tributaries. Associated with alluvial soils in tropical wetlands 
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are gley soils that are produced by low redox conditions under prolonged water saturation 

(Driessen et al. 2001). These soils form on old alluvial sediments in the northeastern part of the 

Mekong Delta (Moorman 1961; Ton et al. 1990). Acid sulphate soils are the dominant soil group 

in the Mekong Delta generally and the study area specifically (Moorman 1961; Ton et al. 1990). 

They contain a high concentration of iron sulphite minerals (commonly pyrite) which react in 

aerated conditions, following drainage or a decrease in sea level, to form sulphuric acid (Groger 

et al. 2011). The occurrence of acid sulphate soils in the Mekong Delta is attributed to large 

mangrove swamps associated with delta formation that allowed sedimentation to keep pace 

with the rising sea level (Dent and Pons 1985: 267).
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Figure 6.14. Google Earth satellite imagery and photographs showing alluvial landforms surrounding Loc Giang and Lo Gach. 
(a) Loc Giang and Lo Gach are situated along the eastern and western tributaries of the Vam Co River near the Vietnam-
Cambodian border in Long An Province, southern Vietnam. The region is a low-lying active floodplain and land use is 
predominantly rice paddy agriculture. Modified image from Google Earth (24th March 2017). The top-right map inset shows 
the area shown in the satellite imagery. (b) and (c) Photographs of the surfaces of the mounded sites of (b) Loc Giang and 
(c) Lo Gach on the banks of the Vam Co River tributaries. (d) and (e) Photographs of the geomorphological landforms 
surrounding Loc Giang and Lo Gach sites. (d) Photograph of the Vam Co Dong River taken from nearby the Loc Giang 
archaeological site. (e) Photograph of the Vam Co Tay River taken from the Lo Gach archaeological site. Photographs 
provided by the Loc Giang And Lo Gach excavation teams. 
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6.2.1.3. Sea level history and delta formation 

Today, Loc Giang is about 85 km inland and Lo Gach is about 125 km inland in a southeast-

northwest direction from the coast. During the early to mid Holocene, sea levels were higher 

than present and the coastline would have been near to the future locations of Loc Giang and Lo 

Gach (Nguyen et al. 2000; Ta et al. 2002; Proske et al. 2010). Sea level reconstructions available 

for southern Vietnam include studies from the Mekong Delta (Nguyen et al. 2000; Ta et al. 2002; 

Fujimoto et al. 2011; Hanebuth et al. 2012), the Vietnamese coast between Phan Tiet and Phan 

Rang (Stattegger et al. 2013) and the Vietnam shelf (Schimanski and Stattegger 2005). These 

records can be used to infer sea level history of the area surrounding Loc Giang and Lo Gach 

during the Holocene. Two wave-cut notches were reported by Nguyen et al. (2000) at 4.5 m 

(undated) and 2.5 m (c. 4200 cal BP) above present levels. Fujimoto et al. (2011) dated 

mangrove wood fragments at an elevation of +1 m to +2 m to c. 6500 cal BP, citing these as a 

proxy for the sea level highstand. In Ta et al.’s (2002) sedimentary facies model of the 

development of the Mekong Delta, they identified a highstand between 2.5 m and 4.5 m above 

present sea levels at c. 6000 to 5000 cal BP. Along the southern Vietnamese coast, beachrocks 

and beach ridge deposits record a mid Holocene sea level highstand at +1.4 m between 6700 and 

5000 cal BP, before falling smoothly until c. 600 cal BP (Stattegger et al. 2013).  

Based on these studies, a sea level highstand of between 1 m to 4.5 m above present levels 

between 6500 and 5000 cal BP can be postulated for the Loc Giang and Lo Gach study area. Delta 

formation ensued from the period of maximum mid Holocene marine transgression, 

approximately 6000 to 5000 cal BP (Ta et al. 2002). As sea levels retreated, rapid progradation 

of the delta led to the establishment of a mangrove estuarine environment in the vicinity of the 

sites (Proske et al. 2010). These conditions prevailed during human occupation of the sites 

(Piper et al. 2017). For example, brackish and tidal estuarine conditions are indicated from the 

mollusc assemblages from Loc Giang (Piper et al. 2017: 10). 
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Figure 6.15. Model of the formation of the Mekong Delta in the last 6000 years, proposed by Nguyen et al. (2000). The 
locations of the archaeological sites of Lo Gach and Loc Giang are indicated in red (Lo Gach) and blue (Loc Giang). (a) 
Around 6000-5000 years ago, during the maximum Holocene transgression, most of the area was sea. (b) Coastline at about 
4500 years ago. (c) Coastline at about 4000-3000 years ago. (d) Coastline at about 3000-2000 years ago. The remainder 
prograded seawards in the last 2000 years. 1. Basement rock, 2. Upland, 3. Mangrove forest, 4. Confirmed coastline, 5. 
Unconfirmed coastline. Source: modified from Nguyen et al. (2000: 437). 

6.2.2. The archaeological site of Loc Giang 

The archaeological mound of Loc Giang extends across an area of c. 500 m2 and rises about three 

metres above the surrounding landscape (10°59'43"N/106°17'25"E; Piper et al. 2017: 33). 

Modern quarrying activities and ongoing residential and gardening activities are sources of 

disturbance to the subsurface deposits and it is likely that very little archaeological deposits 

remain intact. Most of the site was destroyed by modern quarrying activities, exposing a north–

south profile 11 metres in length that contained some intact archaeological deposits (Figures 

6.16-6.17). This profile was surveyed and sampled for micromorphology in 2010 (Piper and 

Oxenham 2014: 216-217; Piper and Nguyen 2016). This was followed by excavations at the site 

in 2014 undertaken by a collaborative team from the Australian National University (Canberra), 

the Southern Institute of Social Sciences (Ho Chi Minh City) and Long An Provincial Museum 

(Tan An) (Piper et al. 2017). One large trench measuring 5 m by 4 m metres and two smaller test 
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pits were excavated to establish a site chronology and assess the extent of remaining 

archaeological deposits (Piper et al. 2017: 34). The main trench, situated to the east of the 

quarry profile and directly on top of the mound, was the focus of excavation and 

geoarchaeological sampling (Figures 6.16 and 6.18). Appendix E provides a summary of 

previous excavations at Loc Giang, the results of the 2010 site survey and 2014 excavation, and 

the material culture recovered from the site. 

 
Figure 6.16. Site map of Loc Giang showing the exposed quarry profile that was recorded in 2010 and the 5 m x 4 m trench 
excavated in 2014. The 2010 profile and the 2014 excavation trench provided the geoarchaeological samples investigated in 
this research (Source: Piper and Nguyen 2016: 2). 
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Figure 6.17. (a) 
Photograph of the 
exposed quarry 
profile at Loc Giang 
showing the residual 
archaeological 
deposits. The surfaces 
differ in colour and 
thickness and extend 
laterally across 
several metres. The 
profile was cleaned, 
recorded and 
sampled for 
micromorphology by 
the Loc Giang survey 
team in 2010. (b) 
Photograph of the 
section of the profile 
that was sampled for 
micromorphology in 
2010 (Figure 6.19). 
Photographs 
provided by the Loc 
Giang survey team. 
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Figure 6.18. 
Photographs of the 
area excavated during 
the 2014 excavation 
of Loc Giang. (a) and 
(b) The mound of Loc 
Giang. (c) Placement 
of the 5 m by 4 m 
trench on top of the 
mound, excavated in 
2014. Photographs 
provided by the Loc 
Giang excavation 
team. 
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6.2.2.1. Stratigraphy 

The 2010 site survey of the exposed quarry profile recorded an alternating sequence of more 

than 30 hard, compact surfaces and loose occupation deposits (Piper and Oxenham 2014; Piper 

and Nguyen 2016). The surfaces are a few centimetres thick with sharp boundaries in profile. 

Some surfaces were observed to extend across the 11 m length of the quarry profile (Figure 

6.17). The occupation deposits between the surfaces comprised of soft, dark humic sediments 

containing pottery and faunal bone. Beneath the sequence of surfaces was a light greyish-brown 

silty clay layer approximately 20–30 cm in thickness containing large fragments of pottery and 

rare shell fragments (Piper and Nguyen 2016). This basal layer was suggested to represent 

initial midden deposition prior to the construction of surfaces (Piper and Oxenham 2014: 217). 

The upper deposits had been severely disturbed by later human activity at the site, possibly 

during the historic Oc Eo period (Piper and Nguyen 2016). Photographs and section drawings of 

the 2010 quarry profile are given in Figures 6.17 and 6.19. 

The 2014 excavation recorded natural silty sandy loam alluvium at the bottom of the trench 

below the archaeological sequence. This was overlain by a similar sequence recorded in the 

2010 profile, consisting of initial deposition of a dark greyish brown silt loam (C.113) containing 

pottery, followed by a sequence of surfaces that was responsible for most of the mound 

accumulation at the site. The surfaces comprised of relatively hard, compacted light grey to 

creamy white fine loamy sand with a high calcareous content and an alkaline pH range between 

8 and 9 (Piper et al. 2017: 35). The preliminary field interpretation is that the surfaces were 

constructed from lime mortar (Piper et al. 2017) and this hypothesis is investigated in the 

current research. Three to four phases of floor construction were recorded during field 

excavation (Piper et al. 2017). Features recorded in association with the surfaces included 

middens, pits, postholes and possible hearths (Piper et al. 2017; Appendix E). The upper 

Neolithic deposits were poorly preserved and had been impacted by post-Neolithic human 

activity. The stratigraphy recorded from the 2014 excavation trench is summarised in Table 6.4. 

Profile photographs and section drawings are given in Figures 6.20-6.27. 
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Table 6.4. Summary of the stratigraphy, field descriptions and geoarchaeological sampling of the 2014 Loc Giang excavation trench. Only contexts and features sampled for geoarchaeological 
analyses are listed; refer to Appendix E for comprehensive descriptions of excavation stratigraphy. 

Context Phase Colour (Munsell) Sediment description pH Archaeological associations and field hypothesis 
Basis for 

geoarchaeological 
sampling 

Micromorpholog
y block samples 

Wall 
sampl

ed 
C.103 

Post-
constru

ction 

7.5YR 5/4 Brown Silt loam, friable, non-
plastic, non-sticky 

- Thick sedimentary layer containing reworked Neolithic surfaces 
intermixed with later post-Neolithic deposits. 

Site formation of post-
Neolithic deposits 

14LGi5 S 

C.106 5YR 5/6 Yellowish 
red 

Loamy sand, loose, 
non-plastic, non-sticky 

7 Hard, compact surface containing pottery and burnt clay. Test hypothesis that 
the surfaces are 
deliberately 
constructed floors. 
Characterise 
materials, 
technology, evidence 
for maintenance/ 
repair, and any 
associated human 
activities. 

14LGi7, 14LGi11 W 

F-46 

3-4 

5YR 8/2 Pinkish 
white to 5YR 6/3 
Light red-brown 

Sand, loose, non-sticky, 
non-plastic 

7-8 Floor surface consisting of a creamy surface layer (3 cm thick) and 
underlying deposit (3 cm thick. 

14LGi12 W 

F-48 2.5YR 4/6 Red Sand, loose, non-
plastic, non-sticky 

8 Floor surface consisting of an overlying creamy white/grey surface and a 
pinkish hard compacted floor. 

14LGi12 W 

F-63 

3 

5YR 3/4 Dark 
reddish brown 

Loamy sand, loose, 
non-plastic, non-sticky 

- Hard floor surface c. 3 cm thick. 14LGi4, 14LGi5 S 

F-65 5YR 4/4 Reddish 
brown 

Loamy sand, loose, 
non-plastic, non-sticky 

- Creamy white/grey floor surface within the series of surfaces in the 
southeast corner of the trench. 

14LGi4, 14LGi5 S 

F-66 5YR 4/4 Reddish 
brown  

Loamy sand, loose, 
non-plastic, non-sticky 

- Creamy white/grey floor surface within the series of surfaces in the 
southeast corner of the trench. 

14LGi3 S 

F-77 5YR 5/8 Yellowish 
red 

Loamy sand, loose, 
non-plastic, non-sticky 

- Creamy grey/white surface c. 3 cm thick. 14LGi3 S 

F-78 - - - Small fragment of floor surface. 14LGi1, 14LGi2, 
14LGi3, 16LGiF78 

S, ^ 

F-88 10YR 8/2 White Sand, loose, non-
plastic, non-sticky 

- Floor surface containing charcoal, pottery, burnt clay and calcareous 
materials, demonstrating a deliberate surface termination. 

14LGi11 W 

F-90 5YR 4/4 Reddish 
brown 

Loamy sand, loose, 
non-plastic, non-sticky 

- Floor surface with inclusions of burnt clay, pottery and charcoal. 14LGi10, 14LGi11 W 

F-95 5YR 8/2 Pinkish 
white 

Sand, loose, non-
plastic, non-sticky 

7.5-
8 

Hard compact surface, creamy white/grey through pinkish, c. 7 cm thick. 
West end of the trench. 

16LGiF95 ^ 

F-97 5YR 8/3 Pink Sand, loose, non-
plastic, non-sticky 

9 A creamy white/pinkish floor surface c. 2 m (N-S) by 1 m (E-W) and 2 cm 
thick. Calcareous matrix with inclusions of charcoal, clay and pottery. 

14LGi9, 14LGi10, 
16LGiF97 

W, ^ 

F-99 5YR 8/2 Pinkish 
white 

Sand, loose, non-
plastic, non-sticky 

7.5-
8 

Very hard, compacted, thin, degraded surface, containing inclusions of 
charcoal, calcareous material, clay and pottery. 

16LGiF99 ^ 

F-102 10YR 8/2 White Sand, loose, non-
plastic, non-sticky 

- Creamy white surface containing fine grey flecks (ash?), charcoal, burnt 
clay and pottery. Overlies boundary between Phase 2 and Phase 3. 

14LGi7, 14LGi8 W 

^ 16LGi samples were removed from Trench 1 during excavation, stored at the Long An Provincial Museum, and sub-sampled in 2016 for geoarchaeological analyses. 
*The North wall is shown in Figures 6.20-6.22. The South wall is shown in Figures 6.26-6.27. The West wall is shown in Figures 6.23-6.25.
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Table 6.4 (cont.). Summary of the stratigraphy, field descriptions and geoarchaeological sampling of the 2014 Loc Giang excavation trench. 
F-104 

3 

5YR 8/2 Pinkish 
white 

Sand, loose, non-
plastic, non-sticky 

7.5-
8 

Creamy white pinkish floor surface up to 5 cm thick, containing 
small fragments of pottery and clay. 

Test hypothesis that the 
surfaces are deliberately 
constructed floors. 
Characterise materials, 
technology, evidence for 
maintenance/repair, and 
any associated human 
activities. 

14LGi8 W 

F-108 - Sand, loose, non-
plastic, non-sticky 

- Hard, compacted floor surface, 4 cm thick, extending c. 1 m into 
the trench. Consists of a creamy grey matrix and inclusions of 
calcareous materials, pottery, charcoal and burnt clay. 

16LGiF108 ^ 

F-104 5YR 8/2 Pinkish 
white 

Sand, loose, non-
plastic, non-sticky 

7.5-
8 

Creamy white pinkish floor surface up to 5 cm thick, containing 
small fragments of pottery and clay. 

14LGi8 W 

F-108 - Sand, loose, non-
plastic, non-sticky 

- Hard, compacted floor surface, 4 cm thick, extending c. 1 m into 
the trench. Consists of a creamy light grey matrix and inclusions 
of calcareous materials, pottery, charcoal and burnt clay. 

16LGiF108 ^ 

F-110 5YR 4/4 Reddish 
brown 

Sand, loose, non-
plastic, non-sticky 

- Creamy white/light grey floor surface, c. 2 cm thick, with 
calcareous inclusions, pottery, brunt clay and charcoal. 

16LGiF110 ^ 

F-112 5YR 6/8 Yellowish 
red to 2.5YR 4/6 
Red 

Sand, loose, non-
plastic, non-sticky 

7.5-
8 

Very hard and compact, dark red rusty coloured floor surface, 
up to 3cm thick, containing small fragments of pottery, burnt 
clay and charcoal. 

16LGiF112(SA136), 
16LGiF112(SA176) 

^ 

F-113 7.5YR 7/2 Pinkish 
grey 

Sand, loose, non-
plastic, non-sticky 

7.5-
8 

Hard, compacted creamy light grey floor surface, 2 cm. thick, 
containing pottery, burnt clay, calcareous materials and 
charcoal. 

14LGi7, 14LGi8, 
16LGiF113 

W, ^ 

F-115 7.5YR 8/2 Pinkish 
white 

Sand, loose, non-
plastic, non-sticky 

- Hard, compacted creamy light grey floor surface, c. 3 cm thick, 
containing inclusions of calcareous material, pottery, clay and 
charcoal. Deliberate surface termination in the trench. 

14LGi7 W 

F-117 - - 8-
8.5 

Very hard, compacted floor surface with a mottled matrix of 
light grey, pink and orange. Contains calcareous materials, 
charcoal, pottery and clay aggregates. 

14LGi6, 16LGiF117 W, ^ 

F-122 7.5YR 8/4 Pink Sand, loose, non-
plastic, non-sticky 

6-
6.5 

Creamy white/pinkish hard compacted floor surface, c. 4 cm 
thick, with calcareous inclusions, charcoal, pottery and burnt 
clay. 

14LGi1, 14LGi2, 
16LGiF122 

S, ^ 

F-123 

2 

5YR 4/3 Reddish 
brown 

Sand, loose, non-
plastic, non-sticky 

7 Hard, compacted orange brown floor surface, c. 2 cm thick, with 
inclusions of pottery, clay and possibly ash. 

14LGi1, 14LGi2 S 

F-124 5YR 8/3 Pink to 
5YR 5/4 Reddish 
brown 

Sand, loose, non-
plastic, non-sticky 

6.5-
7 

Floor surface that varies in colour from pinkish to orange. 
Contain calcareous inclusions, charcoal and burnt clay. 

16LGiF124 ^ 

F-128 

Btwn 1-
2 

5YR 3/1 Very dark 
grey 

Sand, loose, non-
plastic, non-sticky 

6.5 Burnt feature containing charcoal and ash, c. 3 cm thick. 
Overlies C.112 (midden deposits) and underlies all phases of 
floor construction in the west end of the trench. 

In situ combustion feature 
or redeposited burnt 
residues? Composition of 
burnt residues? Association 
with surfaces? 

14LGi13, 16LGiF128 W, ^ 
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Table 6.4 (cont.). Summary of the stratigraphy, field descriptions and geoarchaeological sampling of the 2014 Loc Giang excavation trench. 
F-129 

2 

10YR 7/2 
Light grey 

Sand, loose, non-
plastic, non-sticky 

- Creamy white/light grey floor surface c. 2 cm thick, above F-128. Test hypothesis that the surfaces are 
deliberately constructed floors. 
Characterise materials, technology, 
evidence for maintenance/repair, and 
any associated human activities. 

14LGi13 W 

F-130 5YR 3/1 Very 
dark grey 

Sand, loose, non-
plastic, non-sticky 

6-6.5 Hard, compacted creamy white/light grey floor surface. Charcoal 
and ash are abundant underneath the-surface (=F-128). Initial 
phase of construction at the west end of the trench. 

14LGi6 W 

F-131 - - - Creamy light grey floor surface. 14LGi17 N 
F-132 5YR 8/1 

White 
Sandy loam, friable, 
non-plastic, non-
sticky 

- A powdery degraded floor surface, 3 cm thick, with high 
concentrations of calcareous materials, charcoal, burnt clay and 
small pottery fragments. 

14LGi17 N 

F-134 5YR 8/2 
Pinkish white 

Loamy sand, loose, 
non-plastic, non-sticky 

7 Residual patches of creamy white/light grey surfaces up to 3 cm 
thick. 

14LGi16, 
14LGi17 

N 

F-136 7.5YR 8/2 
Pinkish white 

Sand, loose, non-
plastic, non-sticky 

6.5 Patchy remnants of the basal surfaces of the Phase 2 construction 
sequence. Creamy white/light grey in colour with inclusions of 
calcareous materials, charcoal, pottery, burnt clay. 

14LGi1 S 

F-141 7/5 YR 8/1 
White to 7/1 
light grey 

- 8 A nugget of almost pure, powdery lime with a very fine texture. 
Rare inclusions of baked clay and pottery. It is associated with 
burning events (F-128 and F-140) below the floor surfaces. 

Test hypothesis that the nugget is 
composed of residual lime from lime 
mortar production, involving deliberate 
pyrogenic transformation of calcareous 
materials (e.g., limestone, shell or ash). 

16LGiF141 ^ 

F-143 

Btwn 
1-2 

5Y4/3 
Reddish 
brown 

Sandy loam, friable, 
slightly plastic, 
slightly sticky. 

- A sedimentary layer associated with activities of F-145 floor 
surfaces. The deposit developed on the sides of the floor and 
represents midden deposition of pottery and bone fragments 
during use of floor. The deposit pre-dates Phase 2 surfaces. 

Test hypothesis that the deposit is a 
midden. Characterise formation 
process, materials and associated 
human activities. 

14LGi15, 
14LGi16 

N 

C.112 5YR 3/3 dark 
Reddish 
brown 

Sandy loam, friable, 
slightly plastic, 
slightly sticky 

6.5 Initial midden deposits that accumulated during the use of the 
early surface platforms (F-145). 

14LGi6, 
14LGi13, 
14LGi16 

 

F-145 

1 

5YR 8/2 
Pinkish white 

Loamy sand, loose, 
non-plastic, non-
sticky 

6.5-7 First phase of floor construction, consisting of several degraded 
floor surfaces, creamy white/light grey in colour and up to 10 cm 
in depth. It underlies a midden deposit (F-143) that developed 
during the use of F-145. 

Test hypothesis that the surfaces are 
deliberately constructed floors. 
Characterise materials, technology, 
evidence for maintenance/repair, and 
any associated human activities. 

14LGi14, 
14LGi15 

N 

F-181 

Btwn 
2-3 

- - - A sedimentary layer, up to 6 cm depth, deposited between second 
(F-130) and third (F-113, F115) phases of floor construction. 

Characterise the human and/or natural 
formation process of the sedimentary 
layers and the association with 
constructed floor sequences. 

14LGi7, 
14LGi8, 
14LGi9, 
14LGi10 

W 

F-183 - - - A thin sedimentary layer, 1-2 cm thick, marking the boundary 
between the first and second-third phases of surface construction. 

14LGi1 S 
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Figure 6.19. Section drawing (left) and photograph (right) of the section of exposed quarry profile that was sampled for micromorphology by the Loc Giang survey team in 2010. Section 
drawing by Philip Piper and photograph provided by the Loc Giang survey team. 
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Figure 6.20. Section drawing of the north wall (south-facing profile) of the 2014 excavation trench at Loc Giang. The constructed surfaces are indicated in grey fill and were the focus of the 
micromorphology sampling. The locations of the micromorphology block samples analysed in the thesis are indicated by black rectangles. Source: Drawing by Philip Piper (Piper and Nguyen 
2016: 11). 
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Figure 6.21. Photograph of the north wall (south facing profile) of the 2014 excavation trench at Loc Giang. Photograph provided by the Loc Giang excavation team. 



Chapter 6                                                                                                                                                                                                                                                                Background to Sites and Field Sampling 

170 

 
Figure 6.22. Photograph of the north wall (south-facing profile) of the 2014 excavation trench at Loc Giang, showing the location of the micromorphology block samples analysed in the thesis. 
Photograph provided by the Loc Giang excavation team. 
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Figure 6.23. Section drawing of the west wall (east-facing profile) of the 2014 excavation trench at Loc Giang. The constructed surfaces are indicated in grey fill and were the focus of the 
micromorphology sampling. The locations of the micromorphology block samples analysed in the thesis are indicated by black rectangles. Source: Drawing by Philip Piper (Piper and Nguyen 
2016: 19). 
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Figure 6.24. Photograph of the west wall (east-facing profile) of the 2014 excavation trench at Loc Giang. Photograph provided by the Loc Giang excavation team. 
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Figure 6.25. Photograph of the west wall (east-facing profile) of the 2014 excavation trench at Loc Giang, showing the location of the micromorphology block samples analysed in the thesis. 
Photograph provided by the Loc Giang excavation team. 
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Figure 6.26. Section drawing of the south wall (north-facing profile) of the 2014 excavation trench at Loc Giang. The constructed surfaces are indicated in grey fill and were the focus of the 
micromorphology sampling. The locations of the micromorphology block samples analysed in the thesis are indicated by black rectangles. Source: Drawing by Philip Piper (Piper and Nguyen 
2016: 23).
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Figure 6.27. Photograph of the south wall (north-facing profile) of the 2014 excavation trench at Loc Giang. The locations of the micromorphology block samples analysed in the thesis are 
indicated by white rectangles. Photograph provided by the Loc Giang excavation team.
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6.2.2.2. Geoarchaeological sampling strategy 

The 2010 site survey and 2014 excavation trench provided the geoarchaeological samples 

analysed in the current research. The sampling was undertaken by Philip Piper from the 

Australian National University (Canberra), Armand Mijares from the University of the 

Philippines (Manila), and archaeologists from the Southern Institute of Social Sciences (Ho Chi 

Minh City). Sampling targeted the constructed surfaces in order to identify: the technology of 

construction; the nature and impact of activities; and, if there was change over time in 

construction and/or use of the surfaces. In 2010, 15 intact kubiena tins from the layers of 

constructed surfaces and associated occupation deposits were sampled from a section of the 

quarry profile. The 15 kubiena tins were processed into thin sections in Australia. No bulk 

samples or residual impregnated block offcuts are available. As the nature of the 2010 site visit 

was primarily recording and surveying, there is limited contextual information and no excavated 

deposits relating to the 2010 thin sections. The profile drawing and photographs showing the 

location of the block samples are shown in Figures 6.17 and 6.19. 

In 2014, the Loc Giang excavation team collected micromorphology blocks from secure contexts 

in association with systematic excavation. The focus of sampling was on the constructed surfaces 

(Table 6.4); no samples were taken from the basal deposits or overlying post-Neolithic 

occupation layers. 17 kubiena tins were sampled from the best-preserved sections (north, west 

and south walls) of the trench following completion of excavation. Kubiena tins were used to 

remove intact samples following a method described by Goldberg and Macphail (2003). The 

stratigraphic locations of the micromorphology blocks are shown in the section drawings and 

photographs of the north, west and south walls of the 2014 trench (Figures 6.20-6.27). The tins 

were marked with a sample number and orientation and exported to Australia where they were 

prepared into thin sections. 

During the 2014 excavation bulk samples were collected from some of the main sedimentary 

contexts. No bulk samples were collected associated with the kubiena tins however sediments 

for supplementary compositional analyses were extracted from the post-processed impregnated 

kubiena tins using a micro-sampling strategy (Chapter 5). During excavation, field sediment 

tests were routinely conducted on sediments including: a field colorimetric pH test; the degree 

of compaction by observing resistance between fingers; sediment texture and the degree of 

plasticity by performing ribbon and roll tests; and, the degree of cohesion by analysing 

stickiness (Appendix E). 
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Feature deposits and constructed surfaces were removed intact during the 2014 excavation and 

stored in the Long An Provincial Museum. During a visit to Long An in 2016, the author recorded 

the feature deposits and sub-sampled fourteen samples for export to Australia where they were 

prepared into thin sections for micromorphology and supplementary compositional analyses. 

Unfortunately, it was not possible for the author to visit the site of Loc Giang due to permissions 

being denied for provincial reasons unrelated to the archaeology. As a result, no off-site 

environmental samples were collected from the surroundings of Loc Giang. 

6.2.2.3. Radiocarbon chronology 

Radiocarbon analysis was undertaken by Rachel Wood at the Australian National University 

Radiocarbon Laboratory. Three radiocarbon dates from the 2010 quarry profile survey and 13 

radiocarbon dates from the 2014 excavation are reproduced from Piper and Nguyen (2016) and 

Piper et al. (2017) in Appendix E. 

Three radiocarbon dates on freshwater shell (Cerithidea obtusa) were obtained from the basal 

archaeological layers of the quarry profile during the 2010 survey. The calibrated dates fell 

within an age range of 3440-3240 cal BP (Table E.3). The dates on the basal archaeological 

layers in the quarry profile are younger than the initial midden deposits (C. 113 and C.112) 

underlying the surfaces in the 2014 excavation trench. The young dates are most likely a result 

of problems with shell dating in the region (Lam et al. 2020). The surfaces recorded in the 

quarry profile correspond to Phase 2 and Phase 3 surfaces in the 2014 excavation (Piper and 

Nguyen 2016: 39). 

13 radiocarbon dates from the 2014 excavation trench suggest that occupation took place across 

several centuries between 3950-3250 cal BP (Table E.3). The dates from the 2014 excavation 

were subjected to Bayesian statistical modelling to establish a chronological model of 

settlement. The dates were constrained by prior stratigraphic information using a multi-phase 

sequential model consisting of nine phases (Bronk Ramsey 2009a). The model was produced in 

OxCal 4.3 (Bronk Ramsey 2009a) using the IntCal13 calibration curve (Reimer et al. 2013). All 

dates were given a 5% prior probability of being an outlier and were assessed using the General 

t-type Outlier Model (Bronk Ramsey 2009b). The convergence integral was above 91% however 

the agreement index (AModel) was low (AModel = 4.1%). This is most likely a result of some of the 

charcoal samples deriving from ‘old wood’ and thus producing older ages than their respective 

events of deposition (Piper et al. 2017: 37). 
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The Bayesian age model for Loc Giang is shown in Figure 6.28 and Table 6.5. Initial human 

occupation, represented by pre-construction midden deposits (C.113), shows a date range of 

3950 to 3700 cal BP. A modelled date on midden deposits that built up around the Phase 1 

surfaces (C.112) produced a date range of 3580 to 3460 cal BP. The Phase 2 (c. 3500-3370 cal 

BP) and Phase 3 (c. 3430-3300 cal BP) surfaces accumulated rapidly. The radiocarbon dates of 

Phase 2 and 3 surfaces were interrogated using the Span function (Bronk Ramsey 2009a) to 

determine the duration of the construction phases. The results of the Span query suggest that 

the entire sequence of surfaces were constructed rapidly within a chronological window of 120-

310 modelled years (Figure 6.29; Table 6.6; see Piper et al. 2017). Despite that the upper 

Neolithic deposits in the 2014 trench were not intact, the excavators argue on the basis of 

material culture affinities and lack of metal artefacts that Neolithic occupation at the site ceased 

by 3100 cal BP (Piper et al. 2017: 37). 
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Figure 6.28. Bayesian age model of radiocarbon dates for Loc Giang. The model was produced in OxCal 4.3 (Bronk Ramsey 
2009a) using the IntCal13 calibration curve (Reimer et al. 2013). Each date was assumed to have a 5% prior probability of 
being an outlier within the General t-type Outlier Model (Bronk Ramsey 2009b). The light grey distributions indicate the 
unmodelled (prior) calibrated dates and the dark grey distributions indicate the Bayesian modelled (posterior) dates. The 
bars beneath the distributions indicate the 68.2% (above) and 95.4% (below) modelled calibrated age ranges. Each sample 
number is followed by a set of brackets containing the posterior and prior probability of the date being an outlier in the 
form [O: posterior/prior]. 
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Table 6.5. Bayesian age model output for Loc Giang, showing posterior (modelled) radiocarbon distributions, agreement indices, convergence integral and outlier analysis. The model is shown 
in Figure 6.28. 

Phase 
Sample 

Code 
Provenance Material 

Conventional 
Radiocarbon 

BP Age 

Modelled 68.2% 
range cal BP 

Modelled 95.4% 
range cal BP 

Agreement 
index 

(AModel=4.1) 
Convergence 

Outlier analysis 

from to from to Prior Posterior 
Phase 3 or 4 
surfaces 

43932 F-17 Charcoal 3375±25 3368 3277 3376 3204 5.5 91.9 5 100 

Phase 3 
surfaces 

41023 F-79 Charcoal 3145±20 3387 3351 3400 3264 98.2 97.9 5 3 
40637 F-88 Shell (Cerithidea obtusa) 3235±20 3419 3378 3425 3305 5.4 98.6 5 28 
41024 F-88 Charcoal 3305±20 3418 3377 3425 3305 37.8 98.6 5 99 
41025 F-114 Charcoal 3185±20 3431 3390 3439 3354 85.6 98.1 5 5 

Phase 2 
surfaces 

40638 F-121 Shell (Cerithidea obtusa) 
(paper) or charcoal (report) 

3130±20 3440 3391 3444 3366 21.9 98.2 5 19 

40639 F-130 Shell (Cerithidea obtusa or 
Geloina coaxans) 

3165±20 3449 3422 3451 3380 70.5 99.1 5 4 

38917 F-136 Charcoal 3200±20 3463 3432 3507 3402 73.2 99.6 5 10 
Activity 
associated 
with Phase 
1 surfaces 

38927 C.112 Charcoal 3280±25 3564 3501 3579 3460 102.8 99.9 5 4 

Initial 
occupation 
(pre-
construction 
phase) 

43936 C.113 Charcoal 3483±25 3827 3717 3837 3694 103.7 98.8 5 5 
43937 C.113 Charcoal 3479±25 3827 3715 3836 3693 103.6 98.7 5 5 
38929 C.113 Charcoal 3565±20 3885 3726 3906 3649 57.1 97.0 5 15 
43935 C.113 Charcoal 3655±25 3946 3700 3979 3650 29.4 96.9 5 65 
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Figure 6.29. Results of the Span query showing the duration of construction of surfaces at Loc Giang. 

Table 6.6. Results of the Span query for the duration of constructed surfaces at Loc Giang. 

Boundary and phase divisions 
Modelled 68.2% range cal BP Modelled 95.4% range cal BP 

from to from to 
Boundary Start Surfaces 3671 3574 3740 3492 
Span of dates 199 269 120 314 
Boundary End Surfaces 3372 3315 3385 3217 

6.2.2.4. Cultural associations 

The settlement site of Loc Giang was initially established prior to 3900 cal BP and went through 

several phases of construction before abandonment at approximately 3250 cal BP. The Neolithic 

community is thought to be sedentary with a mixed economy consisting of domesticated pigs 

and dogs as well as wild riverine and terrestrial resources (Piper et al. 2017). Minimal evidence 

for rice was recovered, including two Oryza sativa ssp. phytoliths, one charred rice husk and one 

rice spikelet base of domesticated type, in addition to rice husks within fibre-tempered pottery. 

Piper et al. (2017) attributes this to the location of the trench across constructed surfaces that 

were regularly cleaned, rather than cooking and midden areas. Piper et al. (2017) demonstrated 

that based on material culture similarities and radiocarbon chronologies, Loc Giang was closely 

associated with other sites along the Vam Co Dong River, including An Son (Bellwood et al. 

2011), Dinh Ong and Bao Da (Bui et al. 2017), but had less contact with populations inhabiting 

settlements along the Dong Nai River such as Rach Nui (Oxenham et al. 2015). Following 
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abandonment, two periods of post-Neolithic occupation of the site were identified: a post-

Neolithic occupation characterised by calcareous tempered pottery; and, the final phase of 

occupation during the Oc Eo historic period. 

Initial Neolithic occupation: The basal sterile deposits consist of a silty sand alluvium. The earliest 

archaeological deposits overlying the natural sediments are a midden (C.113) dating to c. 3950-

3700 cal BP. The midden appears to have been levelled and a thin humic deposit containing 

charcoal and ash was deposited on its surface (F-158). 

Phase 1 construction activities: Overlying the initial deposits in the northeast corner of the trench 

are the first sequence of constructed surfaces, the Phase 1 surfaces (F-154 and F-145). During 

activity on the Phase 1 surfaces, midden deposits containing pottery, bone and shell (C.112 and 

F-143) built up around the margins of surfaces, dating to between c. 3580 to 3460 cal BP. The 

pottery from this phase was predominantly sand-tempered. Two distinct chronological markers 

of material culture were recovered in this phase: the ‘wavy’ rim’ pottery forms and shouldered 

stone adzes (Piper et al. 2017).  

Phase 2 construction activities: The midden deposits appear to have been levelled and the second 

sequence of constructed surfaces, the Phase 2 surfaces, were deposited. The Phase 2 surfaces 

date to c. 3500-3370 cal BP and were observed to extend beyond the area of Phase 1 surfaces, 

indicating an expansion in construction activities. Features including pits, postholes and a linear 

gully (C. 111) through the Phase 2 surfaces reflect redevelopment of structures during the 

settlement’s history (Piper et al. 2017: 35). These features produced most of the pottery and 

animal bone that was recovered during this phase. The occupation surfaces appear to have been 

kept clean, yielding only few small fish bones from wet sieving. 

Phase 3 construction activities: The Phase 3 surfaces consist of more than 25 constructed 

surfaces, dating to c. 3430-3300 cal BP, that were deposited over most of the trench. The 

surfaces were sequentially laid and there was evidence of replacement and repair of original 

surfaces. Surface terminations/corners indicate dimensions of the living areas and several 

discrete areas of burning on the surfaces suggest the use of localised hearths on the surfaces 

(Piper et al. 2017). During Phase 2 and 3, fibre-tempered pottery and unshouldered stone adzes 

are predominant. 

The Phase 3 activity was overlain by a thin layer of sediment (C. 105) that appears to represent a 

short interruption in construction. Overlying this layer were fragmentary, reworked surfaces 
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(Phase 4) indicating the resumption of construction activities. Postholes were identified in all 

phases of construction, suggesting the constructed surfaces were covered by overground 

structures (Piper et al. 2017). 

Post-Neolithic activity: Overlying the Neolithic deposits were dark silt loam deposits containing 

red calcareous tempered pottery different from the Neolithic ceramics. These deposits contained 

reworked fragments of upper Neolithic surfaces, implying truncation and disturbance of 

Neolithic deposits by post-Neolithic activity. The lack of datable materials recovered from this 

phase prevents dating however the significant difference in sediments, from the Neolithic sands 

and silts to the post-Neolithic sticky silt loams, reflects a substantial period of time between the 

two occupation phases (Piper et al. 2017: 36-3). 

Oc Eo Period Activity: The final occupation of the site occurred during the early historical Oc Eo 

Period. These deposits contained fragments of Oc Eo period pottery and brick. 

6.2.3. The archaeological site of Lo Gach 

Lo Gach is located within a modern residential property directly on the west bank of the Vam Co 

Tay River in Vinh Tri commune, Vinh Hung district, Long An Province 

(10°54’58”N/105°43’50”E) (Figure 6.30). The site rises approximately 1-2 m above sea level and 

is within an active lowland floodplain of the Vam Co Tay drainage basin northeast of the Plain of 

Reeds, a large swampy depression with elevation at or below modern sea level (Fujimoto et al. 

2011; Proske et al. 2011). The surface of the site is utilised for gardens and keeping animals 

(Figure 6.30) and has undergone several phases of modern building activities involving the 

removal of subsurface deposits. The purpose of the 2014 excavation was to assess the extent 

and degree of integrity of the remaining archaeological deposits and establish a clear, robust 

chronology and cultural sequence for the site. 

In 2014, the site was excavated by a collaborative team involving the Australian National 

University (Canberra), the Southern Institute for Social Sciences (Ho Chi Minh City) and Long An 

Provincial Museum (Tan An). The 2014 excavation consisted of three trenches (Figures 6.30-

6.31). The main excavation trench (Trench 1) was positioned close to the 2012 excavation 

trench and initially measured 5 m by 4 m. A 3 m x 3 m extension was made to the northeast side 

of Trench 1 during excavation to remove a burial in the northeast part of the trench. Trench 2 (3 

m x 2 m) was placed near the former 2006 excavation trench in order to correlate stratigraphy 

recorded during the previous excavation. Trench 3 (3 m x 2 m) was positioned c. 20 m to the 
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southwest of Trench 1 adjacent to the modern river edge in order to recover archaeological 

deposits that were being exposed by channel erosion. Appendix F provides further 

archaeological information on the site, including a summary of previous excavations, a 

description of the results of the 2014 excavation, and an overview of the material culture 

recovered during excavation. 

 
Figure 6.30. (a) and (b) Photographs of the archaeological site of Lo Gach, situated on the west bank of the Vam Co Tay 
River. (c) Placement of Trench 1 during the 2014 excavation. (d) Placement of Trench 2 during the 2014 excavation. 
Photographs provided by the Lo Gach excavation team. 
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Figure 6.31. Site map of Lo Gach showing the location of three trenches excavated in 2014 in relation to previous 
excavations, modern buildings, and the Vam Co Tay River. Drawing by Philip Piper (Piper et al. in prep). 

6.2.3.1. Stratigraphy 

The major stratigraphic units recorded during the 2014 excavation of Lo Gach and sampled for 

geoarchaeological analysis are summarised in Table 6.7. Trench 1 profile photographs and 

section drawings are shown in Figures 6.32-35. The stratigraphy in Trench 1 was dominated by 

organic materials, silicified plant remains, charcoal and burnt sediments that were distributed in 

thin stratigraphic layers and sloped markedly across the trench (Figures 6.32-6.35). Beginning 

at a depth of c. 10 cm below the surface, a series of compacted deposits were encountered and 

described using feature numbers (F-#) (Table 6.7; Tables F.1 and F.2). They typically comprised 

hard, compacted light creamy-grey surfaces composed of friable loamy sands, underlain by dark 

greyish brown to black organic, humic sediments rich in charcoal and ash. Pottery, burnt clay, 

silicified rice remains, and leaf and woven matting impressions were occasionally visible in 

and/or on the surfaces (Cameron 2017). The surfaces were preliminarily interpreted as activity 

surfaces external to dwellings, and the formation history of the surfaces and use of space is 

addressed in this research (Table 6.7). 

Stratigraphically alternating with several of the surfaces were laterally continuous, thin (<3 cm) 

‘blanket’ deposits of silicified plant remains (predominantly rice husks), ash and burnt organics 

(F1-119, F1-122, F1-126). The layers were associated with circular impressions of what are 



Chapter 6                                                                                                                                      Background to Sites and Field Sampling 

186 

thought to have been rice pounders used on surfaces (Appendix F; Chapter 9). The depositional 

process of the silicified rice layers and the stratigraphic association to the surfaces are 

investigated in this research (Table 6.7). 

Most of the surfaces were recorded between C.101, a dark grey sandy loam deposit, and C.102, a 

brown sand deposit. Both contexts contained archaeological materials including pottery, animal 

bone and charcoal. Few initial surfaces (e.g., F1-127, F1-140, F1-141) were laid below C.102, 

directly on top of C.103. C.103, a grey sandy loam, was laterally continuous across most of the 

trench and comprised a different sediment texture and composition to other deposits in the 

trench. Due to the homogeneity and purity of the sediments and the lack of archaeological 

materials in C.103, the excavators postulated that the deposit represents deliberately imported 

alluvium from the river banks to provide a flat, smooth foundation for initial activities (Piper et 

al. in prep). Below C.103, initial human activities in Trench 1 are represented by loamy sand 

(C.104) and sand (C.105) deposits containing reworked pottery, animal bones and evidence of 

bronze working. The basal deposits are interpreted as midden deposits overlying the natural 

sterile alluvial sediments (C.106). 

Trenches 2 and 3 were smaller excavations undertaken to test the lateral extent and nature of 

the remaining archaeological deposits at the site (Figure 6.31). Trench 2 profile photographs and 

section drawings are shown in Figures 6.36-37. The upper horizons of Trench 2 were similar to 

deposits encountered in Trench 1, including hard, compacted surfaces and loose dark grey sandy 

loam deposits containing high quantities of burnt organic materials and ash (Appendix F). The 

basal deposits in Trench 2 consisted of dark brown sandy loams containing concentrations of 

charcoal and pottery (Appendix F). No evidence of metal working was recovered from Trench 2. 

Trench 3 consisted of a sequence of deposits similar to the hard, compacted surfaces recorded in 

Trench 1. Geoarchaeological analyses of sediment samples from Trenches 2 and 3 focuses on 

establishing similarities and/or differences with Trench 1 deposits to investigate use of space 

across the settlement (Table 6.7). 
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Table 6.7. Summary of the stratigraphy, field descriptions and geoarchaeological sampling of the 2014 Lo Gach excavation trenches. Only contexts and features sampled for geoarchaeological 
analyses are listed; refer to Appendix F for comprehensive descriptions of excavation stratigraphy. 

Trench Context Colour (Munsell) Sediment 
description 

pH Archaeological associations and field hypothesis Basis for geoarchaeological 
sampling 

Micromorphology 
block samples 

Trench wall 
sampled 

1 

C.102 10YR 4/3 Brown Sand, loose, sticky, 
non-plastic 

8 Sediments associated with the compacted surface 
deposits. Patchy distribution with discrete burning areas. 
Contains ashy/greyish sediment, pottery sherds, animal 
bones and fragments of displaced surfaces. 

Formation history of 
deposit: natural and/or 
human agencies? artefacts 
in situ or displaced? 

14LGaH1_13 E 

F1-28 - - - Compacted surface. Characterise: composition 
and materials; formation 
history (e.g., Was the 
deposit exposed to heat? 
Are artefacts in situ or 
displaced?); and, 
associated human 
activities. 

16LGaF1-28 ^ 
F1-32 7.5YR 4/3 Brown Sand, loose, non-

plastic, sticky 
8.5 Surface, c. 17 cm thick, containing charcoal, rice 

impressions and few potsherds. The base of the surface 
contains high quantities of ash and charcoal. 

16LGaF1-32 ^ 

F1-61 10YR 3/1 Very dark 
grey 

Loamy sand, friable, 
non-plastic, non-
sticky 

8 Compacted dark greyish surface containing reddish brown 
burnt materials c. 10 cm thick. Distinct white patches 
(possible silica), charcoal and burnt organics adhere to the 
bottom of the surface. 

14LGaH1_13 E 

F1-66 10YR 7/6 Yellow 
(surface), 5YR 3/1 Very 
dark grey (underlying 
sediments) 

Sandy loam, friable, 
non-plastic, non-
sticky 

8 Yellow surface, 1 cm thick, underlying a dark greyish 
brown deposit, 3 cm thick, with inclusions of dark clay, 
charcoal, and ash. 

14LGaH1_13 E 

F1-80  10YR 2/2 Very dark 
brown 

Sand, loose, non-
sticky, non-plastic 

8 An extensive surface, c. 4 cm thick, containing compact, 
calcareous sediments 

14LGaH1_12 E 

F1-85 7.5YR 5/2 Light brown Loamy sand, friable, 
non-sticky, non-
plastic 

8.5 Surface with a compacted top layer c. 4 cm thick consisting 
of yellowish-brown loamy sand and burnt materials, and 
an underlying layer of thick dark greyish sediments 
containing charcoal and burnt clay. 

14LGaH1_10, 
14LGaH1_11, 
16LGaF1-85 

E, ^ 

F1-91 7.5YR 5/2 Light brown 
(dry), 7.5YR 3/2 Dark 
brown (wet) 

Loamy sand, friable, 
non-sticky, non-
plastic 

8.5 Hard, compacted surface, 5 cm thick, with plant 
impressions including overlapping palm leaves impressed 
into the surface. 

16LGaF1-91 ^ 

F1-108 10YR 7/2 Light grey 
(surface), 5YR 3/1 Very 
dark grey (sediments 
underneath) 

Loamy sand, loose, 
non-sticky, non-
plastic 

7.5-
8 

An extensive compacted surface, c. 5 cm thick, overlying a 
build-up of loose dark humic sediments 12 cm thick 
containing charcoal and ash. 

14LGaH1_7 W 

F1-109 10YR 3/4Light yellow 
(surfaces), 7.5YR 4/2 
Brown (under surface) 

Sand, loose, non-
plastic, non-sticky 

8 Surface deposits 5cm thick, comprising two surfaces (F1-
109a and F1-109b) similar in colour and texture. This is 
underlain by a layer of humic material, charcoal and ash. 

F-109a: 14LGaH1_5, 
F-109b: 14LGa-
H1_5, 14LGaH1_6 

W 

^ 16LGa samples were removed during excavation, stored at the Long An Provincial Museum, and sub-sampled in 2016 for geoarchaeological analyses. 
*The West wall of Trench 1 is shown in Figures 6.32-6.33. The East wall of Trench 1 is shown in Figures 6.34-6.35. The West wall of Trench 2 is shown in Figures 6.36-6.37. 
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Table 6.7 (cont.). Summary of the stratigraphy, field descriptions and geoarchaeological sampling of the 2014 Lo Gach excavation trenches. 

1 

F1-110 7.5YR 6/6 Reddish 
yellow (surface), 
7.5YR 4/1 Brown 
(underling 
sediments) 

Loamy sand, loose, 
non-plastic, non-
sticky 

8 Compacted surface, c. 3 cm thick, sloping across the trench. 
Contains an underlying layer of charcoal, ash and loamy sand. 

Characterise: composition and 
materials; formation history (e.g., 
Was the deposit exposed to heat? 
Are artefacts in situ or displaced?); 
and, associated human activities. 

14LGaH1_5, 
14LGaH1_6 

W 

F1-113 10YR 2/2 Very dark 
brown to almost 
black 

Sandy loam, friable, 
non-plastic, non-
sticky 

7.5-8 A compacted surface that slopes across the trench. Contains 
burnt clay, pottery and burnt areas. The top is almost black; 
the matrix dark grey; dark sediments and rice husks adhere to 
the bottom. 

14LGaH1_4, 
14LGaH1_6 

W 

F1-119 5YR 5/2 Reddish 
grey 

Loamy sand, loose, 
non-plastic, sticky 

8-8.5 Consists of two sequences of silicified rice husk layers (each c. 
3 cm thick) underlain by thin layers of dark burnt sediments. 
Irregular distribution, mainly as fragments underneath F1-113.  

Depositional process of the plant 
remains, nature of association with 
the compacted surfaces, associated 
human activities? 

14LGaH1_4 W 

F1-122 2.5YR 6/1 Reddish 
grey 

Sandy loam, friable, 
non-plastic, non-
sticky 

8 A deposit 2-3 cm thick consisting primarily of silicified rice 
husks extending across most of the trench and corresponding 
to the spatial area occupied by the overlying surfaces. 

14LGaH1_3, 
14LGaH1_4 

W 

F1-125 7.5YR 3/1 Very 
dark grey 

Loamy sand, friable, 
non-plastic, non-
sticky 

8 A sedimentary layer above F1-123, containing high 
concentrations of charcoal and ash. Covers the northern 
margins of F1-123 and probably represents build-up of 
deposits beneath F1-122. 

Characterise: composition and 
materials; formation history (e.g., 
Was the deposit exposed to heat? 
Are artefacts in situ or displaced?); 
and, associated human activities. 

14LGaH1_3, 
14LGaH1_4 

W 

F1-123 7.5YR 2.5/1 Black-
almost black 

Loamy sand, friable, 
non-plastic, sticky 

 A hard creamy grey surface, c. 5 cm thick, underlain by a dark 
humic deposit rich in charcoal and ash. Below this is another 
surface (F1-123b) similar to F1-123. 

14LGaH1_2, 
14LGaH1_3 

W 

F1-126 10YR 3/2 Very dark 
greyish brown 

Loamy sand, loose, 
non-plastic, non-
sticky 

8.5 A white-light grey blanket of siliceous plant material 
containing high concentrations of rice husks and plant 
residues. Extends across the trench and covers the same area 
as the surfaces. 

Depositional process of the plant 
remains, nature of association with 
the compacted surfaces, associated 
human activities? 

14LGaH1_2 W 

F1-127 10YR 3/2 Very dark 
greyish brown 

Loamy sand, loose, 
non-plastic, non-
sticky 

8.5 Remnant hard surfaces, rusty yellow in colour and consisting 
of compacted sediments c. 8 cm thick underlain by dark humic 
sediments rich in charcoal and ash. Underlies F-1-126. 

Characterise: composition and 
materials; formation history (e.g., 
Was the deposit exposed to heat? 
Are artefacts in situ or displaced?); 
and, associated human activities. 

14LGaH1_2 W 

F1-140 2.5YR 5/2 Greyish 
brown 

Loamy sand, loose, 
non-plastic, non-
sticky 

7.5 Compacted greyish surface, approx. 4 cm thick, with a rusty 
reddish matrix and inclusions of charcoal. 

14LGaH1_2 W 

F1-141 2.5YR 3/2 Very 
dark greyish brown 

Sand, loose, non-
plastic, non-sticky 

7.5 Hard surface 11 cm thick, comprising an upper greyish surface 
and an underlying matrix of reddish-brown burnt clay and 
charcoal. Initial surface directly overlying C.103. 

14LGaH1_1, 
14LGaH1_8, 
14LGaH1_9, 
16LGaF1-141  

E, W, 
^ 
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Table 6.7 (cont.). Summary of the stratigraphy, field descriptions and geoarchaeological sampling of the 2014 Lo Gach excavation trenches. 

1 

C.103 5YR 6/1 to 5/1 
Grey 

Sandy loam, sticky, 
friable, non-plastic 

7.5 Greyish brown homogenous deposit thought to have been 
deliberately imported as an even, foundational surface. The 
initial hard surface deposits (F1-141, F1-140) lie directly on top 
of C.103. 

Characterise composition and 
depositional process. Test 
hypothesis that deposit is a 
foundational surface made from 
imported alluvial sediments. 

14LGaH1_1, 
14LGaH1_9 

E, W 

C.104 5YR 3/1 Very dark 
grey 

Loamy sand, loose, 
non-plastic, non-
sticky 

4.5-5 Grey deposit below C.103, showing the same distribution as 
C.103. Contains charcoal, ash, animal bone and pottery. 

Characterise: composition and 
materials; formation history; and, 
associated human activities. 

14LGaH1_1 W 

2 

C.202 7.5YR 5/2 Greyish 
brown to 7.5YR 4/2 
Brown 

Variable. Sandy clay 
loam to Loamy 
sand. 

6-6.5 Loose greyish soil layer containing pottery, clay pellets, animal 
bones and bone artefacts. 

Formation history of deposit: 
natural and/or human agencies? 
artefacts in situ or displaced? 

14LGaH2_6 W 

C.204 7.5 YR 3/2 Dark 
brown 

Loamy sand, friable, 
non-plastic, non-
sticky 

4 A layer c. 30 cm thick containing pottery, charcoal, animal 
bones, bone artefacts and stone artefacts. Underlies C.203. 

14LGaH2_2, 
14LGaH2_4, 
14LGaH2_5 

W 

F2-7 10YR 7/3 Very pale 
brown (wet), 10YR 
5/2 Greyish brown 
(dry) 

Sand, loose, non-
plastic, non-sticky 

6.5 Light yellowish surface, c. 10 cm thick, containing pottery, 
animal remains and charcoal. Falls within C.202 and covers 
most of the trench. 

Characterise: composition and 
materials; formation history (e.g., 
Was the deposit exposed to heat? 
Are artefacts in situ or displaced?); 
and, associated human activities. 

14LGaH2_6 W 

F2-13 7.5 YR 1.7/1 Light 
grey 

Sandy loam, friable, 
non-plastic, non-
sticky 

6.5 Dark brownish black discrete area containing charcoal, 
pottery, and animal remains. Underlies F2-7. 

14LGaH2_5 W 

F2-42 5 YR 5/2 Reddish 
grey 

Sand, loose, non-
plastic, non-sticky 

6.5 Surface containing pottery, animal bones and other artefacts. 
Several postholes were dug into the surface, showing a regular 
distribution in a NE-SW line. 

14LGaH2_3 W 

C.205 7.5YR 3/2 Dark 
brown to 5 YR 4/1 
Dark grey  

Sandy loam to 
Loamy sand, friable, 
non-plastic, non-
sticky 

4-5.5 Greyish loose sandy soil rich in a diverse range of artefacts.  Formation history of deposit: 
natural and/or human agencies? 
artefacts in situ or displaced? 

14LGaH2_1, 
14LGaH2_2 

W 

3 

F3-6 5YR 4/1 Dark grey 
(dry), 5YR 3/1 Very 
dark grey (wet) 

Sand, compact, 
non-plastic, sticky 

8 Hard, compact surface, c. 10 cm thick, with leaf and matting 
impressions on lower surface. Abundant charcoal and few 
pottery sherds. 

Characterise: composition and 
materials; formation history (e.g., 
Was the deposit exposed to heat? 
Are artefacts in situ or displaced?); 
and, associated human activities. 

16LGaF3-6 ^ 

F3-11 2.5YR 3/2 Dusky 
red) (wet), 10R 3/3 
Dusky red (dry) 

Sand, compact, 
non-plastic, sticky 

8 Reddish brown hard, compacted surface, 6 cm thick, with 
plant impressions on surface. 

16LGaF3-11 ^ 
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Figure 6.32. Section drawing of the west wall (east-facing profile) of Trench 1 at Lo Gach, excavated in 2014. The location of the micromorphology block samples analysed in the thesis are 
indicated by a black rectangle.
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Figure 6.33. (a) Photograph of the west wall (east-facing profile) of Trench 1 at Lo Gach, excavated in 2014. (b) The section 
of the west wall targeted for micromorphology sampling, showing the location of the micromorphology block samples 
analysed in the thesis. Note the dark organic-rich nature of the sediments, and the undulating orientation and irregular 
thicknesses of the layers. Photographs provided by the Lo Gach excavation team.
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Figure 6.34. Section drawing of the east wall (west-facing profile) of Trench 1 at Lo Gach, excavated in 2014. The location of the micromorphology block samples analysed in the thesis are 
indicated by a black rectangle.
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Figure 6.35. Photograph of the east wall (west-facing profile) of Trench 1 at Lo Gach excavated in 2014, showing the location of the micromorphology block samples analysed in the thesis. 
Note the heterogeneity in colour and thickness of the lower layers, and the sloping upper layers that have truncated the earlier deposits. Photograph provided by the Lo Gach excavation 
team. 
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Figure 6.36. Section drawing of the west wall (east-facing profile) of Trench 2 at Lo Gach, excavated in 2014. The location of the micromorphology block samples analysed in the thesis are 
indicated by a black rectangle.
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Figure 6.37. (a) Photograph of the west wall (east-facing profile) of Trench 2 at Lo Gach excavated in 2014. (b) Close-up 
photograph of the right side of the west wall showing the location of the micromorphology block samples analysed in the 
thesis. Photographs provided by the Lo Gach excavation team. 
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6.2.3.2. Geoarchaeological sampling strategy 

The geoarchaeological samples analysed in the thesis were collected during the 2014 excavation 

by Philip Piper from the Australian National University (Canberra) and archaeologists from the 

Southern Institute of Social Sciences (Ho Chi Minh City). The stratigraphic locations of the 

samples were selected to investigate the nature of activities and use of space within the 

settlement (Table 6.7). Profiles were cleaned, drawn and photographed following completion of 

excavation. 13 kubiena tins were removed from Trench 1 (east and west walls) and six kubeina 

tins were removed from Trench 2 (west wall). A total of 19 kubiena tins were labelled with 

sample number and orientation and transported to Australia where they were processed into 23 

thin sections for the current study. The locations of the samples are shown in Figures 6.32-6.37. 

Bulk samples were collected from the major sedimentary contexts during the 2014 excavation. 

No bulk samples were collected associated with the kubiena tins however a micro-sampling 

strategy was used in the laboratory to extract sediments from the post-processed kubiena tins 

for supplementary compositional analyses (Chapter 5). During excavation, field sediment tests 

(field colorimetric pH test; ribbon and roll tests to determine the degree of compaction, texture, 

plasticity and cohesion) were routinely conducted on sediments (Appendix F). 

Additional intact sediments were removed from feature deposits during the 2014 excavation 

and stored in the Long An Provincial Museum. The author photographed and recorded the 

feature deposits at the Long An Provincial Museum and subsampled nine features to transport to 

Australia where they were analysed using micromorphology and supplementary compositional 

analyses. 

6.2.3.3. Radiocarbon chronology 

Radiocarbon analysis was undertaken by Rachel Wood at the Australian National University 

Radiocarbon Laboratory. 21 charcoal samples and 2 grain samples from the three excavation 

trenches were analysed. The uncalibrated ages and calibrated date ranges are reproduced from 

Piper et al. (in prep) in Appendix F (Tables F.5-7). Bayesian analysis on radiocarbon dates was 

used to construct a chronological model of site occupation constrained by prior stratigraphic 

information. A multi-phase sequential model for each trench was produced in OxCal 4.3 (Bronk 

Ramsey 2009a) using the IntCal13 calibration curve (Reimer et al. 2013). All dates were given a 

5% prior probability of being an outlier and were assessed using the General t-type Outlier Model 

(Bronk Ramsey 2009b). The convergence integral was above 97.6% in all three Bayesian age 

models. 
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The Bayesian age models for Lo Gach are shown in Figure 6.38 and Table 6.8. An initial phase of 

Neolithic occupation is detected in Trench 2 with samples reporting modelled date ranges 

between 3200 and 3000 cal BP. This is followed by a modelled date range of 2800 to 2700 cal BP 

from dated materials in the upper layers of Trench 2 and from all dated deposits in Trenches 1 

and 3 (Figure 6.38). The second phase of occupation is responsible for most of the deposition of 

archaeological stratigraphy at the site and falls within the Bronze Age in Vietnam. 
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Figure 6.38. Bayesian age models of 
radiocarbon dates for Lo Gach. Bayesian 
age models were run separately for each 
of the three trenches. The models were 
produced in OxCal 4.3 (Bronk Ramsey 
2009a) using the IntCal13 calibration 
curve (Reimer et al. 2013). Each date 
was assumed to have a 5% prior 
probability of being an outlier within the 
General t-type Outlier Model (Bronk 
Ramsey 2009b). The light grey 
distributions indicate the unmodelled 
(prior) calibrated dates and the dark grey 
distributions indicate the Bayesian 
modelled (posterior) dates. The bars 
beneath the distributions indicate the 
68.2% (above) and 95.4% (below) 
modelled calibrated age ranges. 
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Table 6.8. Bayesian age model output for Lo Gach, showing posterior (modelled) radiocarbon distributions, agreement indices, convergence integral and outlier analysis. The model is shown 
in Figure 6.38. 

Trench 
Sample 

Code 
Provenance Material 

Conventional 
Radiocarbon BP 

Age 

Modelled 68.2% 
range cal BP 

Modelled 95.4% 
range cal BP 

Agreement 
index^ 

Convergence 
Outlier analysis 

from to from to Prior Posterior 

1 

38832 F1-8 Charcoal 2510±25 2726 2538 2730 2495 108.3 98 5 2 
38833 F1-7 Charcoal 2560±25 2729 2620 2736 2537 47.8 97.6 5 5 
38829 F1-110 Charcoal 2490±35 2736 2695 2739 2586 81.7 98.9 5 3 
40636 F1-121 Grain? 2530±20 2735 2714 2743 2694 146.3 99.2 5 1 
38830 F1-123 Charcoal 2535±25 2742 2727 2748 2716 137.7 99.8 5 2 
40635 F1-123 Grain? 2570±20 2745 2727 2749 2719 114.1 99.8 5 1 
40038 C.105 Charcoal 2485±20 2779 2740 2821 2719 5.6 99.4 5 94 
38827 C.105 Charcoal 2655±20 2771 2750 2785 2744 104.5 99.7 5 3 
38831 C.105 Charcoal 2790±45 2795 2749 2860 2731 28.9 98.8 5 24 

2 

38913 C.202/4 Charcoal 2525±20 2740 2619 2745 2511 114.2 99.8 5 NaN 
38835 F2-3 Charcoal 2705±30 2832 2748 2860 2653 78.9 99.6 5 NaN 
38836 F2-13 Charcoal 2605±25 2902 2738 2990 2732 23.9 98 5 NaN 
38914 F2-42 Charcoal 2930±25 3071 2998 3106 2964 83.6 99.9 5 NaN 
38837 F2-42 Charcoal 2850±45 3060 2955 3078 2877 103 99.9 5 NaN 
40634 F2-53 Charcoal 2935±20 3139 3060 3159 3020 109.2 99.9 5 NaN 
38838 C.205 Charcoal 2975±45 3201 2085 3252 3051 118.2 99.6 5 NaN 

3 

38839 F3-5 Charcoal 2570±25 2730 2705 2742 2520 52 99.3 5 5 
38906 F3-9 Charcoal 2465±20 2731 2709 2743 2535 24.3 99.4 5 38 
38907 C.303 Charcoal 2575±30 2732 2714 2742 2618 86.4 99.6 5 1 
38909 C.304 Charcoal 2545±20 2734 2718 2744 2621 149.1 99.7 5 1 
38910 C.305 Charcoal 2385±25 2737 2721 2745 2549 4.6 99.6 5 97 
38911 C.305 Charcoal 2535±20 2736 2721 2745 2707 158.8 99.6 5 1 
38912 C.306 Charcoal 2545±25 2740 2724 2748 2714 166 99.7 5 1 

^ AModel: Trench 1=22.2. Trench 2=37.7. Trench 3=17. 
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6.2.3.4. Cultural associations 

The 2014 excavations established that the main occupation of the mound, including 

archaeological deposits in Trench 1, took place between c. 2800-2700 cal BP during the Bronze 

Age. Trench 2 also uncovered an initial phase of late Neolithic occupation between c. 3200-3000 

cal BP, prior to the introduction of metal at the site, and slightly later than Neolithic occupation 

at Loc Giang. Analyses of archaeological remains recovered from the 2014 excavation of Lo Gach 

are the subject of ongoing analyses. 

High concentrations of pottery were recovered from throughout the archaeological sequence at 

Lo Gach. The ceramics were different in shape, form and firing to those recorded at 

chronologically earlier sites in Long An Province, such as An Son, Loc Giang and Rach Nui. 

Ceramic forms consisted of a variety of jars, bowls and dishes and ceramic tripods similar to 

those recorded at the mounded site of Go O’Chua, also on the Vam Co Tay River (Bui et al. 2003; 

Bui 2008). Other material culture recovered from Lo Gach include clay bow pellets, infrequent 

quadrangular stone adzes, and grinding and sharpening stones, possibly utilised in the 

manufacture of bone implements. Evidence of metal working include: a copper alloy arrowhead 

recovered from the bottom of Trench 1 (C.105); clay moulds for socketed adzes; and, an 

elaborate footed vessel for pouring molten metal into the moulds. The metal working artefacts 

were recorded in deposits dated to after 3000 cal BP. 

Preliminary analyses of the faunal assemblage report a dominance of turtle and deer, the latter 

utilised for both subsistence and bone and antler tool production (Tran and Piper 2018). Faunal 

remains include pigs, deriving from a managed population, and domesticated dogs (Tran and 

Piper 2018). The presence of commensal rodents is attested to by abundant gnaw marks on 

bone remains. Large quantities of bone and antler artefacts and debitage were recovered, 

including elaborate point types and arrowheads. 

The excavations reported a complex sequence of hard, compact creamy white surfaces that 

stratigraphically alternate with dark humic and organic rich deposits containing concentrations 

of charcoal and ash (Appendix F). In Trench 1, several of the surfaces extended from the 

northern edge of the trench to terminate within the trench, implying that the surfaces continued 

to extend in a northern direction beyond the excavated area (Piper et al. in prep). The surfaces 

are thought to represent external surfaces for activities and waste accumulation in outdoor 

areas nearby habitation dwellings (Piper et al. in prep). This interpretation is supported by two 

stratigraphic lines of evidence. First, the nature of the build-up of organic and humic deposits 

and rice chaff layers suggests occupational waste. Second, circular impressions found on at least 
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two of the surfaces were possibly caused by downward pressure from the bases of rice 

pounders, suggesting in situ plant processing activities (Appendix F; Chapter 9). No structural 

remains of dwellings were found within the excavated areas. 

Some of the surface deposits preserve impressions of leaves, wood and woven fibre materials 

embedded in clay matrices from the compression and rapid burial of organic materials (Figures 

F.4b, F.12e-f and F.12g). Technical analysis of woven fibre impressions establishes two main 

forms of fibre technology (Cameron 2017). First, impressions of a basketry sieve tray that could 

have been used for winnowing, food preparation or transport was identified from Trench 1 (F1-

32) (Cameron 2017). Second, woven plant matting was identified from two surface impressions 

(F3-5 and F3-6) from Trench 3 (Cameron 2017). Cameron (2017) suggests that the impressions 

were made by plants such as nipa palm (Nipa fruticans), Pandanus (Arecaceae family) and 

bamboo (Poaceae family) that would have been available to the inhabitants of Lo Gach and that 

are traditionally used in fibre technology in southern Vietnam today (Cameron 2017). 

6.3. Chapter summary 

In this chapter, the environmental and archaeological backgrounds to the three study sites were 

presented. This included a summary of the climate, geomorphology and sea level histories of the 

respective regions and an overview of the archaeological excavations, collection of 

geoarchaeological samples, radiocarbon chronologies and current stratigraphic frameworks for 

each site. The next three chapters present the results of the geoarchaeological analyses. Chapters 

are arranged in order of chronological age of the sites from oldest to youngest: Thach Lac in 

Chapter 7; Loc Giang in Chapter 8; and, Lo Gach in Chapter 9. 
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Chapter 7 
Microstratigraphic Results of Thach Lac 

In this chapter, the results of the microstratigraphic analyses of Thach Lac, Ha Tinh Province, 

Central Vietnam are presented. The chapter is divided into four sections. In Section 7.1, the main 

components observed in the sediments are described. In Section 7.2, 12 microfacies identified 

during the microstratigraphic analyses are summarised. Human and natural processes of site 

formation are discussed in Section 7.3. The chapter concludes by presenting a 

microstratigraphic sequence of site formation (Section 7.4) that integrates the temporal 

patterning of microfacies with field stratigraphic records. 

Two appendices provide supporting information to this chapter. Appendix G contains detailed 

microfacies descriptions, micromorphological recording tables and photomicrographs of thin 

sections from Thach Lac. Appendix H presents the supplementary geoarchaeological data 

collected using sedimentological and mineralogical techniques. 

7.1. Components in the sediments 

The main components in the Thach Lac sediments are listed in Table 7.1, along with a 

representative photomicrograph and a summary of preservation and depositional history. The 

anthropogenic deposits are made up of shells, faunal bones, charcoal, pottery sherds and 

terrigenous sediments. 

Due to the location of the site in a dynamic coastal geomorphological environment, geogenic 

components are dominant in most thin sections. They consist of gravels, sands, silts and clays of 

siliclastic origin, predominantly monocrystalline quartz (Table 7.1). The wide variation in grain 

size and microstructure throughout the depositional sequence reflects changing depositional 

conditions linked to sea level and coastline configurations during the mid to late Holocene 

(Section 7.4). 

The most common anthropogenic inclusion is faunal bone, particularly in the middle and upper 

stratigraphic units. Bone fragments are often weathered and poorly preserved, characterised by 

a loss of colour, birefringence and internal structure in thin section (Villagran et al. 2017a: 31). 

Some bone fragments appear heavily abraded by water action (Figures 7.5 and 7.13g). Fish bone 

fragments are abundant, identified by distinctive denticulate edges of scales (Villagran et al. 

2017a). Differences in colour, birefringence and microstructure suggest they were burnt at 
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temperatures ranging from 200°C to 600°C (Table 7.1; Courty et al. 1989: 109-110; Villagran et 

al. 2017a). 

Shells were more common than bone in the lower stratigraphic units. Most shell fragments 

identified in thin section are Placuna placenta (window-pane oyster) (Table 7.1, Figure 7.5). 

Other mollusc species including Anadara sp. and rare small gastropods are infrequent and 

probably represent incidental inclusions. The dominance of Placuna placenta fragments in thin 

section is consistent with faunal analyses from the site (Nguyen et al. 2020). Shell fragments are 

present in a range of sizes and states of preservation, but they do not show evidence of burning. 

The degree of calcium carbonate dissolution of shell microstructures (Figure 7.12g) increases 

with stratigraphic depth. 

Ceramic fragments vary from small reworked fragments to large sherds of pottery, sometimes 

distributed in clusters and demonstrating in situ breakage (Figure 7.3a). The dominant mineral 

inclusions in the ceramic sherds are monomineralic quartz, with minor inclusions of 

polycrystalline quartz, feldspar, biotite and opaque iron oxides. The raw materials for ceramic 

production match the regional geology and thus could be obtained locally from alluvium or 

aeolian dune sediments. Control over clay mixing and firing variables improved over time and 

rotary vessel forming techniques appear in the upper part of the cultural sequence (Table 7.1). 

The most common residue of anthropogenic burning is charcoal. Charcoal is not well preserved, 

presenting in thin section as fractured and disintegrating. Chemical and physical disintegration 

of charcoal (Table 7.1) would have been accelerated by high precipitation of Thach Lac. No intact 

combustion features were detected and only two events of in situ burning were identified, based 

on rubification (reddening) of the substrate [mFs C and D] (Figure 7.4; Section 7.3). Rubified 

sediment aggregates from anthropogenic burning are tentatively identified when locally 

associated with burnt bone and charcoal fragments in thin section [mFs A, D and H] (Figures 

7.1e-f; after Berna and Goldberg 2008; Goldberg et al. 2009; Matthews 2013; Matthews 2016; 

Stahlschmidt et al. 2017). 

Two main natural processes of rubification were identified: fluctuating wetting and drying 

regimes in a tidal environment [mF I and J] (Figures 7.1a and 7.15); and, pedogenic nodule 

formation from the mobilisation and reprecipitation of iron [present in most mFs] (Figures 7.1b 

and 7.12e-f). Bioturbation features produced by plant and soil faunal activity are common (Table 

7.1, Figure 7.11).
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Figure 7.1. Examples of rubification (orange-red to crimson (OIL)) caused by natural and human processes in the Thach Lac 
thin sections. (a) Lenses of waterlain silts, clays, sands and shell fragments that show rubification from fluctuating subaerial 
exposure and submergence in a tidal environment [MSU 20]. (b) A nodule formed through natural Fe-Mn oxide 
precipitation [MSU 7b]. (c) A fragment of a pottery sherd showing rubification of the clay from anthropogenic firing [MSU 
7b]. (d) Rubification of the groundmass from in situ burning on a surface. 16. (e) Rubified clay from burning, locally 
associated with charcoal [MSU 21a]. (f) A rubified sediment aggregate, probably from burning. The aggregate is locally 
displaced, formerly adhering to a bone fragment [MSU 8b]. 
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Table 7.1. Description and depositional pathways of the major components in the sediments from Thach Lac. 

Component Representative photomicrograph Description 
Depositional 

pathway 
Microstratigraphic 

units present 
Microfacies 

present 
Bone 

 

Fish bone and terrestrial vertebrate bone are common in all cultural layers. 
Bone fragments are often weathered and poorly preserved, presenting as 
leached with a pale colour and loss of birefringence and internal structure. 
Some bone fragments appear heavily abraded by water action. Burnt bone 
fragments are occasionally present and are always admixed with unburnt 
bone (Figure 7.2d). Burnt bones are variably coloured from bright orange-red 
through to dark brownish-black, have a dark brownish black thick outline, are 
isotropic in XPL and show occasional structural changes such as splintering 
(Figure 7.2b). 

Anthropogenic 
inputs resulting 
from discard 
following 
processing and 
consumption by 
humans 

3, 7a, 7b, 7c, 8a, 8b, 
10a, 10b.1, 10b.3, 
13a, 13b.1, 13b.2, 
13c, 14a.1, 14a.2, 
14b.1, 14b.2, 14b.3, 
15a.1, 15a.2, 15a.3, 
15a.4, 15b.1, 15b.2, 
15b.3, 15c, 16.1, 
16.2, 16.3, 20.1, 
20.2, 20.3, 21a.1, 
21a.2, 21b.1, 21b.2 

A, B, C, D, 
E, F, H, I, J 

Mollusc 
shell 

 

Shell is common in the middle and lower cultural layers. Most shell fragments 
are Placuna placenta (window-pane oyster), with few inclusions of other 
mollusc species such as Anadara sp. Placuna placenta shell fragments were 
identified based on elongate flat structure, whereas Anadara sp. were 
identified based on their curved morphology and presence of hinge teeth. 
Rare small gastropods represent incidental inclusions. The orientation and 
fragmentation patterns of shell are variable across contexts. The degree of 
calcium carbonate dissolution increases with depth. 

Anthropogenic 
inputs resulting 
from discard 
following 
shellfish 
gathering and 
consumption by 
humans 

3, 7a, 10a, 10b.1, 
10b.3, 14a.1, 14a.2, 
15a.1, 15a.2, 15a.3, 
15a.4, 15b.1, 15b.2, 
15b.3, 15c, 16.1, 
16.2, 20.1, 20.2, 20.3 

A, C, D, E, 
F, H, I, J 

Ceramic 
fragments 

 

Ceramic fragments vary from small reworked fragments to large sherds of 
pottery distributed in clusters and/or sharing the same lateral plane 
suggesting in situ breakage. In a few instances disintegration of the pottery 
fabric into the surrounding sediments had occurred. All pottery fragments 
contained weathered quartz sand inclusions that could be obtained locally 
from redeposited alluvial and aeolian sources. The clay matrices demonstrate 
variability as a result of different clay sources and different firing conditions. 
Control over clay mixing and firing variables improved over time, from 
uneven firing conditions (producing gradational changes in colour between 
the core and margins) and high heterogeneity and streaking in the clay 
matrices in the lower cultural layers [C.106, C.108, C.114] to uniform firing 
conditions and well-mixed, homogenous clay matrices in the upper layers 
[C.102 and C.104]. Two major classes of vessel forming techniques were 
identified: non-rotary techniques throughout the stratigraphic sequence and 
rotary techniques in C.102. 

Anthropogenic 
discard 
following 
construction 
and use of 
pottery 

7a, 7b, 7c, 10a, 
13b.2, 13c, 14a.1, 
14a.2, 14b.2, 21a.1, 
21a.2, 21b.2 

A, B, D, E, F 
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Table 7.1 (cont.). Description and depositional pathways of the major components in the sediments from Thach Lac. 
Charcoal 

 

Charcoal is the most common indicator of burning in thin sections. It 
is generally poorly preserved, presenting as fragmented and 
potentially variably altered into humic acids. Oxidation and/or burial 
of charcoal in alkaline environments or in the presence of carbonate 
material can lead to charcoal undergoing diagenetic alteration to 
humic acids (Klmada 1983; Cohen-Ofri et al. 2006; Braadbaart et al. 
2009; Ascough et al. 2011). Chemical solubility and physical 
disintegration of charcoal would have been accelerated by the high 
precipitation of Thach Lac The idea that water plays a role in charcoal 
weathering is supported by the occurrence of dark opaque material 
resembling charcoal forming coatings around and bridges between 
sand grains (Figures 7.11c-d). 

Anthropogenic 
combustion 
activities followed 
by 
remobilisation/disc
ard by human and 
natural processes 

3, 7a, 7b, 7c, 8a, 8b, 10a, 
10b.1, 10b.3, 13a, 13b.1, 
13b.2, 13c, 14a.1, 14a.2, 
14b.1, 14b.2, 14b.3, 
15a.1, 15a.2, 15a.3, 15a.4, 
15b.1, 15b.2, 15b.3, 15c, 
16.1, 16.2, 16.3, 20.1, 
20.2, 20.3, 21a.1, 21b.1, 
21b.2 

A, B, C, D, E, 
F, H, I, J 

Rubified 
(burnt) 
sediment 

 

It is difficult to unequivocally identify rubification caused by burning 
from rubification caused by natural processes of iron impregnation 
(Figure 7.1; Mentzer 2014). Rubified sediment aggregates from 
anthropogenic burning (e.g., incidental inclusions in hearths or rip-
ups of the hearth substrate) were tentatively identified when locally 
associated with burnt bone and charcoal fragments in thin section 
(Figures 7.1e-f; after Berna and Goldberg 2008; Goldberg et al. 2009; 
Matthews 2013; Matthews 2016; Stahlschmidt et al. 2017). FTIR 
analyses identified altered clay in some sediment samples [MSUs: 7a, 
7b, 21a.1, 13a, 15b.1; Bulk sediments: C.102, C.106, C.107, C.108, 
C.112] (Table 7.2). As the analyses were conducted on disaggregated 
samples, the results can only be used to complement rather than 
verify burning of specific features in thin section. No intact 
combustion features were detected and only two events of in situ 
burning were identified, based on the presence of a rubified substrate 
(Figure 7.4; Section 7.3). 

Anthropogenic 
combustion 
activities. Two 
instances of in situ 
burning. Most 
rubified sediment 
occurs as 
aggregates 
redeposited at a 
secondary location. 

In situ burning: 14a.1, 
16.2 
 
Displaced burnt sediment 
aggregates and/or 
dispersed burnt silty-clay: 
3, 7a, 7b, 8a, 8b, 13b.2, 
14a.1, 14b.2, 15a.4, 21a.1 

A, D, H 

Gravel, 
sand and 
silt 
mineral 
grains 

 

Quartz mineral grains are the dominant component in most thin 
sections. The grains are sub-angular to sub-rounded weathered 
detrital grains. They are predominantly monocrystalline with minor 
inclusions of polycrystalline grains and undulose extinction suggesting 
derivation from a metamorphic source. The size ranges and degrees 
of sorting are highly variable throughout the stratigraphic sequence, 
providing the main proxy for reconstructing depositional 
environments. 

Predominantly 
aeolian deposition 
in a back-beach 
dune environment. 
Lower stratigraphic 
layers may 
represent intertidal 
beach 
environments. 

3, 7a, 7b, 7c, 8a, 8b, 10a, 
10b.1, 10b.2, 10b.3, 13a, 
13b.1, 13b.2, 13c, 14a.1, 
14a.2, 14b.1, 14b.2, 
14b.3, 15a.1, 15a.2, 15a.3, 
15a.4, 15b.1, 15b.2, 
15b.3, 15c, 16.1, 16.2, 
16.3, 20.1, 20.2, 20.3, 
21a.1, 21a.2, 21b.1, 21b.2 

A, B, C, D, E, 
F, G, H, I, J 
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Table 7.1 (cont.). Description and depositional pathways of the major components in the sediments from Thach Lac.  
Silty clay 
laminations 

 

Waterlain silty-clay laminations deposited under low energy 
conditions. 

Different events of water 
deposition: sedimentary 
inwash; surface crusts; 
and, submergence of site. 

7c, 10a, 10b.1, 10b.2, 
10b.3, 13c, 15a.4, 15b.1, 
15b.2, 15b.3, 15c, 20.2, 
21a.1, 21a.2 

B, D, F, G, H, 
I, J 

Soil faunal 
excrements 

 

Soil faunal excrements include spheroidal to rough 
microaggregates and earthworm granules of heterogeneous 
composition that are sometimes coalescing. They occur 
predominantly as loose discontinuous infillings in channel 
and chamber voids. 

Biological activity by soil 
fauna. 

7a, 7b, 7c, 8a, 8b, 10a, 
10b.1, 10b.3, 13a, 13b.1, 
13b.2, 13c, 14a.1, 14a.2, 
14b.1, 14b.2, 14b.3, 
15a.2, 15a.3, 15b.2, 
15b.3, 15c, 16.1, 16.2, 
16.3, 20.1, 20.3, 21a.1, 
21a.2, 21b.1, 21b.2 

A, B, C, D, E, 
F, I, J 

Plant 
remains 

 

Preservation of plant remains varies from fresh roots with 
interference colours of lignin to partially humified plant 
tissues. They are distributed predominantly in channel and 
chamber voids. 

Recent bioturbation. 3, 7a, 7b, 7c, 8a, 8b, 10a, 
10b.1, 10b.2, 10b.3, 13a, 
13b.1, 13b.2, 13c, 14a.1, 
14a.2, 14b.1, 14b.2, 
14b.3, 15a.1, 15a.2, 
15a.3, 15b.2, 15b.3, 15c, 
16.1, 16.2, 16.3, 20.2, 
20.3, 21a.1, 21b.2 

A, B, C, D, E, 
F, G, I, J 

Iron and 
manganese 
pedofeatures 

 

Several types are present. Opaque orthic Fe-Mn oxide 
nodules, rounded with sharp boundaries are likely inherited 
from parent material/sedimentary source. Irregular 
disorthic nodules with diffuse boundaries are likely 
pedogenic features; occasionally they exhibit compound 
layering and/or embedded sand-size quartz grains. 

Iron and manganese 
mobilisation and 
precipitation due to 
cycles of wetting and 
drying of the sediment 
and associated changes in 
groundwater caused by 
precipitation/flooding 
events. 

3, 7a, 7b, 7c, 8a, 8b, 10a, 
10b.1, 10b.2, 10b.3, 13a, 
13b.1, 13b.2, 13c, 14a.1, 
14a.2, 14b.1, 14b.2, 
14b.3, 15a.2, 15a.3, 
15a.4, 15b.1, 15b.2, 
15b.3, 15c, 16.1, 16.2, 
16.3, 20.1, 20.2, 20.3, 
21a.1, 21a.2, 21b.1, 21b.2 

A, B, C, D, E, 
F, G, H, I, J 
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7.2. Microfacies descriptions of archaeological stratigraphy 

Microstratigraphic analysis of 19 archaeological thin sections from Thach Lac identified 37 

microstratigraphic units (MSUs) representing 10 microfacies (mFs). An additional two 

microfacies were described from two off-site environmental thin sections. The microfacies were 

assigned alphabetical letters to distinguish them and are described in detail in Appendix G, using 

information integrated from micromorphology and supplementary compositional analyses 

(FTIR, XRD and phytolith concentrations). Here, microfacies are described as succinctly as 

possible because emphasis in this chapter is placed on linking the different microfacies to 

human and natural depositional processes (Section 7.3). Percentages provided in round 

parentheses refer to the amount of a given component as a proportion of the total area of the 

MSU. Square parentheses indicate the respective MSU under observation. Photomicrographs of 

each microfacies are shown in Figure 7.2. An inventory of microfacies types is given in Table 7.2, 

with each microfacies type accompanied by a summary of its main micromorphological 

characteristics, mineralogical composition, and a list of thin sections in which the microfacies 

occurs. 

Microfacies A 

mF A (Figure 7.2a) is a sandy loam with no internal microstratigraphy and a mostly apedal, 

vughy and channel microstructure.  The fine material is composed of heterogenous, dotted, dark 

orange-brown (PPL) impure clay and amorphous fine organic material. Quartz mineral grains 

(25-35%) and fragmentary inclusions of bone and burnt bone (5-15%), charcoal (2-5%), shell 

(1%), and pottery (2-10%), as well as burnt sediment aggregates (1-2%; slightly altered clay 

identified by FTIR, Table 7.2, Appendix H) are poorly-sorted and generally randomly distributed 

and oriented. Infrequently, bone fragments are concentrated in horizontal arrangements and 

show in situ crushing. Limited pedogenic development comprises textural and hydroxide 

pedofeatures from intermittent, probably seasonal, wetting/drying cycles. High bioturbation is 

evidenced by homogenisation of fabric, breakdown of organic matter, fabric packing features 

along biological voids, excremental infillings and channel porosity. 

Microfacies B 

mF B (Figure 7.2b) is a sandy loam with a predominantly massive microstructure consisting of 

orange (PPL) impure, Fe-enriched clay and quartz mineral grains (35%). Very few 

anthropogenic components including bone fragments (5%), charcoal (2%) and a pottery sherd 

(1%) are present. In comparison to mF A, there is a recognisable increase in fine material, 
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textural pedofeatures (dusty dark brown clay coatings and a sedimentary crust) and 

sesquioxidic pedofeatures (nodules and staining of the groundmass), a decrease in porosity, and 

an absence of ped structure (Figure 7.2b). 

Microfacies C 

mF C (Figure 7.2c) is a discrete microstratigraphic layer [MSU 16.2], 2.6 cm in thickness. The 

upper boundary is marked by a semi-continuous, locally compacted surface composed of 

rubified (crimson (OIL)) sediment with embedded, horizontally-oriented quartz grains, bone 

fragments and ‘stringers’ of charcoal. Below the upper boundary, the texture is a sandy loam and 

the microstructure is vughy and pellicular-grain to bridged-grain. The fine material is the most 

distinctive attribute of this microfacies, comprising a red (PPL), bright red-orange (OIL) cloudy 

rubified clay with a b-fabric that is masked by the elevated Fe content (Figure 7.2c). Quartz 

mineral sands (30%) and fragments of bone (5%), burnt bone (1%) and charcoal (1%) are 

poorly-sorted and randomly embedded in the micromass. 

Microfacies D 

mF D (Figure 7.2d) is a sandy loam dominated by quartz sand grains (30-50%) and a large 

anthropogenic signature comprising: bone and burnt bone fragments (10-20%), charcoal (2-

5%), burnt sediment aggregates and dispersed rubified silty clay (1-2%; slightly altered clay 

identified by FTIR, Table 7.2, Appendix H), shell (1%) and pottery (1-5%). Coarse components 

are unsorted and randomly-oriented in a pellicular-grain and bridged-grain microstructure with 

high porosity consisting predominantly of simple packing voids. The fine material is an orange-

brown (PPL), dusty, impure clay that is patchily distributed and preferentially associated with 

anthropogenic material. Concentrations of anthropogenic components occur in horizontal 

orientation including: in situ crushing of bone, ‘stringers’ of charcoal, and locally compacted 

sediment. Pedofeatures include: coatings of translocated dusty clays and humic organic matter; 

coatings on void walls of recrystallised calcite; Fe-Mn hydroxide nodules; rare excremental 

organic-mineral microaggregates; and, a reworked sedimentary crust. 

Microfacies E 

mF E (Figures 7.2e-g) is a quartz sand (40-50% quartz mineral sand grains, sub-angular to sub-

rounded) with little fine material and anthropogenic inputs. Differences in grain size across 

different MSUs guided the division of mF E into three sub-groups: mF E1 contains poorly-sorted 

coarse and very coarse sands; mF E2 contains well-sorted fine and medium sands; and, mF E3 



Chapter 7                                                                                                                                      Microstratigraphic Results of Thach Lac 

210 

contains well-sorted fine sands (Figures 7.2e-g). Across the subvariants of mF E, the sand grains 

are arranged in single-grain to pellicular-grain and bridged-grain microstructures, with high 

porosity (30-40%) consisting of simple packing voids. Fragments of bone (2-10%) are degraded, 

charcoal (1-5%) fragments show disintegration, and shell (1-10%) fragments show calcium 

carbonate dissolution. Dusty, dark brown (PPL) clay coatings and pale greyish-brown (PPL) 

micritic coatings occasionally bridge coarse components.  

Microfacies F 

mF F (Figure 7.2h) is a sandy loam with apedal, mainly massive and channel microstructures 

and a dominance of quartz mineral grains (25-30%, poorly-sorted from silt to very coarse sand). 

Relative to mF E, mF F has a greater frequency of fine material (impure orange (PPL) silts and 

clays), anthropogenic components (bone (10-20%), pottery (2-5%), charcoal (2%) and shell (1-

2%)) and bioturbation pedofeatures (biological voids exhibiting fabric packing along void walls 

and excremental microaggregate and crumb infillings). Anthropogenic components are 

disordered and poorly-sorted, showing no preferred arrangement (Figure 7.2h). Hydroxide 

impregnation features include diffuse Fe staining of the groundmass, Fe hypocoatings on voids 

and Fe-Mn oxide typic nodules. The fine fraction shows reorganisation by water (clay coatings, 

silty clay intercalations and sedimentary crusts). 

Microfacies G 

mF G (Figure 7.2i) is a sedimentary microlayer 2 mm in thickness that is laterally continuous 

across the thin section and exhibits clearly defined upper and lower boundaries. It is composed 

of horizontally-oriented waterlain lenses of alternating clays, silts and fine sands representing 

inwash of fine sedimentary material under low-energy conditions (Pagliai and Stoops 2010). No 

biomineral or anthropogenic inclusions are present. The microlayer has been post-

depositionally impregnated with diffuse iron mottling and disrupted by biological channels. 

Microfacies H 

mF H (Figure 7.2j) has a shell-supported microstructure consisting of elongated Placuna 

placenta oyster shell fragments (20%) in banded sub-parallel distribution and orientation. 

Burning residues, comprising charcoal fragments (2-5%) and burnt sediment aggregates (1%), 

and heavily abraded bone fragments (5-10%) are (sub-)horizontally-oriented and interbedded 

between the shell valves. Poorly-sorted fine to coarse quartz sands (25%) and inclusions of 

calcitic silty-clay sedimentary fragments are arranged in a single-grain to bridged-grain 
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microstructure, which is highly porous (30-40%) with simple packing voids. Pale grey (PPL) 

micritic calcium carbonate coatings on voids and inclusions are overlain by dusty brown (PPL) 

non-calcitic clay coatings. 

Microfacies I 

The upper boundary of mF I is marked by a microlayer of compacted, horizontally-oriented and 

interbedded, finely crushed Placuna placenta shell fragments, associated with two burnt bone 

fragments and iron impregnation. Below the boundary, mF I (Figure 7.2k) consists of parallel 

laminae of interbedded silts and clays, variably intercalated with lenses of find sand and bedded 

‘shell hash’ (finely abraded shell fragments) and occasional spicules. The texture is silty clay and 

the fine material consists of pale creamy-grey (PPL), crystallitic and parallel-striated (XPL) 

calcitic clay with zones of recrystallised micrite and diffuse Fe impregnation. Fragments of shell 

(5%) and bone (2%) are well-sorted and demonstrate intensive rounding and abrasion. A high 

degree of hydroxide impregnation is exhibited by linear lenses of Fe staining and Fe-Mn oxide 

nodules and hypocoatings, and bioturbation is exhibited by channel and modified planar void 

microstructures and excremental infillings of voids. 

Microfacies J 

mF J (Figure 7.2l) shows a highly variable and admixed microstructure and a texture ranging 

from sandy loam to silt loam. It comprises irregular zones or alternating lenses of poorly-sorted 

silt-size to gravel-size quartz mineral grains that are intercalated with microlaminated lenses of 

calcitic clays and silts, finely crushed ‘shell hash’ and rare heavily abraded bone (2-5%) 

fragments (Figures 7.2l and 7.13c). The fine material comprises varying proportions of clay, 

calcium carbonate and iron. After quartz grains (20-30%), the second most dominant inclusion 

is shell (10-20%), predominantly Placuna placenta valve fragments. Dissolution of shell 

microstructures is common and secondary micrite infills voids and interstitial spaces between 

coarse components. Pronounced hydroxide impregnation pedofeatures comprise Fe-enriched 

linear zones and Fe-Mn oxide nodules and hypocoatings, and bioturbation is evident from fabric 

packing along voids and infillings of organic-rich microaggregates and coalescing earthworm 

excrements in voids. 
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Microfacies of environmental off-site samples 

Microfacies Y 

The sampling location of mF Y is the modern-day surface topsoil adjacent to the archaeological 

site. mF Y (Figure 7.2m) is a relatively heterogeneous sandy loam with a massive and channel 

microstructure. Moderate vegetation and bioturbation are indicated by elevated phytolith 

concentrations, fresh root sections and partially humified plant root remains, biological 

channels, and excremental microaggregates and crumbs. The micromass is impure, dotted 

orange-brown (PPL) clay containing organic matter and Fe mottling. The dominant coarse 

components are moderately to poorly-sorted quartz mineral grains (40%). 

Microfacies Z 

mF Z represents the off-site sub-surface deposit below mF Y. mF Z (Figure 7.2n) is a loam with a 

massive, apedal microstructure. The fine material is speckled orange clay (PPL) and the b-fabric 

is mosaic-speckled and weakly grano-striated, poro-striated and cross-striated (XPL). Quartz 

mineral grains (20-30%) are less abundant relative to mF Y and are generally finer, consisting of 

moderately-sorted fine to coarse sands. Limpid crescentic clay coatings (1%) comprising well-

oriented clays (XPL) are locally displaced and rotated. Frequent Fe-Mn hydroxide impregnation 

pedofeatures (15%) include nodules, hypocoatings and mottling of the groundmass (Figure 

7.2n).
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Figure 7.2. Photomicrographs of the microfacies identified during the Thach Lac microstratigraphic analyses. (a) mF A: 
unsorted anthropogenic components including charcoal and burnt and unburnt bone in an organic-rich sandy deposit. (b) 
mF B: massive sandy deposit enriched with silts, clays and iron mottling. (c) mF C: discrete microlayer of rubified sediment. 
(d) mF D: anthropogenic components including fragments of charcoal and burnt and unburnt bone in sands. (e) mF E1: 
poorly-sorted predominantly coarse and very coarse sands deposited under relatively high energy conditions. (f) mF E2: 
well-sorted aeolian fine and medium sands. (g) mF E3: well-sorted aeolian fine sands. (h) mF F: anthropogenic components 
including unsorted and randomly arranged bone fragments in a silty sandy deposit.
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Figure 7.2 (cont.). Photomicrographs of the microfacies identified during the Thach Lac microstratigraphic analyses. (i) mF 
G: thin layer of inwashed silty clays. (j) m F H: anthropogenic shell midden deposit containing bedded shell valves and 
fragments of charcoal and bone. (k) mF I: waterlain silty clays. (l) mF J: waterlain abraded shells and sands, extensively 
impregnated with iron oxides. (m) mF Y: modern-day control top-soil. (n) mF Z: modern-day control sub-soil. 
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Table 7.2. Thach Lac microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. Numbers in superscript for mF E denote 
different subgroups of this microfacies. Percentages provided in round parentheses refer to the amount of a given component as a proportion of the total area of the MSU. Square 
parentheses indicate the respective MSU under observation. The coarse-to-fine (C/F) limit is set at 10 µm. Italicised contexts in the ‘Context’ column indicate the detection of 
microstratigraphic layers not identified in the field. Minerals identified by FTIR are listed in order of abundance. Refer to Appendix G for detailed microfacies descriptions and 
micromorphology data tables of thin sections and Appendix H for supplementary geoarchaeological data. 

mF Summary of micromorphological attributes 
Thin 

sections/ 
MSUs 

Supplementary 
microarchaeolo

gical data 

Interpretation of 
depositional history 

Context 

Representa
tive photo-
micrograph 
(Figure 7.2) 

A 

Microstructure: Vughy and channel. Voids: 15-25%: Vughs (5-10%); Channels (5-15%); Chambers 
(1-5%). 
Coarse/Fine: Texture: Sandy loam. C/F ratio: 60:40 to 70:30. C/F related distribution: Variable: 
Gefuric and chitonic to porphyric. 
Fine material: Colour and composition: Heterogenous dotted dark orange-brown (PPL) impure 
clay and amorphous fine organic matter. B-fabric: Speckled, occasionally poro- and granostriated. 
Coarse components: Mineral: Quartz (25-35%, silt to gravel, <3.6 mm); Mica (<1%); Biotite (<1%); 
Orange-brown (PPL) speckled (XPL) silty-clay aggregates (1%). Biomineral: Bone (5-15%, random 
orientation, unsorted, 40 µm-15 mm, few burnt bones); Charcoal (2-5%, microcharcoal to 2.5 
mm); Shell (1%, 250 µm to 1.6 mm). Organic: Organ and tissue residues (2-5%). Anthropogenic: 
Pottery (2-10%); Burnt sediment aggregates [MSUs 3, 7a, 7b, 8a, 8b] (1-2%, 150-1200 µm, 
rounded). 
Pedofeatures: Textural: Dark brown (PPL) oriented (parallel b-fabric (XPL)) dusty clay coatings 
(1%); Fragments of waterlain microlaminations showing graded bedding [MSUs 7b and 8a] (2%). 
Crystalline: Impure micritic aggregates [MSU 16.1] (2%); Partial void infillings of micritic calcite 
[MSU 16.3] (1%). Amorphous and cryptocrystalline: Irregular and typic dense to opaque Fe-Mn 
oxide nodules (1-2%); Fe impregnation of the groundmass (1-2%); Fe hypocoatings on biological 
voids (1-2%). Fabric: Fine material packing along biological void walls (1%). Excrement: Biological 
infillings of excremental microaggregates and crumbs (1-2%). 

3, 7a, 7b, 
8a, 8b, 
16.1, 16.3 

FTIR: Clay and 
quartz [MSUs 3, 
8a]. Clay, quartz 
and trace CHAP 
[MSUs 7a, 7b, 
8b, 16.3]. 
Slightly altered 
(heated) clay 
and quartz [red 
aggregates from 
MSUs 7a and 
7b]. 
Phytolith 
concentrations 
[MSUs 7a and 
8b]: 101-
214,000/g 
sediment. 

Secondary deposition of 
faunal bone, pottery and 
burning residues (burnt 
bone fragments, charcoal 
and burnt sediment 
aggregates) in a refuse 
area. No internal 
microstratigraphy or 
evidence for in situ 
combustion activities 
detected. Within the 
homogenous midden 
deposit, a single discard 
event and the effects of 
light trampling were 
identified. 

C.102, 
C.104 

7.2a 

B 

Microstructure: Predominantly massive, some vughy and channel. Voids: 5-10%: Vughs (5%); 
Channels (~2%). 
Coarse/Fine: Texture: Sandy loam. C/F ratio: 55:45. C/F related distribution: Gefuric and chitonic. 
Fine material: Colour and composition: Orange (PPL) impure clay with diffuse iron. B-fabric: 
Speckled and occasionally poro-striated and grano-striated. 
Coarse components: Mineral: Quartz (35%, predominantly fine to coarse sand-size); Mica (<1%). 
Biomineral: Bone (5%, 100 µm to 1.7 mm, unsorted, few burnt bones); Charcoal (2%, silt to 
medium sand-size). Organic: Organ and tissue residues (5%). Anthropogenic: Pottery (1%). 
Pedofeatures: Textural: Dark brown (PPL) oriented (parallel b-fabric (XPL)) clay coatings (1%); 
Silty-clay sedimentary crusts (2%). Amorphous and cryptocrystalline: Fe impregnation of the 
groundmass (2-5%); Irregular and typic incipient to dense and opaque Fe-Mn oxide nodules (2-
5%). Excrement: Excremental microaggregate infillings of biological voids (2%). 

7c FTIR: clay and 
quartz [MSU 
7c]. 
Phytolith 
concentrations 
[MSU 7c]: 
176,000/g 
sediment. 

Sedimentary material 
accumulated through 
natural processes during a 
hiatus in site occupation. 
Following a later period of 
human occupation [C.102] 
that deposited material 
above this layer, an 
incipient B horizon formed 
and led to pedogenic 
zonation between C.102 
and C.103. 

C.103 7.2b 
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Table 7.2 (cont.). Thach Lac microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

C 

Upper boundary: Semi-continuous compacted surface with rubified sediment and embedded 
horizontally-oriented anthropogenic inclusions.  
Microstructure: Vughy and pellicular- to bridged-grain. Voids: 15%: Vughs (10%); Channels (5%). 
Coarse/Fine: Texture: Sandy loam. C/F ratio: 50:50. C/F related distribution: Gefuric and chitonic to 
porphyric. 
Fine material: Colour and composition: Reddish brown (PPL) bright red-orange (OIL) impure cloudy 
and dotted clay. B-fabric: Weakly speckled, masked by Fe. 
Coarse components: Mineral: Quartz (30%, moderately-sorted, fine to coarse sands). Biomineral: 
Bone (5%, poorly-sorted, fine to very coarse sand-size, rare burnt bones); Charcoal (1%, 
microcharcoal to fine sand-size). Organic: Organ and tissue residues (2-5%). 
Pedofeatures: Fabric: Passage features and fine material packing along void walls (1%). Excrement: 
Infillings of soil faunal excremental materials in biological voids (2%). 

16.2 FTIR: clay and 
quartz [MSU 
16.2]. 
Phytolith 
concentrations 
[MSU 16.2]: 
63,000/g 
sediment. 

An in situ burning event 
and trampling surface at 
the interface between 
C.103 [mF B], an 
abandonment layer, and 
C.104 [mF A], an 
occupation layer. No ash 
or clusters of large 
fragments of charcoal 
were detected, 
suggesting that burnt 
residues were collected 
from the combustion 
feature and discarded 
elsewhere. 

C.104 
upper 
boundar
y 

7.2c 

D 

Microstructure: Pellicular- and bridged-grain. Voids: 25-30%: Simple packing voids (20-25%); 
Channels (5-10%). 
Coarse/Fine: Texture: Loamy sand. C/F ratio: 85:15. C/F related distribution: Chitonic and gefuric. 
Fine material: Colour and composition: Orange brown (PPL) impure clay. B-fabric: Speckled. 
Coarse components: Mineral: Quartz mineral grains (30-50%, moderate to poor sorting, silt to 
gravel-size). Biomineral: Bone (10-20%, unsorted, 50 µm to 4.5 cm, weathered, few burnt bones, in 
situ horizontally-oriented crushing [MSUs 13b.2, 14b.2], horizontal semi-continuous microlayers 
containing a concentration of bone, burnt bone and charcoal fragments that exhibit in situ crushing 
[MSUs 13b.2, 13c, 14b.2]); Charcoal (2-5%, microcharcoal to 4 mm, disintegrating, oblique 
microlaminated ‘stringer’ of charcoal [MSU 13c]), Shell (1%, 800 µm, dissolution evident). Organic: 
Organ and tissue residues (1-5%). Anthropogenic: Pottery (1-5%); Burnt sediment aggregates and 
dispersed rubified silty-clay [MSUs 13b.2, 14a.1, 14b.2, 21a.1] (1-2%); Linear compacted sediment 
with horizontally-oriented bone fragments and in situ breakage of pottery [surface of MSU 21b.2]; 
Sub-horizontal compacted surface with high charcoal, bone, burnt bone and burnt sediment [MSU 
14a.1 lower boundary]. 
Pedofeatures: Textural: Dark brown (PPL) oriented (parallel-striated b-fabric (XPL)) clay coatings (1-
2%); Opaque black (PPL) isotropic (XPL) material (humic acids or dark fine amorphous organic 
material with embedded microcharcoal) coatings on coarse sand grains [MSU 14a.1] (2%). 
Crystalline: Partial void infillings of micritic calcite (1%); Fragmented silty-clay sedimentary crust 
[MSU 13c] (<1%). Amorphous and cryptocrystalline: Typic dense to opaque Fe-Mn oxide nodules (1-
2%). Fabric: Dense packing around large biological voids [MSU 13c] (2%); Passage features [MSU 
13c] (1%). Excrement: Excremental organic-mineral microaggregates (1%). 

13b.2, 
13c, 
14a.1, 
14b.2, 
21a.1, 
21b.2 

FTIR: Clay, quartz 
and trace CHAP 
[MSUs 13b.2, 
21b.2]. Slightly 
altered clay, 
quartz and trace 
CHAP [MSU 
21a.1]. 
Phytolith 
concentrations 
[MSUs 13c and 
21b.2]: 53-
69,000/g 
sediment. 

Secondary deposition of 
remobilised material 
components (animal 
bone, pottery, charcoal 
and burnt sediment) such 
as a midden or refuse 
area. Human depositional 
processes include single 
discard events, light 
trampling on the deposit 
and in situ burning 
surfaces. The 
stratigraphic association 
between this microfacies 
and the sand dune 
microfacies [mF E] 
suggests that humans 
occupied the sand dunes 
for short site visits, 
discarding bone, pottery 
and charcoal on the 
sands. 

C.105, 
C.106, 
C.108, 
C.109 

7.2d 
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Table 7.2 (cont.). Thach Lac microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

E1 

Microstructure: Single- to pellicular- and bridged-grain. Voids: 30-40%: Simple packing voids (20-35%); 
Channels (5-10%). 
Coarse/Fine: Texture: Sand. C/F ratio: 90:10 to 95:5. C/F related distribution: Monic to chitonic-gefuric. 
Fine material: Colour and composition: Orange-dark brown (PPL) impure clay. B-fabric: Speckled, 
masked by Fe. 
Coarse components: Mineral: Quartz (40-50%, predominantly coarse and very coarse sands). 
Biomineral: Bone (5-10%, 50 µm to 1.5 mm, weathered); Charcoal (2%, 20 µm to 1.5 mm, 
disintegrating); Shell [MSUs 20.1 and 20.3] (10%, 100 µm to 15 mm, predominantly Placuna placenta, 
dissolution evident). Organic: Organ and tissue residues (5%). 
Pedofeatures: Textural: Dark brown (PPL) oriented (parallel-striated b-fabric (XPL)) clay coatings (1%). 
Crystalline: Micrite bridging and coating coarse materials [mF E1a; MSUs 20.1 and 20.3]. Amorphous and 
cryptocrystalline: Fe impregnation of the groundmass (<5%); Typic dense to opaque Fe-Mn oxide 
nodules (1-2%). Fabric: Dense continuous void infillings of heterogenous materials (2%). Excrement: 
Microaggregates and weakly developed crumbs (1-2%). 

E1: 
14b.3, 
21a.2, 
21b.1 
 
E1a: 
20.1, 
20.3 

FTIR: Clay, quartz, 
orthoclase and 
trace CHAP [MSU 
21b.1].  
FTIR of E2: Clay, 
quartz, calcite 
[MSUs 20.1, 20.3] 
Phytolith 
concentrations 
[MSU 21b.1]: 
21,000/g 
sediment. 

Deposit formed under 
relatively high energy 
conditions such as a 
storm surge event or 
strong wind regime. 
Rapid deposition is 
indicated by sharp lower 
boundaries. A low 
amount of anthropogenic 
material suggests 
deposition occurred 
during a hiatus in human 
occupation. 

C.105, 
C109, 
C.114 

7.2e 

E2 

Microstructure: Single- to pellicular-grain. Voids: 40%: Simple packing voids (20-30%); Channels (0-
10%). 
Coarse/Fine: Texture: Sand. C/F ratio: 95:5. C/F related distribution: Monic to chitonic. 
Fine material: Colour and composition: Orange-brown (PPL) impure clay. B-fabric: Speckled. 
Coarse components: Mineral: Quartz (50%, well-sorted, predominantly fine and medium sand-size); 
Dark-brown (PPL) rounded soil aggregates (1%). Biomineral: Bone (5%, poorly preserved); Charcoal (2-
5%, disintegrating); Shell (1%, dissolution evident). Organic: Organ and tissue residues (<5%). 
Anthropogenic: Pottery (1%). 
Pedofeatures: Textural: Dark brown (PPL) oriented (parallel-striated b-fabric (XPL)) clay coatings (1%). 
Amorphous and cryptocrystalline: Typic, concentric and ring-shaped dense to opaque Fe-Mn oxide 
nodules (1-2%). Fabric: Channel packing feature [MSU 13a] (10%). Excrement: Excremental organic-
mineral microaggregates (1%). 

13a, 
13b.1, 
14a.2, 
14b.1 

FTIR: Quartz, clay 
and trace CHAP 
[MSU 14b.1]. 
Quartz, slightly 
altered (heated) 
clay, trace CHAP 
[MSU 13a]. 
Phytolith concen-
trations [MSUs 
13a and 14b.1]: 0-
84,000/g 
sediment. 

Aeolian dune deposition 
of fine and medium sands 
in a back-beach 
environment. Low 
amount of archaeological 
material indicates 
deposition occurred 
during a hiatus in human 
occupation. 

C.107, 
C.109 

7.2f 

E3 

Microstructure: Single- to bridged-grain. Voids: 40%: Simple packing voids (30-35%); Channels (5-10%). 
Coarse/Fine: Texture: Sand. C/F ratio: 90:10 to 95:5. C/F related distribution: Monic to gefuric. 
Fine material: Colour and composition: Pale greyish-brown (PPL) limpid to speckled micritic calcite. B-
fabric: Crystallitic and parallel-striated. 
Coarse components: Mineral: Quartz (40%, well-sorted fine sands). Biomineral: Shell (5-10%, 300 µm to 
1.5 mm, predominantly Placuna placenta, (sub-)horizontal orientation, dissolution evident); Bone (2%, 
60-280 µm); Charcoal (1-2%, 50-150 µm). Organic: Organ and tissue resides (1-5%). 
Pedofeatures: Textural: Pale greyish-brown (PPL) crystallitic (XPL) calcitic clay coatings (2%). Crystalline: 
Micritic calcite forming secondary interstitial cement bridging and coating coarse components and 
voids. Amorphous and cryptocrystalline: Typic opaque Fe-Mn oxide nodules (1%). Fabric: Fine material 
packing along walls of a large channel void (1%). Excrement: Rounded coalescing crumbs [mF E3a]. 

E3: 
15a.1, 
15a.3 
 
E3a: 
15a.2 

FTIR: Clay, calcite 
and quartz [MSU 
15a.3] 
Phytolith 
concentrations 
[MSU 15a.3]: 0/g 
sediment. 

Aeolian dune deposition 
of well-sorted fine sands 
in a back-beach 
environment. Low 
amount of archaeological 
material suggests 
deposition occurred 
during a hiatus in human 
occupation. 

C.112 7.2i 
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Table 7.2 (cont.). Thach Lac microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

F 

Microstructure: Complex, predominantly massive and channel. Voids: 20-25%: Channels (10-15%); 
Vughs (2-10%); Planar and modified planar voids (2-5%); Chambers (2-5%); Plant/shell pseudomorphic 
voids (2-5%). 
Coarse/Fine: Texture: Sandy loam. C/F ratio: 60:40. C/F related distribution: Porphyric, locally chitonic 
and gefuric. 
Fine material: Colour and composition: Dotted impure orange-brown (PPL) clay, amorphous fine 
organic material, diffuse iron. B-fabric: Speckled and locally parallel-striated, grano-striated and poro-
striated. 
Coarse components: Mineral: Quartz (25-30%, poorly-sorted, silts to coarse and very coarse sands); 
Mica (<1%); Orange (PPL) silty-clay aggregates (1%). Biomineral: Bone (10-20%, unsorted, 50 µm-6 mm, 
weathered, few burnt bones); Charcoal (2%, microcharcoal to coarse sand-size, disintegrating); Shell (1-
2%, horizontally-oriented Placuna placenta shell valves, 0.5-10 mm, dissolution evident). Organic: 
Organ and tissue residues (2-5%). Anthropogenic: Pottery [MSU 10a] (2-5%, in situ horizontal 
breakage]. 
Pedofeatures: Textural: Dark brown (PPL) oriented (XPL) clay coatings (1%); Orange-brown (PPL) well-
oriented (XPL) silty-clay intercalations (1%); Reworked fragments of sedimentary crusts (1%); Orange 
(PPL) silty-clay waterlain sedimentary fragments (2%). Amorphous and cryptocrystalline: Diffuse Fe 
staining of the groundmass (2%); Fe hypocoatings on plant/shell pseudomorphic voids (1%); Irregular 
and typic dense to opaque Fe-Mn oxide nodules (1%). Fabric: Infillings of quartz sand grains, 
microaggregates and crumbs in biological voids (1-2%); Fabric packing along biological voids (2%). 

10a, 
10b.1, 
10b.3 

FTIR: Clay and 
quartz [MSUs 10a, 
10b.1, 10b.3]. 
Orthoclase [MSU 
10a]. 
Phytolith 
concentrations 
[MSU 10a]: 
63,000/g 
sediment. 

Secondary discard of 
faunal bone (variably 
burnt), pottery sherds, 
charcoal fragments and 
Placuna placenta shell in 
a midden refuse area. A 
significant increase in silts 
and clays and intensive 
root and soil faunal 
activity suggests a change 
in depositional conditions 
(removal from beach 
system and formation 
under a stable terrestrial 
environment). 

C.111 7.2g 

G 

Thickness: 2mm. 
Microstructure: Massive: well-oriented clay with microlaminations of silts and fine sands. Voids: 25%: 
Planar and modified planar (15%); Channels (10%). 
Coarse/Fine: Texture: Silty-clay. C/F ratio: 10:90. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Orange (PPL) limpid to speckled clay, some diffuse iron. B-
fabric: Parallel-striated and speckled b-fabric. 
Coarse components: Mineral: Quartz (5%, well-sorted silt and fine sand-size, distributed in horizontal 
lenses). Organic: Tissue residues (2%, distributed in voids). 
Pedofeatures: Textural: Dark brown (PPL) oriented (parallel-striated b-fabric (XPL)) clay coatings (1%). 
Amorphous and cryptocrystalline: Irregular and typic dense to opaque Fe-Mn oxide nodules (2%); 
Irregular diffuse Fe staining of the groundmass (1%). Excrement: Excremental microaggregate infillings 
in biological voids (1%). 

10b.2 Not enough 
sediment for 
supplementary 
analyses (the 
MSU measures 2 
mm in thickness). 

Sedimentary microlayer 2 
mm in thickness that 
formed through inwash 
of fine material under 
low-energy conditions. 
Due to the thickness, it 
likely represents a short-
lived inundation event 
such as flashflood from a 
period of heavy rainfall. 

C.111 7.2h 
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Table 7.2 (cont.). Thach Lac microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

H 

Microstructure: Single to bridged grain. Voids: 30-40%: Simple packing voids (30-35%); Channels (2-
5%). 
Coarse/Fine: Texture: Loamy sand. C/F ratio: 85:25 to 90:10. C/F related distribution: Monic to gefuric 
and chitonic. 
Fine material: Colour and composition: Greyish- and orange-brown (PPL) limpid to impure calcitic clay, 
variable diffuse iron. B-fabric: Crystallitic and speckled b-fabric. 
Coarse components: Mineral: Quartz (25%, moderately-sorted, fine to coarse sand-size); Pale grey 
(PPL) micritic (crystallitic b-fabric (XPL)) microlaminated silty-clay aggregate (2%, 700 µm); Orange-
brown (PPL) speckled (XPL) silty-clay sedimentary fragment (1%, 3mm). Biomineral: Shell (20%, 
predominantly Placuna placenta, 80 µm to 8 mm in length, dominant (sub-)horizontal orientation); 
Bone (5-10%, fine to very coarse sand-size, interbedded with shell, weathered and heavily abraded, few 
burnt bones); Charcoal (2-5%, microcharcoal to coarse sand-size). Anthropogenic: Burnt sediment 
aggregate (1%, 800 µm, rounded). 
Pedofeatures: Textural: Pale greyish brown (PPL) micritic (crystallitic b-fabric (XPL)) calcitic clay 
coatings (2%); Second generation clay coatings of dusty brown (PPL) non-calcitic oriented (parallel-
striated b-fabric (XPL)) clay (1%). Crystalline: Micritic calcite forming interstitial cement bridging and 
coating coarse components and voids. Amorphous and cryptocrystalline: Typic opaque Fe-Mn oxide 
nodules (1%). Fabric: Infilling of sand grains in a channel void. 

15a.4, 
15b.1 

FTIR: Calcite, 
possibly slightly 
altered clay [MSU 
15b.1]. 
Phytolith 
concentrations 
[MSU 15b.1]: 
23,000/g 
sediment. 

Anthropogenic shell 
midden formed from the 
secondary discard of food 
(Placuna placenta shells 
and faunal bone) and 
burning (charcoal and 
burnt sediment) residues. 
Represents a ‘single 
tossing event’ (Balbo et 
al. 2010; Villagran et al. 
2011b; Duarte et al. 
2019). Human discard 
activities took place on a 
syn-depositionally 
forming beach deposit 
exposed to mixed 
energies of deposition 
(tidal environment?). 

C.112 7.2j 

I 

Upper boundary: Microlayer of compacted horizontally-oriented and interbedded finely crushed 
Placuna placenta shell fragments, two burnt bone fragments and diffuse iron impregnation. 
Microstructure: Massive. Microlaminated lenses of calcitic silty-clay interbedded with layers of Fe 
impregnated silty-clay. Voids: 10%: Planar and modified planar voids (5%); Channels (5%); Vesicles (2%). 
Coarse/Fine: Texture: Silty-clay. C/F ratio: 5:95 to 40:60. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale creamy-grey (PPL) calcitic clay, variable Fe staining. B-
fabric: Crystallitic, parallel-striated and speckled. 
Coarse components: Mineral: Quartz (5-20%, silt to coarse sand, locally well-sorted). Biomineral: Shell 
(5%, finely crushed, horizontally-oriented interbedded lenses, edges fade into the micritic groundmass; 
Bone (2%, predominantly fine sand-size, heavily abraded and weathered); Spicules (1%, calcareous and 
siliceous bodies); Charcoal (1%, microcharcoal to medium sand-size. Organic: Tissue residues (2%, 
partly humified, in voids). 
Pedofeatures: Textural: Bridged-grain quartz sand infillings (2%). Crystalline: Micro-zones in the 
groundmass of grey (PPL) crystallitic (XPL) recrystallised micrite (5%); Micritic calcite hypocoatings 
around voids (2%). Amorphous and cryptocrystalline: Fe oxide staining along linear lenses and irregular 
micro-zones (5%); Dendritic, irregular and typic dense to opaque Fe-Mn oxide nodules (1%); Fe-Mn 
oxide void hypocoatings (1%). Excrement: Rough microaggregate infillings (1%). 

15b.2 FTIR: Clay, quartz, 
calcite [MSU 
15b.2]. 
Phytolith 
concentrations 
[MSU 15b.2]: 
20,000/g 
sediment 
XRD [MSU 15b.2]: 
quartz, 
plagioclase 
feldspar, calcite 
and clays 
(kaolinite, illite 
and/or muscovite, 
smectite and 
chlorite). 

Waterlain silty clays 
deposited under low 
energy conditions during 
a flooding event at the 
site. Based on proximity 
of the site to the 
coastline and radiocarbon 
dating of the layer (4850-
4600 to 5100-4900 cal 
BP), it probably 
represents the period of 
maximum sea level 
transgression during the 
mid Holocene. It reflects 
a hiatus in human 
occupation at the site. 

C.113 7.2k 



Chapter 7                                                                                                                                                                                                                                                               Microstratigraphic Results of Thach Lac 

220 

Table 7.2 (cont.). Thach Lac microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

J 

Microstructure: Heterogeneous: Massive, channel and pellicular- to bridged-grain. Alternating lenses of coarse 
and very coarse sands intercalated with waterlain interbedded lenses of finely crushed shell fragments in Fe-
enriched calcitic clays and silts. Voids: 20-30%: Channels (2-10%); Planar and modified planar voids (5%); 
Simple packing voids (2-15%); Vughs (2-10%); Vesicles (0-2%). 
Coarse/Fine: Texture: Sandy loam to silt loam. C/F ratio: 80:20 to 60:40. C/F related distribution: Variable. 
Fine material: Colour and composition: Creamy-grey to orange- and dark orange-brown (PPL) impure clay and 
micrite, variable to strong Fe precipitation. B-fabric: Variable: Crystallitic, speckled, parallel-striated. 
Coarse components: Mineral: Quartz (20-30%, poorly-sorted, silt to gravel, lenses of well-sorted silts and fine 
sands). Biomineral: Shell (10-20%, predominantly Placuna placenta, 50 µm to 3.6 cm, finely crushed fragments 
arranged in interbedded lenses, dissolution evident); Bone (2-5%, weathered and abraded; poorly-sorted, 200 
µm to 3.5 mm, rare burnt bones); Charcoal (2%, <2.2 mm). Organic: Organ and tissue residues (1-2%). 
Pedofeatures: Textural: Pale greyish brown (PPL) crystallitic (XPL) calcitic clay coatings (2%); Second generation 
clay coatings of dusty brown (PPL) non-calcitic oriented (XPL) clay (1%). Crystalline: Micro-zones in the 
groundmass of grey (PPL) crystallitic (XPL) recrystallised micrite (2-5%); Equant and elongate coarse inclusions 
with an internal fabric of recrystallised micrite, 150-400 µm (2%); Micritic calcite forming interstitial cement 
bridging and coating coarse components and voids. Amorphous and cryptocrystalline: Irregular, typic and 
dendritic dense to opaque Fe-Mn oxide nodules and hypocoatings (1-2%); Irregular diffuse Fe impregnation of 
the groundmass (5-10%). Fabric: Fabric packing along channel voids (2%). Excrement: Infillings of excremental 
microaggregates (2%); Coalescing earthworm excrements (1%). 

15b.3, 
15c, 
20.2 

FTIR: Clay, 
calcite and 
quartz [MSUs 
15b.3, 15c] 
Phytolith 
concentration
s [MSU 15c]: 
0/g sediment. 

Represents initial human 
occupation at the site. 
Human depositional 
processes centred on the 
discard of Placuna placenta 
valves. Rare to very few 
bone and charcoal 
fragments are identified. 
Anthropogenic material 
was deposited in an 
estuarine, intertidal or 
wave-influenced 
depositional environment 
within a beach system and 
has been syn- or post-
depositionally intensively 
reworked by tidal/beach 
processes and biological 
activity. 

C.114 7.2l 

Y 

Microstructure: Channel and massive. Voids: Channel voids (15%). 
Coarse/Fine: Texture: Sandy loam. C/F ratio: 70:30 to 60:40. C/F related distribution: Chitonic to porphyric. 
Fine material: Colour and composition: Impure, dotted orange-brown (PPL) clay, some organic matter staining 
and Fe mottling. B-fabric: Speckled and mosaic-speckled. 
Coarse components: Mineral: Quartz (40%, fine to very coarse sand, moderate to poor sorting); Silty-clay 
pedogenic aggregates (2-5%); Mica (<1%). Biomineral: Charcoal (<1%, fine fragments). Organic: Organ and 
tissue residues and fine amorphous organic material (5%). 
Pedofeatures: Textural: Clay-enriched micro-zones (2%). Amorphous and cryptocrystalline: Irregular, dendritic, 
typic and concentric Fe-Mn oxide nodules and hypocoatings (10%); Irregular diffuse Fe mottling (5%). 
Excrement: Microaggregates and weakly developed crumbs (2-5%); Excremental infillings in channel voids (1%). 

23a, 
23b.1 

FTIR: Clay and 
quartz [MSU 
23a]. 
Phytolith 
concentration
s [MSU 23a]: 
476,000/g 
sediment. 

Modern-day topsoil: 
Relatively heterogeneous 
sandy loam typical of a 
young and immature soil 
forming on sediments of 
recent deposition. 

Moder
n-day 
topsoil 

7.2y 

Z 

Microstructure: Massive. Voids: 10%: Channels (5%); Planar and biologically modified planar voids (5%). 
Coarse/Fine: Texture: Loam. C/F ratio: 50:50. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Speckled orange clay (PPL), variable diffuse Fe. B-fabric: Mosaic-
speckled and weakly grano-striated, poro-striated and cross-striated. 
Coarse components: Mineral: Quartz (20-30%, moderately-sorted fine to coarse sands); silty-clay pedogenic 
aggregates (2-5%); Mica (<1%). Biomineral: Charcoal (<1%, fine fragments). Organic: Tissue residues (2%). 
Pedofeatures: Textural: Limpid crescentic oriented (XPL) clay coatings (1%, locally displaced and rotated). 
Amorphous and cryptocrystalline: Irregular and typic Fe-Mn oxide nodules (10%); Irregular diffuse Fe mottling 
of the groundmass (5%); Fe-Mn oxide void hypocoatings (1%). Excrement: Excremental microaggregates (1%). 

23b.2 FTIR: Clay and 
quartz [MSU 
23b.2]. 
Phytolith 
concentration
s [MSU 
23b.2]: 
471,000/g 
sediment. 

Modern-day subsoil: 
Translocation and 
enrichment of fine 
material, increase in 
hydroxide pedofeatures 
and decrease in 
bioturbation suggests 
formation of an incipient B 
horizon below mF Y. 

Moder
n-day 
subsoil 

7.2z 
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7.3. Human and natural site formation processes 

7.3.1. Linking material depositional processes to human activities 

The microfacies approach to microstratigraphy enables the identification of specific human 

depositional practices contributing to site formation at Thach Lac. Five main human depositional 

practices are identified: human discard of mixed anthropogenic debris [mFs A, D and F]; single 

discard events of faunal bone and burning residues [mFs A and D]; ‘single tossing events’ of shell 

(after Balbo et al. 2010; Villagran et al. 2011b; Duarte et al. 2019) [mF H]; in situ burning of the 

deposit by humans [mFs C and D]; and, human abandonment of the site [mFs B, E and I]. 

Additionally, micromorphological indicators of surface pressure suggest that light traffic 

(trampling) has variably affected some of the human occupation layers. The human depositional 

processes and corresponding microfacies are described in turn. 

7.3.1.1. Human discard of mixed anthropogenic debris [mFs A, D and F] 

Most human activities at the site represent discard of mixed debris following food preparation 

and cooking activities. This is a type of secondary material depositional practice under the 

general category of midden, involving removal of components from accumulation at a primary 

activity area followed by secondary deposition at a different locality (Schiffer 1987: 58). 

Macroscopically, middens are observed as accumulations of bones, shells, charcoal and other 

anthropogenic components that often show no internal organisation or preferred orientation 

(Villagran et al. 2009: 330). Microarchaeological studies have allowed a greater level of insight 

into specific human depositional practices involved in midden formation. Microscopically, 

middens exhibit heterogeneity in terms of components and microstructure, open packing, high 

porosity with variable void types, and randomly-oriented components (Courty et al. 1989: 118; 

Matthews et al. 1997: 289; Villagran et al. 2009: 330; Miller et al. 2010; Villagran 2014). 

Matthews et al. (1997: 289) attributed these arrangement patterns to the mixing of coarse and 

fine components through secondary mobilisation and redeposition following dumping. 

Three main types of midden discard practices are recognised at Thach Lac, correlating to three 

microfacies types, mFs A, D and F. All three types share micromorphological attributes of 

midden deposits reported from experimental (Miller et al. 2010) and archaeological (Courty et 

al. 1989: 118; Matthews et al. 1997: 289; Schiegl et al. 2003; Villagran et al. 2009: 330; Villagran 

2014: 219) micromorphological studies. These attributes include high porosity and chaotic 

organisation of poorly-sorted, randomly-oriented and admixed components including a mixture 

of burnt and unburnt material (Figure 7.3). In mFs A, D and F, adjacent bones with different 
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colours (PPL) and birefringence (XPL) suggest the mixing of differentially burnt bones with 

unburnt bones (Figure 7.3d) (Villagran 2014: 221). The mixture of burnt and unburnt material 

reflects exposure to different temperatures within a fire, or alternatively the mixing of residues 

with different pre-depositional pathways (i.e., relating to different activities) during secondary 

redeposition in the midden (Schiegl et al. 2003; Matthews 2005: 386; Villagran 2014: 216). 

Components in mFs A, D and F indicate that the main food processing activities centre on faunal 

bone. FTIR identification of slightly altered (heated) clay and micromorphological observations 

of charcoal and burnt sediment aggregates (Table 7.2) suggest secondary deposition of burnt 

residues (Berna and Goldberg 2008; Goldberg et al. 2009; Matthews 2013). Shell fragments are 

uncommon and exhibit no evidence for burning. Midden deposition could have been motivated 

by a desire to keep activity areas including food preparation areas and hearths clean (Milek 

2012; Friesem et al. 2016) or to level the area in order to create a stable, flat surface for human 

occupation (Aldeias and Bicho 2016). 

The three types of midden discard practices, corresponding to the three microfacies types A, D 

and F, differ from each other with respect to human settlement dynamics and the different 

environments of deposition prevailing during occupation phases. mF A [MSUs 7a, 7b, 16.1 163, 

8a, 8b, 3; C.102, C.104] comprises thick, dark, organic-rich deposits that formed during more 

sustained periods of human occupation. Intensive bioturbation and a dark, dotted organic-rich 

groundmass indicates a high anthropogenic and organic input that would have attracted soil 

fauna and microorganisms to these deposits. In contrast to mF A, the fine fraction of mF F [MSUs 

10a, 10b.1, 10b.3] is relatively pure silty clay with a low amount of organic matter, indicating a 

relatively ephemeral period of human occupation. 

mF D [MSUs 13b.2, 13c, 14a.1, 14b.2, 21a., 21b.2], while sharing similar anthropogenic 

components and microstructures with mFs A and F that is typical of midden deposits, differs in 

textural composition, indicating a different depositional environment. mF D exhibits elevated 

porosity, is dominated by moderately to poorly-sorted quartz sand grains and contains very 

little fine material. The deposits represented by mF D [C.105, C.106, C.108, C.109] are relatively 

thin layers that show alternating stratigraphic patterning with mF E [C.105, C.107, C.109], a 

microfacies containing mostly sterile sands representing natural sedimentation during periods 

of human abandonment (Section 7.3.1.5). Relative to mF E, mF D contains a comparatively high 

anthropogenic signature and an enrichment in fine material, indicating human occupation acted 

as a sediment trap for the incorporation of anthropogenic inclusions and fine material into the 

deposit. mF D is interpreted as representing intermittent, short-term visits to the site and/or 

discrete dumping episodes on sand dune surfaces that were subsequently buried by aeolian 
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sedimentation. Two of the MSUs in this microfacies [MSU 21a.1 within C.105 and 14b.2 within 

C.109] were not identified in the field, i.e. they are located within what were recorded as 

homogenous sterile sand layers that accumulated during human abandonment. This suggests 

that more transient visits or dumping episodes are preserved within broader stratigraphic units 

and may only be identified through microstratigraphy.
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Figure 7.3. Photomicrographs showing human discard of mixed anthropogenic debris. (a) High abundance of pottery 
fragments showing in situ breakage in a sandy groundmass rich in bone fragments and charcoal. (b) Bone fragments are 
unsorted and randomly-oriented and show variable degrees of heating. Left: burnt bone with a dark red-orange colour, 
dark brownish-black outlines and internal cracks. Right: unsorted, randomly-oriented unburnt bone fragments. (c) The 
micromass is rich in crushed fine bone, dotted amorphous fine organic matter and charcoal fragments. (d) Burnt and 
unburnt bone adjacent to each other and associated with charcoal, indicating the mixture of different materials in the 
midden.
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7.3.1.2. Single discard events of faunal bone and burning residues [mFs A and D] 

This human depositional practice corresponds to discrete linear concentrations of 

anthropogenic components, mainly burnt and unburnt faunal bone that show a variable degree 

of in situ fragmentation from surface pressure (light traffic) (Miller et al. 2010; Villagran et al. 

2017a: 26-27) (Figure 7.4). Burning residues including multiple charcoal ‘stringers’ and rubified 

sediment aggregates are associated with the bone fragments (Figures 7.4f and 7.4g). Goldberg et 

al. (2009) attributed charcoal ‘stringers’ to trampling at Sibudu Cave (Middle Stone Age, South 

Africa), while Homsey and Capo (2006) linked these features to hearth rake-out activities at the 

Palaeo-Indian site of Dust Cave (Middle Archaic Period, America). Based on the horizontally 

continuous distribution and in situ fragmentation of the anthropogenic components, this 

depositional feature is interpreted as representing single events of midden discard. They were 

recorded within thicker layers of midden deposition of mF A [MSU 8b] and mF D [MSUs 13b.2, 

13c, 14b.2].
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Figure 7.4. Photomicrographs of single discard events in mF A [MSU 8b] (a) and mF D [MSU 14b.2] (e). (a) PPL (top) and XPL 
(bottom) thin section scan showing location of the depositional features. (b) Magnification of the thin section scan (PPL) 
showing a linear, horizontal concentration of bone fragments, charcoal and rubified aggregates. (c) Photomicrograph 
showing horizontally-oriented and crushed bone fragments. (d) The micromass contains high concentrations of crushed fine 
bone fragments. (e) Reflected (top) and XPL (bottom) thin section scan showing a single discard event of burnt residues. (f) 
Top: photomicrograph of burnt bones (deep red (PPL)) and a ‘stringer’ of crushed charcoal. Bottom: infilling of Fe oxide rich 
clay (crimson (OIL)) possibly from burning. (g) Photomicrograph showing a ‘stringer’ of crushed charcoal and bone 
fragments. 
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7.3.1.3. ‘[S]ingle tossing events’ of shell (after Balbo et al. 2010; Duarte et al. 2019) [mF H] 

‘[S]ingle tossing events’ refer to preserved single events of direct tossing of shells and other 

residues. They were previously identified in an ethnohistoric shell midden in Argentina (Balbo 

et al. 2010; Villagran et al. 2011b), a mid to late Holocene shell mound in Brazil (Villagran 2019) 

and a Mesolithic shell midden in Portugal (Duarte et al. 2019). ‘Single tossing events’ in thin 

section are described as shell-supported sediments often interconnected and in banded sub-

parallel distribution (Balbo et al. 2010; Duarte et al. 2019). The shells demonstrate low taxon 

variation and low fragmentation of shells (Balbo et al. 2010; Villagran et al. 2011b; Duarte et al. 

2019). These attributes bear close similarities to mF H representing C.112 at Thach Lac. In mF H, 

shells are predominantly (>90%) Placuna placenta valves and are interbedded in sub-horizontal 

arrangement (Figure 7.5) which can be attributed to the way shells fall on to the substrate 

during deposition (Villagran 2014: 216). Horizontal, interbedded arrangement patterns could 

also be formed by trampling on the shell midden surface (Villagran 2014: 216). However, 

trampling is not considered to have affected the deposit because Placuna placenta is a highly 

brittle and flaky shell, and the horizontal orientation of shell valves in the absence of fine 

crushing is more consistent with the tossing of debris. Additional indicators of trampling such as 

compaction of the deposit and laminar or massive microstructures (Ge et al. 1993; Miller et al. 

2010; Milek 2012; Rentzel et al. 2017) were not detected. The lack of in situ fracturing or 

compaction suggests a single rapid discard event that was not subsequently trampled. Few (5%) 

bone, burnt bone and charcoal fragments are interbedded with the shell valves (Figures 7.5b and 

7.5c). 

The inclusion of quartz mineral sands indicates that the shell tossing events took place on a syn-

depositionally forming beach deposit. The sands are identified as beach sands based on the 

compositional maturity and arrangement in a single- to bridged- grain microstructure separated 

by simple packing voids (Goldberg and Macphail 2006). Villagran et al. (2011a: 593) reported a 

high tide beach deposit to have a coarse mineral fraction dominated by coarse sands and gravels. 

Their study also reported rounded edges of bones due to abrasion from wave action (Villagran et 

al. 2011a: 593). In mF H, coarse mineral sands, heavy abrasion of bone, and calcitic silty-clay 

sedimentary fragments originating in a low-energy marine environment suggest a similar 

mixed-energy tidally influenced beach environment to that reported by Villagran et al. (2011a). 



Chapter 7                                                                                                                                      Microstratigraphic Results of Thach Lac 

228 

 
Figure 7.5. Photomicrographs of mF H [C.112] corresponding to ‘single tossing events’ of shells and other debris. (a) mF H 
has a shell-supported microstructure with high porosity. The shells are predominantly Placuna placenta and are 
interbedded and sub-horizontally-oriented from the single tossing of debris. (b) and (c) Few fragments of bone, burnt bone 
and charcoal are horizontally-oriented and interbedded between the shell valves. 

7.3.1.4. In situ burning of the deposit [mFs C and D] 

Mentzer (2014) demonstrated a tripartite sequence of rubified sediment, charcoal, and ash as 

the definitive identification marker for intact combustion features. No instances of Mentzer’s 

(2014) tripartite microstratigraphy were detected in the Thach Lac thin sections and the only 

microarchaeological indicator for in situ burning was a rubified substrate identified in two MSUs 

[MSU 16.2, mF C; MSU 14a.1, mF D]. In both occurrences, the uniform red-crimson colour (OIL) 

of the fine material implies the presence of hematite formed through burning (Courty et al. 

1989: 109; Mentzer 2014; Ropke and Dietl 2017). Rubification is the most taphonomically 

resistant microarchaeological indicator of burning and is thus most likely to preserve when 

other residues such as charcoal and ash have been removed, either through cultural or natural 

processes (Mentzer 2014). 
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MSU 16.2 [mF C] was a 2.6 cm horizontal microlayer of rubified sediment with defined upper 

and lower boundaries (Figures 7.6a-c). It was recorded at the boundary between the upper 

C.103 [mF B], a human abandonment layer, and the lower C.104 [mF A], a human occupation 

layer. No ash was identified but micritic pedogenic aggregates in MSU 16.1 possibly derive from 

ash. Few charcoal fragments were observed in MSU 16.1, suggesting that burnt residues were 

redeposited at a secondary location. MSU 14a.1 records an in situ burning event directly on the 

natural sand deposits. This feature presented as an oblique microstratigraphic lens of locally 

compacted rubified sediment associated with large fragments of charcoal and burnt bones 

(Figures 7.6d-g). Both events of in situ burning occurred at the boundaries to occupation layers. 

This indicates that in addition to the main human activities of midden deposition at Thach Lac, 

occasional hearths may have been lit on the occupation surfaces and subsequently covered by 

either a new episode of midden deposition or natural sedimentation (Villagran 2014: 220). 
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Figure 7.6. Evidence for in situ burning activities in thin section. (a) Thin section scan (darkfield) showing a rubified (crimson 
(OIL)) band of sediment with linear continuity across the thin section. (b) Magnification of the groundmass of the sediment 
showing rubification (crimson (OIL)) of the fine material. (c) Localised compaction of sediments containing embedded 
anthropogenic components (bone and charcoal fragments) and lenses of charcoal at the surface (upper boundary) of the 
layer [MSU 16.2, mF C, C.104 upper boundary]. (d) Thin section scan (reflected light) showing a transient occupation 
surface. (e) Magnification of the surface in reflected light showing compaction and rubification of fine fraction at the lower 
boundary resting on natural sands, associated with: (f) bone and charcoal fragments; and, (g) burnt bone fragments. This 
occupation layer [MSU 14a.1, mF D] was not identified in the field. 
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Other burning residues include charcoal, burnt bones and burnt sediment aggregates, and are 

often displaced in redeposited midden fabrics. Charcoal fragments exhibit considerable 

disintegration and possible post-depositional replacement by humic acids under the influence of 

oxidation and moisture (Klmada 1983). No ash rhombs or calcined shell or bone were detected. 

The lack of ash is not surprising as ash has a high susceptibility to dissolution in open-air sites in 

tropical monsoonal climates (Canti and Brochier 2017: 152; Friesem and Lavi 2017). Friesem 

and Lavi (2017) report that under acidic conditions in tropical environments ash may start to 

dissolve in as little as a few days to weeks. Several micromorphological indicators including clay 

translocation, ferruginous pedofeatures, graded bedding and fragments of sedimentary crusts, 

attest to sustained water throughput of the deposits that would accelerate ash dissolution. In 

several deposits lower down the profile dissolution of calcium carbonate shell morphology and 

calcite reprecipitation features were observed. 

7.3.1.5. Human abandonment [mFs B, E and I] 

The settlement dynamics at Thach Lac involved cycles of human occupation punctuated by 

periods of human abandonment in which natural sedimentation occurred. Five microfacies are 

linked to human abandonment, each deposited under a different natural sedimentary regime. 

mF I [MSU 15b.2, C.113] consists of waterlain microlaminated silts and clays deposited under 

low energy conditions (Figures 7.2k and 9.9), indicating flooding of the site. This is supported by 

supplementary microarchaeological analyses which identify negligible phytolith values, a 

mineralogical composition of clays and calcite and an absence of anthropogenic inputs (Table 

7.2, Appendix H). Due to the proximity of Thach Lac to both a palaeochannel and the coastline 

(Figure 6.1), several interpretations are possible including localised flooding from monsoonal 

rains or a storm, flooding of the palaeochannel or marine submergence. Dates from the upper 

[C.112] and lower [C.114] contexts indicate that deposition of mF I occurred between 4850-

4600 cal BP and 5100-4900 cal BP (Chapter 6), a period which falls within the chronological 

window of the mid Holocene sea level highstand (Tanabe 2003; Boyd and Lam 2004; Stattegger 

et al. 2013). Reconstructions of the depositional environments above [C.112: beach dune] and 

below [C.114: estuarine or intertidal environment] mF I support the hypothesis that the deposit 

represents a marine transgressive event at the site. Several micromorphological features suggest 

marine flooding, including high levels of iron precipitation and bioturbation, ‘shell hash’ (finely 

abraded shell fragments typically found in marine environments), and calcareous and siliceous 

spicules (e.g., Echinodermata or Porifera). Macphail et al. (2010) reported that marine flooding 

of archaeological sites resulted in marine sedimentation, the accumulation of intertidal or 

estuarine mudflat deposits, and pronounced iron mottling. mF I matches descriptions of 
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sediments in the intertidal and lower shoreface to shelf zone which are characterised by parallel 

laminae of interbedded silts and clays that may be variably intercalated with find sand lenses, 

and experience high levels of bioturbation (Reineck and Singh 1975: 307-308, 358-359; Ta et al. 

2002; Goldberg and Macphail 2006). Based on the available evidence, it is not possible to 

distinguish marine inundation from generalised flooding (e.g., alluvial infilling) resulting from a 

high base water level linked to sea level rise. 

mF E consists of sub-angular to sub-rounded quartz mineral sand grains arranged in a single-

grain microstructure and contains a low amount of fine material and anthropogenic inputs 

(Figures 7.2e-g). There is an absence of evidence for deposition by water, for example internal 

bedding and fining. The microstructure and compositional and textural maturity of the 

sediments are typical of dune sands (Courty et al. 1989: 82; Goldberg and Macphail 2006: 157; 

Nichols 2009: 127) and suggest mF E represents aeolian dune formation in a back-beach 

environment. The different subgroups of mF E reflect different wind regimes. mF E3 [MSU 15a.1, 

15a.3] was deposited during C.112 (4850-4600 cal BP, Chapter 6) and consists of very well-

sorted fine sands (Figures 7.2e and 7.9). mF E2 [MSUs 13a, 13b.1, 14b.1, 14a.2] corresponds to 

C.107 and C.109 (deposited between 4850-4600 cal BP, Chapter 6) and consists of well-sorted 

fine to medium sands (Figures 7.2e and 7.9) reflecting slightly higher wind energies to mF E3. mF 

E1 [MSUs 21a.2, 21b.1, 14b.3, 20.1, 20.3] comprises coarse and very coarse sands and likely 

represents a storm surge event or deposition by strong winds (Figures 7.2e and 7.9) (Goldberg 

and Macphail 2006: 157). mF E1 corresponds to MSUs within C.105 and C.109 (deposited 

between 4850-4600 cal BP) and C.114 (deposited between 5100-4900 cal BP, Chapter 6). 

The final microfacies corresponding to a human abandonment period is mF B sampled from 

C.103 [MSU 7c]. The absence of anthropogenic material suggests that natural sediments 

accumulated following human abandonment of the underlying occupation layer [C.104, mF A]. 

The deposit was subsequently stabilised by vegetation and later utilised as a surface for 

anthropogenic midden discard, recorded as C.102 [mF A; MSUs 7a, 7b]. Following abandonment 

of C.102, pedogenic horizonation between C.102 and C.103 transformed C.103 into an incipient 

B horizon. This is recognised based on differences in micromorphological attributes between mF 

A [C.102, MSUs 7a, 7b] and mF B [C.103, MSU 7c]: mF B contains a decrease in porosity, an 

absence of ped structure, an enrichment of clay, and an increase in textural and ferruginous 

pedofeatures (Figures 7.7a and 7.9) (French 2003; Goldberg and Macphail 2006). These 

micromorphological and pedogenic indicators are also found in mF Z, the off-site modern sub-

surface sample (Figure 7.7b), suggesting that present-day geomorphological and pedogenic 

conditions were established sometime after deposition of C.102 (4450-4150 cal BP, Chapter 6). 
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Figure 7.7. Comparison of pedogenic features of (a) C.103 (sterile layer underlying Bau Tro occupation, 7c) and (b) an off-
site sample of modern-day subsoil (23b). The units show a silt and clay rich groundmass with low porosity and the in situ 
precipitation of ferruginous nodules with compound layering and embedded quartz grains. The similarities suggest that the 
present geomorphological and pedogenic conditions were established at Thach Lac by C.103. 

Principle component analysis (PCA) was performed on particle size distributions of bulk 

sediments from the main stratigraphic contexts at Thach Lac. The PCA results fall into three 

distinct clusters, each having a characteristic particle size distribution (Figures 7.8 and 7.9). 

Micromorphological analysis indicates that the red and green clusters are culturally sterile 

layers containing a dominant mineralogical fraction and infrequent archaeological materials, 

thus the particle size data is helpful in characterising natural sedimentary environments of these 

clusters (Figure 7.9). The red cluster [C.105, C.107, C.109, C.115] contains deposits comprising 

well-sorted fine to coarse sand grains deposited by aeolian dune formation processes during 

periods of human abandonment, corresponding to mF E. The green cluster [C.103, C.113, 

C.114/2, Env. no 2] groups particle size distributions dominated by well-sorted clays and silts 

deposited during periods of human abandonment. Micromorphology allows the discrimination 

of this cluster into two sub-groups: those deposited by water under low energy conditions 

[C.113, C.114/2], corresponding to mF I; and, those formed by pedogenic clay enrichment in sub-

surface horizons [C.103, Env. no 2], corresponding to mFs B and Z (Figure 7.9). The blue cluster 

groups deposits formed during periods of human occupation [C.102, C.104, C.106, C.108, C.110, 

C.111/1, C.111/2, C.112/3, C.114/3]. Micromorphological analysis and particle size data indicate 

that contexts which fall within the blue cluster are poorly sorted, heterogeneous deposits 

containing siliclastic mineral grains as well as archaeological materials, thus the particle size 

data of the blue cluster does not reflect natural sedimentary environments. Rather, human 

occupation led to the incidental mobilisation of natural sediments into occupation deposits, thus 

acting as a sediment trap for the accumulation of different size ranges of sediments. 
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Figure 7.8. Principle component analysis of particle size distributions on bulk sediments from stratigraphic contexts (C.#) at 
Thach Lac. (a) The PCA discriminates the particle size distributions into three clusters. Red: Deposits comprising fine to 
coarse sand grains deposited by aeolian dune formation processes during periods of human abandonment [C.105, C.107, 
C.109, C.115]. Green: Deposits comprising clays and silts (variably admixed by sands) formed by waterlain deposition under 
low-energy conditions [C.113, C.114/2] or by pedogenic clay enrichment in B horizons [C.103, Env. no 2]. These deposits 
also relate to a period of human abandonment of the site. Blue: Poorly-sorted to unsorted heterogenous deposits formed 
during periods of human occupation [C.102, C.104, C.106, C.108, C.110, C.111/1, C.111/2, C.112/3, C.114/3; C.100, C.101 
and Env. no 1 are modern surface horizons]. (b) Representative cumulative frequency curves of particle size distributions 
for three clusters discriminated in the PCA. Red: Aeolian sand deposition during human abandonment [Curve from C.107]. 
Blue: Poorly-sorted heterogeneous human occupation deposits [Curve from C.104]. Green: Silts and clays deposited by 
water or representing pedogenic enrichment in a B horizon [Curve from C.113].  
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Figure 7.9. Photomicrographs representing the different natural and cultural sedimentary regimes discriminated in the PCA 
of the particle size distributions of Thach Lac sediments shown in Figure 7.8. (a) Three microfacies representing natural 
sedimentation during periods of human abandonment were discriminated into two clusters by the PCA. The red cluster is 
dominated by a coarse fraction of quartz mineral grains and was deposited by aeolian dune processes [mF E; C.105, C.107, 
C.109, C.115]. The green cluster shows an elevated fine fraction reflecting waterlain sediments [mF I; C.113] or post-
abandonment pedogenesis [mF B; C.103]. (b) The blue cluster groups together poorly-sorted, heterogeneous sediments 
deposited during periods of human occupation at Thach Lac [mFs A, C, D, F, H and J; C.100, C.101; C.102, C.104, C.106, 
C.108, C.110, C.111/1, C.111/2, C.112/3, C.114/3]. 

7.3.1.6. Trampling [mFs A, C and D] 

A series of micromorphological indicators of trampling have been proposed by several 

micromorphological studies. The indicators include: in situ crushing and fragmentation of 

components; horizontal orientation of components; a dusty organic rich groundmass; and, 

microstructural changes including sediment compaction and platy or laminated microstructures 

(Ge et al. 1993; Rentzel and Narten 2000; Macphail et al. 2004; Goldberg et al. 2009; Miller et al. 

2010; Milek 2012; Rentzel et al. 2017; Villagran et al. 2017a: 26-27). Three types of trampling 

indicators are identified across different occupation layers at Thach Lac. The first type of 

indicator was observed in mF C [MSU 16.2] and mF D [MSU 21b.2]. The feature shows low 

porosity, closely packed coarse components and horizontally-oriented bone and charcoal 

fragments embedded in dusty impure fine material, and is interpreted as a lightly trampled 
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surface (Figure 7.6c; Macphail et al. 2004; Miller et al. 2010; Milek 2012; Villagran 2014: 221; 

Rentzel et al. 2017). The second type of indicator is horizontally-oriented bone fragments that 

show a variable degree of in situ crushing and are distributed in discrete linear concentrations 

(Figure 7.10; Miller et al. 2010; Rentzel et al. 2017; Villagran et al. 2017a: 26-27;). These features 

were observed in mF A [MSUs 16.3, 8b] and mF D [MSU 13b.2] and suggest that the remains of 

single discard events or exposed occupational surfaces experienced light traffic (Duarte et al. 

2019). The third type of indicator of trampling consists of preserved ‘stringers’ of charcoal 

representing in situ fragmentation and compaction along a surface (Goldberg et al. 2009). They 

were identified in mF D [MSUs 13c, 14b.2] (Figures 7.4f and 7.4g). Overall, trampling indicators 

reflect isolated episodes of light traffic on the deposits, demonstrating that the area was kept as 

a designated area for midden deposition and was not generally used as occupation surfaces for 

living. 

 
Figure 7.10. (a) and (b) Examples of in situ crushing and fragmentation of bone fragments indicating the application of 
surface pressure from trampling on the deposit. 

7.3.2. Post-depositional processes as palaeoenvironmental proxies 

Linking material depositional patterns to human practices is hindered by post-depositional 

processes that affect the preservation and arrangement of components in the deposits. Post-

depositional processes in the Thach Lac sediments can be grouped into three types based on the 

nature of the disturbance agent: physical reworking and the breakdown of organic matter by 

biological activity; chemical dissolution and reprecipitation and physical translocation processes 
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caused by percolating solutions; and, physical reworking by geomorphic agents of wind and 

water. 

7.3.2.1. Bioturbation 

Bioturbation is the most widespread process enacting on stratigraphy and is recognised in all 

MSUs. Bioturbation is accelerated in humid tropical environments because of the warm 

temperatures and high amounts of organic matter and biological productivity (Kourampas et al. 

2009; Friesem and Lavi 2017; Morley and Goldberg 2017). In the Thach Lac thin sections, 

biological activity variably transforms sediment microstructures, resulting in channels, 

chambers and modified planar voids, and convert soil and sedimentary material into 

comminuted fine material and microaggregates (Figure 7.11). The abundance of bioturbation 

pedofeatures points to syn- or post-depositional biological activity occurring during periods of 

relative surface stability or at least lower sedimentation rates (Vannieuwenhuyse et al. 2017: 

179). The most recently deposited archaeological layers [C.102 and C.104; mF A] exhibit the 

most intensive biological reworking. In these layers, biological agents would have been attracted 

to the organic-rich residues deposited by humans, resulting in a biologically homogenised 

microstructure and a dark dotted organic-rich micromass formed from the breakdown of 

organic matter (Figures 7.11c-d). Below C.102 and C.104, the stratigraphy of C.105 to C.111 is 

characterised by the deposition of aeolian sands punctuated by intermittent human occupation. 

Some of the aeolian dune surfaces show incipient stabilisation by vegetation following human 

abandonment, before subsequent burial by a new layer of human occupation or sand. This is 

best seen in mF D [C.105, C.106, C.108, C.109] where root packing features and microaggregate 

infillings by soil fauna are evident (Figure 7.11a). The intertidal zone and shoreface 

environments of coastlines are active areas for biological activity (Reineck and Singh 1975: 308, 

359). This is demonstrated in C.113 [mF I] and C.114 [mF J] where intensive bioturbation led to 

the formation of channel and biologically modified planar void microstructures and excremental 

infillings. 
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Figure 7.11. Pedofeatures from biological activity enacting on archaeological stratigraphy and components. (a) and (b) 
Channels created by mesofaunal activity containing loose discontinuous infillings of quartz mineral grains and excremental 
aggregates. (c) Heterogeneous infilling of a channel, with bone fragments showing vertical orientation. Right image shows 
magnification of left image. (d) Fresh root section showing interference colours of lignin-rich tissues. A pottery fragment is 
observed in the top right corner and fragments of bone and charcoal are embedded in the sediment groundmass. 

7.3.2.2. Effects of percolating solutions 

The high precipitation and wet conditions of the monsoonal tropics result in a high amount of 

percolating water and solutions that remove fine material and trigger chemical diagenesis 

(Stephens et al. 2005; Lewis 2007a; Kourampas et al. 2009; Friesem and Lavi 2017; Morley and 

Goldberg 2017). The arrangement of shells and other anthropogenic components in middens 
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often promote the throughflow of percolating solutions due to high porosity (Szabo 2017: 776). 

Clay translocation is identified in most microfacies by dusty dark (PPL), well-oriented (XPL) clay 

coatings on grains and voids (Figure 7.12a). These are often associated with locally vughy 

microstructures (Figure 7.12b) which suggest the collapse of sediment fabrics under water 

saturation (Courty et al. 1989: 145; Kooistra and Pulleman 2010: 408), perhaps during 

monsoonal rains. In mF D [MSU 14a.1], the action of water led to the mobilisation and 

redistribution of microcharcoal and organic-rich fine material as coatings around sand grains 

(Figures 7.12c-d). 

Two main types of chemical processes in the Thach Lac sediments involve the dissolution, 

mobilisation and reprecipitation of iron and calcite. The reprecipitation of secondary iron in the 

form of orthic iron oxide nodules, impregnative iron oxide hypocoatings and diffuse iron 

staining of groundmass indicate intermittent cycles of wetting and drying and probably relate to 

seasonal rainfall patterns (Figures 7.12e-f; see Lewis 2007a; Simpson et al. 2008; Kourampas et 

al. 2009; Friesem and Lavi 2017). Strong impregnation of iron is also a feature of marine and 

tidal environments where oxygen availability fluctuates across periodic subaerial and 

submergence conditions (Macphail et al. 2010). This is observed in C.113 [mF I] and C.114 [mF J] 

(Figures 7.15 and 7.16). 

Calcite enters the stratigraphic sequence in C.114 [mF J] as a result of the establishment of a 

marine environment in the site’s vicinity. Microcrystalline secondary calcium carbonate is 

present as coatings on voids and coarse components in mFs E, H, I and J [C.111 to C.114] (Figure 

7.12h). The main source of calcium carbonate is the anthropogenic discard of shells. pH values 

lower than 8 promote dissolution of calcium carbonate (Weiner 2010). Rainwater is slightly 

acidic (~pH 5.6) and thus shells in open-air sites and in porous midden deposits are prone to 

dissolution (Szabo 2017: 776). The pH values of Thach Lac sediments ranged between 7.4 and 

8.4 (Appendix H) and calcium carbonate dissolution of shell microstructures are commonly 

observed in thin section (Figure 7.12g). The dissolution and recrystallisation of calcium 

carbonate require high moisture conditions (Goldberg 1979: 40, 44). In a strongly seasonal 

tropical environment such as that experienced by Thach Lac, these processes probably took 

place during the wet season. Similar processes of shell dissolution and the formation of 

crystallitic pedofeatures have been previously reported in thin sections of shell middens from 

humid subtropical and tropical climates, including Bolivia (Lombardo et al. 2013) and Brazil 

(Villagran 2014).
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Figure 7.12. Photomicrographs 
of the effects of percolating 
solutions on the preservation of 
components. (a) Dusty, impure 
clay coatings from translocated 
material. (b) Vughy 
microstructure from water 
saturation, resulting in structural 
collapse of deposit and 
formation of dusty, dark brown 
(PPL) translocated clay coatings 
on voids. (c) and (d) Coatings of 
humic acids or other fine 
amorphous organic material 
with embedded microcharcoal 
fragments around quartz sand 
grains. (e) Irregular iron 
impregnation of the 
groundmass. (f) Ferruginous 
nodule forming in a groundmass 
containing quartz mineral grains 
and degraded bone fragments. 
(g) Dissolution of calcium 
carbonate in a shell fragment. (f) 
Calcitic micrite reprecipitates 
from solution in interstitial 
spaces between quartz mineral 
grains and shell fragments. 
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7.3.2.3. Geomorphic agents 

The open-air coastal site would have been exposed to geomorphic processes of wind and water 

(Szabo 2017). Wind sorting involves the removal of fine material, including lighter 

archaeological materials such as fishbone, and the accumulation of deflation or lag surfaces of 

coarse material (Wandsnider 1988; Rick 2002). mF E [C.105, C.107, C.109, C.112, C.114] is 

dominated by quartz sands deposited by aeolian processes and contains low amounts of 

intrusive anthropogenic material. The well-sorted nature of the anthropogenic components 

suggests that they may have been incorporated into the deposit through the action of wind 

and/or physical movement through the porous sands (Figure 7.13d). 

Water reworking is a source of mechanical disturbance at Thach Lac. Periods of intense and 

short-lived rainfall under monsoonal tropical climates can lead to inwashes of sediments 

(Morley and Goldberg 2017; Vannieuwenhuyse et al. 2017). Sedimentary crusts and waterlain 

sedimentary material in several microfacies [mF A, MSU 7b, 8a; mF B, MSU 7c; mF D, MSU 13c; 

mF F, MSUs 10a, 10b.1, 10b.3] (Figure 7.13a) most likely formed on exposed surfaces during the 

wet season (Vannieuwenhuyse et al. 2017). The destruction and remobilisation of sedimentary 

crusts and larger waterlain sedimentary fragments (evidenced by fragmentation, rotation and 

tilting; Figure 7.13a) indicates reworking of the surface by soil fauna or larger animals during 

the dry season (Vannieuwenhuyse et al. 2017: 179). 

mF G [MSU 10b.2, C.111] (Figure 7.13b) and I [MSU 15b.2, C.113] (Figure 7.2i) were deposited 

by water under low energy conditions indicating flooding of the site. The thickness of mF G (2 

mm) suggests this was a short-lived inundation event such as a flashflood from a period of heavy 

rain. mF I was identified in the field as a continuous layer across the trench and likely formed 

during a longer period of submergence linked to sea level rise (Section 7.3.1.5). 

mF H [MSUs 15a.4, 15b.1; C.112] and J [MSUs 15b.3, 15c, 20.2; C114] were exposed to tidal 

regimes and show evidence of water reworking in the form of fragments of mud-flat deposits 

and heavy abrasion of bone fragments from wave and water action (also reported by Villagran et 

al. 2011a: 593) (Figure 7.5). In mF J, alternating lenses of poorly-sorted coarse and very coarse 

sands deposited under high energy conditions are intercalated with microlaminations of bedded 

fine crushed ‘shell hash’, heavily abraded bone fragments and calcitic clay fine material 

deposited under low energy conditions (Figures 7.13c and 7.15) This suggests anthropogenic 

material has been syn- or post-depositionally reworked within an estuarine, intertidal or wave 

influenced depositional regime in a beach system (upper shoreface to foreshore) (Reineck and 

Singh 1975; Macphail et al. 2010). 
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Figure 7.13. The action of wind and water on archaeological stratigraphy and components. (a) Microlaminations of well-
sorted fine sands, bone fragments and charcoal produced by water reworking of the anthropogenic-rich deposit. The 
sediment substrate has been subsequently disturbed (tilted) so that the microlaminations show oblique orientation. (b) 
Inwash of laminated silty clay sedimentary material. (c) Water abrasion and reworking of shell, charcoal and bone. 
Components are rounded and abraded from water action and have been post-depositionally redeposited in a laminated 
structure by water. (d) Inclusion of well-sorted, abraded bone within an aeolian sand dune deposit. Rare anthropogenic 
components are likely intrusive in this unit, having been reworked by wind action on an exposed surface.



Chapter 7                                                                                                                                      Microstratigraphic Results of Thach Lac 

243 

7.4. Microstratigraphic sequence of site formation 

The temporal (=microstratigraphic) patterning of microfacies at Thach Lac is informative of how 

the nature and duration of human occupation at the site changed over time in association with 

changing depositional environments and coastline configurations during the mid to late 

Holocene. A microstratigraphic sequence of site formation at Thach Lac is shown in Figure 7.14. 

In the following section, the nature of human depositional processes and natural depositional 

environments for each major stratigraphic context is summarised, beginning at the base of the 

archaeological sequence working upwards to the most recent deposits. The site formation 

sequence is a provisional interpretation as the geomorphology of coastal environments are 

complex and highly variable. As one example, there are a multitude of conditions that affect the 

size and distribution of sand grains, including nearshore and offshore seafloor topography, wave 

energy, currents and coastline shape (Reineck and Singh 1975: 286-289). Palaeoenvironmental 

research including pollen, diatom and sediment core analyses on transects along the coastline is 

lacking for this region and would greatly improve the preliminary interpretations proposed 

here.
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Figure 7.14. Summary of the microstratigraphic sequence of Thach Lac, integrating field observations of stratigraphy and radiocarbon dates with results from the geoarchaeological analyses. 
Minerals are listed in relative order of abundance. Refer to Chapter 6 and Appendix D for radiocarbon dating codes and calibration.
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Context 115: C.115 represents the basal sterile unit below the archaeological sequence at a depth 

of 1.55-1.65 m below surface. The unit has a textural composition of unimodal well-sorted fine 

sands and a mineralogical composition of quartz and clay. The compositional and textural 

maturity of the unit suggests that it was deposited by aeolian processes in a back-beach dune 

environment (Courty et al. 1989: 82; Goldberg and Macphail 2006: 157; Nichols 2009: 127). The 

absence of calcite, marine organisms, iron mottling and bioturbation implies formation of the 

unit occurred in isolation from marine processes. 

Context 114 [mF E1 and J; MSUs: 15b.3, 15c, 20.1, 20.2, 20.3]: C.114 represents the first layer of 

human occupation at the site. The textural composition of the unit is a trimodal silt loam, 

consisting of poor sorting and a wide range of grain sizes including medium to coarse silts, fine 

sands, and coarse to very coarse sands. The mineralogy comprises clay, calcite and quartz, with 

calcite entering the system mainly through the presence of shell. C.114 contains two microfacies, 

mFs E1 and J, that are admixed and variably intercalated. mF E1 consists of coarse and very 

coarse sands deposited under high energy conditions such as in the wave and tidal zones or by a 

storm event (Reineck and Singh 1975; Goldberg and Macphail 2006: 157). mF J contains zones of 

poorly-sorted chaotically arranged materials and microstratigraphic lenses of well-sorted, 

horizontally-oriented interbedded fine shell fragments and silty clays (Figure 7.15). The 

stratigraphic association between mFs E1 and J in C.114 suggest varying, cyclical energies of 

deposition such as in an estuarine, intertidal or wave dominated depositional environment 

(Reineck and Singh 1975). This demonstrates a transgressive sequence from a dune deposit of 

C.115 to a marine influenced intertidal depositional environment of C.114. Anthropogenic 

components (Placuna placenta shells, bone and charcoal) in the unit indicate that the first 

human groups at Thach Lac inhabited an active coastal shoreline. The anthropogenic remains 

are not in situ; they have been syn- or post-depositionally reworked by marine processes, 

predominantly by wave action. 
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Figure 7.15. Photomicrographs of C114, demonstrating differing depositional conditions within the unit. (a) Lenses of 
interbedded fine shell fragments intercalated with well-sorted lenses of silty clays, suggesting deposition by water. (b) Poor 
sorting, random arrangement and vertical orientation of components suggests high energy conditions leading to significant 
admixture. Both images show low porosity of waterlain deposits and strong iron impregnation from periodic (tidal) 
subaerial and submergence conditions. 

Context 113 [mF I; MSU 15b]: This context yielded little archaeological material during 

excavation and was interpreted as a hiatus period in human occupation. The unit has a textural 

composition of predominantly fine silts and clays and a mineralogical composition of quartz, 

clays, calcite and plagioclase feldspar. Micromorphological analyses establish that the unit 

comprises waterlain fine silts and clays deposited in microlaminations under low energy 

conditions reflecting flooding. The timing of deposition of C.113 is between 4850-4600 cal BP 

[C.112] and 5100-4900 cal BP [C.114] (Chapter 6). This coincides with sea level reconstructions 

of a mid Holocene sea level highstand of 1.5-3 m above present levels between 6000 and 4000 

cal BP in this region (Tanabe 2003; Boyd and Lam 2004; Stattegger et al. 2013). Due to the 

proximity of the site to the coastline it is hypothesised that mF I was deposited during maximum 

sea level transgression. Accordingly, human groups did not occupy the site at this time. 

Context 112 [mF E3 and H; MSUs 15a.1, 15a.2, 15a.3, 15a.4, 15b.1]: C.112 presented in the field as 

a thick shell midden of tightly packed and bedded Placuna placenta valves. The texture of the 

unit is a sandy loam comprising poorly-sorted bimodal silts and medium to coarse sands and the 

mineralogy comprises clay, quartz, calcite and slightly altered clay. C.112 contains the shell 

midden microfacies [mF H] linked to single tossing events of Placuna Placenta shell valves. 

Placuna placenta has its habitat on muddy sediments in the intertidal to shallow subtidal zone, 

preferring brackish water and muddy bottoms of mangrove coasts and shallow estuarine 

lagoons (Hornell 1909: 46; Nguyen 2005). At the lower boundary to this layer two burnt bone 
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fragments were identified (Figure 7.16), indicating that humans moved into the area directly 

following sea level fall and began exploiting the new upper shoreface/tidal mudflat 

environments that were opening up along the coastline. 

Microarchaeological analyses of C.112 also identified the occurrence of mF E3, a 

microstratigraphic layer of well-sorted fine quartz sands deposited by aeolian processes in a 

beach system (Courty et al. 1989: 82; Goldberg and Macphail 2006: 157; Nichols 2009: 127). The 

aeolian deposit was not identified in the field: C.112 was recorded as a thick homogenous unit of 

anthropogenic shell discard. The microstratigraphic association between mF H (single tossing 

events) and mF E3 (aeolian deposition) suggests that C.112 formed through multiple short stay/ 

single discard activities punctuated by natural sand dune accretion. One micromorphology block 

was processed from this context and further sampling is needed to verify this hypothesis. 
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Figure 7.16. Two burnt bone fragments preserved along a boundary between two major stratigraphic units: the lower silty 
clay layer representing submergence of the site (C.113) and the upper anthropogenic shell midden layer (C.112). 
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Context 111 (mFs F and G; MSUs 10a, 10b.1, 10b.2, 10b.3): C.111 is a human occupation layer 

containing charcoal, pottery, animal bone and discrete clusters of Placuna placenta valves. The 

particle size analysis identified a bimodal distribution of medium to coarse silts and medium 

sands, producing a sandy loam. The mineralogy of the unit consists of clay, quartz and traces of 

calcite. Two major changes were identified by the microarchaeological analyses. First, the 

increase in fine material signals the removal of the site from beach sedimentation processes and 

the formation of a terrigenous land surface stabilised by vegetation and incipient pedogenesis. 

This shift in local environment is reflected in the second change of faunal bone becoming 

dominant over shell. This suggests a shift from shellfish gathering in a beach system [C.112] to 

animal processing activities on a terrestrial land surface [C.111]. The main human depositional 

process behind the formation of C.111 was the secondary discard of faunal bone and burning 

residues in a midden [mF F]. 

Context 110: C.110 is as a loose shell and sand deposit consisting of several discrete mounds of 

Anadara sp. or Placuna placenta valves. It was recorded in the field as a sloping layer of variable 

thickness disappearing in some areas of the trench from erosion or truncation by later deposits. 

The texture and mineralogy of C.110 is similar to C.111, demonstrating that the change in 

depositional environment detected in C.111 largely continued throughout deposition of C.110. 

Context 109 [mFs D, E1 and E2; MSUs 14a.2, 14b.1, 14b.2, 14b.3]: C.109 was identified in the field 

as a natural sedimentary layer of clean sands deposited during a period of human abandonment. 

The textural composition is unimodal well-sorted medium sand and the mineralogical 

composition is quartz, clay and trace amounts of hydroxyapatite. The unit corresponds to mF E, 

representing aeolian deposition of sand grains, with no to minimal evidence for fine material, 

pedogenesis and vegetation stabilising the deposits. This signals a return to beach sedimentation 

from the underlying contexts [C.110 and C.111]. The microarchaeological analysis revealed that 

not all of the unit was deposited through natural sedimentation. MSU 14b.2 is a discrete layer 

(<2 cm) of human activity not identified in the field, involving a single discard event of faunal 

bone and burning residues corresponding to mF D. 

Context 108 (mF D; MSUs 13b.2, 13c, 14a.1]: C.108 is a layer of human occupation. The unit has a 

textural composition of bimodal medium sands and fine silts producing a loamy sand and a 

mineralogical composition of clay, altered clay, quartz and small amounts of hydroxyapatite and 

calcite. Based on microarchaeological attributes, C.108 is grouped within mF D, corresponding to 

ephemeral site visitations that produced accumulations of discarded mixed anthropogenic 
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debris. Within the midden deposits, microstratigraphic events of light trampling, in situ burning, 

and single discard events of midden material were detected. 

Context 107 [mF E2; MSUs 13a, 13b.1]: This context is a layer of naturally deposited sands devoid 

of archaeological material representing a hiatus in human occupation. The unit has a texture of 

well-sorted medium sands and a mineralogy consisting of clay, quartz and small amounts of 

hydroxyapatite and altered clay. C.107 comprises mF E2, formed by aeolian deposition of sands 

in a back-beach dune environment. Low bioturbation and pedogenesis and no indicators of dune 

stabilisation suggest the layer was rapidly deposited and buried by subsequent sedimentation. 

Context 106 [mF D; MSU 21b.2]: C.106 is a sandy loam comprising bimodal silts and medium 

sands. The mineralogy comprises clay, quartz, traces of hydroxyapatite (confirmed by thin 

section analysis to be faunal bone) and a small amount of slightly altered clay. The deposit is 

identified as a short-lived period of human occupation on sand dunes [corresponding to mF D], 

with human depositional practices involving the discard of mixed midden debris (mainly faunal 

bone), single depositional events and episodes of light trampling. In comparison to the sand 

accumulations above [C.105] and below [C.107] C.106, the poorly-sorted texture and increase in 

fine material in C.106 indicates that human occupation acted as a sediment trap through the 

incidental incorporation of surrounding sediments of different size ranges into the site. 

Context 105 [mf D and E1; MSUs 21a.1, 21a.2, 21b.1]: The context reflects a period of natural 

sediment accumulation of mineral sands during human abandonment. The texture is unimodal 

medium to coarse loamy sands and the mineralogy is clay and quartz, with small amounts of 

intrusive elements including hydroxyapatite and slightly altered clay. The sharp boundary 

observed between C.105 and C.106 (Figure 7.17a) indicates rapid accumulation of sand grains 

following human abandonment. The sands were likely deposited by strong winds or a storm 

surge event [corresponding to mF E1] due to the coarseness of the sand grains (Goldberg and 

Macphail 2006: 157). An ephemeral site visit involving the discard of mixed midden material 

was identified in the micromorphological analyses [mF D], suggesting that more transient visits 

or dumping episodes are preserved within the broader field stratigraphic unit of C.105. C.105 is 

the final period of natural sedimentation prior to the site’s isolation from beach processes and 

subsequent development of a more stable terrestrial system in the site’s vicinity. 
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Figure 7.17. (a) Reflected (top) and XPL (bottom) thin section scans showing the transition between C.105 and C.106. (b) 
C.105 consists of medium to coarse sands with infrequent fine material occurring as dusty coatings on mineral grains. The 
sharp lower boundary of the layer and the coarseness of sand grains suggests deposition occurred during a rapid, high-
energy event such as a storm. (c) C.106 is a human occupation layer formed from the accumulation of mixed midden 
material, predominantly faunal bone and burning residues. The effects of trampling are seen in (a) horizontally-oriented 
pottery showing in situ fragmentation, and (c) compacted, horizontally-oriented bone fragments. 

Context 104 [mF A and C; MSUs 3, 8a, 8b, 16. 1, 16.2, 16.3] and Context 102 [mF A; MSUs 7a, 7b]: 

C.102 and C.104 are the most recently deposited archaeological layers, comprising thick, dark 

organic-rich occupation deposits that formed during more sustained and intensive periods of 

human occupation. Microarchaeological analyses demonstrated that C.102 and C.104 are similar 

in both composition and formation history, together comprising mF A. The texture comprises 

poorly-sorted fine-medium silts and fine-medium sands and the mineralogy consists of clay, 

quartz, hydroxyapatite (confirmed in thin section to be faunal bone) and a small amount of 

altered clay. Large amounts of anthropogenic materials were deposited primarily through 

human discard involving midden deposition of faunal bone and burning residues. Within the 

homogenous midden deposits, microstratigraphic events of light trampling, in situ burning and 

single discard events were detected. Based on micromorphological and textural attributes, the 

contexts represent immature soils forming on a sandy substrate. This suggests that human 

occupation took place on stable terrestrial land surfaces removed from marine processes and 

similar to the present-day surface soil horizon [mF Y and Z]. 
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The two occupation layers of C.102 and C.104 are separated by Context 103 [mF B; MSU 7c], 

deposited by natural processes during a human abandonment period. C.103 is a poorly-sorted 

bimodal (medium silt and fine sand) sandy loam comprised of clay, quartz and traces of 

hydroxyapatite. The enrichment in clay and fine silt in C.103 is attributed to pedogenesis and the 

formation of an incipient B horizon.  

Context 100 and 101: C.100 and C.101 are the modern surface and sub-surface deposits, 

consisting of poorly-sorted dark humic loamy sands containing mixed modern and 

archaeological inclusions. The mineralogical composition is non-altered clay and quartz, with 

shell fragments preserving an original aragonitic composition. 

7.5. Chapter summary 

Microstratigraphic analysis of archaeological stratigraphy from Thach Lac identified 37 

microstratigraphic units and 10 microfacies. Variation in material depositional processes were 

linked to five types of human depositional practices: midden discard of faunal bones and 

burning residues; single discard events within middens; single tossing events of shell; in situ 

burning of the deposit; and, human abandonment. The temporal patterning of inferred human 

depositional practices and natural depositional environments was used to construct a 

microstratigraphic sequence of site formation at Thach Lac. The microstratigraphic sequence 

identified significant changes in coastal depositional environments and human exploitation of 

coastal landscapes surrounding Thach Lac during the period of mid Holocene sea level rise and 

subsequent stabilisation to present levels. The broader cultural and environmental significance 

of the temporal patterns identified in the microstratigraphic sequence of Thach Lac is discussed 

in Chapter 10. 
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Chapter 8 
Microstratigraphic Results of Loc Giang 

In this chapter, the microstratigraphic results of the geoarchaeological investigation of Loc 

Giang, Long An Province, southern Vietnam are presented. Microstratigraphic analysis of Loc 

Giang stratigraphy focused on the layers of hard, compacted surfaces with sharp boundaries that 

were interpreted in the field to be constructed floors (Piper and Oxenham 2014; Piper et al. 

2017). Microstratigraphic analysis aimed to interrogate the nature of the ‘floors’, reconstruct the 

materials and technology of formation, identify traces of activities on the surfaces, and 

characterise depositional pathways of associated sediments. The chapter is divided into four 

sections. In the first section (Section 8.1), the main anthropogenic, sedimentary and pedogenic 

components in the sediments are described. In Section 8.2, eight microfacies identified during 

the microstratigraphic analyses are summarised. In Section 8.3, the microfacies groupings are 

linked to human depositional practices and natural post-depositional processes responsible for 

formation of archaeological stratigraphy. In the final section (Section 8.4) the microstratigraphic 

sequence of site formation is presented that depicts the narrative of human settlement at Loc 

Giang. 

Two appendices provide supporting information. Appendix I presents detailed microfacies 

descriptions, micromorphological recording tables and photomicrographs of thin sections from 

Loc Giang. Appendix J provides supplementary geoarchaeological data collected using 

geochemical, sedimentological and mineralogical techniques. 

8.1. Components in the sediments 

The archaeological deposits at Loc Giang are highly heterogeneous and contain an abundance of 

cultural, organic and mineral material present in different forms. The main components 

observed in thin section are listed in Table 8.1, along with a representative photomicrograph 

and a summary of preservation and depositional history. The differentiation between clay 

materials, biogenic silica aggregates and coprolites, all of which share certain 

micromorphological similarities, are illustrated in Figure 8.1. 

Terrigenous sediments include clays and silt-size and sand-size mineral grains (Table 8.1). Clays 

are sourced from local environments and transformed in different ways including as ceramics 

tempered with mineral sands and plant matter and construction aggregates that show variable 
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exposure to heat (Table 8.1). Detrital mineral grains consist of quartz silts and sands with a 

probable immediate origin in alluvial landforms nearby. They are infrequent in most 

anthropogenic deposits indicating that they are not purposely being utilised by humans. Rather, 

the incorporation of detrital grains into deposits is a result of incidental anthropogenic 

displacement and/or ongoing natural processes including syn-depositional inputs and post-

depositional bioturbation. The lack of waterlain sediments implies that flooding did not 

commonly occur at the site, despite proximity to the Vam Co Dong River. 

Organic and biomineral materials include degrading and silicified plant remains, phytoliths, rice 

husks, sponge spicules, diatoms, charcoal and ash (Table 8.1). Degrading plant material is 

present as amorphous fine organic material that is variably humified (red to brown (PPL)) 

and/or phosphatised (orange and pink (PPL)) (Stoops 2003; Karkanas and Goldberg 2010; Stolt 

and Lindbo 2010). Unique features comprising aggregates containing articulating sponge 

spicules and diatoms are interpreted to have formed post-depositionally in a wet burial 

environment (Table 8.1; Figures 8.1a, 8.6f and J.34; Luc Vrydaghs 2020, pers. comm., 18th 

February). Charcoal is infrequent, occurring predominantly as small fragments in the 

groundmass and rarely as large fragments of dicotyledon wood charcoal. The presence of 

different types of ash indicates use of different fuel types (Canti 2003; Braadbaart et al. 2012), 

including: siliceous-rich plants, such as grasses (producing isotropic ash dominated by melted 

phytolith slags); woody plants rich in calcium oxalate crystals (producing calcitic ash rhombs); 

and, the burning of other vegetal or dung material (producing cloudy grey and phosphatised 

cryptocrystalline pink (PPL) isotropic ash). The deposits have been intensively transformed by 

biological agents attracted to organic matter, evidenced by the abundance of soil fauna 

excrements and plant root remains (Table 8.1). Vegetal matter has also been pseudomorphically 

replaced by iron and manganese compounds (Macphail and Goldberg 2010, 2017: 202, 296; 

Friesem and Lavi 2017; Section 8.3.2.3). 

Distinctive aggregates composed of humified (dark reddish-brown (PPL)) and variably 

phosphatised (orange-pink (PPL)) amorphous fine organic material are identified as coprolites 

(Table 8.1, Figure 8.1b). In addition to the amorphous organic composition, they exhibit: 

irregular, rough outlines; dark-brown external coatings; embedded biogenic silica bodies 

(phytoliths from ingested plant material and diatoms from ingested drinking water; Shahack-

Gross 2011: 207); internal pseudomorphic vegetal voids; and, a convolute fibrous internal 

structure (compare to Courty et al. 1989; Goldberg et al. 2009; Macphail and Goldberg 2010; 

Shahack-Gross 2011; Bronnimann et al. 2017a; Bronnimann et al. 2017b). Identifying the animal 

that produced the coprolite is difficult. The lack of digested bone fragments suggests an 
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herbivorous diet, however no cattle remains have been recovered from the site (Piper et al. 

2016) and sheep and goat were not present in MSEA at this time. No faecal spherulites were 

observed. The production of faecal spherulites is highly dependent on animal species, diet and 

soil alkalinity, and they are unlikely to survive in moist, humid tropical environments (Canti 

1999). It is possible they are pig, rodent or human coprolites, all of which have been identified 

from zooarchaeological remains recovered from the site (Piper et al. 2016). Reference pig 

coprolites are characterised by amorphous organic material, phosphatisation, plant material, 

phytoliths and diatoms (Macphail and Goldberg 2017: 257-258), all attributes observed in the 

Loc Giang coprolites. The identification of coprolites is difficult based on visible morphological 

characteristics alone and the use of biomolecular analysis (e.g., gas chromatography) is 

recommended for correct identification (Shillito et al. 2011b: 1873).  

Intriguingly, the occurrence of bone and shell in the sediments is infrequent to rare (Table 8.1). 

Infrequent bone fragments are often poorly preserved, characterised by a loss of colour, 

birefringence and internal structure in thin section (Villagran et al. 2017a: 31). This supports the 

results of field excavation that recovered minimal bone remains, the majority (>80%) of which 

were less than 2 cm in size (Piper et al. 2016; Piper et al. 2017: 41). Very few fragments were 

identified as burnt bone based on observation of a colour change (dark brownish-black colour 

and outline in PPL and isotropic in XPL; Courty et al. 1989: 109-110; Villagran et al. 2017a). Shell 

was observed a handful of times and only in deposits containing calcium carbonate, suggesting 

preservation factors may be influencing its limited distribution. This is supported by 

recrystallised calcite features indicating the dissolution and movement of calcite in the deposits 

(Table 8.1). 



Chapter 8                                                                                                                                                                                                                                                                Microstratigraphic Results of Loc Giang 

256 

Table 8.1. Description and depositional pathways of the major components in the sediments from Loc Giang. 

Component 
Representative 

photomicrograph 
Description Depositional pathway 

Microfacies 
present 

Ceramic 
fragments 

 

Ceramic fragments are infrequent components. Two major classes of ceramics are 
identified: fibre-tempered (predominantly rice husks), fired in reduced conditions, often 
showing application of a red slip (left); and, sand tempered, well oxidised and evenly 
fired (Figure 8.9h). Ceramic fragments are mostly observed as loose, reworked 
components in mFs A and H. They are rarely encountered as small, horizontally-
oriented fragments in the trampled microlaminations of mF C and as embedded 
inclusions in the constructed floors of mF D and compacted midden deposits of mF F. 

Anthropogenic discard 
following construction and 
use of pottery; recycling of 
ceramic fragments as 
temper in constructed 
floors; incidental trampling 
of small fragments. 

A, C, D, F, H 

Construction 
aggregates 

 

Clay aggregates are present as construction aggregates in the constructed floor 
deposits of mF D and as reworked components in the bioturbated occupation deposits 
of mF A and the compacted midden deposits of mFs B, E, F and G. They exhibit a 
densely packed fabric, contain quartz silts, and vary in colour, ranging from orange to 
crimson and deep red in PPL and speckled to isotropic in XPL. The variation in colour 
and isotropy indicate that some of the clay aggregates have been exposed to heat 
(Goldberg et al. 2009; Matthews 2013; Stahlschmidt et al. 2017; heat-altered clay is 
confirmed by FTIR in Appendix J). 

Clay construction 
aggregates are heat-altered 
and added as temper in 
constructed floors; also 
occur in secondary contexts 
such as middens following 
anthropogenic discard. 

A, B, D, E, F, 
H 

Coprolites Coprolites occur as distinctive aggregates composed of humified (dark reddish-brown 
(PPL)) and variably phosphatised (orange-pink (PPL)) amorphous fine organic material 
(Figure 8.1b). They exhibit: irregular, rough outlines; dark-brown external coatings; 
embedded biogenic silica bodies (phytoliths from ingested plant material and diatoms 
from ingested drinking water; Shahack-Gross 2011: 207); internal pseudomorphic 
vegetal voids; and an amorphous organic fibrous composition (Figure 8.1b; compare to 
Courty et al. 1989; Goldberg et al. 2009; Macphail and Goldberg 2010; Shahack-Gross 
2011; Bronnimann et al. 2017a; Bronnimann et al. 2017b). No digested bone fragments 
are observed, suggesting an herbivorous origin of the coprolites. The coprolitic 
aggregates are the dominant coarse constituent in mF E. They are also common 
components in mFs A, B, F and G, and occasionally observed in mF D. The ubiquity of 
coprolites in the deposits suggests either the accumulation of material waste or the 
possible recycling of waste for use as construction material (Section 8.3.1.3). 

Accumulation of coprolitic 
waste around the 
settlement; occur in 
midden deposits; 
occasionally present as 
inclusions in constructed 
floors. 

A, B, D, E, F, 
G 
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Table 8.1 (cont.). Description and depositional pathway of the major components in the sediments from Loc Giang. 
Aggregates 
containing 
diatoms and 
sponge 
spicules 

 

The aggregates (Figures 8.1a, 8.6f and J.34) are distinctive elongate features composed of 
amorphous fine organic material that is variably humified (red to brown (PPL)) and/or 
phosphatised (orange and pink (PPL)) (Stoops 2003; Karkanas and Goldberg 2010; Stolt and 
Lindbo 2010). They show high concentrations of embedded biogenic silica bodies that are 
articulated and oriented (Figures 8.1a, 8.6f and J.34). Extraction of biogenic silica indicates 
the presence of diatoms and sponge spicules but no phytoliths (Section 8.2; Appendix J). 
Due to the sheer numbers present and the articulated arrangements, the diatoms are 
interpreted as autochthonous, for example, grown in situ in wet, acidic and nutrient-rich 
burial environments created by concentrations of decaying organic matter (Sections 8.2 and 
8.3.1.2). The features occur mainly in mF G but also occur as reworked components in mFs 
A and F. 

Post-depositional 
feature of wet burial 
environments. 

A, F, G 

Phytoliths 

 

Phytoliths are common but are poorly preserved and often obscured by clays and 
amorphous fine organic material (Vrydaghs and Devos 2018). Phytolith morphologies are 
indistinct in deposits containing calcium carbonate, due to preservation of biogenic silica 
being poor in neutral to alkaline conditions (Albert et al. 2000; Weiner 2010). Phytoliths 
occur in different arrangements and contexts in thin section. They are frequently observed 
as singular siliceous bodies loose in the groundmass or embedded in soil aggregates in mF 
A, where they probably derive from the decay of plant material and reworking by soil 
formation processes. In mF E they occur as articulated siliceous bodies and appear ashed. 
They are frequently observed as inclusions in coprolites. 

Use of plants for a 
variety of potential 
purposes around the 
settlement, including 
food preparation, 
construction, bedding, 
fuel and hearth 
activities, middens and 
coprolitic waste. 

A, B, D, E, F, 
G 

Rice husks 

 

Rice husks are present as preserved silicified plant fibres and pseudomorphic impressions 
left after the decay of plant fibres. A unique deposit of mF E2 contains a high concentration 
of rice husks. Rice husks are also commonly observed in the trampled microlaminations of 
mF C. Rice husks are infrequent loose components in the reworked occupation deposits of 
mF A and rare in mFs D, F, G and H. In addition to readily identifiable rice husks, other 
siliceous plant fibres of unidentified origin were observed, particularly in the compacted 
midden deposits of mFs E and F. 

Mainly occur as 
trampled components 
on compacted surfaces; 
present in midden 
deposits following 
anthropogenic discard; 
rare inclusions in 
constructed floors. 

A, C, D, E, F, 
G, H 

Diatoms and 
sponge 
spicules 

 

Diatoms are present as inclusions in coprolites due to animals ingesting drinking water 
(Shahack-Gross 2011: 207). Coprolites are the dominant component in mF E and infrequent 
components in mFs A, B, D, F and G. 
Diatoms and sponge spicules are observed embedded in aggregates of amorphous fine 
organic material in mF G (Figures 8.1a, 8.6f and J.34). The occurrence of diatoms and 
sponge spicules in mF G is attributed to autochthonous (in situ) growth in wet burial 
environments (Sections 8.2 and 8.3.1.2). 

Components of 
coprolites, post-
depositional 
autochthonous growth 
in wet burial 
environments 

A, B, D, E, F, 
G 
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Table 8.1 (cont.). Description and depositional pathway of the major components in the sediments from Loc Giang. 
Vesicular 
silica slags 

 

Silica slags are grey in PPL, white in OIL, and have vesicular morphologies. The slags are 
formed from the burning of biogenic silica at high temperatures. Sodium is present in 
some slags (confirmed by QEM-EDS, Table 8.2, Appendix J) and demonstrates the 
presence of alkali salts which reduce the melting point of silica to approximately 800°C 
(Canti 2003, confirmed by QEM). Additional micromorphological observations indicate 
enrichment of phosphate, manganese and iron in the slags which probably occurred post-
deposition (Macphail and Goldberg 2010: 600). The origin of the slags is either phytolith-
rich plant materials such as grasses or herbivorous coprolites. The slags are predominant 
in the reworked deposits of mF A, particularly mF A3, and common in other microfacies. 
There is little evidence for heat alteration of materials directly surrounding the silica slags 
suggesting that they occur mainly as displaced components in secondary contexts. 

Burning of siliceous-rich 
plant material or 
herbivorous dung for 
food, fuel, waste 
management or other 
hearth-related activities; 
anthropogenic discard in 
secondary contexts; 
occasional (incidental) 
inclusions in constructed 
floors. 

A, B, D, E, F, 
G 

Charred plant 
remains 

 

Charcoal is infrequent, occurring predominantly as small fragments, rarely as large wood 
charcoal fragments. Dicotyledon species are identified based on concentric and circular 
patterning of xylem vessels of hardwoods, and softwoods are identified based on 
rectilinear cell structures (Canti 2017). Charcoal is abundant in deposits containing 
combustion residues [mF B], where it is associated with calcitic ash. It also occurs in the 
biologically reworked deposits of mF A, and is common as small, horizontally-oriented 
fragments in the trampled deposits of mF C. Pseudomorphic and shrinkage voids of plant 
remains are more common than charcoal in the compacted deposits of mFs D, E, F and G. 
Partial remains of charred material is sometimes present within the shrinkage voids. 

Anthropogenic 
combustion activities 
followed by mobilisation 
and deposition by 
humans in midden 
contexts; occasionally 
trampled into surfaces; 
present as inclusions in 
constructed floors. 

A, B, C, D, E, 
F, G, H 

Calcitic ash 

 

Calcitic ash is predominant in the midden containing combustion residues [mF B]. It 
presents as: occasionally preserved calcitic pseudomorphic rhombs after calcium oxalate 
crystals indicating the burning of woody plants (Brochier and Thinon 2003; Canti 2003; 
Canti and Brochier 2017); ash clusters composed of microcrystalline calcitic ash 
aggregates; dispersed ashes composed of microcrystalline calcitic crystals in the 
groundmass; and, recrystallised domains of calcitic ash. In other mFs [mFs D, F and G] 
calcitic ash is observed in anatomical position embedded within charred plant remains, 
indicating limited mobilisation following burning (Figure 8.3m; Villagran et al. 2017b: 27). 
Calcitic ash is also identified in the trampled microlaminated deposits of mF C. 

Anthropogenic 
combustion activities 
followed by human 
remobilisation and 
deposition in midden 
contexts; occasionally 
trampled into surfaces; 
present in constructed 
floors. 

A2, B, C, D, 
F, G 

Bone 
fragments 

 

Bone fragments are infrequent. They are poorly preserved in thin section, characterised 
by a loss of colour, birefringence and internal structure (Villagran et al. 2017a: 31). Bone 
fragments occur as loose, reworked fragments in the biological deposits of mF A and the 
massive, unstructured sandy deposits of mF H, as rare trampled inclusions in mF C, and as 
rare embedded inclusions in mFs D, E and F. Very few fragments were identified as burnt 
bone based on observation of a colour change (dark brownish-black colour and outline in 
PPL and isotropic in XPL; Courty et al. 1989: 109-110; Villagran et al. 2017a). This supports 
the results of field excavation which recovered minimal bone remains, the majority 
(>80%) of which were less than 2 cm in size (Piper et al. 2016; Piper et al. 2017: 41). 

By-product of food 
preparation activities; 
occurs mainly in 
secondary contexts in 
midden deposits; 
occasionally trampled 
into surfaces. 

A, C, D, E, F , 
H 
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Table 8.1 (cont.). Description and depositional pathway of the major components in the sediments from Loc Giang. 
Mollusc shell 

 

Mollusc shell is rare, identified only in deposits which contain calcium carbonate and even 
then as rare, isolated fragments. Shell fragments occur as rare, loose components in the 
biologically reworked deposits of mF A2 and as rare, embedded inclusions in the 
constructed floor surfaces of mF D and the compacted heterogeneous midden deposits of 
mF F. No evidence for burnt shell was observed. The shell fragments did not exhibit 
evidence of partial dissolution however recrystallised calcitic features suggest that 
preservation factors may be responsible for the limited occurrence of shell in the deposits. 

Rare inclusions in midden 
deposits following 
anthropogenic discard; 
rare inclusions in 
constructed floors. 

A, B, D 

Sandstone 
clasts 

 

Sandstone clasts are infrequent components in most microfacies. They show evidence of 
displacement, such as coatings of fine material. The clasts occur as large, loose components 
in mF A and as small embedded inclusions in the compacted deposits of mFs D, E and F. 

Occur in secondary 
contexts following 
incidental mobilisation 
and/or anthropogenic 
discard; occasional 
inclusions in constructed 
floors. 

A, D, F 

Detrital 
mineral grains 

 

Sand-size and silt-size mineral grains comprise detrital quartz grains with a probable 
immediate origin in alluvial landforms nearby the site. They are occur as a frequent 
constituent in three microfacies: biologically reworked and relatively porous deposits of mf 
A; microlaminated, compacted deposits of mf C that accrued through trampling and 
exposure; and, the basal deposits of mF H that resemble the natural sterile alluvial sands 
beneath the archaeological sequence. Many of the constructed floor surfaces and 
compacted midden deposits contain infrequent to rare quartz mineral grains, suggesting 
deliberate exclusion. The only evidence for purposeful mobilisation of mineral grains are as 
sand temper in ceramics. Excepting use as ceramic temper, the incorporation of detrital 
grains into deposits is a result of incidental anthropogenic displacement and/or ongoing 
natural processes including syn-depositional inputs and post-depositional bioturbation. 

Use of sand to temper 
ceramics; infrequent 
inclusions in constructed 
floors; incidental 
trampling of detrital 
grains into surfaces; 
inputs by natural 
processes. 

A, C, F, H 
 
Rare 
inclusions 
in B, D, E, 
G  

Soil faunal 
pedofeatures 

 

Soil faunal pedofeatures are common in mF A where they comprise the fabric of the 
deposit. In other microfacies, the effects of bioturbation are localised, producing channels 
or void infillings of excrements. It is possible to identify: large, smooth, rounded and 
mamillated, variably coalescing organo-mineral excrements of earthworms; small, rough, 
ellipsoidal, organo-mineral excrements of enchytraeids; and, rarely, small, smooth, 
ellipsoidal, organic excrements of mites (Davidson et al. 2002; Davidson 2004; Kooistra and 
Pulleman 2010). Faunal voids present include channel, chamber and biologically modified 
planar voids. Bow-like structures from earthworms and plastered voids from termite 
activity are also identified (Kooistra and Pulleman 2010: 410). 

Biological activity by 
meso- and macro-fauna; 
possible indicator of plant 
construction materials or 
organic-rich cultural 
refuse 

A, D, E, F, 
G, H 
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Table 8.1 (cont.). Description and depositional pathway of the major components in the sediments from Loc Giang. 
Plant root 
remains 

 

Plant root remains are commonly observed in in mF A and are occasionally visible in other 
microfacies. Some root remains exhibit interference colours of lignin-rich tissues 
indicating that they are well-preserved and relatively fresh. Other root remains show 
discolouration and deformation of cell structure and are isotropic in XPL indicating 
degradation and humification (Stolt and Lindbo 2010). Amorphous fine organic material is 
commonly observed across all microfacies. 

Biological activity by plant 
growth 

A, D, E, F, G, 
H 

Iron and 
manganese 
pedofeatures 

 

There are several types of iron and manganese impregnative pedofeatures in the 
sediments and they have different formation pathways. In mFs A4 and B, structural 
collapse, compaction of the deposits and vesicles and vughs indicate water saturation, 
with iron and manganese precipitating through redoximorphic processes (Lindbo et al. 
2010). In mFs E, F and G, iron and manganese are present as pseudomorphs of organic 
material (Macphail and Goldberg 2010, 2017: 202, 296; Friesem and Lavi 2017; Section 
8.3.2.3). In the constructed lime mortar deposits of mF D oxide impregnative features 
may form during drying and hardening of the lime. In mF H impregnative features are a 
result of the pedogenic movement of iron and manganese as a result of fluctuating 
wetting and drying cycles (Lindbo et al. 2010). 

Post-depositional feature 
caused by episodes of 
water saturation and 
drying as well as the 
degradation of organic 
remains. 

A, B, C, D, E, 
F, G, H 

Recrystallised 
calcitic 
pedofeatures 

 

Calcium carbonate is present in mFs A2, B and D, where it occurs as a main constituent, 
and mFs F and G, where it is rarely observed. Recrystallised calcite pedofeatures occur in 
all deposits where calcium carbonate is present. Several pedofeature types are observed 
including: micritic infillings and cement between components; micritic void coatings; 
needle fibre void coatings; large sparitic crystals; small micritic crystal clusters; and, large 
heterogeneous aggregates reworked by soil fauna (Durand et al. 2010). Many calcitic 
pedofeatures exhibit a mottled appearance showing varying degrees of crystal purity and 
detrital enrichment. Infillings and coatings of voids are characterised by pure, colourless 
(PPL) calcitic crystals providing clear evidence for recrystallisation. 

Post-depositional feature 
caused by percolating 
solutions and fluctuations 
in pH. 

A2, B, C, D, 
F, G 

Clay 
translocation 
features 

 

Clay translocation features are infrequent. They are more common in thin sections 
sampled from the 2010 quarry profile, indicating that clay translocation is a result of 
localised post-depositional burial conditions. Clay translocation features comprise limpid 
to dusty coatings, occasionally showing crescentic layers indicating multiple translocation 
episodes (Kuhn et al. 2010). Rare displaced silty clay coatings or crusts are also observed 
in reworked contexts in mF A. 

Post-depositional feature 
caused by water 
movement through the 
deposit. 

A, E. 
Mainly in 
thin 
sections 
from the 
2010 quarry 
profile. 
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Figure 8.1. Photomicrographs demonstrating differentiation of different materials based on micromorphological attributes, 
including: (a) aggregates containing sponge spicules and diatoms; (b) and (c) coprolites; (d) clay construction aggregates; (e) 
ceramics; and, (f) anthropogenically-enriched clay. Photomicrographs are drawn from Loc Giang archaeological deposits (a, 
b, d, e) and modern ethnographic reference material collected in Lo Gach Village, Vietnam (c, f). The features identified as 
aggregates containing sponge spicules and diatoms (a) and coprolites (b) both contain phosphatised and humified 
amorphous organic groundmasses and biogenic silica bodies. The coprolites show simultaneous phytoliths and diatoms at 
all orientations whereas the aggregates containing sponge spicules and diatoms show articulation of siliceous bodies and no 
phytoliths. The aggregates containing sponge spicules and diatoms also has a distinctive elongate morphology and lack 
internal fibrous voids that are visible in the coprolites. Although the diatom-rich aggregates and coprolites resemble clay 
aggregates tempered with plant fragments, there is a complete absence of clear breakage patterns of plant temper in 
construction materials reported from other sites (Friesem et al. 2017: 100). The groundmasses of the diatom-rich 
aggregates and coprolites are interpreted as organic rather than clay due to the phosphatised orange-pink to humified 
dotted red-brown (PPL), isotropic (XPL) amorphous appearance of the material at high magnification (Stoops 2003; 
Karkanas and Goldberg 2010; Stolt and Lindbo 2010). The identification of coprolites in (b) is strengthened by the 
similarities present between (b) archaeological coprolite in the Loc Giang sediments and (c) partially degrading cattle dung 
sampled from a modern ethnographic context at Lo Gach Village, Vietnam. Both (b) and (c) exhibit a convolute fibrous 
internal structure and reddish (PPL) humified amorphous fine organic material. (d) Construction aggregates show a dense, 
packed groundmass containing silt inclusions and are speckled in (XPL) due to the presence of clay. They do not show 
obvious concentrations of silica bodies and show variable reddening from different degrees of burning. (e) Ceramic fabrics 
from Loc Giang, demonstrating dense, pugged internal fabrics and the use of sand temper (left image) and rice husk temper 
(middle image). The clay construction aggregates (d), ceramics (e), aggregates containing sponge spicules and diatoms (a), 
and coprolites (b) all share varying degrees of reddening of the fine material however the clay-based materials (d and e) 
lack the amorphous fine organic material and possess a dense, packed fabric. To complicate the respective identifications 
further, it is noted that the ceramic fragments occasionally contain siliceous bodies (e, right image) but they are not 
observed in such concentrations as in the organic features (a and b). (f) Reference sample from an anthropogenically-
enriched domestic clay floor sampled from an ethnographic context in Lo Gach Village, Vietnam, showing biogenic silica in 
high concentrations. The fine material comprises clay and is clearly differentiated from the amorphous fine organic material 
of the diatom-rich aggregates and coprolites shown in (a-c). The respective interpretations of diatom-rich aggregates, 
coprolites and clay-based constructed materials are tentative and highlight the importance of obtaining local natural 
sediments for comparison, which was unfortunately not possible at Loc Giang (Chapter 6). Integrated micromorphological, 
phytolith and diatom analyses on these features, which would resolve identification and interpretations presented here 
further, is beyond the scope of this project and is recommended for future analyses (Chapter 11). 

8.2. Microfacies descriptions of archaeological stratigraphy 

Microstratigraphic analysis of 47 archaeological thin sections from Loc Giang identified 134 

microstratigraphic units (MSUs) representing eight microfacies (mFs). The microfacies were 

assigned alphabetical letters to distinguish them. Some microfacies are further divided into sub-

groupings (denoted using a numerical superscript) based on slight variations in depositional 

and post-depositional processes. The microfacies groups are described in detail in Appendix I, 

using information integrated from micromorphology and supplementary compositional analyses 

(FTIR, XRD, phytolith concentrations and QEM-EDS). Here, microfacies are described as 

succinctly as possible because emphasis in this chapter is placed on linking the different 

microfacies to human and natural depositional processes (Section 8.3). Percentages provided in 

round parentheses refer to the amount of a given component as a proportion of the total area of 

the MSU. Square parentheses indicate the respective MSU under observation. Representative 

photomicrographs of each microfacies are shown in Figure 8.2. An inventory of microfacies 

types is given in Table 8.2, with each microfacies type accompanied by a summary of its main 

micromorphological attributes, mineralogical composition and a list of thin sections in which the 

microfacies occurs. 
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Microfacies A 

Four sub-types of mF A occur. mF A1 (Figures 8.2a and 8.12) denotes the common occurrence of 

mF A. mF A1 has a well-homogenised, biological granular microstructure consisting of 

excremental crumbs and microaggregates and heterogenous anthropogenic components of 

varying composition and size. Coarse components are randomly-oriented and include: detrital 

quartz sands (5-40%); sandstone clasts (2-5%); fragments of pottery (1-15%), charcoal (2-

10%), and bone (1-10%); coprolites (5-10%); rubified clay aggregates (2-10%); vesicular silica 

slags (2-10%); rice husks (1-5%); and, phytoliths (1-2%). Components are occasionally coated 

with heterogenous fine material (‘rolling pedofeatures’). The micromass consists of dotted dark 

orange brown (PPL) amorphous organic-mineral material. Phytolith concentration counts 

reported elevated phytolith values (841,000-2,501,000/g sediment) and FTIR analyses revealed 

a composition of altered (heated) clay, unaltered clay, quartz, hematite, and carbonate 

hydroxyapatite (Table 8.2, Appendix J). Relatively elevated porosity (20-50%) is dominated by 

channels and chambers (5-40%) and complex packing voids (5-30%). Bioturbation pedofeatures 

are very common, including: earthworm, enchytraeid and mite excrements; plant tissue residues 

and root sections; and, structural modifications including biological voids, root packing around 

voids and bow-like pedofeatures. 

mFs A2, A3 and A4 are specific, post-depositional variants of mF A. mF A2 (Figure 8.2b) contains 

recrystallised calcium carbonate features (calcite and aragonite confirmed by FTIR analyses, 

Table 8.2, Appendix J). mF A3 (Figures 8.2c and 8.12b) contains an abundance of charred plant 

remains (5-20%), vesicular silica slags (5-25%) and phosphatic enrichment of the micromass 

and inclusions. Phytolith counts reported elevated values (945,000/g sediment) and FTIR and 

QEM-EDS confirmed silica slags and phosphate content (Table 8.2, Appendix J). mF A4 (Figures 

8.2d and 8.14d) demonstrates micromorphological attributes of water saturation, including: 

compaction; vughy microstructure; dark, iron-stained fabric; and, clay translocation features. 

Microfacies B 

mF B (Figures 8.2e and 8.7) has a micromass composed of pale grey (PPL), crystallitic (XPL) 

calcitic ashes and a coarse fraction dominated by carbonised plant residues (15-20%). Other 

components include rubified clay aggregates (5-10%), vitrified silica slags (5-10%), coprolites 

(5-10%), phytoliths and siliceous plant fibres (2%), shell fragments (2%), and burnt and 

unburnt bone fragments (2%). Coarse components are poorly-sorted and chaotically and 

randomly arranged in a massive, apedal microstructure. Low porosity (15-20%) is dominated by 

plant pseudomorphic and shrinkage voids, vughs and vesicles (Figure 8.7). FTIR analyses 
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identified a mineralogical composition of altered (heated) clay, calcite, opal, and carbonate 

hydroxyapatite and phytolith counts reported elevated values (2,597,000-6,693,000/g 

sediment) (Table 8.2, Appendix J). Orange, limpid (PPL) clay coatings and cappings on 

components show variable orientation to the bedding plane, indicating rotation. Chemical 

weathering of calcitic ashes forms recrystallised calcitic domains and calcitic coatings and 

infillings of voids. Common hydroxide pedofeatures include Fe-Mn oxide linear and dendritic 

coatings on components, pseudomorphic replacement of organics, and dendritic nodules. 

Microfacies C 

The defining characteristics of mF C (Figures 8.2f-g, 8.10c-f and 8.11b) are the microlaminated, 

compacted structure and horizontal orientation of components. Coarse components are 

generally well-sorted (<2000µm) and include: silt-sized and sand-sized quartz grains (5-20%); 

charcoal (2-10%); sandstone clasts (2-5%); vesicular silica slags (2-5%); decaying plant 

materials and amorphous organic matter (2-5%); unburnt (dull orange (OIL)) and burnt (red to 

crimson (OIL)) clay aggregates (1-5%); rice husks (1-5%); silicified plant remains (2%); unburnt 

and burnt bone fragments (2%); and, pottery (1-2%) (Figures 8.10d-f). The coarse components 

are embedded in dusty clay that contains flecks of microcharcoal, humified organic matter and 

phytoliths. Low porosity (2-5%) consists of plant pseudomorphic voids (2-5%) and planar voids 

(2-5%). Elevated phytolith values (970,000-1,343,000/g sediment) and a heterogenous 

mineralogical (FTIR) composition of altered (heated) clay, aragonite, calcite, quartz, and 

carbonate hydroxyapatite are reported (Table 8.2, Appendix J). 

mF C occurs on the upper boundaries of compacted surface deposits [mFs D, E, F and G]. mF C1 

(Figures 8.2f-g, 8.10c-f) occurs as a thin (<2 mm) sedimentary layer. mF C2 (Figures 8.2g and 

8.11b) is thicker (1-2 cm) and contains an abundance of rice husk pseudomorphs (5%) and 

charcoal (5-10%). A series of horizontally continuous linear bands (<100 µm thick) of 

amorphous iron and/or amorphous fine organic material separate deposition of mF C2 into at 

least four episodes (Figure 8.11b).  

Microfacies D 

mF D consists of three subtypes, mFs D1, D2 and D3, that all share a dominant micromass of 

microcrystalline calcium carbonate (crystallitic b-fabric (XPL)). mF D1 (Figures 8.2h and 8.3) has 

a massive, apedal microstructure; a dense microcrystalline calcitic matrix; and, sharp and 

horizontal upper and lower boundaries (Figures 8.3a-b). FTIR, XRD and QEM-EDS analyses 

confirm a dominant calcium carbonate (calcite and aragonite) composition of the matrix and the 
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additional presence of dolomite, altered (heated) clay, quartz, and carbonate hydroxyapatite 

(Table 8.2, Appendix J). Porosity is low, consisting of planar voids including sub-horizontal 

fissures (2-10%), plant pseudomorphic and shrinkage voids (2-5%) and vughs and vesicles (1-

5%). Embedded coarse components are evenly distributed in a well-mixed fabric (Figure 8.3a). 

They include a diverse range of materials: clay construction aggregates (5-15%, densely packed 

fabric, variable exposure to heat (orange-crimson (OIL)); coprolites (2-5%); charred plant 

fragments (2-5%); degraded plant residues (2-5%); vesicular silica slags (2-5%); silicified plant 

remains (2-5%); rice husks (2%); pottery fragments (1-2%); quartz sand grains (1-5%); 

sandstone clasts (1-5%); bone (1-2%, including burnt bone fragments); shell (1-2%); small 

aggregates of quicklime (calcium oxide) (Figure 8.3d; confirmed by SEM-EDS, Table 8.2, 

Appendix J); and, rare calcitic ash rhombs (1%, in anatomical position within charred plant 

structures). Local domains in the micromass exhibit transitional, mottled and semi-isotropic 

(XPL) textures (Figure 8.3c) and coarse components occasionally show shrinkage fractures 

(Figure 8.3e) and isotropic (XPL) reaction rims (Figures 8.3g-h; confirmed by QEM-EDS, Table 

8.2, Appendix J). 

mF D2 (Figures 8.2i and 8.4) is composed of microcrystalline calcium carbonate (crystallitic b-

fabric (XPL)) in a massive microstructure. Coarse components are infrequent and randomly 

distributed. They include quartz mineral grains (2%), sandstone clasts (2%), phytoliths and 

silicified plant materials (2-5%), amorphous organic matter (2%), bone fragments (2%), and 

calcitic ash rhombs (1%) (Figures 8.4c-d). mF D2 reported moderate phytolith concentrations 

(478,000/g sediment) and a mineralogical (FTIR and XRD) composition of calcite, slightly 

altered (heated) clay, carbonate hydroxyapatite and quartz (Table 8.2, Appendix J). Pedofeatures 

include recrystallised calcite domains exhibiting a change in size and purity of crystals and Fe-

Mn oxide impregnative features in the form of diffuse staining, dendrites, coatings and 

replacement of organic residues. 

mF D3 (Figures 8.2j and 8.5) is a microstratigraphic layer [MSU F-117.1] <5 mm thick with a 

sharp lower boundary meeting mF D1 [MSU F-117.2]. It consists of several undulating 

microlaminations of microcrystalline calcium carbonate (crystallitic b-fabric (XPL)), exhibiting 

different purities ranging from translucent light grey through to cloudy and opaque brownish 

grey (PPL) (Figures 8.5b-c). Porosity consists of vesicles (2%) and horizontally-oriented planar 

cracks (2%). 



Chapter 8                                                                                                                                      Microstratigraphic Results of Loc Giang 

266 

Microfacies E 

mF E1 (Figures 8.2k and 8.8) has a massive microstructure; a dense, homogenous and compacted 

fabric; and, sharp upper and lower boundaries. Low porosity (10-30%) consists predominantly 

of plant pseudomorphic and shrinkage voids (2-5%), star-shaped vughs (2-5%) and planar voids 

(1-10%). The fine material of mF E is composed of phosphatised plant ashes, presenting as fine 

cloudy grey particles distinctive of ashes and cryptocrystalline pale orange (PPL), isotropic 

(XPL) phosphatisation (Figures 8.8c-e). Two dominant types of coarse components, coprolites 

(5-30%) and vegetal materials (10-30%), are uniformly distributed and randomly-oriented 

(Figure 8.8). Vegetal materials include charred plant residues, phytoliths, silicified plant remains 

with articulated cell structures, amorphous organic matter, and vesicular silica slags. FTIR 

analyses on mF E1 identified a composition of altered (heated) clay, unaltered clay, quartz, and 

carbonate hydroxyapatite, and phytolith concentration counts reported elevated values 

(512,000-3,554,000/g sediment) (Table 8.2, Appendix J). Quartz silts and fine sands (1-10%) are 

distributed in biological voids, implying an intrusive origin. Biological disturbance is indicated 

by biologically modified voids infilled with excremental microaggregates that cleave apart 

fragments of the fabric. Fe-Mn oxide impregnative pedofeatures include staining of the 

groundmass, nodules, coatings on coarse components and replacement of organic matter. 

The thickness of MSUs of this microfacies ranges between 4 and 23 mm and the upper 

boundaries sometimes show a dark stained coating (50-100 µm) (QEM-EDS elemental 

composition: O, Si, P, Mg, Ca; Table 8.2, Appendix J). One MSU [10_3.3] is identified as a 

subvariant, mF E2, exhibiting a predominance of silicified rice husks (15%) and vesicular silica 

slags (20%) (Figure 8.2l). 

Microfacies F 

mF F (Figures 8.2m and 8.9) is heterogenous in composition and structure. A massive, dense and 

compacted microstructure with sharp horizontal upper and lower boundaries exhibits local 

fabric arrangements varying from random to laminated and convoluted (Figure 8.9). Low 

porosity consists of plant shrinkage/pseudomorphic voids (2-10%), planar voids (1-5%) and 

vughs (1-5%). The fine material consists of an unidentified dotted and amorphous, brownish 

(PPL), uniformly isotropic (XPL) composition that contains an abundance of decayed plant 

material, amorphous fine organic matter, amorphous iron, and possible phosphatisation 

(carbonate hydroxyapatite identified by FTIR, Table 8.2, Appendix J) (Figures 8.9a-b). Coarse 

components are highly heterogenous and show varied local orientations from random and 

oblique to sub-horizontal (Figure 8.9). Components include: quartz mineral sands (1-20%); 
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sandstone clasts (1-5%); pottery fragments (1-5%) (Figure 8.9h); clay aggregates (1-10%) 

showing variable exposure to heat (orange to crimson red (OIL)) (Figures 8.9g-h); vesicular 

silica slags (2-10%) (Figure 8.9f); silicified plant remains and articulated phytoliths (2-10%) 

(Figure 8.9a); rice husks (2%); carbonised plant remains (2-5%) (Figures 8.9b-e); degraded 

plant matter (2-10%) (Figures 8.9a-e); unburnt and burnt bone fragments (1-5%) (Figure 8.9d); 

and, coprolites (2-20%) (Figure 8.9f). Phytolith counts were elevated (519,000-2,271,000/g 

sediment) and FTIR analyses identified a composition of altered (heated) clay, unaltered clay, 

and carbonate hydroxyapatite (Table 8.2, Appendix J). Pedofeatures include: translocated clay 

coatings; microaggregate and crumb excremental infillings in biological voids (Figure 8.9c); and, 

abundant Fe-Mn oxide impregnation in the form of replacement of plant remains (Figures 8.15e-

f), hypocoatings associated with plant pseudomorphic voids (Figure 8.15f), coatings on coarse 

components, nodules, and precipitation in the micromass. 

Microfacies G 

mF G1 (Figures 8.2n and 8.6) has a massive, microlaminated and platy microstructure; sharp 

upper boundaries; a dense, compacted groundmass; and, dominant (sub-)horizontal 

arrangement of the fabric and coarse components (Figure 8.6). Low porosity (5-20%) comprises 

planar voids (2-10%), biological modified planar voids and channels (5%), vughs (1-5%, 

including star-shaped and three-pronged vughs from compaction/collapse); vesicles (2%); and, 

plant shrinkage and pseudomorphic voids (2-10%) (Figure 8.6e). The most distinctive aspect of 

mF G is the fine material, presenting as amorphous and opaque dark reddish brown to black 

(PPL), bright orange-red, brown and black (OIL), and is undifferentiated and heavily masked by 

oxides (XPL) (Figures 8.6a-c). The fine material is composed mostly of gel-like amorphous fine 

organic matter, secondary amorphous iron and manganese, and secondary clays. Amorphous 

material, hematite, maghemite, carbonate hydroxyapatite and mixed altered (heated) and 

unaltered clays is identified by FTIR, XRD and QEM-EDS analyses, but otherwise the opaque and 

amorphous attributes of mF G give an unidentified mineral spectrum (Table 8.2, Appendix J). 

Distinctive coarse components unique to mF G consist of elongate aggregates composed of a 

mixture of sponge spicules and colonial and non-colonial diatoms (5-15%) (Figures 8.6f and 

J.34). Thin section observation of these features show dense accumulations of sponge spicules 

and diatoms in articulated arrangements and in colonies, suggesting in situ post-depositional 

formation (Figures 8.1a, 8.6f and J.34; Luc Vrydaghs 2020, pers. comm., 18th February). This 

hypothesis is supported by the extremely elevated diatom concentrations (460,000-

11,881,000/g sediment) following bulk extraction (Table 8.2, Appendix J). Other infrequent 
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coarse components include vesicular silica slags (2-5%); carbonised organics in shrinkage voids 

(2-5%) (Figure 8.6e); rice husks (1%) (Figure 8.6e); humified, degrading organics in plant 

pseudomorphic voids (5%); coprolites (2-10%); rubified clays (2-10%); and, pottery (1%). 

The subvariant mF G2 (Figure 8.2o) shows a similar composition but is extensively reworked by 

bioturbation, resulting in loss of the microlaminated structure and horizontal orientation of 

components, and the production of an open, sub-angular blocky structure. 

Microfacies H 

 mF H (Figure 8.2p) is relatively homogenous and massive, showing non-anthropogenically 

modified microstructures. The fine material consists of pale orange-brown (PPL) unaltered 

(heated) clay (identified by FTIR, Table 8.2, Appendix J) and is dotted with microcharcoal, 

amorphous organic matter and Fe staining. The dominant coarse components are quartz mineral 

grains (40%). Infrequent anthropogenic components include sand-tempered and fibre-

tempered pottery sherds (5%), bone fragments (2-5%), charcoal (2-5%), vesicular silica slags 

(2%), clay aggregates (2-5%, variably reddened suggesting exposure to heat), coprolites (2%) 

and phytoliths (1%). They show random arrangement and are often coated by fine material 

(‘rolling pedofeatures’), indicating displacement (Figure 8.12d). Incipient soil formation is 

indicated by: weakly developed sub-angular blocky peds; translocated clay coatings; Fe-Mn 

oxide diffuse staining, nodules and coatings; and, bioturbation pedofeatures comprising 

excremental aggregates, bow-like fabric arrangements, biological voids and root residues.
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Figure 8.2. Photomicrographs of the microfacies identified during the Loc Giang microstratigraphic analyses. (a) mF A1: a 
well-homogenised biological granular deposit. (b) mF A2: a post-depositional variant of mF A1, containing recrystallised 
calcitic features. (c) mF A3: a variant of mF A1, containing an abundance of vitrified silica slags, charred plant remains, and 
phosphatisation. (d) mF A4: a post-depositional variant of mF A1, comprising a dark, vughy, iron-stained fabric with an 
abundance of degraded plant remains and translocated clay coatings. (e) mF B: a massive deposit predominantly containing 
randomly arranged carbonised plant residues and calcitic ashes.
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Figure 8.2 (cont.). Photomicrographs of the microfacies identified during the Loc Giang microstratigraphic analyses. (f) mF 
C1: microlayers (<2 mm) of compacted, microlaminated sediments comprising lenses of horizontally-oriented quartz grains 
and anthropogenic components including bone and charcoal fragments. (g) mF C2: sequences of microlaminated sediments, 
thicker (c. 2 cm) than mF C1, containing horizontally-oriented quartz grains, plant remains and other anthropogenic 
components. (h) mF D1: massive, dense matrix of lime mortar constructed floors, comprising a well-reacted microcrystalline 
calcium carbonate binder and inclusions of burnt clay and charcoal. (i) mF D2: massive microcrystalline calcium carbonate, 
probably recarbonated residual lime. (j) mF D3: microstratigraphic layer (<5 mm) consisting of several undulating 
microlaminations of microcrystalline calcium carbonate, probably a lime wash. 
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Figure 8.2 (cont.). Photomicrographs of the microfacies identified during the Loc Giang microstratigraphic analyses. (k) mF 
E1: massive deposit composed of phosphatised vegetal ashes and charred and silicified plant remains. (l) mF E2: variant of 
mF E1, containing an abundance of rice husks and vitrified silica slags in sub-horizontal orientation in a groundmass of 
isotropic plant ashes. (m) mF F: massive deposit comprising heterogeneous plant and animal inclusions that are humified 
and phosphatised. (n) mF G1: massive, microlaminated fabric containing amorphous and opaque dark reddish brown to 
black (PPL) fine material composed of amorphous organic matter, iron and manganese oxides, and clays. (o) mF G2: a 
variant of mF G1 that shows an absence of microstratigraphic layering: micromass and components are the same as mF G1. 
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Figure 8.2 (cont.). Photomicrographs of the microfacies identified during the Loc Giang microstratigraphic analyses. (p) mF 
H: Homogenous, massive deposit containing quartz sands, orange-brown (PPL) clays, and Fe precipitation of the fine 
material. 
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Table 8.2. Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. Numbers in superscript following mF 
letters denote different subgroups of the microfacies. Percentages provided in round parentheses refer to the amount of a given component as a proportion of the total area of the MSU. 
Square parentheses indicate the respective MSU under observation. The coarse-to-fine (C/F) limit is set at 10 µm. Minerals identified by FTIR are listed in order of abundance. Refer to 
Appendix I for micromorphology tables of individual thin sections and Appendix J for supplementary geoarchaeological data. 

mF Summary of micromorphological attributes Thin sections/ 
MSUs 

Supplementary 
microarchaeological 

data 

Interpretation of 
depositional history 

Photo-
micrograph 
(Figure 8.2) 

A A1 

Thickness: 2-45 mm. Boundaries: Well-defined to admixed and reworked. 
Microstructure: Granular. Aggregates: Crumbs and microaggregates, variable colour and composition. 
Few sub-angular blocky fragments of compacted surfaces.  Voids: 20-50%: Channels and chambers (5-
40%); Complex packing voids (5-30%); Vughs (2-20%); Planar and biologically modified planar voids (2-
5%). 
Coarse/Fine: C/F ratio: Variable, 30:70 to 70:30. C/F related distribution: Enaulic and chitonic to 
porphyric. 
Fine material: Colour and composition: Dotted orange brown (PPL and OIL), amorphous organic-mineral 
material, containing microcharcoal and Fe-Mn mottling. B-fabric: Undifferentiated to weakly speckled. 
Coarse components: Mineral: Quartz grains (5-40%, 20-600 µm); Sandstone clasts (2-5%, <1.8 cm); 
Orange (PPL) clay aggregates (2-5%, <3000 µm). Biomineral: Vesicular silica slags (2-10%); Charcoal (2-
10%, microcharcoal to 3750 µm); 1-10% Bone (150 µm to 3500 µm, leached and weathered, burnt and 
unburnt fragments); Rice husks (1-5%); Silicified plant structures and loose and articulated phytoliths (1-
2%); Aggregates containing sponge spicules and diatoms (1-2%). Organic: Coprolites (5-10%, <1.8 cm); 
Organ and tissue residues (2-5%, ranging from fresh lignin-rich root sections to decomposed and 
humified plant tissues); Amorphous organic matter (2-5%, including fibrous strands and fine material, 
reddish-brown (PPL)). Anthropogenic: Large sub-angular fragments of compacted surface deposits (5-
20%; internal fabric matches mFs E, F and G; reworked and rotated; <1.5 cm); Rubified clay aggregates 
(2-10%, <1.7 cm); Pottery (1-15%, <1.7 cm, two types: red oxidised matrix containing quartz mineral sand 
inclusions, and dark reduced matrix containing fibre temper including rice husks). 
Pedofeatures: Textural: Discontinuous fine material coatings of uneven thickness on anthropogenic 
components (‘rolling pedofeatures’) (2%); Translocated clay coatings and infillings in voids (1%, limpid to 
dusty, occasionally crescentic); Displaced and rotated fragments of clay coatings (1%); Graded bedding 
sequence of rounded granules [MSU 10_12.1]. Amorphous and cryptocrystalline: Fe impregnation of the 
micromass; Fe-Mn oxide nodules; Fe-Mn oxide coatings around coarse components. Fabric: Bow-like 
fabric arrangements; Fine material packing and plastering around biological void walls. Excrement: 
Excremental microaggregates and crumbs, including earthworm, enchytraeid and mite excrements 
(comprises fabric of unit). 

10_1, 10_2, 
10_3.1, 10_3.4, 
10_3.7, 
10_3.10, 
10_4.2, 10_5.2, 
10_10, 10_11.1, 
10_11.3, 
10_12.1, 
14_1.7, 14_2.1, 
14_2.3, 14_3.1, 
14_3.5, 14_3.8, 
14_3.10, 14_4, 
14_5.1, 14_5.4, 
14_8.4, 
14_10.1, 
14_10.5, 
14_11.3, 14_12, 
14_15.1, 
14_15.3 

FTIR: altered (heated) 
clay, unaltered clay 
(esp. kaolinite), 
quartz, hematite, and 
carbonate 
hydroxyapatite. 
Phytolith 
concentrations [MSUs 
14_11.3, 14_15.3]: 
841,000-2,501,000/g 
sediment. 
Diatom 
concentrations [MSUs 
14_11.3, 14_15.3]: 0-
488,000/g sediment. 
QEM-EDS [MSUs 
10_3.1, 10_3.4, 
10_3.7]: Granular 
microfabric, mixed 
distribution of 
inclusions, 
composition of quartz 
grains, bone 
fragments, clay 
aggregates, and 
vesicular silica slags. 

Occupation deposits 
reworked by 
bioturbation into a 
well-homogenised 
granular fabric. As 
biological fauna are 
attracted to organic 
matter, this points to 
the original 
composition of the 
deposit containing an 
abundance of organic 
materials, such as 
collapsed plant 
construction 
materials or organic-
rich cultural refuse. In 
addition to 
bioturbation, it is 
possible the deposits 
formed through 
anthropogenic 
dumping of 
occupation materials, 
episodes of 
deliberate levelling, 
and/or building 
collapse. 

8.2a 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

A 

A2 

Microstructure: Granular. Random orientation and arrangement of components. Aggregates: Crumbs and 
granules. Sub-angular blocky fragments of reworked lime mortar constructed surfaces (mF D1). Voids: 20-
30%: Channels and chambers (10-20%); Complex packing voids (10-15%); Vughs (5-20%). 
Coarse/Fine: C/F ratio: 30:70 to 40:60. C/F related distribution: Enaulic to chitonic and porphyric. 
Fine material: Colour and composition: Pale cream-grey to brown (PPL), dull cream to brown (OIL) 
amorphous organic-mineral material. B-fabric: Variable: undifferentiated, weakly specked and locally 
crystallitic. 
Coarse components: Mineral: Quartz grains (10-35%, 20-900 µm); Sandstone clasts (1-5%, <1.5 cm). 
Biomineral: Vesicular silica slags (2-5%); Charcoal (2-5%, 20-2000 µm); Bone (1-5%, commonly weathered, 
<1800 µm); Rice husks (2%); Calcitic ashes (2%); Phytoliths and silicified plant remains (1-2%); Shell (1-2%, 
<3000 µm). Organic: Coprolites (2-5%; 400-5000 µm); Organ and tissue residues (2-5%, ranging from fresh 
lignin-rich root sections to decomposing and humified plant tissues). Anthropogenic: Lime mortar surface 
fragments (2-20%, <11 mm); Rubified clay aggregates (2%, 150-4600 µm); Pottery (2%, two types: fibre-
tempered (rice husks), <3.8 mm; quartz sand temper with red oxidised matrix, 600 µm).  
Pedofeatures: Crystalline: Recrystallised micritic and sparitic coatings and infillings of voids; Recrystallised 
microcrystalline calcite precipitating as interstitial fine material within crumbs and aggregates. Amorphous 
and cryptocrystalline: Fe-Mn oxide impregnative features, including Fe-Mn oxide nodules, coatings and 
impregnation of the fine material (2%). Excrement: Excremental microaggregates and crumbs (comprises 
fabric of microfacies). 

10_13.2, 
14_6.1, 
14_6.5, 
14_7.3, 
14_8.6, 
14_13.1, 
14_13.4 

FTIR: altered (heated) 
clay, unaltered clay (esp. 
kaolinite), quartz, calcite, 
aragonite, dolomite, and 
carbonate 
hydroxyapatite. 
Phytolith concentrations 
[MSU 14_6.5]: 30,000/g 
sediment. 
Diatom concentrations 
[MSU 14_6.5]: 15,000/g 
sediment. 
QEM-EDS [MSUs 14_6.1 
and 14_6.5]: Granular 
microfabric, composition 
of quartz, clays, and few 
bone (apatite) fragments. 

mF A2 is a post-
depositional variant of 
mF A1 that contains 
recrystallised calcium 
carbonate features in 
biologically reworked 
occupation deposits. 
mF A2 occurs in 
reworked contexts 
associated with the 
lime mortar surfaces, 
where the calcium 
carbonate derives from 
the lime binder. 

8.2b 

A3 

Microstructure: Granular to spongey. Aggregates: Microaggregates, crumbs and granules. Voids: 15-40%: 
Channels and chambers (5-20%); Complex packing voids (2-20%); Channels (10%); Vughs (2-10%). 
Coarse/Fine: C/F ratio: 40:60 to 60:40. C/F related distribution: Enaulic to chitonic and porphyric. 
Fine material: Colour and composition: Pale cryptocrystalline orange (PPL), yellow to dull brown (OIL) 
phosphatised fine material, dotted amorphous organic matter, abundant Fe-Mn precipitation. B-fabric: 
Undifferentiated. 
Coarse components: Mineral: Quartz grains (5-10%, 20-400 µm); Sandstone clasts (1-2%). Biomineral: 
Vesicular silica slags (5-25%, stained with Fe-Mn oxides and phosphate); Charcoal (5-20%, microcharcoal to 
2000 µm); Bone (2-5%, weathered and leached, <900 µm); Phytoliths (1-2%, loose in groundmass and 
articulated within decaying plant structures). Organic: Coprolites (2-5%, <7 mm); Root residues (2-5%, 
including root cross-sections and preserved lignin-rich tissues); Humified and decomposing plant matter (2-
5%, fibrous elongated strands and amorphous fine organic matter). Anthropogenic: Pottery (2%, 1000 µm, 
red oxidised matrix, quartz sand temper); Rubified clay aggregates (2%, 150-1700 µm, rounded, crimson 
(OIL)); Sub-angular blocky fragments of compacted surface deposits (2%). 
Pedofeatures: Textural: Limpid to dusty orange (PPL) silty clay coatings and infillings (1%, some show 
crescentic layering); Displaced surface crust (1%). Amorphous and cryptocrystalline: Phosphatisation of the 
micromass and possible phosphatic nodules (cryptocrystalline pale orange (PPL), isotropic (XPL)); Fe-Mn 
oxide impregnative features, including nodules, coatings, impregnation of the fine material and replacement 
of organic matter (2-5%). Excrement: Excremental microaggregates and crumbs, including coalescing 
granules. 

10_6, 
10_7.1, 
10_7.3, 
10_8.1, 
10_8.3, 
14_1.1, 
14_2.6 

FTIR: altered (heated) 
clay, unaltered clay (esp. 
kaolinite), quartz, and 
carbonate 
hydroxyapatite. 
Phytolith concentrations 
[MSU 14_2.6]: 945,000/g 
sediment. No diatoms. 
QEM-EDS [MSU 10_8.3]: 
Granular microfabric, 
concentrations of silica 
slags and glassy phases 
(elemental composition: 
Al, Si), phosphatisation of 
the fine material 
(elemental enrichment of 
Ca and P). 

mF A3 are biologically 
reworked occupation 
deposits that contain 
an abundance of burnt 
plant materials and 
phosphate, suggesting 
a specific 
anthropogenic activity 
involving organic 
materials, possibly the 
burning and 
decomposition of 
organic middens or 
roofs constructed from 
plant materials (Section 
8.3.1.5). 

8.2c 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

A A4 

Microstructure: Vughy. Occasionally massive and granular. Aggregates: Few biological crumbs and granules. 
Voids: 10-30%: Vughs (5-15%, including star-shaped); Complex packing voids (2-10%); Channels (2-10%); 
Plant shrinkage voids (2%). 
Coarse/Fine: C/F ratio: 40:60 to 60:40. C/F related distribution: Porphyric, locally enaulic and chitonic. 
Fine material: Colour and composition: Dark orange-brown (PPL) dusty clay and dotted to opaque 
amorphous organic matter. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz grains (10-20%, 20-600 µm); Sandstone clast (5%, 9 mm). Biomineral: 
Vesicular silica slags (5-20%); Charred plant remains (5-15%, 40-1500 µm); Bone (5%, 300-4200 µm, 
degraded, few burnt fragments); Phytoliths (2%). Organic: Amorphous organic matter (2-10%, presents as 
fine material and elongated strands, variably replaced by Fe-Mn oxides); Coprolites (5%, <6000 µm). 
Anthropogenic: Rubified clay aggregates (2-5%, 300 µm-1 cm); Pottery (2%, 1500-4500 mm, two types: dark 
reduced matrix and fibre temper; red oxidised matrix and sand temper). 
Pedofeatures: Textural: Discontinuous coatings of irregular thickness and heterogenous composition on 
coarse anthropogenic components (‘rolling pedofeatures’, 2%); Dusty dark orange-brown (PPL) silty clay 
coatings and infillings (1-2%); Graded bedding sequence of rounded granules [MSU 10_12.2]. Amorphous and 
cryptocrystalline: Irregular and typic Fe-Mn oxide nodules (1-2%); Fe-Mn oxide coatings (1-2%); Fe-Mn oxide 
replacement of organic matter (2-5%); Possible phosphate concentrations and enrichment of fine material. 
Excrement: Excremental crumbs and granules, including coalescing granules infilling biological voids.  

10_7.4, 
10_8.4, 
10_9.1, 
10_9.3, 
10_12.2 

QEM-EDS [MSU 10_8.4]: 
Common kaolinite clay 
coatings on voids. 

mF A4 is a post-
depositional variant of 
mF A1, consisting of 
biologically reworked 
occupation deposits 
that show 
micromorphological 
features of water 
saturation (compaction, 
collapse of structure, 
iron-stained and vughy 
fabric, translocated clay 
coatings, abundant 
iron-replaced plant 
residues). 

8.2d 

B 

Thickness: 14-23 mm. Boundaries: Sharp, horizontal. 
Microstructure: Massie and apedal. Voids: 15-20%: Plant pseudomorphic and shrinkage voids (10-15%); 
Vughs and vesicles (5%); Channels (2-5%); Planar (2%). 
Coarse/Fine: C/F ratio: 70:30. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale grey (PPL), translucent to white (OIL), calcitic ashes, fine charred 
organic material and dotted amorphous fine organic material. B-fabric: Crystallitic. 
Coarse components: Mineral: Quartz grains (2%, 20-400 µm); Sandstone clasts (2%, 4000 µm). Biomineral: 
Calcitic ashes (20-40%, few preserved calcitic ash rhombs); Charred plant remains (15-20%, microcharcoal to 
3000 µm, unsorted and randomly-oriented); Vesicular silica slags (5-10%, 800-4000 µm); Phytoliths and 
siliceous plant fibres (2%, cell structure and articulated phytoliths); Shell fragments (2%, 500-2200 µm); Bone 
(2%, 400-1500 µm, including burnt and unburnt fragments). Organic: Coprolite pellets (2-10%, 600 µm-12 
mm); Amorphous organic strands (2%). Anthropogenic: Rubified clay aggregates (5-10%, 160-2400 µm); 
Pottery (1%, 350-1800 µm). 
Pedofeatures: Textural: Pale orange limpid (PPL) discontinuous clay coatings/cappings around coarse 
components (2%, parallel-striated b-fabric (XPL), variable orientation to the bedding plane). Crystalline: 
Recrystallised calcitic pedofeatures (5-10%, translucent (PPL) crystallitic (XPL) crystal aggregates, micritic, 
sparitic and needle-fibre coatings and infillings of voids). Amorphous and cryptocrystalline: Fe-Mn oxide 
linear and dendritic coatings on coarse components (2-5%); Fe-Mn oxide dendritic nodules and staining of 
the micromass (2-5%); Fe-Mn oxide pseudomorphic replacement of organics (1%); Phosphatic enrichment of 
inclusions (2%, yellow-green (PPL and OIL)). Excrement: Welded mesofaunal excremental aggregates (2%). 

10_13.1, 
14_13.3, 
F-128 

FTIR: altered (heated) 
clay, unaltered clay (esp. 
kaolinite), quartz, calcite, 
opal, and carbonate 
hydroxyapatite. 
Phytolith concentrations 
[MSUs 14_13.3, 14_13.3 
aggregate, F-128]: 
2,597,000-6,693,000/g 
sediment. 
Diatoms concentrations 
[MSUs 14_13.3, 14_13.3 
aggregate, F-128]: 
460,000-1,551,000/g 
sediment. 

Combustion residues 
from the burning of 
predominantly woody 
plants. The residues 
have been mobilised 
from the place of 
combustion and 
redeposited in a 
secondary midden 
context, possibly 
motivated by site 
maintenance activities 
(e.g., hearth rake-out). 
mF B represents a 
single discard episode 
as there is no layering, 
intrusive material or 
evidence for in situ 
activities. 

8.2e 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

C 

C1 

Thickness: Predominantly 500 µm to 1 mm. Boundaries: Sharp and horizontal, undulating at magnification. 
Microstructure: Massive, microlaminated sediments. Apedal. Components show dominant horizontal 
orientation and appear compressed into the substrate. Voids: Predominantly 2-5%: Planar voids (2-5%); Plant 
pseudomorphic voids (2-5%); Vughs (2-5%). Occasionally higher porosity (20%) due to secondary biological 
channels. 
Coarse/Fine: C/F ratio: 30:70 to 60:40. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale orange-grey to brown (PPL), dull orange to brown (OIL), dusty 
clay and abundant dotted amorphous organic matter, containing flecks of microcharcoal and occasional 
phytoliths. B-fabric: Weakly speckled to undifferentiated. In some MSUs stratigraphically associated with mF 
D the fine material also contains microcrystalline calcite conferring a crystallitic b-fabric. 
Coarse components: Mineral: Quartz (5-20%, 20-400 µm, well-sorted, horizontally-oriented, often arranged 
in fine horizontal lenses); Clay aggregates (2-5%, <1 mm, orange (PPL), speckled b-fabric (XPL), rounded); 
Sandstone clasts (2-5%, <1000 µm). Biomineral: Charcoal (2-10%, 20-1200 µm); Vesicular silica slags (2-5%); 
Bone (2%, including burnt and unburnt weathered fragments, <400 µm); Rice husks (1-5%, silicified, 
carbonised, and rice husk pseudomorphic voids); Silicified plant remains (2%); Shell fragment (1%, 500 µm); 
Phytoliths (1%). Organic: Amorphous fine organic matter (2-5%, including fibrous strands and 
pigmentations). Anthropogenic: Rubified clay aggregates (1-5%, 80-1200 µm); Pottery (1-2%, 1000-2500 µm). 
Pedofeatures: Textural: Limpid to dusty translocated clay coatings in voids and occasionally along upper 
boundaries (1%, orange (PPL), parallel-striated b-fabric (XPL)). Crystalline: Microcrystalline calcitic crystals 
precipitated in interstitial spaces in the micromass (in MSUs stratigraphically associated with mF D). 
Amorphous and cryptocrystalline: Fe oxide irregular and dendritic precipitation in the micromass; Fe-Mn 
oxide rounded typic nodules; Possible phosphatisation of the fine material in some MSUs. Fabric: Passage 
and bow-like fabric arrangements from earthworm activity (1%). Excrement: Excremental microaggregates 
and crumbs infilling secondary biological voids (2%). 

10_3.2, 
10_3.5, 
10_11.2, 
14_1.3, 
14_1.5, 
14_2.5, 
14_3.2, 
14_3.4, 
14_3.6, 
14_6.3, 
14_8.2, 
14_8.5, 
14_10.3, 
14_11.2, F-
78.1, F-97.1, 
F-99.1, F-
99.3, F-
110.1, F-
112(1).1, F-
112(2).2, F-
113.1, F-
122.1, F-
124.1 

FTIR: altered (heated) 
clay, aragonite, calcite, 
quartz, and carbonate 
hydroxyapatite. 
Phytolith 
concentrations [MSUs 
F-113.1, F-124.1]: 
1,210,000-1,343,000/g 
sediment. 
Diatom concentrations 
[MSUs F-113.1, F-
124.1]: 145,000-
726,000/g sediment. 
QEM-EDS [MSUs 
10_3.2, 10_3.5]: Quartz 
mineral grains and 
apatite (bone 
fragments) horizontally-
oriented and 
distributed in 
microlaminations on 
upper boundaries of 
surfaces. 

Accumulation of debris and 
trampling on exposed 
surfaces, resulting in 
compacted, undulating, 
microlaminated structures 
and horizontal orientation 
of components. Material 
components including rice 
husks, plant remains, 
charcoal, bone fragments, 
burnt clay aggregates and 
pottery were incidentally 
mobilised from elsewhere 
in the settlement and 
redeposited on exposed 
surfaces as a result of 
traffic and ongoing 
activities. Detrital quartz 
silts and fine sands may 
derive from syn-
depositional natural 
processes. 

8.2f 

C2 

Thickness: <2 cm. Boundaries: Sharp to diffuse and reworked. 
Microstructure: Microlaminated, massive, compacted. Components show dominant horizontal and sub-
horizontal orientation. Voids: 10-20%: Planar voids (5-10%); Plant pseudomorphic voids (5%); Channels (5%). 
Coarse/Fine: C/F ratio: 40:60 to 70:30. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale orange grey (PPL), dull orange brown (OIL), amorphous organic-
mineral material, arranged in undulating microlaminations. B-fabric: Weakly speckled. 
Coarse components: Mineral: Quartz (20%, 20-300 µm, well-sorted); Clay aggregates (2-5%, <1 mm, variably 
rubified); Sandstone fragments (1%, <2000 µm). Biomineral: Charred organics (5-10%; 20-2000 µm); Rice 
husks and/or rice husk pseudomorphic voids (5%); Bone (2%; 450-2000 µm); Phytoliths (1-2%). Organic: 
Amorphous organic matter (2%, fibrous organic strands, amorphous fine organic matter). Anthropogenic: 
Pottery fragments (1-2%, 1500 µm (fibre-tempered), 6 mm (sand-tempered). 
Pedofeatures: Textural: Pale orange limpid (PPL) clay coatings and infillings of voids (1%). Amorphous and 
cryptocrystalline: A series of continuous linear bands of Fe-Mn oxide and/or amorphous fine organic material 
staining (<100 µm thickness, brown-black (PPL) isotropic (XPL), horizontal to the bedding plane, four parallel 
sequences). Excrement: Excremental crumbs and microaggregates (2%, distributed in secondary channels). 

14_7.1, 
14_8.7 

FTIR: slightly altered 
(heated) clay, quartz, 
and carbonate 
hydroxyapatite. 
Phytolith 
concentrations [MSU 
14_8.7]: 970,000/g 
sediment. 
Diatom concentrations 
[MSU 14_8.7]: 
291,000/g sediment. 

Similar formation processes 
(trampling and exposure) 
as mF C1. Compared to mF 
C1, mF C2 represents thicker 
accumulations of debris on 
the upper boundaries of 
surfaces, indicating a longer 
period of exposure.  

8.2g 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

D 

D1 

Thickness: 8-55 mm. Boundaries: Sharp and horizontal, locally biologically reworked. 
Microstructure: Massive, apedal. Coarse components are randomly-oriented and distributed. 
Voids: 5-20%: Planar and sub-horizontal fissures (2-10%, some MSUs show dominant horizontal 
orientation, other MSUs show random to oblique orientation); Plant pseudomorphic and shrinkage 
voids (2-5%); Vughs and vesicles (1-5%); Biological channels and modified planar voids (0-10%). 
Coarse/Fine: C/F ratio: 40:60 to 60:40. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Speckled to cloudy, pale grey to orange brown (PPL), cream 
and orange (OIL) microcrystalline calcium carbonate. B-fabric: Mottled crystallitic and isotropic. 
Coarse components: Mineral: Quartz (1-5%, 30-350 µm); Sandstone clasts (1-5%, 800-2000 µm). 
Biomineral: Charred plant fragments (2-5%, <6000 µm, preferentially distributed in shrinkage 
voids); Silicified plant remains (2-5%, elongated fibres, cell structure and articulated phytoliths); 
Vesicular silica slags (2-5%, enriched with phosphate (yellow-green (OIL))); Rice husks (2%, silicified, 
carbonised, and rice husk pseudomorphic voids); Bone (1-2%, leached, <3 mm, rare burnt bones); 
Shell (1-2%, <4200 µm); Calcitic ashes (1%, in anatomical position within charred plant cellular 
structures). Organic: Coprolites (2-5%, <1.3 cm); Degrading and humified organic residues (2-5%, 
amorphous orange-yellow to reddish brown (PPL), fibrous structures). Anthropogenic: Clay 
construction aggregates (2-15%, densely packed fabric, silt-size quartz inclusions, pinkish orange to 
deep red (PPL), variably rubified (orange-crimson (OIL)), some show shrinkage/reticulate alteration 
patterns from heat alteration and isotropic reaction rims, 150-8000 µm); Reaction rims on 
components and possible quicklime lumps (2-5%, <2800 µm); Pottery (1-2%, 350-7000 µm). 
Pedofeatures: Textural: Pale limpid (PPL) rims around clay aggregates (2%, grano-striated b-fabric 
(XPL), effect of firing or wetting/drying); Translocated clay coatings on voids (1%); Clay wash on the 
upper surface of MSU F113.3 (limpid orange (PPL), oriented (parallel-striated b-fabric (XPL))). 
Crystalline: Recrystallised calcite (micritic and sparitic calcitic coatings and infillings in voids and 
precipitation in the matrix, some MSUs (e.g. MSU F117.2) show increased porosity from calcitic 
dissolution). Amorphous and cryptocrystalline: Localised phosphatic enrichment of the groundmass 
and inclusions (cryptocrystalline pinkish-orange (PPL), isotropic (XPL)); Fe-Mn oxide nodules, 
precipitation of the fine material, coatings on coarse components, and pseudomorphic 
replacement of organic residues. Excrement: Discontinuous infillings of excremental 
microaggregates and crumbs in biological voids. 

14_6.2, 
14_6.4, 
14_7.2, 
14_13.2
, F-95, 
F-97.2, 
F-99.2, 
F-99.4, 
F-110.2, 
F-113.2, 
F-113.3, 
F-117.2 

FTIR: altered (heated) clay, unaltered clay, 
aragonite, calcite, dolomite, quartz, and 
carbonate hydroxyapatite. 
XRD [MSU F-113.3]: aragonite, calcite, 
quartz, hematite, magnetite, 
hydroxyapatite, clinopyroxene, and clays 
(illite/mica and kaolinite). 
Phytolith concentrations [MSUs 14_6.4, F-
97.2, F-113.2, F-117.2]: 51,000-1,390,000/g 
sediment. 
Diatoms [MSUs 14_6.4, F-97.2, F-113.2, F-
117.2]: 0-337,000/g sediment. 
QEM-EDS: MSUs F-99.2 and F-99.4: Matrix: 
calcium carbonate, dolomite, 
glassy/amorphous phases, and unclassified 
spectra. Inclusions: rounded clay 
aggregates, infrequent quartz grains, an 
isolated bone (apatite) fragment, areas of 
phosphatic enrichment. MSU 14_6.4: 
Matrix: elemental composition of Al, Ca, 
Mg, Si. Pixelated mosaic of fine-grained (3-
5 µm) crystals of calcium carbonate and 
dolomite, areas below the threshold 
(porosity, resin or organics), and 
unclassified areas. Inclusions: clay 
aggregates (elemental composition: Al, Ca, 
K, Mg, Si) with reaction rims of unclassified 
spectra (elemental composition: Ca, O, Si, 
Mg), quartz grains, calcium oxide (lime) 
crystals (20-50 µm). 

Constructed lime 
mortar floors, 
exhibiting a 
microcrystalline 
calcium carbonate 
matrix including 
mottled, isotropic 
areas from 
incomplete 
carbonation of lime, 
small aggregates of 
quicklime (calcium 
oxide), and isotropic 
reaction rims. The 
floors were tempered 
with a range of 
inclusions: dominant 
fired clay 
construction 
aggregates, common 
plant materials, and 
infrequent to rare 
fragments of 
coprolites, bone and 
shell. Thicknesses of 
the floors are c. 1-5 
cm. Some floors 
exhibit sub-horizontal 
fissures attributed to 
trampling. 

8.2h 

D2 

Microstructure: Massive, apedal. Voids: (5%): Planar cracks (2%); Vesicles (2%); Vughs (1%). 
Coarse/Fine: C/F ratio: 10:90. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Cloudy grey (PPL), translucent to white (OIL) 
microcrystalline calcium carbonate. B-fabric: Crystallitic. 
Coarse components: Mineral: Quartz (2%; 50-400 µm); Sandstone clasts (2%; 800-7400 µm). 
Biomineral: Siliceous plant remains and phytoliths (2-5%); Bone fragments (2%, <2000 µm); Calcitic 
ash rhombs (1%). Organic: Dark brown (PPL) amorphous organic fibres (2%). 
Pedofeatures: Crystalline: Recrystallised calcitic domains (showing changes in size and purity of 
crystals); Secondary calcitic coatings on voids (2%). Amorphous and cryptocrystalline: Fe-Mn oxide 
diffuse staining, dendritic nodules, coatings and replacement of organic resides (5%). 

F-141 FTIR [MSU F-141]: calcite, slightly altered 
(heated) clay, and carbonate 
hydroxyapatite. 
XRD [MSU F-141]: calcite, quartz, and 
hydroxyapatite. 
Phytolith concentrations [MSU F-141]: 
478,000/g sediment. No diatoms. 

White powdery 
nugget composed of 
lime, probably 
residual from lime 
production. Plant and 
bone fragments and 
calcitic ash are either 
incidental or 
deliberate additives 
to the lime paste. 

8.2i 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

D D3 

Thickness: 5 mm thick. Boundaries: Sharp. Lower boundary meets mF D1 [MSU 117.2]. 
Microstructure: Massive, composed of undulating microlaminations. Voids: <5%: Planar cracks (2%, horizontally-
oriented); Vesicles (2%). 
Coarse/Fine: C/F ratio: 5:95. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Microcrystalline calcium carbonate, exhibiting different purities and 
colours ranging from translucent light grey through to cloudy and opaque dark brownish grey (PPL). B-fabric: 
Crystallitic. 
Coarse components: Mineral: Quartz (5%, 30-200 µm). 
Pedofeatures: Crystalline: Recrystallised calcitic domains (showing changes in size and purity of crystals). 
Amorphous and cryptocrystalline: Fe-Mn oxide staining of the groundmass. 

F-117.1 FTIR [MSU F-117.1]: calcite, 
altered (heated) clay, and 
carbonate hydroxyapatite. 
Phytolith concentrations 
[MSU F-117.1]: 1,270,000/g 
sediment. 
Diatom concentrations 
[MSU F-117.1]: 911,000/g 
sediment. 

Microlayer (<5 mm 
thick) identified as a 
lime wash across 
the upper surface 
of a constructed 
lime mortar floor 
[F-117]. 

8.2j 

E E1 

Thickness: 4-23 mm. Boundaries: Well-defined to sharp, biologically reworked. Uppers surfaces of MSUs 10_4.3, 
10_8.2 and 14_10.4 show a dark brownish-black (PPL) coating (50-100 µm) of amorphous Fe and organic matter. 
Microstructure: Massive, apedal. Random orientation and arrangement of components. Voids: 10-30%: Vughs 
(2-5%, including star-shaped); Plant pseudomorphic and shrinkage voids (2-5%); Planar (1-10%); Vesicles (1-5%); 
Secondary biological channels and biologically modified planar voids (0-15%). 
Coarse/Fine: C/F ratio: 30:70 to 50:50. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Mottled: Cloudy grey (PPL), white (OIL) fine texture of ashes; pale pinkish 
orange cryptocrystalline (PPL), yellow and dull brown (OIL) phosphatised fine material; Dark brown (PPL), dull 
dark brown (OIL) dotted amorphous fine organic material and Fe staining. B-fabric: Undifferentiated. 
Coarse components: Mineral: Sandstone clasts (2-10%, <1.8 cm); Clay aggregates, (2-5%, orange (PPL), <3600 
µm); Quartz (1-10%, 20-400 µm, distributed predominantly in biological voids). Biomineral: Vesicular silica slags 
(2-10%, phosphate and Fe-Mn staining); Silicified plant remains and phytoliths (2-10%, articulated cell structures 
and associated with humified organic matter, often poorly preserved); Rice husks (2-5%); Carbonised plant 
remains (2-5%, 50-3000 µm); Bone (1-5%, <5000 µm, weathered and leached). Organic: Coprolite pellets (2-30%, 
<9 mm, fibrous amorphous organic composition, internal plant pseudomorphic voids, heterogenous colours 
(orange, grey, red, pink and brown (PPL)), irregular and elongate shapes, occasional phytoliths and diatoms 
visible); Amorphous organic matter (2-10%, yellow-orange to red-brown (PPL), fibrous elongated strands, 
pigmentation and fine material, variably impregnated with Fe-Mn compounds); Organ and tissue residues, 
including lignin-rich root sections in biological voids (1-5%). Anthropogenic: Rubified clay aggregates (2-5%, 
bright to deep red (PPL), orange-red (OIL), <8200 µm); Pottery (1%, two types: red oxidised matrix with quartz 
sand temper, 1000-15000 µm; dark-reduced matrix with fibre temper, <2500 µm). 
Pedofeatures: Textural: Translocated dusty clay coatings along void walls (1-2%); Clay intercalations (1%, dusty 
orange-brown and red-brown (PPL)). Amorphous and cryptocrystalline: Extensive phosphatisation of the 
micromass (cryptocrystalline pale pinkish orange (PPL), isotropic (XPL)); Possible phosphatic nodules (yellow-
green (PPL) and (OIL), spongey internal fabric); Fe-Mn oxide coatings, nodules, impregnation in the micromass, 
and replacement of organic residues. Fabric: Passage and bow-like features from earthworm activity (2%); 
Plastered chambers and fabric packing of root channel cross-sections (1%). Excrement: Excremental crumbs and 
microaggregates infilling biological channels, chambers and modified planar voids (2-5%). 

10_3.8, 
10_4.3, 
10_7.2, 
10_8.2, 
10_11.2, 
14_1.4, 
14_1.6, 
14_3.7, 
14_3.9, 
14_4, 
14_5.2, 
14_5.5, 
14_9, 
14_10.4, 
14_11.4, 
14_14, 
14_15.2, 
14_16 

FTIR: altered (heated) clay, 
unaltered clay (esp. 
kaolinite), quartz, and 
carbonate hydroxyapatite. 
Phytolith concentrations 
[MSUs 14_5.5, 14_9]: 
512,000-3,554,000/g 
sediment. 
Diatoms [MSUs 14_5.5, 
14_9]: 307,000-414,000/g 
sediment. 
QEM-EDS [MSUs 10_3.8 
and 10_8.2]: Matrix: 
pixelated mosaic of areas 
below threshold (organics 
amorphous material or 
resin), unclassified areas 
(elemental composition: Si, 
O, Mg, Al), glassy phases 
(elemental composition: Al, 
Na, Si) and clays. Inclusions: 
clay aggregates, vesicular 
glassy features (elemental 
composition: O, Al, Na, Si). 
Thick coating on upper 
boundary: elemental 
composition of O, Si, P, Mg, 
Ca, not classified to mineral 
species. 

Midden deposit 
containing two 
dominant 
components: 
phosphatised ashes 
and coprolites. The 
massive 
microstructure, 
random 
arrangement of 
components and 
lack of evidence for 
in situ burning 
suggests mF E1 
consists of 
redeposited burnt 
materials. Following 
deposition, the 
deposits were 
compacted and 
then exposed as 
surfaces, where 
traffic and activities 
resulted in thick 
coatings and 
accumulation of 
debris on upper 
boundaries. 

8.2k 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

E E2 

Thickness: 8 mm. Boundaries: Sub-horizontal, diffuse. 
Microstructure: Massive, apedal. Coarse components show (sub-)horizontal orientation and parallel arrangement. 
Voids: 20%: Plant pseudomorphic and shrinkage voids (10%); Planar voids (2-5%); Vughs (2-5%); Channels (2%). 
Coarse/Fine: C/F ratio: 50:50. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Mottled cloudy and cryptocrystalline grey (PPL), white (OIL), fine grey texture 
of ashes; Heterogeneous brown (PPL) amorphous fine organic material. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (2%, 20-200 µm). Biomineral: Vesicular silica slags (20%); Rice husks (15%); 
Charred plant residues (2%). Silicified plant remains and articulated phytoliths (2-5%). Organic: Amorphous degraded 
organic residues (2-5%); Coprolites (2%, <7 mm). Anthropogenic: Burnt clay aggregates (2%, <3 mm). 
Pedofeatures: Amorphous and cryptocrystalline: Fe-Mn oxide nodules, coatings, staining of the groundmass, and 
replacement of organic matter. Excrement: Excremental microaggregates infilling biological voids. 

10_3.3 QEM-EDS 
[MSU 10_3.3]: 
Matrix: 
elemental 
composition 
of Mg, Si, Al. 
Inclusions: 
vesicular silica 
slags enriched 
with Na. 

Similar formation history as 
mF E1. Additional inclusions 
of abundant rice husks and 
vesicular silica slags 
indicate high inputs of rice 
processing waste and high-
temperature ashes of 
grassy plants. 

8.2l 

F 

Thickness: 3-24 mm. Boundaries: Sharp, undulating to horizontal. Locally biologically reworked and fragmented. 
Microstructure: Massive, apedal. Heterogenous arrangement patterns of fabric and inclusions: random orientations; 
local deformations of fabric, bending of components and poorly homogenised areas (directional pressure: trampling or 
mixing); and, locally laminated fabrics and areas of horizontal orientation of components. Biological reworking in some 
MSUs produce local sub-angular blocky structures. Voids: Variable: 5-10% (Primary porosity: Plant pseudomorphic and 
shrinkage voids (2-10%); Planar and modified planar (1-5%); Vughs (1-5%)) to 20-40% (High biological disturbance: 
Secondary biological channels and biologically modified planar voids (0-20%); Complex packing voids (0-10%)). 
Coarse/Fine: C/F ratio: 30:70 to 50:50. C/F related distribution: Porphyric. 
Fine Material: Colour and composition: Heterogenous orange to dark brown (PPL and OIL), dotted amorphous organic-
mineral material and Fe-Mn impregnation. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (1-20%, 20-400 µm, preferentially distributed in biological voids); Clay granules 
(2-10%, orange (PPL), speckled b-fabric (XPL), 150-5000 µm); Sandstone clasts (1-5%, <2600 µm). Biomineral: Vesicular 
silica slags (2-10%); Silicified plant remains and articulated phytoliths (2-10%); Carbonised plant residues (2-5%, 
microcharcoal to 3200 µm); Bone (1-5%, <7000 µm, unburnt and burnt, weathered); Rice husks (2%); Aggregates 
containing sponge spicules and diatoms (1%); Calcitic ash in anatomical position with charred plant structures (1%). 
Organic: Coprolites (2-20%, <13 mm, variable colours (pinkish-orange, reddish-brown, grey (PPL)), internal fibrous 
organic composition and plant pseudomorphic voids, phytoliths and diatoms occasionally visible); Amorphous organic 
matter (2-10%; includes tissue residues, fibrous strands and fine organic material; variably degraded and humified; 
orange-red to brown (PPL)). Anthropogenic: Rubified clay aggregates (1-10%, 200-5500 µm); Pottery (1-5%, two types: 
dark reduced matrix and fibre temper, <2.1 mm; and, red oxidised matrix with quartz sand temper, <4 mm). 
Pedofeatures: Textural: Translocated clay coatings on void walls (1-2%); Localised concentrations of dense clays and 
amorphous fine organic matter (1-2%, possibly indicating reorganisation of the fine material by water or 
anthropogenically-induced deformation from mixing or direction pressure/trampling). Crystalline: Recrystallised 
microcrystalline calcite as coatings and infillings in voids and precipitation in the micromass (1%, some MSUs only). 
Amorphous and cryptocrystalline: Fe-Mn oxide coatings around coarse components, nodules, impregnation of the fine 
material, and pseudomorphic replacement of plant remains; Potential phosphatic nodules and localised enrichment of 
the micromass (cryptocrystalline pale pinky-orange PPL, isotropic (XPL)). Fabric: Passage and bow-like features from 
earthworm activity (1%); Plastering of fine material along biological void walls (1%). Excrement: Excremental 
microaggregates and comminuted fine organic-mineral material infilling biological voids (1-2%). 

10_3.6, 
10_5.1, 
10_5.3, 
10_9.2, 
10_11.2, 
10_12.3, 
14_2.2, 
14_2.4, 
14_3.5, 
14_3.11, 
14_4, 
14_8.1, 
14_8.3, 
14_10.2, 
F-78.2, F-
112(2).2, 
F-122.2 

FTIR: altered 
(heated) clay, 
unaltered clay 
(esp. 
kaolinite), and 
carbonate 
hydroxyapatit
e. 
Phytolith 
concentration
s [MSUs 
14_2.2, 
14_2.4, F-
112.2(SA-
136), F-
122.2]: 
519,000-
2,271,000/g 
sediment. 
Diatom 
concentration
s [MSUs 
14_2.2, 
14_2.4, F-
112.2(SA-
136), F-
122.2]: 0-
716,000/g 
sediment. 

mF F is preliminarily 
interpreted as a form of 
waste management 
involving abundant organic 
materials including plants 
and possibly animal faecal 
waste. Heterogenous 
anthropogenic components 
show evidence for different 
pre-depositional pathways 
including differential 
exposure to heat. Following 
deposition, the deposits 
were compacted and then 
left exposed for a period of 
time, allowing debris to 
accumulate on upper 
boundaries. The deposits 
lack equivocal indications 
of deliberate construction, 
however it is possible that 
mF F represents floor 
preparation/packing layers 
or ‘informal floors’ utilised 
as surfaces around the 
settlement. 

8.2m 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

G 

G1 

Thickness: 9-26 mm. Boundaries: Sharp, horizontal to sub-horizontal/sloping. 
Microstructure: Massive to platy/laminar. Dominant horizontal and sub-horizontal orientation of fine 
material and coarse components. Aggregates: Apedal to sub-angular blocks. Voids: 5-20%: Planar (2-10%, 
predominantly (sub-)horizontal); Plant shrinkage and pseudomorphic voids (2-8%); Channel and biologically 
modified planar voids (5%); Vughs and vesicles (1-5%, including star-shaped vughs). 
Coarse/Fine: C/F ratio: 20:80 to 40:60. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Dark reddish brown to black (PPL), bright orange, red, brown and 
black (OIL) amorphous and opaque material. B-fabric: Undifferentiated, masked by Fe-Mn oxides. 
Coarse components: Mineral: Quartz (1-2%, 20-180 µm); Orange (PPL) clay aggregates (5-10%, 200-8500 
µm). Biomineral: Elongate aggregates containing sponge spicules and colonial and non-colonial diatoms (5-
15%; biogenic silica bodies articulated and overlapping); Vesicular silica slags (2-5%); Charred plant 
residues (2-5%, 200-3500 µm); Calcitic plant ash (2-5%, occasionally articulated); Siliceous plant residues 
and articulated phytoliths (2%); Rice husks (1%). Organic: Amorphous organic matter (5-10%, presents as 
elongated fibrous strands and humified degraded fine material, variably replaced by Fe-Mn oxides); 
Coprolites (2-10%; <9000 µm). Anthropogenic: Rubified clay aggregates (2-10%, 300-7000 µm); Lime 
mortar aggregates and possible quicklime lumps (2%, 2500-5600 µm); Pottery (1%, sand temper, 800 µm). 
Pedofeatures: Textural: Internal reorganisation of clay in clay-rich inclusions (2%, resulting in strong clay 
orientation (parallel-striated b-fabric (XPL)) and micro-‘gullies’). Crystalline: Recrystallised microcrystalline 
calcite as clusters in groundmass and coatings and infillings in voids (2-5%, MSUs F-108 and F-112(1).2). 
Amorphous and cryptocrystalline: Extensive Fe-Mn oxide impregnative features, including coatings around 
coarse components, nodules and precipitation of fine material, and pseudomorphic replacement of plant 
remains; Phosphatic enrichment of the micromass and components/nodules (2%, pale orange-grey (PPL) 
yellow-green (OIL) isotropic (XPL)). Excrement: Excremental aggregate infillings in biological voids (1-2%). 

10_4.1, 
14_1.2, 
14_3.3, 
F-108, 
F-
112(1).2
, F-
124.2 

FTIR: altered (heated) 
clay, unaltered clay (esp. 
kaolinite), quartz, calcite, 
aragonite, and carbonate 
hydroxyapatite. 
XRD [MSU F-112.2(SA-
176)]: amorphous 
material, hematite, 
maghemite, quartz, 
calcite, plagioclase, 
clinopyroxene, and clays 
(smectite, illite/mica 
(muscovite) and 
kaolinite). 
Phytolith concentrations 
[MSUs F-112.2(SA-176), 
F-124.2]: 138,000-
933,000/g sediment. 
Diatom concentrations 
[MSUs F-112.2(SA-176), 
F-124.2]: 460,000-
11,881,000/g sediment. 

The original composition of the 
microfacies was probably 
organic. Most of the original 
material has been replaced by Fe 
and Mn oxides, amorphous 
organic matter and secondary 
clays. mF G1 was deposited in a 
wet, plastic state or was 
saturated following deposition 
(evidenced by: microlaminated 
layers, compaction, vesicles and 
vughs, concentrations of 
secondary iron and manganese, 
and in situ formation of sponge 
spicules and diatoms). Possible 
interpretations include: the 
accumulation of organic waste 
under pile dwellings; an organic 
midden that experienced surface 
trampling during wet/saturated 
conditions; or, the use of organic 
peaty muds to construct 
surfaces. 

8.2n 

G2 

Thickness: 17-21 mm. Boundaries: Upper and lower boundaries sharp to biologically reworked. 
Microstructure: Massive to sub-angular blocky. Components show random orientation. Aggregates: 
Apedal to sub-angular blocky peds. Voids: 20-30%: Channels and biologically modified planar voids (10-
15%); Vughs (3-5%, including star-shaped); Planar (2-5%); Plant pseudomorphic and shrinkage voids (2%). 
Coarse/Fine: C/F ratio: 30:70. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Dark reddish brown to black (PPL), bright orange, red, brown and 
black (OIL) amorphous and opaque material. B-fabric: Undifferentiated, masked by Fe-Mn oxides. 
Coarse components: Mineral: Quartz (2-5%, 20-250 µm, distribution within secondary biological voids). 
Biomineral: Elongate aggregates containing sponge spicules and colonial and non-colonial diatoms (5-10%, 
biogenic silica bodies articulating and overlapping, <2800 µm); Vesicular silica slags (2-5%, <9 mm); Charred 
plant residues (2-5%, <1900 µm). Organic: Amorphous fine organic matter (5-10%); Coprolites (5-20%, <1.5 
cm). Anthropogenic: Rubified clay aggregates (2%, 500-2500 µm, rounded, crimson (OIL)). 
Pedofeatures: Amorphous and cryptocrystalline: Extensive Fe-Mn oxide impregnative features, including 
coatings around components, nodules, precipitation of fine material, and pseudomorphic replacement of 
plant remains; Possible phosphatisation of fine material. Excrement: Excremental aggregates infilling voids. 

10_3.9, 
14_5.3, 
14_11.1 

FTIR: slightly altered 
(heated) clay, hematite. 
Diatoms [MSU 14_5.3]: 
1,715,000/g sediment. No 
phytoliths. 
QEM-EDS [MSU 10_3.9]: 
Matrix: mosaic of Fe 
oxides, unclassified 
materials (elements: Fe, 
Mg, Al, Si), and areas 
below threshold 
(organics, amorphous 
material or resin). Inclus-
ions: clays, Na-enriched 
vesicular silica slags. 

Similar formation history as mF 
G1. mf G2 experienced intensive 
reworking by bioturbation, 
resulting in random orientations 
of components, sub-angular 
blocky microstructures, and the 
loss of microlaminated 
microstructures. 

8.2o 
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Table 8.2 (cont.). Loc Giang microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

H 

Microstructure: Granular to massive. Components are unsorted and randomly-oriented. Aggregates: Weakly 
developed crumbs and weakly developed sub-angular blocky peds grading to apedal areas. Voids: 30%: Channels 
and chambers (5-15%); Complex packing voids (5-10%); Vughs (2-10%); Planar voids (2-10%). 
Coarse/Fine: C/F ratio: 60:40. C/F related distribution: Porphyric, locally chitonic, enaulic and gefuric. 
Fine material: Colour and composition: Pale orange brown (PPL), dull orange brown (OIL), dotted organic-mineral 
material containing microcharcoal, amorphous organic matter and Fe staining. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (30-50%, 10-600 µm); Orange (PPL) silty-clay aggregates (5%, <2200 µm). 
Biomineral: Bone (2-5%, weathered, <3400 µm); Charcoal (2-5%, <1500 µm); Vesicular silica slags (2%, Fe-Mn oxide 
coatings); Phytoliths (1%). Organic: Organ and tissue residues (2%, fresh lignin-rich tissues with preserved 
birefringence (XPL) to partially humified tissue residues, distributed in biological voids); Coprolites (2%, <3000 µm). 
Anthropogenic: Pottery (5%, two types: quartz and feldspar sand temper with dark red oxidised matrix, 1.2 cm; rice 
husk temper with dark brown reduced matrix, <1.8 cm); Rubified clay aggregates (2%, orange-red (OIL), 300-1800 
µm). 
Pedofeatures: Textural: Discontinuous coatings of irregular thickness and heterogenous composition on coarse 
anthropogenic components (2-5%, ‘rolling pedofeatures’); Limpid to dusty orange (PPL) clay coatings on voids and 
components (1%). Amorphous and cryptocrystalline: Irregular Fe impregnation of the groundmass and incipient Fe 
nodule formation (5-10%); Fe-Mn oxide coatings on coarse components (1-2%). Fabric: Bow-like infilling of large 
void. Excrement: Excremental crumbs and microaggregates in loose, random arrangements in biological voids. 

10_14, 
10_15, 
14_17 

FTIR: unaltered clay 
(esp. kaolinite), and 
quartz. 

Basal archaeological deposits 
consisting of massive, 
unstructured sands showing 
non-anthropogenically 
modified microstructures. 
The deposits contain 
infrequent anthropogenic 
inclusions that were 
incorporated through 
secondary discard or possibly 
through secondary 
disturbance, such as 
bioturbation or local slope 
processes. Natural formation 
processes include incipient 
soil formation, bioturbation 
and Fe-Mn oxide 
precipitation. 

8.2p 
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8.3. Human and natural site formation processes 

8.3.1. Linking material depositional processes to human activities 

The microfacies identified and described in Section 8.2 can be linked to specific human 

depositional practices contributing to site formation at Loc Giang. Five main human depositional 

practices around the settlement are identified: the preparation of lime mortar for construction 

[mF D]; wet organic microlaminated surfaces representing pile dwellings or middens [mF G]; the 

management of waste through burning and discard of specific materials [mFs B, E and F]; the 

impact of activities taking place on exposed surfaces around the settlement [mF C]; and, the 

dumping of occupation debris and levelling or collapse of construction materials between 

periods of construction [mF A]. Each type of human depositional practice highlights particular 

pathways of material components through source, transformation, use, and mode of deposition. 

The human depositional practices and corresponding microfacies are described in turn. 

8.3.1.1. Lime mortar construction [mF D] 

mF D consists of three deposit subtypes [mFs D1, D2 and D3] that all share a dominant 

composition of microcrystalline calcium carbonate and are interpreted to be lime. mF D1 is 

interpreted as constructed lime mortar floors based on a number of micromorphological 

attributes established by previous studies (Courty et al. 1989; Karkanas 2007; Stoops et al. 

2017). These include: a microcrystalline calcium carbonate matrix (Figures 8.3a-b; calcite, 

aragonite and dolomite confirmed by FTIR and XRD analyses, Table 8.2, Appendix J); altered clay 

indicating burning (confirmed by FTIR, Table 8.2, Appendix J); domains of transitional textures 

exhibiting a hazy, mottled and semi-isotropic appearance of the lime matrix from incomplete 

carbonation of lime (Figure 8.3c); small aggregates of quicklime (calcium oxide) that did not 

recarbonise back to CaCO3 (Figure 8.3d; confirmed by SEM-EDS, Table 8.2, Appendix J); 

components that show shrinkage fractures from firing (Figure 8.3e); isotropic (XPL) reaction 

rims observed at the interface between coarse components and the binder formed through 

hydration during the carbonisation process (Figures 8.3g-h; confirmed by QEM-EDS, Table 8.2, 

Appendix J); vesicles and planar cracks from drying and hardening of the lime (Figures 8.3c, 

8.3f); and, evidence of a pugged, well-mixed fabric (Figure 8.3a). The identification of lime 

mortar is strengthened by the presence of pyrogenically-forming aragonite (confirmed by FTIR, 

Table 8.2, Appendix J) which is an indicator of calcareous materials heated to temperatures 

exceeding 600°C (Toffolo and Boaretto 2014).  
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Lime mortar is made by converting a natural source of calcium carbonate to quicklime (calcium 

oxide) through calcination by heating (approximately 850-900°C), then to slaked lime (calcium 

hydroxide) by hydration involving mixing with water. This reaction produces hydrated lime 

called lime putty which is then made into a slurry, combined with temper materials, and then 

applied to the ground substrate where upon exposure to atmospheric carbon dioxide it begins to 

naturally revert to calcium carbonate, producing a hardened, finished material. Limestone is not 

present in this region of Vietnam: the coastal province of Kien Giang is the only area in southern 

Vietnam that possesses limestone and is 200 km southwest of Loc Giang (Nguyen 1986). While it 

is possible that limestone was imported from afar, limestone is absent in thin section. More 

readily available sources of calcium carbonate include shells and calcitic ash. It is theoretically 

possible to make lime using calcitic ash, however in published archaeological and experimental 

studies wood ash is described as an additive to the lime paste, not as the main constituent 

forming the lime (Goodman 1998; Matthews 2013: 76). Shells, on the other hand, are used to 

prepare lime in ethnographically documented societies (Panda and Misra 2007), and would have 

been an available environmental resource to the inhabitants of Loc Giang. Despite only 287 

fragments of shell recovered from excavation, the excavators described burnt shell deposits and 

small fragments of burnt shell in the sediments (Piper and Nguyen 2016: 107). Very few shell 

fragments were identified in thin section, which is consistent with ethnographic observations of 

shell lime production. Traditional techniques of burning shell for lime utilise sieves to separate 

fine lime powder from burnt shell fragments and other coarse impurities, producing a lime 

slurry that does not contain recognisable fragments of shell (Panda and Misra 2007: 263-264, 

269; Thakuria 2012: 96). 

The floor matrices consist of well-reacted lime binders (Figures 8.3a-b) that reflect high-quality 

construction and technological skill in preparing the lime surfaces (Courty et al. 1989; Karkanas 

2007). Thicknesses of the lime floors range between c. 2-5 cm. A diverse range of coarse 

components were added as temper to the lime floors. Predominantly, inclusions consisted of 

fired clay construction aggregates (Figure 8.3j) and plant material, the latter indicated by plant 

pseudomorphic and shrinkage voids, some of which still contain charred remains and calcitic 

ash in anatomical position (Figures 8.3l-m). The addition of plant material is common in lime 

mortars where it acts to increase tensile strength (Stoops et al. 2017: 190). Rare fragments of 

shell, bone, pottery and coprolite (Figures 8.3i, 8.3k and 8.3n) suggest incidental inclusion or 

possible recycling of discarded materials from domestic spaces (Karkanas and Van de Moortel 

2014). 
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Two variants of mF D linked to the production of lime mortar include residual lime nuggets from 

the lime preparation process [mF D2] and a lime plastered floor coating [mF D3]. mF D2 consists 

of a white, powdery nugget that shows almost complete recarbonation in thin section, producing 

a well-reacted crystallitic (XPL) groundmass (Figure 8.4). Its pyrotechnological formation 

history is confirmed by the presence of altered clay (FTIR, Table 8.2, Appendix J) and planar 

cracks and vesicles formed during the carbonation process (Karkanas 2007). mF D2 reveals 

potential additives to the lime paste including vegetal materials, calcitic ash and bone fragments 

(Figures 8.4c-d; carbonate hydroxyapatite confirmed by FTIR and XRD, moderate phytolith 

concentrations reported following phytolith extraction, Table 8.2, Appendix J). mF D3 is 

identified as a relatively pure lime wash applied directly to the surface of a constructed lime 

mortar floor (Figure 8.5; Alonso 2009). The lime plaster coating lacks temper and constructed 

elements of the lime constructed floor [mF D1] and instead presents as a series of 

microlaminations of relatively pure fine, dense calcium carbonate (Figures 8.5b-c). The use of 

lime plaster coatings was not identified in the field and thus the spatial extent of the lime wash is 

unknown, but the bright white surface colour would have clearly been a striking visual feature in 

the settlement (Clarke 2012). 
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Figure 8.3. Photomicrographs of 
constructed lime mortar floors [mF D1]. (a) 
Floor showing well-reacted calcium 
carbonate binder (crystallitic b-fabric (XPL)), 
dense and well-mixed fabric and coarse 
anthropogenic components added as 
temper. (b) Well-reacted calcium carbonate 
binder with a dense, evenly mixed 
groundmass and embedded coarse temper 
including fired clay and quartz mineral 
grains. (c) The lime matrix showing 
transitional, hazy, semi-isotropic (XPL) 
domains from incomplete reaction, as well 
as planar fissures (blue arrows) that 
probably result from drying and hardening 
of the lime. (d) Small rounded calcium oxide 
(quick lime) aggregates (blue arrows; 
confirmed by SEM, Table 8.2, Appendix J) 
from incomplete carbonation. (e) Darkened 
and cracked rims around coarse 
components caused by heat alteration. (f) 
Vesicles from trapped air in the lime paste. 
(g) and (h) Isotropic (XPL) unreacted rims 
from hydraulic reactions between coarse 
components and lime binder. (i)-(n) 
Example of coarse inclusions added to the 
lime floor as temper. (i) Fibre-tempered 
ceramic fragment. (j) Heat-altered clay 
aggregates with shrinkage cracks. (k) A 
fragment of shell. (l) Plant materials, 
including charcoal, a rice husk (blue arrow), 
and a charred plant fragment, magnified in 
(m), showing calcitic ash embedded in cell 
structures in anatomical position. (n) A 
coprolitic aggregate with distinctive internal 
fibrous voids. 
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Figure 8.4. Lime 
nugget identified as 
residual material 
from lime 
preparation [mF D2]. 
(a) Macro-scale 
photograph showing 
the powdery cream 
fine texture with 
visible aggregates of 
fired clay. (b) Dense, 
fine calcium 
carbonate (crystallitic 
b-fabric (XPL)) matrix 
showing mostly 
complete 
recarbonation of 
lime. (c) A bone 
fragment embedded 
in the groundmass. 
(d) Strands of plant 
fibres of both a 
calcitic (top, 
crystallitic b-fabric 
(XPL)) and siliceous 
(bottom left, 
isotropic (XPL)) 
composition. 

Figure 8.5. Lime plaster 
surface coating or wash 
[mF D3]. (a) Macro-scale 
photographs showing 
adherence of the coating 
to the upper surface of a 
constructed lime mortar 
floor. (b) and (c) The 
lime coating comprises 
microlaminations of 
different colour and 
purity of micrite. This 
either formed as a result 
of the application of 
several washes over 
time, or from several 
cycles of wetting and 
weathering during 
burial. (d) Zig-zag to 
reticulate patterning in 
the reacted lime from 
carbonation (Karkanas 
2007), either during 
original hardening of the 
slaked lime, or possibly 
forming as a post-
depositional feature 
following wetting. 
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8.3.1.2. Wet organic microlaminated surfaces [mF G] 

The second type of surface deposit identified in thin section [mF G] is difficult to interpret as 

most of the original (probable organic) material of the microfacies has been replaced by 

secondary products, including amorphous gel like substances, amorphous fine organic matter, 

phosphate, iron and manganese oxides, and heated and unheated clays (supported by FTIR, XRD 

and QEM-EDS analyses, Table 8.2, Appendix J). There are certain visual similarities to peat and a 

natural analogue is an abundance of amorphous organic matter formed from organic matter 

decomposition under wet conditions (Stolt and Lindbo 2010: 385-386). Several 

micromorphological attributes suggest a wet, plastic state of deposition (or saturation following 

deposition), including: microlaminated structure; compaction; vesicles and vughs; 

concentrations of secondary iron and manganese; and, in situ formation of sponge spicules and 

diatoms (suggested by articulating colonies and sheer numbers present in thin section; 

supported by diatom concentration counts, Table 8.2, Appendix J; Luc Vrydaghs 2020, pers. 

comm., 18th February; Goldberg 2001; Nicosia and Vrydaghs 2014) (Figure 8.6). Thus, mF G is 

tentatively interpreted as the remains of organic materials that were laid wet or became 

saturated shortly after deposition, leading to the conversion of original materials to secondary 

products. 

The highly organic composition and microlaminated aspect suggests mF G represents deliberate 

laying of organics (e.g., bedding or discarded plant materials) or animal faecal waste that 

accumulated in enclosures. Previous micromorphological studies of laid organics (Goldberg et al. 

2009; Wadley et al. 2011) and animal enclosures (Shahack-Gross et al. 2005; Bronnimann et al. 

2017a; Shahack-Gross 2017) report a distinct set of micromorphological attributes (laminated 

articulating phytoliths) not observed in mF G and either scenario does not account for the wet, 

acidic conditions of formation. The deposits would have needed a lot of water to promote the 

extensive replacement of secondary iron: the amount of sesquioxides may not occur unless as a 

result of waterlogging. This may indicate an allochthonous formation of mF G, for example as 

organic peaty or swampy muds that were deliberately brought onto the site to be laid as wet 

organic microlaminated surfaces. However, the highly heterogenous composition including clear 

anthropogenic elements suggest that, if this was the case, the deposit was well-worked with 

anthropogenic additions prior to application. Burnt components (carbonised organics and fired 

clay, confirmed by FTIR, Table 8.2, Appendix J) are present but it is uncertain if the entire 

deposit is burnt because hematite is forming post-depositionally. Trampling is evidenced by 

convolute structure, compaction and planar cracks yet these could have formed through 

application of a wet slurry and subsequent post-depositional desiccation. 
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The wet attributes and evidence for in situ sponge spicule and diatom growth may point to the 

accumulation of organic waste under pile dwellings. The ground beneath structures would have 

been periodically damp to saturated and could have included decayed organics from previously 

constructed dwellings as well as organics and/or coprolitic material which fell through cracks in 

wooden flooring (Wallace 2003). Continuation in sedimentary composition (e.g., absence of 

intrusive material) suggests that the deposits were covered, as would be the case under a pile 

dwelling. Nicosia and Vrydaghs (2014) identified autochthonous diatoms infilling a pile dwelling 

feature while Milek (1997) described bedded layers of organics accumulating under pile 

dwellings. The extensive iron and manganese replacement and in situ diatom and sponge spicule 

growth may thus be an indicator of waterlogged conditions underneath pile dwellings. 

The specific suite of micromorphological attributes of mF G and its recurrence throughout site 

stratigraphy, often interstratified with formal constructed lime mortar floors [mF D] and other 

midden deposits [mFs A, E, F] (Section 8.4), imply that mF G represents a distinct and repeated 

use of space. It most likely represents sediments accumulating underneath pile dwellings, but in 

the absence of experimental or comparative reference samples there is much about the 

depositional history of this microfacies that is unable to be resolved. 
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Figure 8.6. Micromorphological attributes of mF G in thin section. (a)-(c) Groundmass of mF G, exhibiting dark red to black 
(PPL), isotropic (XPL), orange and crimson (OIL) colours and a horizontally-oriented microlaminated and bedded structure. 
The original materials are difficult to discern due to the amorphous and opaque qualities of the deposit. Under saturated 
conditions, the deposit became compacted and organic materials were converted to secondary iron, manganese and clays. 
(d) Following saturation, there is evidence for drying out of the deposit, including desiccation cracks in components (left 
and middle images) and transformations by mesofauna requiring dry conditions including excremental infillings and channel 
voids (right image). (e) Preserved organic remains embedded in the groundmass, including charred plant materials in 
shrinkage voids (left and middle images) and a silicified rice husk (right image). (f) A common type of inclusion in the 
deposits are elongated aggregates of phosphatised and humified amorphous fine organic material (orange to pink (PPL)) 
containing dense concentrations of articulated diatoms and sponge spicules, implying in situ growth in a wet burial 
environment.
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8.3.1.3. Compacted ash and midden deposits [mFs B, E and F] 

Three types of compacted midden deposits are recognised at Loc Giang, correlating to the three 

microfacies types B, E and F. All three microfacies share compaction; low porosity consisting 

mostly of vesicles, vughs and plant pseudomorphic and shrinkage voids; and, random 

orientation of components (Section 8.2). The three microfacies uniformly lack evidence for 

construction such as plastered layers, pugging, rotational features and parallel sub-horizontal 

fissures characteristic of constructed floors (Friesem et al. 2017; Macphail and Goldberg 2017; 

Cammas 2018). They also lack laminated microstructures and horizontal arrangements of 

inclusions that are typical of non-constructed occupation surfaces (‘beaten’ floors) (Milek 2012; 

Macphail and Goldberg 2017: 373; Rentzel et al. 2017). They are thus interpreted as compacted 

midden deposits containing components remobilised from activity areas and deposited in 

secondary contexts (Schiffer 1987: 58). The differences between the deposits highlight specific 

pathways in the transformation and deposition of material components around the settlement. 

The repeated occurrence of the microfacies suggests that waste management practices at Loc 

Giang are characterised by a high degree of intentionality and regulation. 

The first type of compacted midden deposit [mF B] was sampled from F-128, a feature described 

in the field as a dark, burnt deposit containing abundant charcoal and ash. Based on preserved 

calcitic ash rhombs and the predominance of charred organic materials, mF B is identified as a 

deposit containing residues from the burning of predominantly woody plants (Braadbaart et al. 

2012). Less abundant inclusions of bone, shell, coprolites, clay materials and grasses (phytoliths, 

siliceous materials and vitrified silica slags) are unsorted and unoriented (Figure 8.7). The 

heterogeneity, poor sorting, and random orientation and distribution of components reflects 

rapid deposition of materials (Matthews et al. 1997: 289; Graham et al. 2015: 16) and the 

absence of sedimentary interruption indicates deposition occurred as a single episode. 

Rubification of the substrate or tripartite microstratigraphy typical of intact combustion features 

(Mentzer 2014; Mallol et al. 2017) were not observed. The chaotic arrangement of unsorted 

components (Figure 8.7) and the presence of clay coatings rotated to the bedding plane suggest 

that the ashed and charred residues were mobilised as part of maintenance activities such as 

hearth rake-out and redeposited in a secondary midden context (Araujo et al. 2008; Aldeias et al. 

2012: 2418; Graham et al. 2015: 16; Villagran et al. 2017b). 
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Figure 8.7. Photomicrographs of the compacted midden deposit containing combustion materials from the burning of 
predominantly woody plants [mF B]. (a) Calcitic ash and charcoal are the dominant components of the groundmass. (b) 
Large fragment of charcoal (left side of image) and preserved calcitic ash rhomb pseudomorphs after calcium oxalate 
crystals (right side of image). (c) and (d) The deposit also contains shell fragments, rubified clay aggregates and coprolitic 
fragments. Shrinkage voids associated with charred organics and vesicles are the dominant void types. (e) Domains of 
recrystallised ash, compaction of the deposit, vesicles and incipient iron and manganese impregnation indicate that the 
deposit experienced wetting following deposition. 
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The second type of compacted midden deposit [mF E] comprises pale phosphatised ash and 

incorporates an abundance of coprolite (Figure 8.8; carbonate hydroxyapatite identified in FTIR 

spectra, Table 8.2, Appendix J). The replacement of ash by phosphate is a common alteration 

process affecting anthropogenic combustion residues (Karkanas and Goldberg 2010: 525). It is 

likely the ashes derive from phytolith-vegetal matter (e.g., grasses) which can be observed in the 

micromass (Figures 8.2k, 8.8c-e) and this is supported by elevated phytolith concentrations 

(Table 8.2, Appendix J). Vesicular silica slags are infrequent, implying that temperatures were 

not high enough to induce vitrification. The lack of microstratigraphic evidence of intact 

combustion features (Mentzer 2014; Mallol et al. 2017) suggests that the deposit was not burnt 

in situ, and the massive microstructure and random arrangement of components is more 

consistent with redeposited burnt materials (Shillito et al. 2011a: 1034). 

Utilisation of two specific material components in mF E (vegetal ashes and coprolites) and the 

repeated occurrence of MSUs of this microfacies suggest that mF E represents a specific 

depositional practice that recurs on-site. The deposits occur interstratified with the constructed 

lime mortar floors [mF D] and, based on field excavation records, the deposits occur across a 

wide spatial area (Appendix E). mF E is probably associated with the construction or habitation 

of dwellings and may represent burnt vegetal or dung materials used as fuel or in construction. 

Dung is reported to be utilised in a variety of ways within settlements including for fuel 

(Matthews 2005; Milek 2012; Gur-Arieh et al. 2014) and building materials, such as floors 

(Boivin 2000; Karkanas 2006; Berna 2017a; Gur-Arieh et al. 2018) and daub (Macphail et al. 

2004: 187). mF E consistently shows a dense, homogenous and compacted fabric (Figure 8.8) 

which may indicate it functioned as a preparation layer for a new episode of construction, for 

example spreading large amounts of ash as a disinfectant after a period of abandonment or 

following the wet season (Milek 2012). 

Alternatively, mF E may represent a purposefully constructed plaster surface made from ash and 

coprolites. This hypothesis is supported by the relatively uniform distribution of coarse 

components; the dense, massive, homogenous groundmass; and, the sharp lower and upper 

boundaries observed in thin section (Figure 8.8): notably however, clear microstructural 

attributes of constructed floors (e.g., rotation features, pugging and sub-horizontal fissures) are 

lacking (Friesem et al. 2017; Macphail and Goldberg 2017; Cammas 2018). The deposits show 

defined, sharp boundaries and surface associations including thick, dark coatings (Figure 8.8a) 

and occasional microlaminated trampled materials [mF C], implying that the deposits were 

exposed for a period of time. 
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Figure 8.8. Micromorphological attributes of the compacted midden deposit of ash and coprolites [mF E]. (a) 
Microstructure of mF E, showing a dense, homogenous fabric and a sharp upper boundary that is stained and darkened. (b) 
and (c) Examples of coprolitic fragments composed of amorphous fine organic material and distinctive internal fibrous plant 
voids (for identification see Section 8.1) within a homogenous pale grey (PPL), isotropic (XPL) phosphatised ash 
groundmass. Outlines of vegetal fibres can be identified in the groundmass. (d) and (e) Groundmass of the deposit showing: 
grey cloudy particles with a fine texture distinctive of ash; vegetal fibres, phytoliths, plant cell structures and plant 
pseudomorphic voids; and phosphatisation (orange (PPL), isotropic (XPL)). 
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The third compacted midden deposit type [mF F] is marked by heterogeneity in structure, 

material components and respective depositional pathways. Structurally, mF F exhibits varied 

local arrangements from random and oblique orientations to areas of convoluted and sub-

horizontal orientation (Figure 8.9). Compositionally, mF F is characterised by a diverse range of 

material components and the mixing of burnt (fired clay aggregates, charred organics and 

vitrified phytolith slags) and unburnt components (bone fragments, decomposed amorphous 

organic material including plant structures containing articulated phytoliths, coprolites, rare 

pottery fragments, and a groundmass that does not show uniform exposure to heat) (Figure 8.9; 

the presence of both unheated and heated clay is confirmed by FTIR, Table 8.2, Appendix J).  

It can be postulated that mF F represents waste maintenance involving abundant organic 

materials related to animal management. The fine material is composed of an unidentified 

brownish (PPL), isotropic (XPL) composition that appears to have an abundance of amorphous 

fine organic matter, decayed plant material, iron and manganese replacement, and possible 

phosphatisation (carbonate hydroxyapatite identified by FTIR, Table 8.2, Appendix J). 

Resemblances between the fine material of mF F and Bronnimann et al.’s (2017a) description of 

weathered faecal materials suggest mF F represents middens that incorporated faecal waste or 

areas utilised for animal enclosures. mF F lacks distinctive characteristics of animal enclosures 

reported from previous micromorphological studies (e.g., microlaminated sediment, sub-

horizontal fissures from surface compression; see Shahack-Gross 2017). There are no 

sedimentary interruptions, microstratigraphy or intrusive materials entering the deposits, 

indicating that deposition occurred in single episode and/or the area was sheltered from the 

weather. The most straightforward interpretation of mF F is that the inhabitants of Loc Giang 

incorporated a heterogeneous mixture of burnt and unburnt plant and animal residues and 

rapidly covered or compacted it, thus creating a dense groundmass that is relatively impervious 

to outside additions and transformations. Possible activities that would involve these 

depositional actions include an area used to keep animals, a midden under a pile dwelling 

structure, a deliberately laid preparation layer for a floor, or the laying of a mat to 

simultaneously cover a midden deposit and create a surface for activities. 

Compacted deposits containing heterogenous occupational debris have been identified at other 

archaeological sites as subfloor packing layers that were deliberately levelled and utilised as 

foundation surfaces for constructed floors (Matthews 2005; Karkanas and Stratouli 2008; 

Shillito et al. 2011a: 1034). At the Neolithic tell site of Makri, Greece, compacted layers of 

occupational debris between formal, well-constructed floors are interpreted as crudely prepared 

‘informal floors’ (Karkanas and Efstratiou 2009). Similarly, floor sequences from the Bronze Age 
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site of Mitrou in Greece, revealed layers of occupational debris that were deliberately levelled 

and maintained as surfaces, occasionally showing local microfabrics of construction including 

directional pressure and ductile working (Karkanas and Van de Moortel 2014). Karkanas and 

Van de Moortel (2014) describe that the formation of the surfaces could be as simple as wetting 

and sweeping deposits to produce a hard, even surface. The upper contacts of these layers range 

from sharp, indicating truncation and/or deliberate smoothing, to showing dust accumulation 

and organic staining, indicating surface exposure (Karkanas and Van de Moortel 2014). 
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Figure 8.9. Micromorphological attributes of the heterogenous compacted midden deposit [mF F]. (a) and (b) Groundmass 
of mF F, showing a fine matrix of amorphous fine organic material and secondary iron, a dense homogenous groundmass 
with low porosity consisting of a few small vughs, plant pseudomorphic/shrinkage voids and occasional fissures, and coarse 
components comprising decaying vegetal materials. (c)-(h) Heterogeneous inclusions in the deposit. (c) Bone and charcoal 
fragments in a shrinkage void that also contains soil faunal excrement, indicating the burial environment was dry at some 
point. (d) Vertebrae bone fragment. (e) Charred plant remains. (f) Versicular silica slag (left) and coprolitic fragment, 
possibly burnt (right). (g) A unburnt clay aggregate (left) adjacent to a fire-reddened clay aggregate (right). (h) A fragment of 
sand-tempered pottery. Note that the planar fissures exhibited in (b), (d) (f) and (g) are randomly-oriented and skirt the 
perimeters of components rather than cleaving them apart, indicating that they are likely to be from post-depositional 
desiccation of the deposit rather than surface compression from trampling (cf. Rentzel and Narten 2000; Rentzel et al. 
2017). 
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8.3.1.4. Evidence for trampling and activities taking place on surfaces [mFs C and D] 

Activity residues associated with the upper boundaries of compacted surfaces have the potential 

to reveal the types of activities taking place on the surfaces. Evidence for activity residues on 

surfaces at Loc Giang is intriguingly scarce, and the site is elusive in terms of the type of 

activities taking place in habitation areas. Three upper boundary associations of compacted 

surface deposits [mFs D, E, F and G] are identified: sharp boundaries which meet biological 

fabrics of mF A (Figure 8.10a); direct articulation of surfaces (Figure 8.10b); and thin, 

microlaminated layers of accumulated residues comprising mF C (Figures 8.10c-f). 

The first type of surface association is a very sharp, horizontally continuous upper boundary 

that meets overlying deposits of mF A, comprising a relatively porous biological fabric consisting 

of reworked anthropogenic components and soil faunal excrements (Figure 8.10a). It is possible 

that the lack of activity residues on surfaces can be explained by bioturbation obliterating 

materials deposited above the surface. The clear-cut upper boundary suggests: first, that the 

surfaces were sealed by a mat or type of cover that, if made from plant materials, may have been 

consumed by bioturbation (Section 8.3.1.5); and, second, that the surfaces themselves were 

relatively resistant to bioturbation (Section 8.3.2.1). Karkanas and Van De Moortel (2014) 

describe an alternating sequence of rock-hard creamy-white constructed plaster surfaces and 

dark, loose occupation deposits rich in artefacts which they attribute to cyclicity in construction 

episodes and the accumulation of occupation debris during habitation on the surfaces. Maher 

(2019: 1016) attributes clean surface boundaries to sweeping, and the accumulation of deposits 

above surfaces to collapse of construction materials during periods of abandonment. Macphail 

and Crowther (2007: 107) attribute the lack of activity residues and occupation deposits on 

floors to sweeping while Matthews et al. (1997) describe the formation of an open, aggregate 

structure above occupation surfaces as a result of the deliberate removal and levelling of 

deposits. 

The second type of boundary association is the direct, horizontal articulation of two compacted 

deposits (Figure 8.10b). Sharp boundaries between surfaces were described during field 

excavation and attributed to sweeping and cleaning practices during use of surfaces and the 

repair and replacement of surfaces over time (Piper et al. 2017). The clean, sharp boundaries 

indicate relatively short periods of time between depositional episodes (Mallol and Mentzer 

2017) and possibly a sub-floor preparation surface (Matthews and Postgate 1994: 208; Macphail 

and Crowther 2007; Karkanas and Van De Moortel 2014: 206-2017). Matthews and Postgate 

(1994: 188) interpret a knife-sharp boundary and the absence of accumulations of dust between 
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floors as an undercoating of one floor and direct application of the second floor to improve 

strength and durability. Another way to interpret sharp boundaries is through truncation and 

levelling of old floor surfaces prior to application of new surfaces (Milek 2012: 133; Kovacs 

2013; Stahlschmidt et al. 2017: 511). 

The third type of boundary association is the recurring mF C1, comprising thin lenses of 

sediment consisting of microlaminations of horizontally-oriented coarse components including 

bone fragments, quartz mineral grains, clay aggregates, charcoal and rice husks embedded in a 

dusty silty clay containing amorphous organic matter (Figures 8.10d-f). mF C1 is identified on 

the upper boundaries of a range of compacted deposits, including the midden deposits of mFs E 

and F; the constructed lime mortar surfaces of mF D, including between rebuilding episodes of 

floors (e.g., F-113, F-99, 14LGi-6); and, the organic microlaminated surfaces of mF G. This 

implies that the formation of mF C1 is a probable feature of surface exposure. Structural 

attributes of mF C1, including microlaminated sediment, compaction, low porosity, horizontal 

orientation of components and a dusty organic-rich fine material (Figures 8.10d-f), are 

consistent with micromorphological descriptions of trampled accumulations (Ge et al. 1993; 

Goldberg and Whitbread 1993; Matthews et al. 1997: 289; Rentzel and Narten 2000; Macphail et 

al. 2004; Miller et al. 2010; Milek 2012: 126; Rentzel et al. 2017). The trampled lenses probably 

include syn-depositional inputs of silt and fine sand from nearby the site as well as components 

from elsewhere in the settlement that were entrained onto exposed surfaces as a result of traffic 

and ongoing activities (Matthews 1995). The thinness of the lenses (<1 mm) and lack of large 

components (e.g., above 2 cm) suggest that the surfaces were kept clean through maintenance 

practices such as sweeping (McKellar hypothesis: McKellar 1983; Schiffer 1987: 62-63). Thin 

layers of fine dusty material on surfaces have been interpreted as debris left behind from 

sweeping (Matthews 2010: 208) or fine materials that were entangled within a rug or mat 

(Matthews and Postgate 1994: 190; Karkanas and Goldberg 2018: 139), however there is an 

absence of articulated phytoliths or lenses of organic material that would be expected from a 

decayed mat or covering (Macphail et al. 2004: 181). A clay wash (Figure 8.10c) on a constructed 

lime mortar floor [F-113] was identified, comprising a horizontally continuous clay coating (50 

µm in thickness) containing three trampled-in rice husks. The clay wash was found exclusively 

across the surface and not present in other voids, as would be expected of naturally translocated 

clay (Friesem et al. 2016: 21).
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Figure 8.10. Different upper boundary associations observed on surface deposits at Loc Giang. (a) A compacted deposit has 
a sharp upper boundary meeting a highly porous, bioturbated occupation deposit with no evidence of activity residues. (b) 
Two different, laterally continuous microfacies directly articulate with each other, indicating a relatively short period of 
time between depositional episodes. Minimal detrital quartz mineral grains can be observed along the boundary. (c) 
Between two constructed lime mortar floors are rice husks (left and middle images) and a thin clay wash (left image, right 
image at magnification). (d) Thin accumulations of quartz mineral grains and other components including clay aggregates 
are present between two constructed lime mortar floors. The components show an undulating, compacted distribution and 
(sub-)horizontal orientation and are embedded in a dusty micromass rich in amorphous fine organic material. (e) and (f) 
Thin, microlaminated accumulations of horizontally-oriented coarse components are firmly compressed into the compacted 
surface deposits. Quartz mineral grains, a clay aggregate and charcoal fragment are evident in (e) and lenses of quartz 
mineral grains and a burnt bone fragment are observed in (f).
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Two types of features indicative of trampling were identified in the Loc Giang sediments. The 

first type of feature consists of sub-horizontal fissures identified in the fabric of constructed 

floors [mF D], indicating that the floors received some degree of traffic (Figure 8.11a). This was 

not consistently observed across all lime mortar floors examined, implying that traffic may have 

been spatially restricted to some areas of the surfaces such as the centres and/or walkways of 

dwellings (Goldberg and Whitbread 1993; Banerjea et al. 2015a; Banerjea et al. 2015b). 

The second type of trampling feature is mF C. mF C1 was observed as thin (<2 mm) deposits on 

the upper boundaries of compacted deposits (see above); mF C2 represents thicker (1-2 cm) 

accumulations of sediments formed by prolonged exposure of surfaces (Figure 8.11b). The 

build-up of debris within mF C2 is periodically punctuated by thin horizontally continuous dark 

bands of amorphous iron and/or amorphous fine organic material (Figure 8.11b) that are either 

the remains of decomposed plant matting (Karkanas and Goldberg 2010: 263) or a result of 

surface wetting and iron staining. 

The two types of trampling features were found in only a few thin sections; on the whole, the Loc 

Giang sediments do not show widespread evidence for trampling and activity residues. The lack 

of evidence may reflect the use of pile dwellings in which activities took place on 

superstructures above the ground (Milek 1997: 162), a tradition that is documented 

ethnographically in the region (Charpentier 1982; Waterson 1990).
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Figure 8.11. Two instances of trampling evidenced in the Loc Giang sediments. (a) Horizontal fissures through a constructed 
floor surface. The fissures move through and cleave apart the coarse components, such as the clay construction aggregates 
depicted here, rather than moving around the components. (b) Compacted microlaminations of horizontally-oriented 
coarse components including bone fragments, quartz mineral grains and rice husk pseudomorphic voids embedded in a 
dusty silty clay containing amorphous fine organic material. The microlaminated accumulations are periodically punctuated 
by thin dark amorphous lines that are horizontally continuous across the thin section. They appear to be composed of 
amorphous iron and/or fine organic material that potentially formed as a result of surface wetting and exposure or use of a 
mat constructed from organic materials that decomposed. 

8.3.1.5. Bioturbation as a proxy for dumping, levelling or collapse of superstructures between 
periods of construction [mF A] 

Several deposits at Loc Giang were described in the field as loose occupation deposits that occur 

interstratified between floor surfaces. In thin section, these deposits exhibit a biological fabric 

and are grouped under mF A (Section 8.2). mF A shares the same types of material components 

present in other microfacies: the distinguishing feature of mF A is the arrangement and 

microstructure of components. While other mFs are compacted deposits showing low porosity 

(Figures 8.2e-o), mF A is relatively porous and consists of heterogenous, poorly-sorted materials 

of two main types: soil fauna excrements and occupation debris (Figures 8.2a-d and 8.12). 

Ostensibly, the dominant formation process of mF A is bioturbation: the action of soil biota 

transforming the structure into a well-homogenised biological excremental pellety fabric. 

Biological activity within human settlements may have wider implications. Below, two different 

scenarios of the formation history of mF A are described accompanied by supporting lines of 

evidence, although they are ultimately hypothetical. 

The first scenario attempts to account for the abundance of organic matter and phytoliths 

(supported by elevated phytolith concentration counts, Table 8.2, Appendix J) and the porous 

structure of mF A by attributing this to an original composition of plant materials that were 

subsequently consumed by soil fauna. Plant material may have been in the form of a rug or 
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constructed walls or roofs which have collapsed. mF A3 (Figure 8.12b) contains an abundance of 

charcoal fragments, vesicular silica slags and phosphate (confirmed by FTIR and QEM-EDS, 

Table 8.2, Appendix J), indicating a specific anthropogenic activity involving organic materials, 

possibly the burning of roofs constructed from plant materials. Soil fauna would be attracted to 

accumulations of organic matter, resulting in intensive, thorough comminution. A similar 

situation was described in tropical India, where an underlying occupation surface overlain by a 

bioturbated pellety layer followed by a layer of vegetal material was interpreted to be formed 

from the collapse and bioturbation of thatched roofing materials (Friesem et al. 2016: 22-23). 

The implication of this hypothesis is that plant materials used to construct dwellings leave very 

little evidence behind. 

The second scenario is that mF A constitutes a dump of construction and occupation materials 

that were subsequently bioturbated, meaning that mF A was formed as much by dumping 

processes as by bioturbation. Displacement and rolling of components in mF A are reflected by 

fine material coating coarse components resembling ‘rolling pedofeatures’ (Figure 8.12d; 

Boschian 1997; Angelucci and Zilhao 2009; Friesem et al. 2014b: 563). Dumping is suggested by 

the porous, open structure, poor sorting, random orientation and heterogeneity of components 

(Figures 8.12c-d; Courty et al. 1989: 118; Matthews et al. 1997: 289). Dumps of mixed materials 

could have arisen from different depositional processes. The materials could have accumulated 

during occupation of the surfaces as floor rip-ups and activity-derived debris; subsequent 

levelling would also produce an open, aggregate structure (Matthews et al. 1997; Shillito and 

Ryan 2013: 695; Karkanas and Van De Moortel 2014: 206). Alternatively, the deposits could 

have accumulated from building collapse and middening after occupation of the dwelling 

(Courty et al. 1994: 12; Maher 2019: 1016). The abundance of coprolites in mF A would support 

an interpretation of an open refuse area (Matthews and Postgate 1994: 321). The sharp upper 

boundaries of mF A to overlying deposits imply that the sediments were levelled prior to a 

subsequent phase of construction (Figure 8.12e; Karkanas and Stratouli 2008: 35; Karkanas and 

Van De Moortel 2014: 206). 
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Figure 8.12. Micromorphological characteristics of biologically reworked occupation deposits [mF A]. (a) Two main types of 
soil faunal excrement present in the sediments. Left: large, smooth, rounded and partially coalescing organo-mineral 
excrements produced by earthworms. Right: small, irregular, rough, ellipsoidal organo-mineral excrements produced by 
enchytraeids. Middle: example where both excrements are present in a single field of view (left of image: earthworm; right 
of image: enchytraeid). (b) mF A3 composed of dark (PPL), isotropic (XPL) burnt soil aggregates, abundant charcoal 
fragments and a predominance of large vesicular silica slags, indicating a burning event. (c) Heterogeneity, random 
distribution and poor sorting of components in mF A suggestive of a rapid dumping event. The image shows vesicular silica 
slags, clay aggregates, bone fragments, a large fragment of charcoal and a coprolite pellet in an unstructured deposit of 
excremental soil aggregates. (d) Characteristics of mF A consistent with rapid dumping of cultural materials. The left and 
middle images show large fragments of cultural materials in an unstructured, unsorted and relatively porous fabric. The 
right image shows thick rims of fine material coating coarse components, indicating rolling and displacement. (e) Sharp 
upper contacts of mF A to overlying compacted deposits [mFs F and G shown here]. 
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8.3.2. Diagenetic histories of deposits and components 

Once material components become entrained into the ground by human depositional practices, 

they are subsequently affected by a range of post-depositional processes. The main post-

depositional processes that transformed archaeological stratigraphy at Loc Giang can be 

grouped into three types. First, plants and soil fauna have intensively transformed sediment 

fabrics and accelerated the degradation of organic matter. Second, the movement of water 

through the deposits has led to the chemical alteration and/or dissolution of some components, 

and the physical and/or chemical mobilisation of some materials down profile. Third, the 

tropical climate has resulted in specific diagenetic transformations of organic components. 

8.3.2.1. Bioturbation 

The warm temperatures, high biological productivity and abundance of organic matter in soils of 

the humid tropics support intensive levels of biological activity (Kourampas et al. 2009; Friesem 

and Lavi 2017; Morley and Goldberg 2017). A range of pedofeatures from biological activity are 

observed, including: root remains; soil faunal excrements including earthworm, mites and 

enchytraeids; and, fabric transformations including bow-like infillings, excremental infillings, 

and biological voids formed by plants and soil fauna (Figure 8.13, Table 8.1). While most 

deposits show evidence of biological activity, the effects are not evenly distributed across 

deposits. The wide division between some mFs which are intensively reworked by soil fauna to 

the point of complete transformation into a pellety fabric [mF A] and other mFs with discrete 

secondary disturbance features is a result of the mode and intentionality of original deposition. 

Compacted deposits, whether constructed floors [mF D], middens [mFs E and F] or organic 

surfaces [mF G], appear to have a high degree of intentionality in deposition and are relatively 

resistant to bioturbation. They contain secondary channels and infillings of excrements (Figures 

8.13e-f), but do not show total transformation of sediment structure. In contrast, the biologically 

homogenised microstructure of mF A suggests soil fauna were attracted to large amounts of 

organic matter within loose, incidental accumulations of collapsed plant construction materials 

or cultural refuse deposits (Section 8.3.1.5). 

The actions of biological agents have implications for the movement of components in 

stratigraphy. Figure 8.13g shows phytoliths lying at the base of a large channel that raises 

significant concerns for the contextual security of archaeobotanical analyses. This contradicts 

Grave and Kealhofer’s (1999) integrated archaeobotanical and micromorphological study in 

Thailand which reported that the effects of soil biota are too localised and spatially restricted to 
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impact archaeological stratigraphy. Results from Loc Giang indicate that at sites with 

microstratigraphy bioturbation poses a major threat to displacement of components. 

 
Figure 8.13. Examples of biological pedofeatures from the action of plants and soil biota in the Loc Giang sediments. (a) A 
void created by the cross-section of a root. The void has a smooth, circular outer wall and has resulted in fabric packing 
around channel walls. Partially preserved root remains are present in the centre of the void. (b) Bow-like fabric infilling of a 
void, created from the actions of earthworms (Kooistra and Pulleman 2010: 410). (c) and (d) Root remains with preserved 
lignin-rich tissues (XPL) in a pellety fabric formed from excrements of soil fauna. (e) and (f) Networks of channel voids that 
cleave apart compacted cultural deposits. The channels are infilled with small, rough excremental microaggregates of 
enchytraeids. (g) Phytoliths and siliceous plant fibres lying at the base of a large channel feature, indicating displacement.
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8.3.2.2. Effects of water and percolating solutions 

The movement of water and percolating solutions is intensified in wet, tropical climates, 

resulting in a combination of chemical and physical transformations (Stephens et al. 2005; Lewis 

2007a; Kourampas et al. 2009; Friesem and Lavi 2017; Morley and Goldberg 2017). Two main 

effects of water on the Loc Giang sediments are identified: physical transformations in 

arrangement and structure of deposits; and, physical (e.g., displacement) and chemical (e.g., 

dissolution) transformations of components. 

Physical effects of water on the Loc Giang deposits include structural collapse due to saturation, 

the vertical movement of fine particles, and sediments deposited by water. Micromorphological 

attributes of structural collapse, including vughy microstructures, compaction, clay 

translocation, and darkened, iron-stained fabrics (Figure 8.14d; Courty et al. 1989: 145; Kooistra 

and Pullman 2010: 408), are attributed to water saturation, for example from pooled water after 

heavy monsoonal rains. These features were identified in deposits grouped within mF A4 and are 

locally observed in other deposits. Translocated clay coatings and infillings (Figures 8.14a-b) are 

commonly found in the 2010 thin sections from the quarry profile and are infrequent in thin 

sections collected from the 2014 excavation trench. Similarly, waterlain sediments, comprising 

fining upwards graded bedding sequences and fine silt alluvium (Figure 8.14c), are restricted to 

basal sediments in the 2010 profile [MSUs 10_12.1-2] contemporaneous with the earliest 

archaeological layers. Excepting the basal 2010 quarry layers, the paucity of waterlain 

sediments suggests the adjacent Vam Co Dong River did not flood during the settlement’s 

history. The infrequency of clay translocation features is probably a factor of the presence of 

calcium carbonate from the lime plaster floors. In alkaline environments, the Al and Fe anions in 

clay bond with Ca cations, flocculating clay and preventing its movement through the profile 

(Bartelli and Odell 1960). 

The mobilisation and transformation of iron and manganese oxides, calcium carbonate and 

phosphate constitute the main chemical processes in the Loc Giang sediments. Alterations of 

phosphate involve the diagenetic transformation of organic materials specifically (Section 

8.3.2.3). Calcium carbonate and Fe-Mn oxides can undergo dissolution in moist conditions, 

probably during heavy rains in the wet season, and enrichment in solution can lead to 

reprecipitation following reestablishment of dry conditions (Durand et al. 2010; Lindbo et al. 

2010). The main sources of calcium carbonate at Loc Giang are lime mortar floors and calcitic 

ashes. The stability of calcium carbonate is dependent on pH, with pH values lower than 8 

promoting dissolution (Weiner 2010). The pH values of Loc Giang archaeological deposits range 

between 7.5 and 8.5 (Appendix J) and it is likely that the abundance of decomposing organic 
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matter [mFs E, F, G] would have increased the acidity of deposits (French 2003: 16; Weiner 

2010). The lime plaster floors are generally well-preserved due to compaction, hardness and 

durability from the floor construction process and the relatively quick burial conditions from 

rapid replacement and renewal of floors (Section 8.4). However, recrystallised calcitic features 

(Figures 8.14e-f) do occur, and are consistent with carbonate dissolution and secondary 

recrystallisation reported from previous studies of lime-based construction materials in tropical 

and subtropical climates (Straulino et al. 2013; Borges et al. 2014). 

Several forms of secondary iron and manganese precipitation (Figure 8.14g) result from 

intermittent cycles of wetting and drying that probably relate to humid seasonal precipitation 

patterns (Lewis 2007a; Simpson et al. 2008; Kourampas et al. 2009; Friesem and Lavi 2017). 

Iron and manganese can also precipitate as pseudomorphic replacements of plant remains 

(Section 8.3.2.3). Iron and manganese precipitation were observed in all microfacies, however in 

mF G this process was intensive, leading to near-complete conversion of original materials to 

secondary iron and manganese, amorphous organic matter and clays (Section 8.2). Iron and 

manganese replacement in mF G, in addition to authigenic sponge spicule and diatom growth, 

indicate that the microfacies represents a specific and repeated use of space that involved 

saturation of the deposit, possibly sediments accumulating under pile dwellings (Section 

8.3.1.2).
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Figure 8.14. Pedofeatures formed 
from the effects of water and 
percolating solutions in the Loc Giang 
sediments. (a) and (b) Clay 
translocation coatings and infillings. 
(a) shows crescentic, layered coatings 
indicating multiple translocation 
episodes (Kuhn et al. 2010). (c) A 
fining upwards graded bedding 
sequence (left image) and fine silt (20-
40 µm) alluvium (right image) 
deposited by water in MSUs 10_12.1-
2. (d) Darkened, iron-stained fabrics, 
compaction of the deposit, and star-
shaped and irregular vughs from 
structural collapse illustrate the 
effects of water saturation on 
sediments in mF A4. (e) Calcitic 
coatings on voids, composed of 
recrystallised microcrystalline calcitic 
crystals. (f) Coarse sparitic crystals 
formed from dissolved and 
recrystallised calcium carbonate (right 
side of the image) adjacent to a fine, 
impure micritic texture formed from 
original carbonation of lime binder in 
a constructed floor. (g) Examples of 
iron and manganese impregnative 
nodules and coatings on coarse 
components. The most common type 
of oxide impregnation is dendritic 
(nodule: two leftmost images; coating: 
two rightmost images). 
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8.3.2.3. Diagenesis of organic components 

Two main processes of chemical diagenesis relating to the degradation of organics include 

phosphatisation and iron and manganese oxide precipitation. Phosphate is released from the 

decay of organic materials, especially under acidic conditions, and, unlike calcite or iron, does 

not travel far from the site of dissolution (Karkanas 2017: 133). Three types of phosphatic 

features were identified: phosphatised ash in mF E (Figures 8.15a-b; confirmed by FTIR 

analyses, Table 8.2, Appendix J); a cryptocrystalline orange (PPL) isotropic (XPL) phosphatised 

micromass associated with charcoal and silica slags in mF A3 (Figures 8.15c-d; confirmed by 

QEM-EDS analyses, Table 8.2, Appendix J); and, in organic components including coprolites that 

display a cryptocrystalline pinkish-orange (PPL), isotropic (XPL) appearance (Figure 8.15e). In 

these three feature types, phosphatisation is an indicator of decaying vegetal and animal waste 

(Karkanas and Goldberg 2010). 

The replacement of organic materials by secondary iron and manganese oxide pseudomorphs 

has been described in previous micromorphological studies (Macphail and Goldberg 2010, 2017: 

202, 296; Banerjea et al. 2015b: 108) including in tropical environments (Friesem et al. 2016). 

The precise mechanisms are unknown but the process appears to be associated with the 

degradation of organic matter in oxygen-reduced burial environments (e.g., moist but not 

completely anaerobic conditions and aided by organic matter decomposing microorganisms; 

Lindbo et al. 2010; Stolt and Lindbo 2010: 386; Friesem et al. 2016: 21; Bronnimann et al. 

2017a: 60; Karkanas 2017: 134-137). It is ubiquitous in mF G, with amorphous iron comprising 

the extant composition of the deposit (Figures 8.15g-j; supported by FTIR, XRD and QEM-EDS 

analyses, Table 8.2, Appendix J); common in mF F (Figures 8.15e-f); and, present in mFs A and E. 

Bone fragments also show evidence for iron and manganese impregnation (Figures 8.15k-l).
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Figure 8.15. Processes involved in the degradation, weathering and replacement of organic materials in the Loc Giang 
sediments. (a) and (b) Orange (PPL), isotropic (XPL) phosphatisation of ashes and vegetal matter in mF E. (c) and (d) 
Cryptocrystalline orange (PPL), isotropic (XPL) phosphatised groundmass of mf A3. The unit contains high concentrations of 
vesicular silica slags, charcoal, and post-depositional dendritic and aggregate iron and manganese precipitation. (e) 
Phosphatised, cryptocrystalline pinkish-orange (PPL), isotropic (XPL) aggregates (top of images) and iron and manganese 
oxide replacement of organic residues (bottom of images) in mF F. (f) Hypocoatings around plant pseudomorphic voids and 
replacement of plant fibres by iron and manganese oxides in mF F. The groundmass is also rich in secondary iron. (g)-(j) 
Widespread replacement of organic materials by iron and manganese oxides in mF G. (k) and (l) Alteration of bone 
fragments by iron and manganese staining, phosphate leaching and possible microbial attack (Jans et al. 2004; White and 
Booth 2014).
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8.4. Microstratigraphic sequence of site formation 

In the previous section, individual microfacies were linked to specific human depositional 

practices at Loc Giang. This section develops a settlement history using the temporal 

(stratigraphic) patterning of microfacies to reconstruct rhythms and identify changes in 

depositional practices over time. The microstratigraphic sequence builds upon the microfacies 

established in Section 8.2 by examining: (1) the sequential order of deposits; and, (2) the nature 

of boundaries between deposits. The sequence correlates the microstratigraphic results from 

the 2014 sediment samples with field stratigraphic records. The 2010 samples from the quarry 

profile are excluded, as, while the microfacies between the 2010 and 2014 samples broadly 

correlate (Table 8.2), the 2010 samples were not collected using controlled stratigraphic 

excavation. 

A hypothetical microstratigraphic sequence of site formation at Loc Giang is illustrated in Figure 

8.16. The sequence provides a basic schematic rather than a complete reconstruction of 

settlement history, as it is based on samples from a single trench, and within this locality 

geoarchaeological sampling was selective rather than continuous (Chapter 6; Appendix E). Only 

the best preserved areas of trench walls were sampled, thus most samples derive from Phase 3 

(c. 3440-3200 cal BP) while Phase 1 (c. 3580-3460 cal BP) and Phase 2 (c. 3500-3360 cal BP) are 

poorly represented (Chapter 6). Even if overlapping sets of thin sections were sampled from the 

stratigraphic profiles, it would not have been possible to obtain a complete sequence of site 

formation for two reasons. First, many surfaces and deposits exhibit unconformable boundaries 

with evidence for levelling and repair/replacement of surfaces over time (Piper et al. 2017). 

Second, surfaces were not continuous over the trench but demonstrated different spatial 

distributions that overlapped and/or truncated other surfaces (Piper et al. 2017). The 

microstratigraphic sequence is therefore hypothetical, and several microfacies interpretations 

are provisional due to the novel use of microarchaeological techniques in the region and lack of 

reference collections and experimental and ethnographic studies. Reconstruction of the site 

formation of Loc Giang would benefit greatly from further microarchaeological research 

(Chapter 11). 
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Figure 8.16. Summary of the 
microstratigraphic sequence 
of Loc Giang, integrating field 
observations of stratigraphy 
and radiocarbon dates with 
results from the 
geoarchaeological analyses. 
This image shows the north 
and west wall sequences. The 
microstratigraphic sequence 
was reconstructed from 
sediment samples collected 
from the 2014 excavation 
trench. The archaeological 
deposits reached a maximum 
depth of c. 2 m. Only the 
sequence of Neolithic 
deposits is represented as no 
geoarchaeological samples 
are available for the post-
Neolithic deposits (Chapter 
6). Select thin section scans 
and photomicrographs are 
displayed to illustrate the 
major deposit types and 
temporal (stratigraphic) 
patterning. Refer to Chapter 6 
and Appendix E for 
radiocarbon dating codes and 
calibration. 
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Figure 8.16 (cont.). 
Summary of the 
microstratigraphic 
sequence of Loc Giang, 
integrating field 
observations of 
stratigraphy and 
radiocarbon dates with 
results from the 
geoarchaeological 
analyses. This image 
shows the south wall 
sequence. Only the 
sequence of Neolithic 
deposits is represented 
as no geoarchaeological 
samples are available 
for the post-Neolithic 
deposits (Chapter 6). 
Select thin section scans 
and photomicrographs 
are displayed to 
illustrate the major 
deposit types and 
temporal (stratigraphic) 
patterning. Refer to 
Chapter 6 and Appendix 
E for radiocarbon dating 
codes and calibration. 
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Initial occupation and pre-construction midden: The 2014 excavation recorded natural alluvial 

deposits consisting of friable mottled greyish brown (7.5 YR 4/2) silty sandy loams below the 

archaeological sequence, at a maximum depth of c. 2 m. The earliest archaeological deposits 

overlying the natural sediments consist of a dark greyish brown (7.5 YR 3/2) silt loam (C.113; 

pH 6.5) containing fragments of pottery, shell and bone, below a thin dark brown (7.5 YR 4/2) 

humic deposit (F-158; pH 6.5-7) containing charcoal and ash. The deposits accumulated prior to 

construction activities (c. 3950-3700 cal BP, Chapter 6) and suggest that initial activity in this 

locality involved midden deposition (C.113) followed by a burning event (F-158). No 

geoarchaeological samples were sampled from these units (Chapter 6). 

Phase 1 surfaces: Directly overlying C.113 and F-158 were the Phase 1 (F-155, F-154, F-153, F-

152, F-145) surfaces, described as a sequence of hard, compacted light grey to creamy white 

lime mortar surfaces that were sequentially laid on top of each other (Piper et al. 2017). The 

Phase 1 surfaces date to c. 3580 to 3460 cal BP (Chapter 6) and are not well preserved, 

extending across the northeast part of the trench only. F-145 was captured in thin section [#14], 

representing a compacted midden of burnt residues [mF E1] (Figure 8.16). Due to the nature of 

preservation and sampling of the Phase 1 surfaces, the microarchaeological analyses are unable 

to confirm the use of lime mortar during this phase. 

Phase 1 midden: During Phase 1 occupation, midden deposits (F-183, F-184, C.112 = F-143) 

consisting of friable, dark reddish brown (5YR 3/3) sandy loams (pH 6.5) containing pottery, 

bone and shell accumulated around the margins of the surfaces (Piper et al. 2017). Deposits 

associated with activity on Phase 1 surfaces date to c. 3580-3460 cal BP (Chapter 6). In thin 

section [#15, #16, #13, #6], C.112 was identified as mF A (Figure 8.16), exhibiting 

heterogeneous material components in random orientation within a porous microaggregate 

structure characteristic of midden deposits (Courty et al. 1989: 118; Matthews et al. 1997: 289). 

Accumulating on the surface of C.112 was a spatially discrete deposit of F-128 described as a 

very dark grey (5YR 3/1) burnt deposit containing charcoal and ash (Figure E.5i). In thin section 

[#F-128 and #13], it was attributed to mF B, comprising remobilised combustion residues 

representing hearth maintenance (Figures 8.2e, 8.7 and 8.16). The predominance of burnt 

residues from woody plants [mF B] is unique to F-128. 

Phase 2 surfaces: A sequence of fragmented remnant surfaces (F-121, F-124, F-130, F-131, F-132, 

F-133, F-134, F-135, F-142 and F-140) deposited directly above F-128 were attributed to Phase 

2. The Phase 2 surfaces date to c. 3500-3370 cal BP (Chapter 6) and were recorded to extend 

beyond the area of the Phase 1 surfaces to cover most of the trench, indicating spatial expansion 
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of construction activities (Piper et al. 2017). The Phase 2 surfaces were poorly preserved and, in 

some areas, had been removed by later Phase 3 construction activities. Thus, as with Phase 1, 

Phase 2 deposits are not well-represented in thin section. One thin section [#13] captures a 

direct (possibly levelled) boundary between F-128 and one of the earliest constructed surfaces 

of Phase 2 [F-129] comprising a lime mortar surface of mF D1 (Figure 8.16). Thin section analysis 

of Phase 2 deposits (F-129 [#13], F-130 [#6], F-141 [#F-141]) sampled from the western side of 

the trench confirms the use of lime mortar to construct surfaces in Phase 2. A powdery white 

nugget [F-141; pH 8] recovered from within the Phase 2 sequence is identified as a by-product of 

lime preparation (mF D2; Figures 8.2i and 8.4). 

Meanwhile, at the northern end of the trench, a sequence of Phase 2 surfaces and associated 

deposits (F-131, F-132, F-134 and F-124) were captured across the thin sections [#16, #17 and 

#F-124] and identified as compacted middens containing burnt residues [mF E1] and deposits 

representing pile dwellings [mF G] (Figure 8.16). The interrelationships between the lime 

mortar surfaces F-129 and F-130 [#6 and #13] sampled from the west profile and the 

compacted deposits (F-131, F-132, F-134 and F-124) sampled from the north profile cannot be 

securely reconstructed: it is only in Phase 3 that there is available evidence to understand the 

distribution of different deposits across the trench. 

Boundary between Phase 2 and Phase 3 surfaces: Preservation of the boundary between Phase 2 

and Phase 3 differs across the trench. In the northwest part of the trench, C.110 was observed as 

a sedimentary layer representing a construction hiatus between the second and third phases of 

construction (Piper and Nguyen 2016: 17). In the southwest part of the trench, several Phase 2 

surfaces had been deliberately removed and levelled prior to Phase 3 construction, resulting in a 

truncated and discontinuous boundary (Piper and Nguyen 2016: 17). Levelling and reworking 

between Phases 2 and 3 are suggested by the open, reworked structures of mF A observed in 

[#6] and [#13]. A discontinuous boundary between Phase 2 and Phase 3 is captured in the thin 

section [#6] where the Phase 2 surface F-130 is separated by a sharp boundary with a thin 

accumulation of trampled materials prior to the construction of the Phase 3 surface F-117 

(Figure 8.10d). 

Phase 3 surfaces: Phase 3 surfaces date to c. 3430-3300 cal BP (Chapter 6). F-117 is one of the 

earliest Phase 3 surfaces in a series of more than 25 surfaces recorded during this phase (Piper 

et al. 2017). The surfaces are hard, compacted surfaces with a high calcareous content (pH ~8-9) 

that exhibit smooth, horizontal boundaries and range in thickness between c. 2-5 cm (Piper et al. 

2017). During microscopic examination, single ‘floor surfaces’ are shown to comprise several 
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layers. Some of the deposits demonstrate microarchaeological attributes of lime mortar floors, 

including F-95, F-97, F-99, F-110, F-113, F-115 and F-117 (Section 8.3.1.1). Other deposits (F-63, 

F-65, F-66, F-77, F-78, 90, F-91, F-108, F-112 and F-122) show no evidence of lime mortar or 

floor construction and are best interpreted as compacted midden deposits related to burning 

[mF E] and animal management [mF F] and sediments representing pile dwellings [mF G] 

(Figure 8.16). 

Interstratification between the different deposit types including lime mortar constructed 

surfaces [mF D], pile dwellings [mF G] and compacted midden deposits between or under 

dwellings [mFs E and F] suggest cyclicity in settlement configuration and use of space (Figure 

8.16). Understanding the precise nature of the interrelationships is complex due to differential 

preservation across the trench and evidence for levelling and reworking. Levelling and 

reworking probably led to the separation of the south and west wall sequences shown in Figure 

8.16. During excavation, clear associations were observed between several of the surfaces, 

indicating that individual surfaces once extended across the entire trench (Piper and Nguyen 

2016: 18). This is supported by micromorphological similarities observed between surfaces [F-

65 and F-91] sampled from opposite ends of the trench. Observations of boundary associations 

between surfaces and intervening sediments in thin section give insight into the cyclic changes 

in use of space over time (Section 8.3.1.4). In thin section, F-113a and b exhibit direct 

articulation of two lime mortar surfaces (Figure 8.10c), supporting the field description of F-

113b representing a repair to the original surface of F-113a (Piper and Nguyen 2016: 17). Upper 

boundaries of constructed floors [mF D] and other compacted deposits [mFs E, F and G] show 

accumulation of trampled laminations (Figures 8.10d-f) that imply floors were left exposed for 

some length of time. The constructed floors and compacted deposits are variably interspersed 

with loose dark humic occupation deposits [mF A] that are intensively reworked. Reworking is 

attributed to both biological activity and cultural redeposition processes, such as levelling of 

deposits, dumping of occupation debris or collapse of structures between periods of 

construction (Section 8.3.1.5, Figure 8.12). Overall, the microstratigraphic sequence of site 

formation reconstructed in Figure 8.16 reveals continuity in use of space during the life of the 

settlement, involving repeated episodes of lime mortar floor and pile dwelling construction, 

trampling, and waste management practices. 

Post-construction Neolithic deposits and post-Neolithic activity: The upper Neolithic deposits 

were poorly preserved and had been impacted by later post-Neolithic human activity at the site. 

No sediment samples were taken from the post-Neolithic occupation layers but field excavation 

recorded at least two phases of post-Neolithic occupation: an occupation represented by shell-
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tempered pottery; and, the final phase of occupation containing Oc Eo (early historical) material 

culture (Chapter 6; Piper et al. 2017). 

8.5. Chapter summary 

Microstratigraphic analysis of Loc Giang deposits identified eight microfacies from 134 

microstratigraphic units. Variation in microfacies were linked to five main material depositional 

processes around the settlement. These were: the preparation of lime mortar for construction; 

the accumulation of sediments underneath pile dwellings; the management of waste through 

burning and discard of specific materials; the impact of activities taking place on exposed 

surfaces around the settlement; and, the dumping of occupation debris and levelling or collapse 

of construction materials between periods of construction. The temporal patterning of human 

depositional practices was used to reconstruct a microstratigraphic sequence of site formation 

that revealed remarkable continuity in human activities and use of space across the life history 

of the site. The settlement history of Loc Giang is contextualised within wider cultural and 

environmental processes in MSEA prehistory in Chapter 10. 
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Chapter 9 
Microstratigraphic Results of Lo Gach 

In this chapter, the microstratigraphic results of the site of Lo Gach in Long An Province, 

southern Vietnam are presented. The chapter is divided into four sections. In Section 9.1, the 

main material components identified in the sediments are described. In Section 9.2, six 

microfacies identified in the Lo Gach stratigraphy are summarised. The microfacies are 

correlated to human depositional practices and natural post-depositional processes of site 

formation in Section 9.3. The chapter concludes by outlining a microstratigraphic sequence of 

site formation based on the stratigraphic patterning of microfacies to thereby reconstruct the 

life history and use of space over time at Lo Gach (Section 9.4). 

Supporting datasets of the Lo Gach microstratigraphic analyses are given in two appendices. 

Appendix K provides detailed microfacies descriptions, micromorphological recording tables 

and photomicrographs of thin sections from Lo Gach. Appendix L contains datasets collected 

using supplementary microarchaeological techniques. 

9.1. Components in the sediments 

The Lo Gach sediments are dominated by organic and biomineral components related to the 

utilisation of plants and animals by the inhabitants of the site. The components show evidence of 

anthropogenic transformations, including burning and trampling, and post-depositional 

transformations, including pedogenesis and chemical alterations (Table 9.1). The main 

anthropogenic, sedimentary and diagenetic components in the Lo Gach sediments are listed in 

Table 9.1, along with a representative photomicrograph and a summary of preservation and 

depositional history. 

Dominant components in the Lo Gach sediments are residues of burning, primarily ash and 

carbonised plant remains. The composition of ash depends on the type of fuel used (Canti 2003; 

Braadbaart et al. 2012). Two different ash types are detected: vesicular silica slags produced 

from the burning of siliceous-rich plants, such as grasses and reeds; and, calcitic ashes produced 

from the burning of woody plants rich in calcium oxalate crystals (Table 9.1). Carbonised plant 

materials are commonly associated with ashes and include wood charcoal from hardwoods and 

softwoods as well as carbonised residues of monocotyledons such as rice (Table 9.1). 
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In addition to ash and charred plant remains, other organic and biomineral components of plant 

processing and combustion activities are identified. Phytoliths mostly display bulliform 

morphologies typical of grasses, and elongate dentate morphologies of the inflorescence of 

plants (Table 9.1). Articulated siliceous plant fibres include parts of rice plants, such as husks 

and culms (Table 9.1). Decayed organic matter is identified as amorphous fine organic matter 

that is humified (red to brown (PPL), undifferentiated b-fabric (XPL)) or phosphatised (orange 

(PPL), undifferentiated b-fabric (XPL)) (Stoops 2003; Karkanas and Goldberg 2010; Stolt and 

Lindbo 2010). 

Components of animal origin include faunal bone and coprolites. Burnt bone fragments are 

common, identified based on observation of structural changes (fire-induced cracks) and colour 

changes (dark brownish-black colour in PPL, isotropic in XPL; Courty et al. 1989: 109-110; 

Villagran et al. 2017a). The arrangement of bone differs between microfacies types, ranging from 

large randomly-oriented fragments (Figure 9.7a), to finely laminated and crushed fragments 

(Figures 9.9a-b, 9.9d, 9.9g) (Table 9.1). Fragments of shell are rare. 

Coprolites are identified as distinctive aggregates exhibiting: a micromass composed of humified 

(dark reddish-brown (PPL)) amorphous fine organic material; irregular, rough edges; dark-

brown external coatings; embedded biogenic silica bodies (phytoliths from ingested plant 

material and diatoms from ingested drinking water; Shahack-Gross 2011: 207); internal 

pseudomorphic vegetal voids; and, a convolute fibrous internal structure (Table 9.1; compare to 

Courty et al. 1989; Goldberg et al. 2009; Macphail and Goldberg 2010; Shahack-Gross 2011; 

Bronnimann et al. 2017a; Bronnimann et al. 2017b). The lack of digested bone fragments 

suggests an herbivorous diet of the animals who produced the coprolites. Sheep and goat were 

not present in MSEA during this period, however low quantities of cattle remains have been 

identified in the zooarchaeological assemblage from the site (Philip Piper 2020, pers. comm., 26 

April). Due to the amorphous and phosphatised nature of the fine material, it is possible these 

are pig, dog, rodent or human coprolites, all of which have been identified from faunal remains 

recovered from the site (Tran and Piper 2018). Reference pig coprolites are characterised by 

amorphous organic material, phosphatisation, plant material, phytoliths and diatoms (Macphail 

and Goldberg 2017: 257-258), all attributes observed in the Lo Gach coprolites. The 

identification of coprolites is difficult based on visible morphological characteristics alone and 

the use of biomolecular analysis (e.g., gas chromatography) is recommended for correct 

identification (Shillito et al. 2011b: 1873).  
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Culturally modified or utilised mineral components include cultural materials composed of clay 

such as pottery, clay plastered floor surfaces and clay construction aggregates (Table 9.1, Figure 

9.8). These all exhibit similar visual and compositional properties to each other and to local clays 

collected from nearby the site (Figure 9.8c). Pottery is tempered with quartz mineral grains or 

plants (predominantly rice husks). Clay construction aggregates contain plant remains and/or 

plant pseudomorphic voids (Figure 9.8). 

Natural mineral components include detrital quartz grains and sandstone clasts (Table 9.1). 

Quartz grains are uncommon in cultural layers, appearing as intrusive components in 

biologically reworked deposits and rare lenses on exposed surfaces from incidental tramping 

and/or syn-depositional natural deposition. The only evidence for purposeful mobilisation of 

mineral grains is as sand temper in ceramics. Sandstone clasts are common in midden deposits 

and were perhaps utilised for construction materials or in tool production (e.g., grinding stones). 

Post-depositional alterations include bioturbation (Section 9.3.2.1) and extensive chemical 

alterations linked to water movement, including dissolution and recrystallisation of ashes, 

precipitation of authigenic minerals, and iron and manganese oxide impregnative pedofeatures 

(Sections 9.3.2.2-9.3.2.3) (Table 9.1). 
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Table 9.1. Description and depositional pathways of the major components in the sediments from Lo Gach. 
Components in 

thin section 
Representative 

photomicrograph 
Description Depositional pathway 

Microfacies 
present 

Clay 
construction 
aggregates 

 

Clay aggregates are rounded in shape and comprise a pale orange-brown (PPL) parallel-
striated and speckled (XPL) fine-grained fabric. They occur in secondary midden 
contexts. Three main types of clay aggregates are present. (1) Rip-ups and displaced 
aggregates of clay plaster floor surfaces. (2) Construction aggregates include two main 
types: clay-rich aggregates that show evidence of pugging, addition of plant temper, 
and/or plant pseudomorphic voids: and, fire-reddened (crimson (OIL)) clay aggregates 
(Goldberg et al. 2009; Matthews 2013; Stahlschmidt et al. 2017; heat-altered clay is 
confirmed by FTIR, Table 9.2, Appendix L). (3) Clay aggregates that do not show 
anthropogenic alterations and/or additions and are thus likely to be natural clay 
aggregates incidentally mobilised from the local environment. 

Anthropogenic discard 
of construction 
materials in secondary 
contexts; incidental 
rip-ups and 
displacement of clay 
construction materials 
and natural clay 
aggregates. 

A1, A3, B1, D2, F 

Ceramic 
fragments 

 

Ceramics occur as infrequent large, displaced fragments with random orientation in 
midden contexts [mFs A, B, D and F]. In the Bronze Age deposits (Trench 1), the 
ceramics are constructed from pale cream (PPL) local clays exhibiting similar visual 
properties to clay plastered floor surfaces and clay construction aggregates. They are 
tempered with either quartz mineral sands or plant remains (predominantly rice 
husks). In the Neolithic deposits (Trench 2), different ceramic styles are present. They 
comprise two pottery styles: heterogenous orange (PPL) matrices, unevenly fired and 
tempered with quartz sands; and, dark brownish-black (PPL) matrices with fibre 
temper (predominantly rice husks), fired in reduced conditions. The Neolithic 
petrofabrics bear similarities to pottery from Neolithic Loc Giang. 

Anthropogenic discard 
in secondary contexts 
following construction 
and use of pottery. 

A1, A3, B1, D2, F1, 
F2, F2 

Clay plastered 
surfaces 

 

Clay plastered floor surfaces occur as a distinct microfacies [mF C]. The deposits were 
recorded to extend laterally several metres across Trench 1 and show sharp upper and 
lower boundaries. The well-oriented clay domains, purity of the silty clay, and rare 
incidental anthropogenic inclusions (e.g., microscopic bone and charcoal fragments) 
suggest deliberate application of clay in a wet, plastic state to construct plastered 
surfaces (Figure 9.8; Section 9.3.1.2). Diatoms and sponge spicules are natural 
allochthonous inclusions randomly distributed in the clay fabric (Figure 9.8b). 
Dislodged aggregates and rip-ups exhibiting similar micromorphological characteristics 
of the clay plasters occur as reworked components in other microfacies, notably A3 and 
D2. In Trench 2 [mF F], displaced aggregates of clay plastered surfaces suggest levelling 
and dumping of former clay surfaces. 

Deliberate 
construction of clay 
plaster floor surfaces; 
incidental rip-ups and 
displacement of clay 
plastered aggregates; 
possible deliberate 
levelling and dumping 
of former clay 
plastered surfaces in 
secondary midden 
contexts. 

Deliberate 
surface 
construction: C 
 
Secondary 
contexts: A1, A3, 
B1, D2, F1, F2 
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Table 9.1 (cont.). Description and depositional pathways of the major components in the sediments from Lo Gach. 
Coprolites 

 

Coprolites are identified as distinctive aggregates exhibiting: a micromass composed of 
humified (dark reddish-brown (PPL)) amorphous fine organic material; irregular, rough 
outlines; dark-brown external coatings; embedded biogenic silica bodies (phytoliths from 
ingested plant material and diatoms from ingested drinking water; Shahack-Gross 2011: 
207); internal pseudomorphic vegetal voids; and, a convolute fibrous internal structure 
(compare to Courty et al. 1989; Goldberg et al. 2009; Macphail and Goldberg 2010; 
Shahack-Gross 2011; Bronnimann et al. 2017a; Bronnimann et al. 2017b). No digested 
bone fragments are observed, suggesting a herbivorous origin. Coprolites are infrequent 
waste components in midden microfacies [mFs A1, A2, A3, B1, D2, and E]. 

Inclusions in midden 
deposits; accumulation of 
coprolitic waste around 
the settlement. 

A1, A2, A3, 
B1, D2, E, F3 

Bone 
fragments 

 

Bone is common as poorly-sorted inclusions embedded in compacted midden deposits 
[mfs A1 and B1] and as loose, randomly-oriented components in porous, reworked midden 
deposits [mFs A3 and F]. Bone also occurs in laminated compacted microfacies [mFs B1, 
D1, and D2], often exhibiting structural modifications of trampling including in situ crushed 
bone fragments and microlaminated ‘stringers’ (Figures 9.7g-h and 9.9a-b; Miller et al. 
2010; Villagran et al. 2017a: 26-27). Microscopic unburnt and burnt bone fragments are 
rare incidental inclusions in clay plastered floor surfaces [mF C]. In all microfacies in which 
bone is present, burnt bone is identified based on observation of structural changes (fire-
induced splinters and cracks) and colour changes (dark brownish-black colour and outline 
in PPL and isotropic in XPL; Courty et al. 1989: 109-110; Villagran et al. 2017a). 

Anthropogenic discard 
following animal 
processing and cooking 
activities; occurs mainly 
in secondary contexts in 
midden deposits; in situ 
fragmentation from 
human and/animal 
trampling. 

A1, A2, A3, 
B1, D1, D2, 
F1, F2, F3 

Carbonised 
plant 
remains 

 

Carbonised plant residues include: dicotyledon wood species, identified based on 
observation of concentric and circular patterning of xylem vessels of hardwoods; 
softwoods, identified based on rectilinear cell structures (Canti 2017); and 
monocotyledon species, including rice husks. Carbonised plant residues are dominant 
inclusions in midden deposits containing combustion residues [mFs A1, A3, B1, B2, F1, F2, 
and F3] and frequent components in layers containing plant processing waste [mFs D1, D2 
and D3]. Arrangement in thin section varies from random chaotic arrangement indicating 
rapid midden deposition to fine, horizontally-oriented ‘stringers’ and laminations formed 
through trampling and/or hearth rake-out (Figure 9.3; Sections 9.2 and 9.3). Gradations 
from carbonised to ashed materials in mF D3 indicate in situ burning (Figure 9.5; Goldberg 
et al. 2009; Wadley et al. 2011). Microscopic charcoal is infrequently embedded in the 
clay plastered surfaces [mF C]. 

Anthropogenic 
combustion activities 
including in situ 
combustion events and 
remobilised combustion 
residues in secondary 
midden contexts; burning 
is a repetitive practice of 
site maintenance and 
waste management. 

A1, A2, A3, 
B1, B2, C, D1, 
D2, E, F1, F2, 
F3 
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Table 9.1 (cont.). Description and depositional pathways of the major components in the sediments from Lo Gach. 
Phytoliths, 
siliceous 
plant fibres, 
and rice 
husks 
 

 

Rice husks are present as articulated siliceous plant fibres and pseudomorphic impressions 
left after the decay of plant fibres. Phytoliths are very common, particularly bulliform 
morphologies typical of grassy species. Phytoliths and rice husks occur as the main 
constituents in the finely laminated deposits of mF D, formed from the discard of rice 
processing by-products (Figure 9.4). A gradation from carbonised to ashed rice husks [mF D3] 
indicates in situ combustion of waste (Figure 9.5; Section 9.3.1.1; Goldberg et al. 2009; 
Wadley et al. 2011). Phytoliths, rice husks and rice husk pseudomorphs are frequently 
embedded in midden deposits containing combustion residues [mFs A1, A2, A3, B1]. Phytoliths 
and rice husks are finely comminuted and biologically reworked to form the micromass of 
pedogenic aggregates in mF F (Figure 9.7). 

Use of plants for a variety of 
potential purposes around the 
settlement, including crop 
processing, food preparation and 
cooking, construction, bedding, 
and fuel; occurs as discarded 
waste in middens. 

A1, A2, A3, 
B1, D1, D2, 
F1, F2, F3 

Calcitic 
ashes 

 

Calcitic ash is produced by the burning of woody plants (Brochier and Thinon 2003; Canti 
2003; Canti and Brochier 2017). Calcitic ash is predominant in the compacted ash midden 
microfacies [mF A1] where it presents in various stages of preservation including: 
recrystallised and indurated calcitic matrices; decalcified isotropic (XPL) ashes; and, 
phosphatised pale orange cryptocrystalline (PPL) ashes (Figure 9.2; Karkanas et al. 2007; 
Karkanas and Goldberg 2010). Phosphatised ashes comprise the micromass of mF B (Figures 
9.3c-d and 9.3h). Infrequently, calcitic pseudomorphic ash rhombs after calcium oxalate 
crystals are preserved in anatomical position within carbonised plant tissues, indicating in situ 
combustion or limited mobilisation following burning (Villagran et al. 2017b: 27; Figure 9.2h). 

Anthropogenic combustion 
activities including in situ 
combustion events and 
remobilised combustion residues 
in secondary midden contexts; 
burning is a repetitive practice of 
site maintenance and waste 
management. 

A1, A3, B1, 
B2, D2 

Vesicular 
silica slags 

 

Silica slags are grey in PPL, white in OIL, and have vesicular morphologies. The slags are 
formed from the burning of biogenic silica (e.g., phytolith-rich plants such as reeds and 
grasses) at high temperatures exceeding 800°C (Canti 2003). Additional micromorphological 
observations indicate enrichment of phosphate, manganese and iron in the slags which 
probably occurred post-deposition (Macphail and Goldberg 2010: 600). Vesicular silica slags 
are most abundant in mF A2 where they constitute the fabric of the microfacies (Figure 9.1b). 
The slags are common components in midden deposits containing combustion residues [mfs 
A1, A3, B1 and F1, F2, F3] (Figure 9.2). 

Burning of siliceous-rich plant 
material (e.g., reeds and grasses) 
for food, fuel and/or waste 
management; anthropogenic 
discard in secondary midden 
contexts. 

A1, A2, A3, 
B1, E, F1, 
F2, F3 

Detrital 
mineral 
grains 

 

Sand-size and silt-size mineral grains are predominantly detrital quartz grains with a probable 
immediate origin in alluvial landforms nearby the site. They are uncommon inclusions in most 
anthropogenic deposits, suggesting deposition was rapid which sealed the deposits from 
natural mineral inputs (Shillito and Matthews 2013). They are common in the porous, 
biologically reworked midden microfacies of mF A3 and F, where they are intrusive 
components incorporated into the sediments through bioturbation and soil formation. Rare 
microlaminations of mineral grains represent incidental trampling and/or syn-depositional 
natural inputs on exposed surfaces (Figure 9.4b). The only evidence for purposeful 
mobilisation of mineral grains are as sand temper in ceramics. 

Use of sand to temper ceramics; 
infrequent inclusions in reworked 
secondary occupation deposits; 
incidental inclusions from 
trampling and/or syn-
depositional natural inputs on 
exposed surfaces. 

A1, A2, A3, 
B1, D1, D2, 
F1, F2, F3 
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Table 9.1 (cont.). Description and depositional pathways of the major components in the sediments from Lo Gach. 
Sandstone 
clasts 

 

Sandstone clasts are relatively frequent components in midden deposits [mFs A1, A3, B1, B2, 
D2, F1, F2, F3]. They occur in association with construction aggregates and occupation debris 
which may suggest the utilisation of sandstone as construction materials or in tool 
production (e.g., grinding stones). 

Occur in secondary 
contexts following 
incidental mobilisation 
from local environment 
and/or anthropogenic 
discard following use in 
construction or tool 
production. 

A1, A3, B1, 
B2, D2, F1, 
F2, F3 

Soil faunal 
excrements 

 

In mFs A3 and F, activity of soil fauna is responsible for the structural transformation of 
deposits into porous biological fabrics. Archaeological components are finely comminuted 
and arranged in soil peds (granules and sub-angular blocks) (Figures 9.1c, 9.1 k-m, 9.7b, 
9.7e, 9.10a-b). In other mFs [A1, A2, B1, B2, C, D1, D2] the effects of soil fauna are localised 
and occur as discrete pedofeatures, including: channel, chamber and biologically modified 
planar voids; loose discontinuous infillings of excrements in biological voids; and, 
excrements of different soil faunal species including earthworms, enchytraeids and mites 
(Figures 9.7c-d; Section 9.3.2.1; Davidson 2002, Davidson et al. 2004; Kooistra and Pulleman 
2010). Plant root remains are rare. 

Biological activity by meso- 
and macro- soil fauna; 
possible indicator of short-
term abandonment of 
localities around the site. 

A1, A2, A3, 
B1, B2, C, 
D1, D2, E, 
F1, F2, F3 

Iron and 
manganese 
pedofeatures 

 

Iron and manganese pedofeatures occur as extensive staining of the groundmass (Figures 
9.11d-e) and as coatings and hypocoatings on voids, particularly plant shrinkage and 
pseudomorphic voids (Figures 9.11d and 9.12d). Fe-Mn oxide impregnation is extensive in 
the compacted ash deposits of mF A1 and common in other microfacies [mFs B1, B2, D2 and 
F2]. In mF E, original components have undergone a complete transformation to amorphous 
organic matter, iron and manganese compounds (Figure 9.6). Iron and manganese 
precipitation forms through redoximorphic processes as a result of fluctuating wetting and 
drying cycles (Lindbo et al. 2010) and Fe-Mn oxide replacement of organics (Macphail and 
Goldberg 2010, 2017: 202, 296; Friesem and Lavi 2017; Figures 9.12c-d; Section 9.3.2.3). 

Post-depositional feature 
caused by episodes of 
water saturation and drying 
as well as the degradation 
of organic remains. 

A1, A2, A3, 
B1, B2, D2, 
E, F1, F2, F3 

Authigenic 
gypsum 
crystals 

 

Authigenic crystal intergrowths of lenticular gypsum crystals are observed as random 
crystal clusters and crescentic infillings (Figure 9.13). The in situ growth of gypsum crystals 
is a major source of stratigraphic disturbance, pushing at all angles and cleaving apart finely 
laminated lenses (Figure 9.13; Section 9.3.2.3). Authigenic gypsum growth is most intensive 
in layers composed of decayed plant materials from rice processing [mFs D1 and D2]. 
Authigenic gypsum is also present in reworked midden deposits [mF F], layers of carbonised 
plant residues [mFs B1 and B2], and clay plastered surfaces [mF C]. 

Authigenic precipitation of 
gypsum as a result of 
chemical diagenesis of 
organic and biomineral 
cultural components during 
burial. 

B1, B2, C, 
D1, D2, F1, 
F2 



Chapter 9                                                                                                                                          Microstratigraphic Results of Lo Gach 

325 

9.2. Microfacies descriptions of archaeological stratigraphy 

Microstratigraphic analysis of 33 archaeological thin sections from Lo Gach identified 91 

microstratigraphic units (MSUs) representing six microfacies (mFs). The microfacies were 

assigned alphabetical letters to distinguish them. Some microfacies were further divided into 

sub-groupings (denoted using a numerical superscript) based on slight variations in 

depositional and post-depositional pathways. The microfacies groups are described in detail in 

Appendix K, using information integrated from micromorphology and supplementary 

compositional analyses (FTIR, XRD, particle size and phytolith concentrations). Here, 

microfacies are described as succinctly as possible because emphasis in this chapter is placed on 

linking the different microfacies to human and natural depositional processes (Section 9.3). 

Percentages provided in round parentheses refer to the amount of a given component as a 

proportion of the total area of the MSU. Square parentheses indicate the respective MSU under 

observation. Representative photomicrographs of each microfacies are shown in Figure 9.1. An 

inventory of microfacies types is given in Table 9.2, with each microfacies type accompanied by 

a summary of its main micromorphological characteristics, mineralogical composition and a list 

of thin sections in which the microfacies occurs. 

Microfacies A 

mF A has a dominant composition of plant ashes and is subdivided into three variants: mFs A1, 

A2, A3. mF A1 (Figures 9.1a and 9.2) is the most common presentation of mF A and has a massive, 

compacted microstructure composed of creamy grey (PPL), crystallitic (XPL) microcrystalline 

calcitic crystals of plant ashes (Figure 9.1a). Differential ash preservation includes: preserved 

calcitic ash rhombs (Figure 9.2h); indurated, recrystallised calcitic matrices (Figure 9.2c); pale 

orange (PPL), isotropic (XPL) phosphatised micromasses (Figures 9.2d and 9.2f); and, 

decalcified (XPL) matrices heavily stained with iron and manganese oxides (Figures 9.11d-e). 

Embedded in the compacted, structureless matrix are unsorted and randomly-oriented 

carbonised plant remains (5-15%), vesicular silica slags (2-15%), phytoliths (1-10%, including 

rice husks), bone fragments (2%, variably burnt), rubified clay aggregates (2-10%), pottery 

sherds (2%) and coprolites (2-10%) (Figure 9.2). Phytolith concentrations in mF A1 were 

moderate to elevated (194,000-2,411,000/g sediment) and FTIR analyses revealed a 

mineralogical composition of altered (heated) clay, quartz, calcite, aragonite, opal, and carbonate 

hydroxyapatite (Table 9.2, Appendix L). Fe-Mn oxide dendritic, typic and irregular precipitation 

in the form of hypocoatings on voids, precipitation of the groundmass, and replacement of 

organic matter (Figures 9.11d-e) is intensive. 
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mF A2 (Figure 9.1b) is composed of ashes from phytolith-rich plants (e.g., grasses or reeds). The 

plants were uniformly exposed to temperatures above 800°C, inducing vitrification that 

produced a vesicular and spongey grey (PPL), white (OIL), isotropic (XPL) fabric (Figure 9.1b; 

opal and glass composition confirmed by FTIR, Table 9.2, Appendix L). 

mF A3 (Figure 9.1c) is a post-depositional variant of mF A1. The composition is the same but the 

structure has been transformed into a granular, pellety biological fabric that has high porosity 

(20-40%) consisting predominantly of biological channels and packing voids. Components are 

comminuted and reworked into excremental crumbs and microaggregates (Figures 9.1c, 9.10a-

b). 

Microfacies B 

The distinctive attribute of mF B is the dominance of carbonised plant residues. Two subvariants 

are detected. mF B1 (Figure 9.1d) consists of concentrations of carbonised plant fragments (30-

40%; hardwood, softwood and monocotyledon species including rice (Figures 9.3g-h)) 

embedded in a micromass of phosphatised ashes (cryptocrystalline orange (PPL), isotropic 

(XPL)). The microstructure is massive and compact, and fabric arrangements range from chaotic 

and randomly-oriented (Figure 9.3c) to horizontally-oriented, fine laminations (Figure 9.1d) 

with embedded ‘stringers’ and in situ crushing of inclusions (Figures 9.3e-f). Other components 

include: articulated phytoliths and siliceous plant fibres (2-5%; opal identified in FTIR spectra, 

Table 9.2, Appendix L); vesicular silica slags (2-5%); calcitic ash rhombs (1-5%); bone fragments 

(1-5%); pottery fragments (2-10%); clay construction aggregates (1-10%); rubified clay 

aggregates (2%; altered (heated) clay identified in FTIR spectra, Table 9.2, Appendix L); and, 

amorphous organic matter (2-10%), often arranged in horizontal lenses. Fe-Mn oxide 

precipitation comprises precipitation of the micromass and replacement of plant tissues; 

authigenic gypsum precipitates in lenticular crystal intergrowths (gypsum confirmed by FTIR, 

Table 9.2, Appendix L); and, localised bioturbation features include comminuted materials, soil 

faunal excrements and biological voids. 

mF B2 (Figure 9.1e) comprises large fragments of charcoal that are horizontally-oriented and 

continuous across the thin section. MSUs of mF B2 vary in thickness between 2 and 18 mm. Rare 

fine material consisting of phosphatised fine material, clays and secondary iron infills internal 

voids within the charcoal fragments.  
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Microfacies C  

mF C (Figure 9.1f) is a distinctive microfacies due to its homogeneity, fine-grained composition, 

and absence of combustion residues. The fine material comprises pale cream (PPL) silty clay 

with well-oriented clay domains (XPL) (Figures 9.8a-b). XRD and FTIR analyses identified a 

dominant mineralogical composition of clays, and FTIR and visual micromorphological 

properties (absence of reddening) indicates that the clays are not burnt (Table 9.2, Appendix L). 

mF C has a massive and platy microstructure (Figure 9.8a) and contains embedded coarse 

inclusions that are horizontally-oriented (Figures 9.8c-d). Natural inclusions include diatoms 

and sponge spicules (5%) and well-sorted quartz silts and fine sands (2%). Infrequent 

anthropogenic components comprise well-sorted microscopic fragments of charcoal (2%), burnt 

and unburnt bone (2%) and phytoliths (Figure 9.8b). Phytolith extraction revealed elevated 

diatom (982,000-4,106,000/g sediment) and moderate phytolith (491,000-1,016,000/g 

sediment) concentrations, and particle size analysis established a texture of fine silt (Table 9.2, 

Appendix L). MSUs of mF C are 1-2 cm in thickness and have sharp and horizontal boundaries, 

with dislodged aggregates occurring along the upper boundaries. In two MSUs [H1_9.3, H2_2.2], 

this microfacies presents in disaggregated form consisting of sub-angular fragments dispersed 

across zones in the thin section. Biological channels infilled with excremental microaggregates 

and authigenic gypsum intergrowths of lenticular crystal clusters break apart the compacted 

fabric. 

Microfacies D 

mF D (Figure 9.1g) consists of fine laminations of articulated phytoliths and silicified plant fibres 

in sub-horizontal to undulating, compacted and interbedded arrangements (Figures 9.1g, 9.4a-b 

and 9.9e-f). The abundance of phytoliths confer an overall isotropic (XPL) aspect to mF D 

(Figures 9.1g and 9.4). The dominant identifiable components are parts of rice plants, including 

mostly husks and some culms (Cristina Castillo 2018, pers. comm., 22 November). mF D1 almost 

exclusively contains silicified plant materials (FTIR analyses returned spectra dominated by 

phytoliths, and phytolith concentration counts reported elevated phytolith values (2,257,000/g 

sediment), Table 9.2, Appendix L). mF D2 is differentiated from mF D1 based on inclusions such 

as charcoal (5-15%) and bone (1-10%) that exhibit in situ crushing and ‘stringers’ embedded 

between the phytolith laminations (Figures 9.1h, 9.4c and 9.9a-d). Bioturbation, indicated by 

biological voids and comminution of plant residues (Figure 9.10d), and gypsum neoformation 

(Figures 9.13a-b; confirmed by FTIR, Table 9.2, Appendix L) cleave apart the finely laminated, 

compacted microstructure of mFs D1 and D2. 
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mF D3 (Figure 9.1i) sediments are composed of phytolith-rich plant remains that show a 

microstratigraphic gradation in colour from pale cream (ashed) through to grey and black 

(carbonised). The plant residues in mF D3 retain the compacted and finely laminated structure 

characteristic of mF D and rice husks are the dominant identifiable plant components. 

Microfacies E 

mF E is distinctive based on the amorphous and opaque dark reddish brown to black (PPL), 

isotropic (XPL) visual properties (Figures 9.1j and 9.6e). Iron and manganese oxides and 

amorphous fine organic material have replaced most of the original material of the microfacies. 

mF E has a massive and vughy microstructure. Localised zones preserve relict microlaminated 

structures (Figures 9.6a-b), however the general aspect of mF E is one of homogeneity and 

mixture (Figures 9.6c-d). Low porosity (5-10%) includes vughs (1-5%, irregular and star-

shaped), vesicles (1-3%), planar voids (1-2%) and plant pseudomorphic and shrinkage voids (1-

2%) (Figures 9.6c-d). Distinctive coarse components (2-10%) comprise irregularly shaped 

aggregates containing articulating colonies and dense concentrations of sponge spicules and 

diatoms, suggesting in situ formation (Figures 9.1j and 9.6f; Luc Vrydaghs 2020, pers. comm., 

18th February). This hypothesis is supported by extremely elevated diatom concentrations 

(17,202,000/g sediment) following phytolith extraction (Table 9.2, Appendix L). Other coarse 

components include carbonised plant residues (10%), vesicular silica slags (2-10%), rubified 

clays (2-5%), coprolites (2-5%) and silicified plant structures including rice husks (2%). 

Microfacies F 

mF F (Figures 9.1k-l) consists of massive, channel, sub-angular blocky and, locally, biological 

granular microstructures (Figures 9.7b and 9.7e). Anthropogenic components include charcoal, 

bone, rice husks, vesicular silica slags, phytoliths, pottery and clay plaster fragments. The 

components are chaotically arranged and unsorted, ranging from microscopic particles 

embedded in the micromass to large fragments up to 4.5 cm. Three variants of mF F are 

identified based on the nature of the fine material and embedded coarse inclusions. All three 

variants of mF F show high concentrations of phytoliths and silicified plant residues which, 

along with bone and charcoal fragments, have been finely comminuted and reorganised into soil 

peds (Figures 9.1k-m and 9.7b-e). Moderate to elevated phytolith concentrations (264,000-

2,426,000/g sediment) are reported from phytolith extraction. A mineralogical composition of 

altered (heated) clay, unaltered clay, quartz, carbonate hydroxyapatite, and opal is revealed 

through FTIR (Table 9.2, Appendix L). The distinguishing feature of mF1 is the high 

concentrations of microscopic charcoal embedded in the micromass, giving a grey (PPL) aspect 
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to the fine material (Figures 9.1k and 9.7d). mF F2 is distinguished by a dotted, dark brown (PPL) 

micromass composed of amorphous fine organic matter, Fe impregnation and high 

concentrations of burnt and unburnt bone fragments (Figures 9.1l and 9.7b-c). mF F3 (Figure 

9.1m) is characterised by a pale cream (PPL) micromass with a composition of rice husks, 

phytoliths and abundant small, rounded and weathered bone fragments (Figures 9.1m, 9.7e and 

9.7h) and phosphatic features (Figures 9.12i-j). At MSU interfaces [e.g., MSUs H2_5.1-5.2 and 

H2_6.1-6.2] large, horizontally-oriented bone fragments exhibit in situ crushing (Figures 9.7g-h). 

Biological pedofeatures observed in mF F include: biological voids and associated fabric packing 

around void walls (Figure 9.10e); root sections; comminution and redistribution of 

anthropogenic components into soil peds (Figures 9.7 and 9.10f); and, void infillings of 

excremental crumbs and aggregates (Figures 9.10e-f).  Authigenic gypsum precipitated as 

random clusters and crescentic infillings of lenticular crystals (Figure 9.13c).
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Figure 9.1. Photomicrographs of the microfacies identified from the Lo Gach microstratigraphic analyses. (a) mF A1: massive 
deposit of weathered and recrystallised calcitic plant ashes that are post-depositionally impregnated with Fe-Mn oxide 
dendrites. (b) mF A2: vitrified silica slags, conferring a vesicular structure to the deposit. (c) mF A3: a post-depositional 
variant of mF A1, comprising a biological granular structure of excremental aggregates and finely comminuted combustion 
residues. (d) mF B1: massive phosphatised ashes and an abundance of carbonised plant remains, often organised in 
horizontally-oriented, parallel arrangements. (e) mF B2: Large fragments of horizontally-oriented wood charcoal, comprising 
a laterally continuous microlayer.
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Figure 9.1 (cont.). Photomicrographs of the microfacies identified from the Lo Gach microstratigraphic analyses. (f) mF C: 
massive, homogenous deposit of well-oriented silty clays. (g) mF D1: articulated phytoliths and silicified plant fibres, 
predominantly rice husks, in anatomical connection and arranged in a laminated microstructure. (h) mF D2: variant of mF D1 
that contains a similar laminated structure and dominance of articulated phytoliths, with the additional presence of 
horizontally-oriented bone and charcoal fragments and lenses of amorphous organic matter embedded between the 
phytolith laminations. (i) mF D3: variant of mF D1, showing a microstratigraphic gradation in colour from pale grey (ashed) 
through to black (carbonised). (j) mF E: massive deposit of amorphous and opaque dark reddish brown to black (PPL) fine 
material containing amorphous organic matter, iron and manganese oxides, and articulating and overlapping diatoms and 
sponge spicules. 
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Figure 9.1 (cont.). Photomicrographs of the microfacies identified from the Lo Gach microstratigraphic analyses. (k)-(m) mF 
F: biological peds containing finely comminuted and well-homogenised anthropogenic inclusions. Three subtypes, mFs F1, F2 
and F3, are distinguished. (k) Groundmass of mF F1: pale grey (PPL) fine material containing high concentrations of charcoal, 
phytoliths, and silicified plant remains including rice husks. (l) Groundmass of mF F2: dotted dark brown (PPL) amorphous 
fine organic matter with high concentrations of embedded bone fragments as well as phytoliths. (m) Groundmass of mF F3: 
pale cream (PPL) fine material containing high concentrations of rice husks, phytoliths and small, rounded and weathered 
bone fragments. 
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Table 9.2. Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. Numbers in superscript following mF letters 
denote different subgroups of the microfacies. Percentages provided in round parentheses refer to the amount of a given component as a proportion of the total area of the MSU. Square 
parentheses indicate the respective MSU under observation. The coarse-to-fine (C/F) limit is set at 10 µm. Minerals identified by FTIR are listed in order of abundance. Refer to Appendix K for 
micromorphology tables of individual thin sections and Appendix L for supplementary geoarchaeological data. 

mF Summary of micromorphological attributes 
Thin 

sections/ 
MSUs 

Supplementary 
microarchaeologi

cal data 

Interpretation of depositional 
history 

Representa
tive photo-
micrograph 
(Figure 9.1) 

A A1 

Thickness: 8->65 mm. Boundaries: Variable, predominantly sharp and horizontal. Ranges from knife-
sharp and undulating showing deformations and compression of fabric from surface trampling, to 
diffuse and biologically reworked. 
Microstructure: Massive to occasionally vughy, sub-angular blocky and platy. Mostly apedal. Voids: 5-
15%: Vughs (1-10%); Channels and chambers (2-5%); Planar and biologically modified planar voids (1-
5%); Plant shrinkage voids (1-5%); Vesicles (1-3%). 
Coarse/Fine: C/F ratio: 30:70 to 15:85. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Creamy grey (PPL), white (OIL) microcrystalline calcitic crystals 
of plant ashes and recrystallised calcitic masses, containing microcharcoal, phytoliths and amorphous 
fine organic matter. The fine material is phosphatised and impregnated with Fe-Mn oxides. B-fabric: 
Crystallitic to undifferentiated.  
Coarse components: Mineral: Quartz (1-5%, 50-600 µm). Biomineral: Calcitic ashes (5-30%, comprises 
micromass, variably preserved, ranging from recrystallised masses and dispersed crystals in 
groundmass to preserved calcitic ash rhombs in anatomical position within the carbonised plant 
tissues); Carbonised plant remains (5-15%, microcharcoal to 2.2 cm, random orientation, unsorted, 
variably impregnated to partially replaced by Fe-Mn oxides); Vesicular silica slags (2-15%); Phytoliths 
and silicified plant residues (1-10%, including rice husks); Bone (2%, burnt and unburnt bone, showing 
dissolution around edges). Organic: Amorphous organic matter (2%, fibrous orange-red to dark brown 
(PPL) plant tissues and dotted fine material, degraded and impregnated with Fe); Coprolites (2-10%, 
reddish brown to brownish-grey (PPL), amorphous fibrous organic composition, internal plant 
pseudomorphic voids, <9000 µm). Anthropogenic: Rubified clay aggregates (2-10%, 80-9000 µm, 
orange to pink-purple (PPL) crimson (OIL)); Pottery (2%, predominantly rice-temper, <8500 µm); Clay 
construction aggregates (2%, 4000 µm).  
Pedofeatures: Crystalline: Recrystallised calcite forms secondary microcrystalline precipitation in the 
micromass (comprises main constituent of micromass; includes dispersed crystals, crystal clusters, 
dense masses and coatings on voids); Authigenic gypsum (2-5%, random clusters of lenticular crystals). 
Amorphous and cryptocrystalline: Phosphatisation of the micromass (pale orange cryptocrystalline 
(PPL) isotropic (XPL)); Extensive Fe-Mn oxide impregnation (includes incipient nodule formation and 
mottling of the groundmass (irregular, dendritic and typic), hypocoatings on voids, and hypocoatings 
on and replacement of organic matter). Excrement: Finely comminuted combustion residues and 
excremental microaggregates and crumbs infilling biological voids (2-5%). 

H1_1.2, 
H1_2.3, 
H1_2.8, 
H1_3.5, 
H1_3.7, 
H1_3.9, 
H1_4.4, 
H1_5.1, 
H1_5.6, 
H1_6.2, 
H1_6.4, 
H1_8.3, 
H1_9.2, 
H1_11, 
H1_13.2, 
F1-32, F1-
85(1), F1-
85(2), F1-
91.2, F1-
141, F3-6, 
F3-11, F3-
11-2a.1-4, 
F3-11-
2b.1-6 

FTIR: altered 
(heated) clay, 
quartz, calcite, 
aragonite, opal, 
and carbonate 
hydroxyapatite. 
Phytolith 
concentrations 
[MSUs H1_1.2, 
H1_2.8, H1_5.1, 
H1_8.3, F1-32, 
F1-91, F1-141, F3-
11-1, F3-11-2]: 
194,000-
2,411,000/g 
sediment. 
Diatom 
concentrations 
[MSUs H1_1.2, 
H1_2.8, H1_5.1, 
H1_8.3, F1-32, 
F1-91, F1-141, F3-
11-1, F3-11-2]: 0-
3,335,000/g 
sediment. 

Deposit containing ashed 
combustion residues (calcitic 
ashes) from the high temperature 
burning of woody plants. 
Additional inclusions are charcoal; 
phytoliths and vitrified phytolith 
slags; and, infrequent pottery 
sherds, clay construction materials 
and coprolites. The deposit was 
compacted by post-depositional 
water saturation and possibly 
trampling. The calcitic ashes form 
recrystallised masses that are 
phosphatised and impregnated 
with iron and manganese, attesting 
to the post-depositional effects of 
water. Subsequent dry conditions 
are indicated by bioturbation, the 
formation of planar cracks, and the 
precipitation of neoformed calcite, 
phosphate, gypsum, iron and 
manganese. Due to the massive, 
unsorted fabric arrangements and 
lack of evidence for in situ burning, 
the residues were probably 
mobilised from the place of 
combustion and redeposited in a 
secondary midden context.  

9.1a 
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Table 9.2 (cont.). Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

 A2 

Thickness: 14mm. Boundaries: Gradual, horizontal. 
Microstructure: Vesicular and spongy. Voids: 30%: Vesicles (20%); Packing voids (5%); Vughs (5%). 
Coarse/Fine: C/F ratio: 80:20. C/F related distribution: Enaulic. 
Fine material: Colour and composition: Cloudy to opaque grey (PPL), bright white (OIL), vitrified silica 
(melted phytoliths). Occasional microcrystalline calcite from calcitic plant ashes. B-fabric: Undifferentiated. 
Occasionally weakly crystallitic. 
Coarse components: Mineral: Quartz (1%, 70-300 µm). Biomineral: Vesicular silica slags (50%, comprises the 
fabric of the microfacies). 
Pedofeatures: Crystalline: Recrystallised microcrystalline calcitic crystals in the micromass (2%). Amorphous 
and cryptocrystalline: Fe-Mn oxide staining of vesicular silica slags (2-5%; irregular, dendritic and aggregate); 
Phosphatic nodule (1%, 1000 µm, limpid pale yellow-orange (PPL) yellow-green (OIL) isotropic (XPL), 
rounded). Excrement: Excremental microaggregates and crumbs (10%). 

H1_6.3, 
H1_11 

FTIR: opal, glass 
(vitrified biogenic 
silica), and 
calcite. 
Phytolith 
concentrations 
[MSU H1_6.3]: 
136,000/g 
sediment. No 
diatoms. 

Deposit comprised of ashed 
combustion residues (vitrified 
phytolith slags) from the high 
temperature (>800°C) burning 
of phytolith-rich plants (e.g., 
grasses and/or reeds). The 
microfacies experienced wet 
(calcitic and Fe-Mn oxide 
dissolution and reprecipitation) 
and dry (bioturbation) post-
burial conditions. 

9.1b 

A A3 

Thickness: 5-55 mm. Boundaries: Variable, sharp and horizontal to undulating and biologically reworked. 
Microstructure: Granular. Aggregates: Crumbs and microaggregates comprised of heterogenous combustion 
residues. Few sub-angular blocks containing compacted massive fabrics. Voids: 20-40%:  Complex packing 
voids (10-30%); Channels (5-15%); Planar and biologically modified planar voids (3-6%); Vughs (2-5%); Plant 
shrinkage voids (2%). 
Coarse/Fine: C/F ratio: 60:40 to 30:70. C/F related distribution: Enaulic to porphyric. 
Fine material: Colour and composition: Cryptocrystalline creamy grey to orange (PPL), white, yellow and 
brown (OIL) phosphatised calcitic plant ashes containing microcharcoal, amorphous fine organic matter, 
phytoliths and Fe-Mn oxide impregnation. B-fabric: Undifferentiated to crystallitic. 
Coarse components: Mineral: Quartz (1-5%, 50-1000 µm); Sandstone clasts (1-5%, <3400 µm). Biomineral: 
Carbonised plant remains (2-20%, <1.7 cm, wood charcoal and rice husks); Vesicular silica slags (5-15%); 
Phytoliths and silicified plant fibres (5-10%, including rice husks); Microcrystalline calcitic crystals derived 
from wood ashes (5-10%, dispersed in groundmass and articulated within carbonised plant structures); Bone 
(1-2%, <2400 µm). Organic: Amorphous organic matter (2%, fibrous degraded plant tissues, reddish-brown 
(PPL), variably impregnated by Fe); Coprolite (2%, brown (PPL) organic fibrous composition, internal plant 
pseudomorphic voids, < 1 cm). Anthropogenic: Clay plaster fragments (2-5%, <5000 µm, internal fabric 
matches mF C); Pottery (5-10%, two types: fibre temper (rice husk), <1.8 cm; quartz and feldspar mineral 
sand temper, <2.2 cm). 
Pedofeatures: Crystalline: Recrystallised calcite forms secondary micritic precipitation in the micromass (5%, 
includes dispersed crystals, micritic clusters and dense masses); Authigenic gypsum (2-5%, random clusters 
of lenticular crystals). Amorphous and cryptocrystalline: Phosphatisation of the micromass (pale orange 
cryptocrystalline (PPL) isotropic (XPL)); Fe-Mn oxide impregnative features (precipitation of the micromass 
(irregular, dendritic and typic); hypocoatings on voids, components and aggregates; and, impregnation and 
replacement of organic matter. Excrement: Excremental microaggregates and crumbs containing 
comminuted combustion residues (comprises main constituent of unit). 

H1_2.1, 
H1_2.4, 
H1_2.7, 
H1_4.7, 
H1_4.9, 
H1_5.2, 
H1_7.1, 
H1_8.2, 
H1_9.1, 
H1_12, 
H1_13.1, 
H1_13.3 

FTIR: opal, 
calcite, altered 
(heated) clay, and 
carbonate 
hydroxyapatite. 
Phytolith 
concentrations 
[MSUs H1_2.1 
and H1_12]: 0-
613,000/g 
sediment. No 
diatoms. 

Deposit containing combustion 
residues (predominantly 
calcitic ashes, vitrified phytolith 
slags and charcoal) from the 
burning of woody and grassy 
plants. Other inclusions include 
pottery sherds, displaced clay 
plaster fragments, pottery, and 
detrital mineral grains. The 
deposit subsequently 
experienced bioturbation 
during stable, undisturbed 
burial conditions. Chemical 
diagenesis of combustion 
residues includes 
phosphatisation, dissolution of 
calcitic ashes, precipitation of 
authigenic gypsum, and iron 
and manganese impregnation. 

9.1c 
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Table 9.2 (cont.). Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

B B1 

Thickness: 5-40 mm. Boundaries: Variable, ranging from sharp and horizontal to mixed and biologically 
reworked. Often undulating and compressed from surface pressure. 
Microstructure: Massive and apedal. Components are predominantly arranged in compacted, fine laminations 
that are horizontal to undulating; however, fabric arrangements vary to mixed and convoluted fabrics in which 
components show random/oblique orientation. Voids: 5-15%: Planar and biologically modified planar voids (2-
8%); Channels and chambers (2-8%); Vughs (1-5%); Plant shrinkage voids (2-3%). 
Coarse/Fine: C/F ratio: 50:50 to 60:40. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Cryptocrystalline orange (PPL), yellow to brown (OIL) phosphatised fine 
material containing microcrystalline calcitic crystals of plant ashes, phytoliths, amorphous fine organic matter, 
microcharcoal and Fe-Mn precipitation. B-fabric: Undifferentiated to weakly crystallitic. 
Coarse components: Mineral: Sandstone clasts (2-10%, <1.8 cm); Quartz (1-10%, 50-800 µm). Biomineral: 
Carbonised plant residues (30-40%; hardwoods, softwoods, and monocotyledons including carbonised rice 
husks; microcharcoal to 1 cm; predominantly (sub-)horizontally-oriented, occasionally chaotic and random;  
‘stringers’ and in situ crushing); Articulated phytoliths and silicified plant residues (2-5%, horizontally-oriented 
and interbedded); Vesicular silica slags (2-5%); Calcitic ash rhombs (2%, dispersed in micromass as well as 
preserved in anatomical position within carbonised plant structures and in horizontally-oriented lenses); Bone 
(1-5%, <3500 µm, weathered, horizontally-oriented and arranged in ‘stringers’, occasionally showing in situ 
crushing). Organic: Amorphous organic matter (2-10%, dotted fine material and horizontally-oriented lenses and 
‘stringers’). Anthropogenic: Pottery (2-10%, <2.2 cm, rice husk temper); Clay construction aggregates (1-10%, 
<1.1 cm); Rubified clay aggregates (2%, 300-1400 µm). 
Pedofeatures: Crystalline: Authigenic gypsum (2-5%, random clusters of lenticular crystals). Amorphous and 
cryptocrystalline: Widespread phosphatisation (cryptocrystalline orange (PPL), isotropic (XPL)) of the micromass; 
Fe-Mn precipitation of the micromass and replacement of organic matter (5-20%). Excrement: Finely 
comminuted organic material and excremental aggregates infilling biological voids (2-10%). 

H1_2.6, 
H1_3.4, 
H1_3.6, 
H1_3.8, 
H1_4.3, 
H1_4.5, 
H1_5.3, 
H1_5.5, 
H1_6.1, 
H1_6.7, 
H1_7.2 

FTIR: altered 
(heated) clay, 
unaltered clay 
(especially 
kaolinite), 
quartz, opal, 
and gypsum.  
Phytolith 
concentrations 
[MSU H1_5.5]: 
147,000/g 
sediment. 
Diatom 
concentrations 
[MSU H1_5.5]: 
206,000/g 
sediment. 

Combustion residues 
dominated by carbonised plant 
residues from the burning of 
woody plants. Other inclusions 
are phytoliths and vitrified 
phytolith slags, calcitic wood 
ashes, bone fragments and 
pottery sherds. The lack of 
evidence for in situ burning 
suggests the residues have 
been mobilised to a secondary 
location such as a midden. The 
finely laminated, compacted 
microstructures indicate that 
the deposit experienced 
surface trampling. Chemical 
diagenesis of organic remains 
includes phosphatisation, 
authigenic gypsum 
precipitation and Fe-Mn 
precipitation. The microfacies 
has also been locally reworked 
by bioturbation. 

9.1d 

B B2 

Thickness: 2.5-18 mm. Boundaries: Sharp and horizontal. 
Microstructure: Large fragments of wood charcoal, horizontally-oriented and continuous across the width of the 
thin section. Voids: 10%: Internal planar voids within wood charcoal (5-10%, shrinkage voids from burning 
and/or desiccation); Internal structural vessels within wood charcoal (1-5%). 
Coarse/Fine: C/F ratio: 70:30 to 98:2. C/F related distribution: Enaulic and porphyric. 
Fine material: Colour and composition: Cryptocrystalline pale cream to orange (PPL), dull yellow-brown (OIL) 
phosphatised fine material infilling internal charcoal voids and containing calcitic plant ashes, occasional 
phytoliths and Fe precipitation. B-fabric: Undifferentiated to weakly crystallitic. 
Coarse components: Mineral: Quartz (1%, 100-300 µm). Biomineral: Wood charcoal (70-90%, comprises main 
constituent of microfacies, horizontally-oriented and continuous across the width of thin section, <45 mm); 
Carbonised monocotyledon plant fragments (MSU H1_6.5: 20%, predominantly rice husks) 
Pedofeatures: Crystalline: Authigenic gypsum (5%, random clusters of lenticular crystals). Amorphous and 
cryptocrystalline: Phosphatisation (cryptocrystalline orange (PPL), isotropic (XPL)) of the fine material; Diffuse Fe 
impregnation of the fine material. Excrement: Comminuted charcoal and excremental microaggregates (2%). 

H1_1.1, 
H1_1.6, 
H1_3.1, 
H1_6.6 

FTIR: altered 
(heated) clay, 
quartz, and 
charcoal.  
Phytolith 
concentrations 
[MSU H1_6.6]: 
279,000/g 
sediment. No 
diatoms. 

Microlayer of large, 
horizontally-oriented 
fragments of charcoal 
representing the discard of 
combustion residues or an in 
situ conflagration event. 
Bioturbation and authigenic 
gypsum precipitation indicates 
degradation of combusted 
organic matter during dry 
periods of burial. 

9.1e 
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Table 9.2 (cont.). Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

C 

Thickness: 5-18 cm. Boundaries: Sharp and horizontal to sub-horizontal, but fragmented and 
platy. Upper boundaries of MSUs H1_1.3 and H1_3.3 are marked by Fe-Mn oxide precipitation. 
Microstructure: Massive and platy. Components show dominant horizontal orientation. In two 
MSUs [H1_9.3 and H2_2.2] the fabric comprises disaggregated sub-angular blocky fragments. 
Voids: 15%: Planar and biologically modified planar voids (10%); Channels (3%); Vesicles and 
Vughs (5%). 
Coarse/Fine: C/F ratio: 10:90. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale cream (PPL) clay containing biogenic silica 
(diatoms, sponge spicules and phytoliths). B-fabric: Parallel-striated. 
Coarse components: Mineral: Quartz (2%, 20-300 µm, horizontally-oriented). Biomineral: 
Diatoms and sponge spicules (5%, horizontally-oriented, 20-100 µm); Charcoal (2%, 20-180 µm, 
horizontally-oriented); Bone (2%, 50-280 µm, horizontally-oriented, burnt and unburnt bone); 
Phytoliths (1%, horizontally-oriented). Organic: Amorphous fine organic matter (1%). 
Pedofeatures: Crystalline: Authigenic gypsum (5-10%, random clusters of lenticular crystals). 
Amorphous and Cryptocrystalline: Fe-Mn oxide impregnative features, including hypocoatings 
along the upper boundary and along planar voids. Excrement: Comminuted fabric of mF C and 
excremental microaggregates infilling biological voids (2-5%). 

H1_1.3, 
H1_3.3, 
H1_9.3, 
H2_2.2 

FTIR: unaltered clay 
(especially kaolinite), and 
quartz. 
Phytolith concentrations 
[C.103 bulk sample; MSUs 
H1_1.3 and H1_9.3]: 
491,000-1,016,000/g 
sediment. 
Diatom concentrations 
[C.103 bulk sample; MSUs 
H1_1.3 and H1_9.3]: 
982,000-4,106,000/g 
sediment. 
XRD [MSU H1_1.3]: clays 
(kaolinite, illite and/or 
muscovite, smectite, 
chlorite), quartz and 
potassium feldspar. 
Particle size analysis [C.103 
bulk sample]: texture: silt 
(6.72% clay; 90.17% silt; 
3.11% sand). 

Clay plastered floor surface. The clays 
were sourced from local diatom-rich 
alluvial or swampy environments 
(indicated by high concentrations of 
diatoms) and were worked into a wet, 
plastic-like consistency (indicated by 
well-oriented clay domains and 
horizontal orientation of inclusions). 
Disaggregation and the network of 
planar voids along the upper surface 
could have resulted from trampling or 
possibly sweeping. Extensive Fe-Mn 
oxide impregnation along the upper 
boundary denotes wetting during a 
period of exposure of the surface. 
Reestablishment of dry conditions are 
indicated by: precipitation of authigenic 
gypsum; bioturbation; and, precipitation 
of Fe-Mn oxides. Disaggregated 
fragments of clay plasters in some MSUs 
[H1_9.3 and H2_2.2] indicate 
demolishing and dumping activities. 

9.1f 

D D1 

Thickness: 5-8 mm. Boundaries: Sharp and horizontal to undulating, appears compressed from 
surface pressure. 
Microstructure: Microlaminations of compacted, horizontally-oriented to undulating 
articulated phytoliths and silicified plant remains. Voids: 5-10%: Vughs (3-5%); Channels (2-5%). 
Coarse/Fine: C/F ratio: 95:5. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale cream limpid and cryptocrystalline (PPL), white 
(OIL) silicified fine material. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (2-5%, 50-400 μm). Biomineral: Articulated phytoliths and 
silicified remains of plants (80%, including rice husks and rice culms, horizontally-oriented and 
interbedded); Charcoal (2%, microcharcoal to 2000 μm, ‘stringers’ and in situ breakage, 
horizontal orientation, interbedded between the phytoliths); Bone (2%, 200-2500 μm, in situ 
breakage, horizontal orientation, interbedded between the phytoliths). Organic: Amorphous 
fine organic matter (1%, arranged in horizontal lenses interbedded between the phytoliths). 
Pedofeatures: Crystalline: Authigenic gypsum (2-10%, random clusters of lenticular crystals). 
Excrement: Excremental microaggregate infillings in biological voids (2%). 

H1_4.1, 
H1_4.6 

FTIR: opal, gypsum and 
carbonate hydroxyapatite. 

Decay of plant remains in situ, producing 
horizontally-oriented phytoliths and 
silicified plant fibres in anatomical 
connection. The plant remains derive 
predominantly from rice plants, 
indicating the major formation activity 
was the discard of rice processing waste. 
mF D1 subsequently experienced 
intensive trampling, producing a finely 
laminated, compacted and undulating 
microstructure. Following deposition, 
bioturbation and gypsum neoformation 
locally obscure the microlaminated 
structure. 

9.1g 
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Table 9.2 (cont.). Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

 

D2 

Thickness: 5-65 mm. Boundaries: Sharp and horizontal to undulating, appears compressed from surface 
pressure. 
Microstructure: Microlaminations of compacted, horizontally-oriented to undulating articulated phytoliths 
and silicified plant remains, interbedded with ‘stringers’ and fine laminations of heterogeneous materials. 
Voids: 5-15%: Channels and chambers (2-13%); Vughs (1-5%); Plant shrinkage voids (1-3%). 
Coarse/Fine: C/F ratio: 85:15. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale cream limpid and cryptocrystalline (PPL), white (OIL) silicified 
fine material; dotted brown (PPL and OIL) amorphous fine organic matter. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (2-10%, 20-850 μm, isolated grains and horizontal lenses). Biomineral: 
Articulated phytoliths and silicified remains of plants (50%, predominantly rice husks and rice culms, 
horizontally-oriented and interbedded); Charcoal (5-15%, microcharcoal to 1 cm, occurs as ‘stringers’ and 
lenses showing in situ crushing, horizontally-oriented and interbedded between the phytoliths); Bone (1-
10%, burnt and unburnt fragments, <1.2 cm, in situ fragmentation, horizontally-oriented and interbedded 
between the phytoliths); Vesicular silica slags (2-5%);  Calcitic ashes (1-10%, within anatomical connection in 
charred plant structures or in horizontally-oriented lenses); Shell (1%, 200 µm, horizontally-oriented). 
Organic: Amorphous fine organic matter (1-5%, horizontal lenses interbedded between the phytoliths). 
Anthropogenic: Anthropogenic: Clay plaster fragments (2-10%, 300 µm to 1 cm, internal fabric matches mF 
C); Pottery (2-5%, two types: fibre temper (rice husk), 1200 µm to 2 cm; quartz sand inclusions, <7000 µm). 
Pedofeatures: Crystalline: Authigenic gypsum (2-20%, random clusters of lenticular crystals). Amorphous and 
Cryptocrystalline: Fe precipitation and partial replacement of organic matter, hypocoatings and staining on 
coarse components including bone and charcoal fragments, and precipitation of the micromass (1-5%). 
Excrement: Comminuted plant remains and excremental microaggregates infilling biological voids (2-10%). 

H1_1.4, 
H1_1.7, 
H1_2.2, 
H1_2.5, 
H1_3.2, 
H1_4.2, 
H1_4.8, 
H1_5.4, 
H1_8.1, 
H1_10 

FTIR: altered 
(heated) clay, 
unaltered clay, 
quartz, calcite, and 
gypsum. 
Phytolith 
concentrations 
[MSU H1_8.1]: 
2,257,000/g 
sediment. No 
diatoms. 

Same formation history as mF D1. 
However in addition to dominant 
silicified plant fibres and rice 
husks the deposits also include 
heterogenous inclusions: bone, 
charcoal, shell, vitrified silica 
slags, amorphous organic matter, 
clay plaster fragments, pottery 
sherds, detrital quartz grains and 
sandstone clasts. These 
inclusions indicate a combination 
of waste from different activities. 
The inclusions occur as ‘stringers’ 
and horizontally-oriented 
fragments which have been 
crushed in situ and compressed 
between the articulated 
phytoliths as a result of 
trampling. 

9.1h 

D3 

Thickness: 4-5 mm. Boundaries: Horizontal, gradual to sharp. 
Microstructure: Microlaminations of compacted, horizontally-oriented articulated phytoliths and silicified 
plant remains, predominantly rice husks. Voids: 5%. Vughs (2-3%); Plant shrinkage voids (2%). 
Coarse/Fine: C/F ratio: 80:20. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale cream limpid and cryptocrystalline (PPL), white (OIL) silicified 
fine material; dotted dark brown (PPL and OIL) amorphous fine organic matter. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (1%, 50-300 μm). Biomineral: Plant remains in anatomical connection 
(70%, predominantly rice husks, horizontally-oriented and interbedded, showing gradational colour and 
compositional change from black (PPL) carbonised to white-grey (PPL) ashed. MSU H1_1.5: A gradational 
colour change from carbonised (top) to ashed silicified (bottom), repeated in at least three depositional sets 
(1-2 mm in thickness each) superimposed and compressed on top of each other. MSU H1_6.5: A gradational 
colour change from to ashed silicified (top) to carbonised (bottom). 
Pedofeatures: Excrement: Excremental microaggregates and finely comminuted charcoal infilling voids. (2%). 

H1_1.5, 
H1_6.5 

 In situ gradation of ashed to 
carbonised remains. MSU 
H1_6.5: In situ burning of plant 
remains, evidenced by a 
gradation from ashed (top) to 
carbonised (bottom) remains. 
The remains are predominantly 
rice husks, indicating combustion 
of plant processing waste. MSU 
H1_1.5: Reversed 
microstratigraphy, comprising a 
gradation of carbonised (top) to 
ashed (bottom) rice husks. 
Inversion resulted from hearth 
sweeping and rake-out activities. 

9.1i 
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Table 9.2 (cont.). Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

E 

Thickness: 12-21 mm. Boundaries: Sharp and horizontal. 
Microstructure: Massive and vughy. Localised areas show remnant microlaminated structures and 
convoluted microfabrics indicating directional pressure and compaction. Other areas are admixed with no 
preferred arrangements or orientations of fabric and inclusions. Voids: 5-10%: Vughs (1-5%, including star 
shaped); Vesicles (1-3%); Plant shrinkage and pseudomorphic voids (1-2%); Planar voids (1-2%). 
Coarse/Fine: C/F ratio: 30:70 to 40:60. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Dark reddish brown to black (PPL), bright orange, red, brown and 
black (OIL), dotted to opaque, amorphous organic-mineral material, containing high concentrations of 
diatoms, amorphous organic matter, and Fe-Mn oxide precipitation. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (1%, 20-200 µm). Biomineral: Irregular-shaped aggregates containing 
sponge spicules and diatoms (2-10%, biogenic silica bodies articulated and overlapping, 200-5000 µm); 
Charred plant residues (10%, variably stained by Fe-Mn oxides, <3500 µm); Vesicular silica slags (2-10%, 
stained with phosphate and Fe-Mn oxides, <5000 µm); Silicified plant residues (2%, including rice husks). 
Organic: Amorphous organic matter (5-10%, fine material and fibrous strands); Coprolites (2-5%, <5500 µm). 
Anthropogenic: Rubified clay aggregates (2-5%, <2600 µm). 
Pedofeatures: Crystalline: Recrystallised microcrystalline calcitic crystal clusters (5%). Amorphous and 
cryptocrystalline: Fe-Mn replacement of original materials of microfacies (20-30%; includes precipitation of 
the fine material; coatings on coarse components; void hypocoatings; and, replacement of organic matter); 
Localised phosphatisation of the micromass and inclusions (2%, mainly vitrified phytolith slags).  

F1-28, F3-
11-2a.5, 
F3-11-
2b.7 

FTIR: altered (heated) 
clay, unaltered clay, 
quartz, calcite, and 
aragonite. 
Phytolith 
concentrations 
[MSUs F1-28 and F1-
28 surface residues]: 
252,000-1,964,000/g 
sediment. 
Diatom 
concentrations 
[MSUs F1-28 and F1-
28 surface residues]: 
2,902,000-
17,202,000/g 
sediment. 

The original composition of mF 
E is probably organic. It has 
been transformed by water 
saturation and the original 
material has been replaced by 
iron and manganese oxides 
and amorphous fine organic 
material. It possibly represents 
organic saturated middens or 
accumulations of organic 
waste under pile dwelling 
structures. mF E at Lo Gach 
shares micromorphological 
attributes with mF G at Loc 
Giang, indicating a similar 
formation history (Chapter 8). 

9.1j 

F F1 

Thickness: >28 to >65 mm. Boundaries: Diffuse to well-defined and horizontal. Large bone fragments show 
horizontal orientation and in situ crushing along the upper boundary of MSU H2_5.2. 
Microstructure: Complex: massive and channel. Locally biological granular. Components are unsorted and 
show random orientation and arrangement patterns. Aggregates: Variable in size, ranging from sub-angular 
blocky peds to crumbs and microaggregates containing comminuted reworked cultural components. Voids: 
10-20%: Channels (5-10%); Planar and biologically modified planar voids (3-5%): Vughs (2-5%). 
Coarse/Fine: C/F ratio: 50:50 to 60:40. C/F related distribution: Porphyric, occasionally enaulic. 
Fine material: Colour and composition: Pale grey (PPL), white (OIL) fine material composed of fine plant 
silica, microcharcoal and dusty clay. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (20%, 50-1200 µm); Sandstone clasts (2-5%, <8000 µm). Biomineral: 
Phytoliths and silicified plant remains (20%, including rice husks); Charcoal (10-15%, microcharcoal flecks to 
1.6 cm); Bone (5-10%, 80 µm to 2.2 cm, burnt and unburnt bone); Vesicular silica slags (2-5%). Organic: 
Organ and tissue root residues (2%, distributed in biological voids). Anthropogenic: Clay construction 
aggregates (2-5%, 600-3500 µm, internal fabric matches mf C); Pottery (2%, 4 mm, quartz sand temper). 
Pedofeatures: Crystalline: Authigenic gypsum (5-10%, random clusters of lenticular crystals). Amorphous and 
cryptocrystalline: Fe-Mn oxide impregnative features (2%, includes impregnation and incipient Fe nodule 
formation in the micromass and coatings on coarse components). Excrement: Excremental microaggregates 
and crumbs containing cultural components (charcoal, phytoliths and vitrified phytolith slags). 

H2_1.1, 
H2_2.3, 
H2_5.2 

FTIR: unaltered clay 
(especially kaolinite), 
quartz, and gypsum.  
Phytolith 
concentrations [MSU 
H2_1.1]: 1,128,000/g 
sediment. 
Diatom 
concentrations [MSU 
H2_1.1]: 629,000/g 
sediment. 

Dumping of waste materials in 
a secondary midden context. 
Discarded waste components 
in mF F1 relate to burning 
activities due to concentrations 
of charcoal, burnt bone and 
vesicular silica slags. Rice husks 
indicate discard of plant 
processing waste. Clay 
construction materials are 
present as disaggregated 
plaster aggregates. Trampling 
took place on exposed surfaces 
during pauses in midden 
deposition. The cultural 
components have been 
comminuted and transformed 
into soil peds through the 
actions of soil biota. 

9.1k 
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Table 9.2 (cont.). Lo Gach microfacies types: a summary of micromorphological attributes, mineralogical and textural composition, and formation history. 

F 

F2 

Thickness: >22 to >65 mm. Boundaries: Diffuse to sharp and horizontal. Large, horizontally-oriented fragments of 
pottery and bones show in situ crushing along the boundary in MSU H2_6.2. 
Microstructure: Complex: massive, channel and sub-angular blocky. Locally biological granular. Components show 
random orientation and arrangement patterns. Aggregates: Apedal to blocky peds, crumbs and microaggregates 
containing comminuted cultural components. Voids: 10-15%: Channels (5-10%); Planar voids (3-5%): Vughs (2-5%). 
Coarse/Fine: C/F ratio: 40:60 to 70:30. C/F related distribution: Porphyric, occasionally gefuric and enaulic. 
Fine material: Colour and composition: Dotted dark brown (PPL), dull brown (OIL) amorphous fine organic matter 
containing phytoliths, variably stained with Fe impregnation. B-fabric: Undifferentiated. 
Coarse components: Mineral: Quartz (10-20%, 20-1400 µm); Sandstone clasts (2-5%, <8000 µm); Clay aggregates 
(2%, <1 cm). Biomineral: Bone (5-20%, 80 µm to 2.2 cm, mixed burnt and unburnt bone, often weathered); 
Phytoliths and silicified plant remains (5-10%, including rice husks); Charcoal (2-5%, microcharcoal flecks to 4500 
µm); Vesicular silica slags (2%). Organic: Organ and tissue root residues (2%, distributed in biological voids); Soil 
peds matching internal fabric of mF F3 (2%). Anthropogenic: Pottery (5%, 6-45 mm, two types: quartz sand temper 
and fibre (rice husk) temper); Rubified clay aggregates (2%, 600 µm, rounded, crimson (OIL)). 
Pedofeatures: Crystalline: Authigenic gypsum (10%, random clusters and crescentic infillings of lenticular crystals). 
Amorphous and cryptocrystalline: Fe-Mn oxide impregnative features (2%, precipitation of the micromass and 
coatings on bone and charcoal fragments); Phosphatic and Fe-rich clay infillings (2%, in internal structural voids of 
charcoal). Fabric: Packing of fine material around circular voids of root cross-sections. Excrement: Excremental 
microaggregates and crumbs containing cultural components (burnt and unburnt bone and phytoliths). 

H2_1.2, 
H2_2.1, 
H2_3, 
H2_5.1, 
H2_6.2 

FTIR: altered (heated) 
clay, unaltered clay 
(especially kaolinite), 
quartz, carbonate 
hydroxyapatite, and 
opal. 
Phytolith 
concentrations 
[MSUs H2_1.2, H2_3 
and H2_6.2]: 
264,000-2,426,000/g 
sediment. 
Diatom 
concentrations 
[MSUs H2_1.2, H2_3 
and H2_6.2]: 
176,000-2,029,000/g 
sediment. 

Dumping of waste 
materials in a secondary 
midden context. 
Discarded waste 
components in mF F2 
relate to animal 
processing activities due 
to the dominance of 
bone fragments. 
Trampling took place on 
exposed surfaces during 
pauses in midden 
deposition. The cultural 
components have been 
comminuted and 
transformed into soil 
peds through the actions 
of soil biota. 

9.1l 

F3 

Thickness: >13 to >65 mm. 
Microstructure: Complex: massive, channel and sub-angular blocky. Cultural components are comminuted, 
reworked and embedded in the micromass. Aggregates: Apedal to weakly developed sub-angular blocks. Voids: 
10%: Channels (5%); Planar and biologically modified planar voids (5%). 
Coarse/Fine: C/F ratio: 50:50 to 60:40. C/F related distribution: Porphyric. 
Fine material: Colour and composition: Pale cream (PPL), white (OIL) silicified fine material. B-fabric: 
Undifferentiated. 
Coarse components: Mineral: Quartz (10-15%, 20-1400 µm); Sandstone clasts (2%, 2000 µm to 1.5 cm); 
Biomineral: Phytoliths and silicified plant remains (20%, including rice husks); Bone (15-20%, 60-7000 µm, 
weathered and leached with coatings of phosphate and Fe-Mn oxides, occasional burnt bones); Charcoal (2-5%, 
microcharcoal flecks to 5800 µm, impregnated with phosphate and iron); Vesicular silica slags (2%). 
Anthropogenic: Pottery (2%, 4-18 mm, quartz sand temper). 
Pedofeatures: Amorphous and cryptocrystalline: Possible faecal waste (20%; comprising zones of phosphatic 
enrichment encasing concentrations of leached bone fragments, rice husks, phytoliths, and fibrous dark brown 
organic matter (possibly fur or wool); fine needle-like authigenic crystals with high-order birefringence (XPL) 
(probable authigenic phosphate minerals) reprecipitate within phosphatised features and internal structures of 
weathered bone); Phosphate and Fe-Mn oxide coatings and infillings (5%, in internal structural voids of charcoal 
and bone fragments). Excrement: Excremental microaggregates and crumbs containing cultural components (rice 
husks, phytoliths and fine rounded, weathered bone fragments). 

H2_4, 
H2_6.1 

FTIR: altered (heated) 
clay, and quartz. 
Phytolith 
concentrations [MSU 
H2_6.1]: 430,000/g 
sediment. 
Diatom 
concentrations [MSU 
H2_6.1]: 523,000/g 
sediment. 

Dumping of waste 
materials in a secondary 
midden context. 
Discarded waste 
components in mF F3 
relate to plant processing 
and food preparation 
activities, due to the 
dominance of rice husks 
and unburnt bone. 
Phosphatic features 
possibly derive from 
human or animal faecal 
waste. The cultural 
components have been 
comminuted and 
transformed into soil 
peds through the action 
of soil biota. 

9.1m 
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9.3. Human and natural site formation processes 

9.3.1. Linking material depositional processes to human activities 

The microfacies identified in Section 8.2 have different formation histories that reflect specific 

practices of site use. Three main human depositional practices are identified: midden discard 

and waste management practices; the construction of clay plaster floor surfaces; and, the impact 

of trampling and activities taking place on exposed surfaces around the settlement. Each type of 

human depositional practice highlights particular pathways of material components through 

source, transformation, use, and mode of deposition. The human depositional practices and 

corresponding microfacies are described in turn. 

9.3.1.1. Midden deposition and waste management practices [mFs A, B, D, E and F] 

Waste comprises most of the stratigraphy at Lo Gach. Five different microfacies [mFs A, B, D, E 

and F] correspond to five different human depositional processes linked to waste management 

practices. Differences in composition and arrangement of components between the five 

microfacies allow the differentiation of human activities related to the treatment of waste. 

Midden deposition of burnt components [mFs A and B] 

Two microfacies, mFs A and B, comprise predominantly of charcoal and ash, by-products of 

combustion activities (Figures 9.2-9.3). Multiple lines of evidence suggest they represent 

dumping episodes associated with hearth cleaning and rake-out activities, including: the 

unstructured microfabrics; random distribution of unsorted coarse components; lack of rubified 

substrates and tripartite microstructures of intact combustion features; and, the absence of 

intrusive materials (Figures 9.2-9.3; Aldeias et al. 2012: 2418; Mentzer 2014; Mallol et al. 2017; 

Villagran et al. 2017b). The absence of waterlain laminations or sorting indicate redeposition 

was a cultural rather than natural process (Goldberg and Berna 2010). mFs A and B are thus 

interpreted as combustion residues mobilised by humans as part of site maintenance and waste 

management practices. Occasionally, calcitic ash rhomb pseudomorphs of calcium oxalate 

crystals are preserved in anatomical position within carbonised plant remains (Figure 9.2h). 

These features are not consistent with thin lenses of articulated ashes that Mentzer (2014) and 

Villagran et al. (2017b) attribute to intact combustion features. Nevertheless, the fragility of 

ashes implies low reworking and/or short distances of remobilisation (Mentzer 2014; Villagran 

et al. 2017b). In addition to distinguishing whether deposits contain in situ or redeposited 

combustion materials, individual human actions related to use of fire include rake-out and 

sweeping of hearths and trampling (Mallol et al. 2013; see Section 9.3.1.3). 
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In mF A, ashes are dominant (Figure 9.2); in mF B carbonised plant residues are dominant 

(Figure 9.3). The degree to which plant residues are pyrogenically altered to form ashed or 

charred remains is dependent on temperature, oxygen availability and composition (Braadbaart 

and Poole 2008). Ash forms in oxidised combustion environments (Braadbaart and Poole 2008: 

2435) and in high temperature fires exceeding 500°C for woody plants that produce calcitic 

ashes (Weiner 2010: 170) and 800°C for phytolith-rich plants that produce vesicular silica slags 

(Canti 2003). Two subvariants of mF A are distinguished: mF A1 (Figures 9.1a and 9.2) which 

comprises compacted calcitic ashes (calcite, aragonite and altered (heated) clay identified in 

FTIR spectra, Table 9.2, Appendix L); and, mF A2 (Figure 9.1b) which comprises a vesicular 

fabric of vitrified phytoliths (opal and glass composition confirmed by FTIR, Table 9.2, Appendix 

L). This subdivision allows correlation of particular episodes of midden deposition with specific 

fuel types: woody plants in mF A1 and grasses/reeds in mF A2 (Canti 2003; Braadbaart et al. 

2012). 

The ashes became saturated following deposition, leading to compaction of the deposits, loss of 

microstructure, and chemical alteration. Ashes variably underwent: recrystallisation, resulting 

in cemented masses of calcium carbonate (Figures 9.2b-c and 9.11b; Karkanas et al. 2007); 

decalcification, resulting in mosaic and isotropic (XPL) micromasses (Figures 9.2d-e); 

phosphatisation, resulting in cryptocrystalline orange (PPL) isotropic (XPL) groundmasses 

(Figures 9.2d, 9.2f and 9.12g-h; carbonate hydroxyapatite identified in FTIR spectra, Table 9.2, 

Appendix L) (Goldberg et al. 2009; Villagran et al. 2017b); and, iron and manganese staining 

from subsequent drying of the sediments (Figures 9.2c and 9.11d-e). This suite of post-

depositional processes indicates fluctuating wetting and drying conditions, suggesting that the 

deposits were located in an outdoor area exposed to the weather. A third (post-depositional) 

variant of mF A [mF A3] is differentiated based on bioturbation transformations that would have 

required stable, undisturbed burial conditions (Milek 1997; Huisman et al. 2009).
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Figure 9.2. Compacted 
midden deposits composed of 
ash residues representing mF 
A. (a)-(h) Compacted 
indurated calcitic ash deposits 
with frequent coarse 
inclusions of charcoal ((a), (d), 
(e) and (f)), vesicular silica 
slags ((b), (c), (d) and (g)), and 
siliceous plant fibres (f). The 
coarse inclusions are arranged 
in a random and chaotic 
microstructure indicating a 
rapid, single event of 
deposition. The fine material 
varies from crystallitic (XPL) 
microcrystalline calcite ((a), 
(b) and (c)) to pale orange 
(PPL), isotropic (XPL) 
phosphatised ashes ((d) and 
(f)). The deposits are also 
variably stained with dendritic 
Fe-Mn oxides ((c)). (h) Calcitic 
ash crystals preserved in 
anatomical position within 
carbonised plant tissues. 
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Charcoal, the dominant component in mF B, forms in low temperature fires (between 350°C and 

500°C) and oxygen-reduced parts of fires (Braadbaart and Poole 2008). Two subvariants of mf B 

distinguish between concentrations of small carbonised plant fragments in a matrix of 

phosphatised ashes [mF B1] and large, horizontally-oriented fragments of charcoal that are 

laterally continuous across the width of the thin section [mF B2] (Figures 9.1d-e and 9.3). In mF 

B1, arrangement patterns of carbonised residues range from random and unoriented which 

confer a chaotic aspect to the deposits (Figures 9.3c-d), to horizontal and parallel, including 

‘stringers’ embedded in a microlaminated micromass (Figures 9.3e-g). The unoriented 

components suggest rapid dumping of materials whereas the horizontally-oriented components 

could have formed through a combination of hearth rake-out activities involving the lateral 

redistribution of components and subsequent trampling (Aldeias et al. 2012: 2418; Mallol et al. 

2013; Mentzer 2014; Mallol et al. 2017; Villagran et al. 2017b; Karkanas and Goldberg 2018). 

Goldberg et al. (2009) attributed charcoal ‘stringers’ to trampling, while Homsey and Capo 

(2006) linked these features to hearth rake-out activities. It is plausible that the formation of mF 

B1 involved both processes: the discard of rake-out residues, followed by subsequent trampling. 

This scenario of outdoor midden areas that are also utilised as external surfaces for traffic 

supports the field-based hypothesis of external compacted surfaces. As in mF A, evidence for 

wetting of the sediments following deposition (decalcification of ash, Fe-Mn mobilisation), and 

subsequent reestablishment of dry conditions (precipitation of authigenic gypsum (confirmed 

by FTIR, Table 9.2, Appendix L), Fe-Mn precipitation, organic matter decay and soil fauna 

activity) indicate fluctuating wetting and drying conditions typical of an outdoor area. 

Charred plant remains in mF B1 are relatively smaller and more fragmented than in mF B2, which 

may reflect remobilisation and trampling (Goldberg and Berna 2010). mF B2 may reflect limited 

transport of combustion residues, resulting in preservation of large fragments. 

mFs A and B are the most common microfacies and their repetition throughout the stratigraphic 

sequence suggests they represent activities that were performed frequently. These activities 

involved two steps: the burning of large amounts of plant waste; and, the repeated systematic 

collection of residues from the scene of combustion and secondary dumping in a midden area. 

Burning may have been performed for sanitation purposes (e.g., to reduce odours and pests) 

and/or to reduce volume of waste deposits (Goldberg et al. 2009; Miller and Sievers 2012). mFs 

A and B are consistently compacted and occasionally show horizontal orientation of components 

and laminated microfabrics, implying that middens were also utilised as external surfaces for 

traffic and activities. The repetitive occurrence of mFs A and B indicate that burning and waste 

management were deliberate, routine practices performed by the inhabitants at Lo Gach. 
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Figure 9.3. 
Photomicrographs of midden 
deposition of carbonised 
plant residues representing 
mF B. (a) mF B1 is comprised 
of numerous fragments of 
poorly-sorted carbonised 
plant materials in a 
cryptocrystalline pale orange 
(PPL), isotropic (XPL) 
phosphatised groundmass. 
(b) mF B2 consists of large 
fragments of charcoal that 
are horizontally-oriented to 
the bedding plane. (c) and (d) 
Poorly-sorted carbonised 
plant remains showing a 
random and chaotic 
arrangement within a 
phosphatised groundmass. 
(e) and (f) Strands and 
‘stringers’ of charred plant 
fragments and amorphous 
organic matter arranged in 
horizontally-oriented 
laminations and embedded 
in a phosphatised 
groundmass. (g) and (h) 
Examples of carbonised rice 
husks indicating burning of 
rice processing by-products. 
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Deposition of rice processing by-products [mF D] 

mF D consists of articulated phytoliths and silicified plant fibres in anatomical connection and 

arranged in a laminated microstructure (Figure 9.4), suggesting in situ decay of plant remains 

(Shillito et al. 2011a: 1030). Similar deposits composed of laminated phytoliths have been 

reported at other archaeological sites. For example, finely laminated, articulated phytoliths in 

Palaeolithic deposits at Sibudu Cave, South Africa were interpreted as the use of plant materials 

for bedding, followed by deliberate burning as part of site maintenance (Wadley et al. 2011). 

Wadley et al.’s (2011) hypothesis was supported by an experimental study involving the 

combustion of grasses and sedges (Miller and Sievers 2012). At Neolithic Catalhoyuk, Turkey 

(Shillito and Matthews 2013) and Neolithic Swifterbant, the Netherlands (Huisman and 

Raemaekers 2014), laminated phytolith layers were interpreted as midden deposits of crop 

processing waste. Phytolith-rich layers have also been reported from cereal processing storage 

features at Neolithic Goytepe, southern Caucasus (Kadowaki et al. 2015) and the middle 

Holocene agropastoral site of Loteshwar in India (Balbo et al. 2015). In Iron Age deposits at Tel 

Dor (Shahack-Gross et al. 2005; Albert et al. 2008) and Tel Megiddo (Shahack-Gross et al. 2009), 

laminated phytolith layers associated with faecal spherulites were interpreted as burnt stabling 

material derived from dung. 

The phytolith-rich layers reported from these sites share several micromorphological attributes 

with mF D, including: an undulating, compacted microstructure; dominant composition of 

phytoliths; and, arrangement of phytoliths in horizontally-oriented, fine laminations (Figure 

9.4). The different interpretations of phytolith-rich layers demonstrate the principle of 

equifinality in micromorphology, which states that different formation processes can lead to 

similar microscopic features and fabrics (Macphail 1998; Goldberg and Macphail 2006). The 

phytolith-rich layers indicate accumulations of plant remains that can derive from a range of 

contexts, including abandoned storage rooms or pits; plant processing activity areas; animal 

gathering enclosures; the remains of matting, bedding or thatched roofing; and, middens of 

discarded agricultural waste. 

At Lo Gach, the phytolith-rich layers are interpreted as the remains of rice processing waste 

based on several lines of evidence. Field excavation established that the layers are laterally 

extensive, covering several metres of the excavation trench and effectively ‘blanketing’ former 

midden surfaces (Figure 9.15a; Appendix F). The undulating, sloping nature of the deposits 

(Figures 6.33 and F.8) are more consistent with midden waste dumps and spreads (Albert et al. 

2008: 73; Shahack-Gross et al. 2009: 175; Karkanas and Goldberg 2018) than an isolated feature, 
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such as a storage pit (Balbo et al. 2015; Kadowaki et al. 2015). mF D is predominantly composed 

of husks and culms of rice plants (Cristina Castillo 2018, pers. comm., 22 November), which are 

by-products of rice processing. There is an absence of dung indicators, such as faecal spherulites, 

amorphous organic matter and ingested, finely comminuted plant remains (Shahack-Gross 

2011; Milek 2012; Shahack-Gross 2017; Karkanas and Goldberg 2018). Only two of five lines of 

evidence of dung deposits (Shahack-Gross 2011) – microlaminated structures and abundant 

phytoliths – are present in mF D and both can be explained sufficiently by the current hypothesis 

of rice processing waste that was subsequently trampled. 

Ethnoarchaeological studies of threshing floors of cereals, such as rye and wheat in Greece 

(Tsartsidou et al. 2008) and Israel (Shahack-Gross et al. 2009), reveal that phytoliths are not 

expected to preserve on threshing floors because all grain and by-products are collected and 

redistributed elsewhere. In the absence of a geoethnoarchaeological study of rice processing, 

Castillo (2018) provides an overview of rice processing from an ethnoarchaeobotanical 

perspective. Rice processing involves three steps: first, threshing removes the edible part of the 

rice from the rest of the plant and this often takes place near the rice field; second, the threshed 

components are dehusked using a mortar and pestle; and, third, winnowing of the pounded rice 

is used to separate the grains from the husks and other impurities (Castillo 2018). The second 

and third steps usually take place at the habitation site. The plant remains in mF D are 

dominated by rice husks (Figure 9.4b) and are consistent with by-products produced in the third 

step. During field excavation, circular indentations were recorded that have striking parallels 

with heavy mortar pestles used for dehusking rice ethnographically in MSEA (compare Figure 

9.15b this thesis with Figures 2d-e from Castillo 2018). The sheer volume of plant remains 

contained in mF D and the recurrence of this microfacies within the stratigraphy suggest that 

intensive rice cultivation took place in the vicinity and rice processing formed a major activity in 

the locality of Trench 1. Occasional well-sorted quartz silt and sand lenses interbedded with 

phytolith layers possibly represent syn-depositional natural inclusions, suggesting unroofed 

spaces (Figure 9.4b). 

It is unclear whether plant remains in mF D are burnt. Evidence for charring of rice husks is 

documented in mFs A and B, showing blackened rice husks that retain the distinctive sinuate 

morphology (Figures 9.2f, 9.3h and 9.5a). If heated above c. 800°C, phytoliths are vitrified 

producing a vesicular, glassy fabric (Figure 9.1b). Within mF D, while both carbonised plant 

remains and vesicular silica slags occur, they are infrequent compared to phytoliths and 

siliceous plant fibres. This indicates that either the plant material is not burnt and has decayed in 

situ, or that it was burnt at a temperature between charring and vitrification (c. 500-800°C), 



Chapter 9                                                                                                                                          Microstratigraphic Results of Lo Gach 

347 

producing plant ashes that retain articulated phytolith forms. Wadley et al. (2011) and Miller 

and Sievers (2012) describe non-vitrified phytolith layers at Sibudu Cave as ashed; Huisman et 

al. (2009) describe the phytolith layers at Swifterbant as a result of (unburnt) in situ decay; and, 

Shahack-Gross et al. (2005) and Albert et al. (2008) are uncertain whether the livestock dung 

comprising the phytolith-rich layers at Tel Dor was burnt or decayed in situ, but link phosphatic 

nodules to degrading (unburnt) organic material. In mF D, the abundance of authigenic gypsum 

intergrowths associated with decaying organic matter may suggest that plant remains within mF 

D are not burnt (Section 9.3.2.3; Weiner 2010; Karkanas and Goldberg 2018: 124). Rare 

occurrences of a gradational colour change from carbonised to ashed plant residues [mF D3] 

provide unequivocal evidence of localised in situ burning events within mF D (see below). 

Following deposition, the main formation process of mF D was trampling. Trampling is indicated 

by several micromorphological attributes, including: compacted, undulating microstructures 

(Figure 9.4; Shahack-Gross et al. 2005; Wadley et al. 2011) and deformation fabrics (Figures 

9.9e-f); horizontally-oriented ‘stringers’ of bone, charcoal and organic material (Figure 9.4c; 

Goldberg et al. 2009); and, in situ crushing of bone and charcoal (Figures 9.9a-b) and in situ 

snapping of silicified plant fibres (Figure 9.9c) (Miller et al. 2010; Villagran et al. 2017a: 26-27). 

Given that the layers contain mostly plant materials, reduction in volume and depth of the 

deposits after burning and/or decay would have been significant and may have changed 

stratigraphic relationships with other deposits (Albert et al. 2008; Miller and Sievers 2012). 

Deposition of mF D may have been motivated by waste discard only. However, the purity of the 

phytoliths and silicified plant material, as well as the extensive ‘blankets’ of deposition that they 

form across the trench (Figure 916a; Appendix F), may have provided a dry surface for activities 

such as sitting, resting or working (Goldberg et al. 2009) or thoroughfares for walking (Huisman 

et al. 2009). This would be particularly advantageous in the tropics where muddy substrates 

commonly last several months of the year. This hypothesis provides a context for understanding 

the intensive trampling that took place on mF D. 
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Figure 9.4. Micromorphological attributes of mF D representing the deposition of rice processing waste. mF D shows a finely laminated and compacted, horizontally-oriented to undulating 
microstructure. (a) and (b) mF D1 is comprised almost exclusively of elongate siliceous plant fibres, predominantly rice husks. Other inclusions are infrequent fragments of horizontally-
oriented bone and charcoal, often with in situ fragmentation, and lenses of detrital silt and fine to medium sand quartz mineral grains that were probably incidentally mobilised by humans 
and/or deposited by syn-depositional natural processes. (c) mF D2 shows more heterogenous components in addition to siliceous plant fibres, including an abundance of degraded amorphous 
organic matter, charred plant remains and bone fragments. Despite the heterogeneity, mF D2 exhibits a tightly bedded microstructure similar to mF D1 ((a)-(b)). 
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In situ burning as a waste management practice [mFs D2 and D3] 

Two features in the Lo Gach thin sections provide unequivocal evidence of in situ burning of 

plant waste. The first feature is the preservation of ash in anatomical position. Figure 9.5c shows 

a horizontally-oriented feature that extends across the width of the slide [MSU H1_4.8], 

containing preserved ashes in anatomical position and parallel arrangement with carbonised 

tissues. Ashes are incredibly brittle, and this arrangement would not have preserved if it had 

been redeposited from the place of combustion (Mentzer 2014). The arrangement and length of 

the feature suggests possible burning of organic matting (Shillito et al. 2011a: 1030) or 

alternatively a large plant fragment. 

The second feature of in situ burning is mF D3. The defining characteristic of mF D3 is a 

gradational colour change within a microstratigraphic sequence from a carbonised (black) base 

unit to an ashed (white-grey) top unit [H1_6.5] (Figure 9.5a). This change in colour relates to the 

different temperature and conditions of a fire. The base of a fire has lower temperatures and is 

oxygen-depleted, inducing carbonisation, whereas the upper parts of a fire burn at a higher 

temperature and there is more available oxygen, inducing ashing (Goldberg et al. 2009: 111; 

Wadley et al. 2011). Gradations in colour of plant combustion residues are interpreted as in situ 

combustion events in archaeological deposits (Goldberg et al. 2009; Wadley et al. 2011). 

Archaeological examples (Goldberg et al. 2009; Wadley et al. 2011) derive from phytolith layers 

interpreted as bedding, however the features at Lo Gach occur within mF D [MSU H1_6.5] which 

is interpreted as the discard of rice processing by-products (see above). In situ burning may be a 

deliberate action linked to waste management practices, such as for sanitation, reduce odours, 

or to reduce volume of waste (Goldberg et al. 2009; Miller and Sievers 2012). In another 

instance of mF D3 [MSU H1_1.5], the vertical sequence is switched so that the carbonised layer is 

on top and the ashed layer is on the bottom, and this sequence is repeated four times indicating 

a repeated depositional practice (Figure 9.5b). This reversed stratigraphy is unlikely to 

represent in situ burning and may instead represent hearth sweeping and rake-out activities.
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Figure 9.5. Examples of microstratigraphic associations between ashing and charring. (a) Deposits of mF D3, contain entirely siliceous and carbonised plant fibres including rice husks. There is a 
gradational change from charred (blackened) plant residues in the lower part of the image to ashed (grey) plant residues in the upper part of the image. The gradational association from 
charred to ashing (bottom to top) indicates in situ burning (Goldberg et al. 2009; Wadley et al. 2011). (b) Deposits of mF D3 contain almost exclusively plant residues. However, in this instance 
the microstratigraphic association is reversed, so that ashed (grey) plant residues are on the bottom and carbonised (blackened) plant residues are on the top. This association is repeated four 
times indicating a repeated depositional practice. The reversed stratigraphy is unlikely to represent in situ burning and instead represents hearth sweeping and rake-out activities. (c) in situ 
calcitic ash crystals in anatomical position showing parallel arrangement with charcoal. The excellent preservation of ash in anatomical position indicates that the deposit was burnt in situ. The 
remains may represent a single burnt plant fragment or possibly discarded, burnt matting.  
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Wet, organic deposits showing extensive replacement by iron and manganese oxides [mF E] 

mF E occurs in two intact feature deposits [F1-28 and F3-11] removed during excavation and is 

not identified in micromorphology blocks sampled from the stratigraphic profiles. The isolated 

occurrence of mF E, probably a limitation of sampling, means that very little information is 

available about this microfacies and its stratigraphic association. mF E is difficult to interpret 

due to the dark coloured amorphous and opaque attributes of the groundmass that point to an 

extant composition of iron and manganese oxides and amorphous organic material. The original 

composition of mF E is probably organic, and it exhibits distinctive micromorphological 

attributes that indicate water saturation: the near-complete conversion of original material to 

iron and manganese compounds (Figures 9.6a-b and 9.6e; Lindbo et al. 2010; Stolt and Lindbo 

2010: 385-386); compaction of the deposit with porosity consisting of star-shaped and irregular 

vughs and vesicles (Figures 9.6c-d; Courty et al. 1989: 145; Kooistra and Pulleman 2010: 408; 

Stoops et al. 2010: 23); and, in situ growth of diatoms and sponge spicules, suggested by the 

dense concentrations of articulated biogenic silica bodies observed in thin section (Figures 9.1j 

and 9.6f; supported by diatom extraction, Table 9.2, Appendix L; Luc Vrydaghs 2020, pers. 

comm., 18th February; Goldberg 2001; Albert et al. 2012; Nicosia and Vrydaghs 2014). Although 

it is possible that some of these elements are allochthonous, for example swampy muds 

imported to the site, the features are more probably the result of in situ waterlogging post-

burial. The extant microstructure of the deposit and articulation of biogenic silica bodies are not 

likely to have been preserved if the sediments had been mobilised from a location offsite. The 

effects of water could have occurred: during initial deposition of mF E, e.g., a wet plastic state of 

deposition such as a laid surface; during occupation, e.g., as a damp to wet substrate beneath a 

pile dwelling structure; or, as a post-depositional process, e.g., a saturation event following 

human abandonment of the locality. mF E shares micromorphological attributes with mF G of 

Loc Giang (Chapter 8) and may suggest a similar use of space. The most likely interpretation of 

mF G at Loc Giang, where the microfacies presented more frequently, is accumulation of organic 

waste under pile dwelling structures (Chapter 8). 
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Figure 9.6. Photomicrographs of mF E showing microscopic features indicating water saturation. (a) and (b) Remnant areas of horizontally-oriented microlaminations of sediment fabric and 
components. The original composition of the unit is difficult to ascertain due to extensive impregnation by Fe-Mn oxides. (c) and (d) Vesicles and star-shaped and irregular vughs indicate 
collapse and compaction of the sediment from water saturation. Rubified (crimson (OIL)) clay aggregates that may be fire-reddened are observed in (c) and charred organic residues in 
shrinkage voids are present in (d). (e) The fine material exhibits dotted to opaque, reddish-brown to dark brownish-black (PPL), isotropic (XPL) colours and is comprised of amorphous fine 
organic matter and extensive Fe-Mn oxide impregnation. (f) Distinctive aggregates composed of articulating diatoms and sponge spicules may have formed in situ under prolonged wet 
conditions. 
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Intensive pedogenic transformation of cultural waste components in Trench 2 [mF F] 

Deposits in Trench 2 are grouped into mF F. Like microfacies in Trench 1, the formation of mF F 

involves midden deposition, indicated by the unsorted, randomly-oriented and chaotic 

arrangement of anthropogenic components (Figure 9.7a; Courty et al. 1989: 118; Matthews et al. 

1997: 289; Graham et al. 2015: 16). Despite falling within the category of middens, different 

depositional attributes of mF F reflect differences in human depositional practices related to the 

discard of waste in Trench 2. In Trench 1, repetition of thinly bedded midden layers and specific 

arrangements and associations of components represent regulated pre-depositional and 

depositional pathways of material components. In contrast, Trench 2 deposits comprise thicker, 

homogenous layers of midden discard containing diverse, admixed anthropogenic components 

that suggest midden discard is not as structured as Trench 1. In Trench 2, the only in situ 

activities are trampling at interfaces between different MSUs of mF F (Figures 9.7g-h), reflecting 

traffic on exposed surfaces between midden depositional episodes.  

Following deposition, components of mF F have been intensively comminuted, reworked and 

homogenised into soil peds by soil fauna (Figures 9.7b, 9.7e and 9.10f). Differences in 

composition of the groundmasses of the peds at high magnification allow differentiation of 

Trench 2 sediments into three subvariants of mF F that represent different human activities. mF 

F1 has abundant charcoal, phytoliths and vesicular silica slags which suggest the burning of plant 

material (Figures 9.1k and 9.7d). mF F2 contains dotted brown (PPL) amorphous organic matter 

and burnt and unburnt bone, indicating animal processing and food preparation activities 

(Figures 9.1l and 9.7b-c). The mixture of burnt and unburnt bone (micromorphology) and clay 

(FTIR, Table 9.2) suggests exposure to different temperatures within a fire, or alternatively the 

mixing of residues with different pre-depositional pathways (Schiegl et al. 2003; Matthews 

2005: 386; Villagran 2014: 216). mF F3 shows a pale cream (PPL) micromass that comprises 

mainly rice husks, phytoliths and embedded small, weathered (rounded edges, pale (PPL), loss 

of birefringence (XPL)) bone fragments, indicating a combination of plant and animal processing 

activities (Figures 9.1m and 9.7e-f). The abundance of leached bone and phosphatic 

pedofeatures in mF F3 (Figures 9.12i-j; Section 9.3.2.3) possibly derive from faecal waste 

(Macphail 2017; Macphail and Goldberg 2017). 
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Figure 9.7. Photomicrographs of 
occupation deposits [mF F] in Trench 2. 
(a) Coarse charcoal and bone 
fragments with random orientation in 
an unstructured, porous and 
homogenised microstructure 
characteristic of mF F. (b) The 
groundmass consists of fine and coarse 
fractions that have been combined and 
homogenised into granular and sub-
angular blocky soil peds. (c), (d) and (e) 
Three subvariants of mF F are identified 
based on differences in composition of 
the peds. (c) Subvariant mF F1 is 
distinguished based on the abundance 
of microscopic to coarse charcoal 
fragments and siliceous plant materials 
including phytoliths, rice husks and 
vesicular silica slags embedded in the 
micromass. (d) Subvariant mF F2 is 
distinguished based on two main 
attributes: a dark colour the fine 
material that results from an 
abundance of amorphous organic 
matter; and, high concentrations of 
mixed burnt and unburnt microscopic 
bone fragments embedded into the 
fine material. (e) Subvariant mF F3 
comprises predominantly rice husks 
and siliceous plant fibres with frequent 
unburnt, rounded and weathered bone 
fragments. (f) An infilling of rice husks 
through the fabric. (g) and (h) in situ 
fragmentation of bone indicating 
surface pressure (trampling). 
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9.3.1.2. Clay plaster floor surfaces [mF C] 

Clay plastered surfaces [mF C] are identified as thin layers of relatively pure silty clays that were 

deliberately laid to create extensive surfaces at the site. In thin section, the sharp boundaries, 

purity of the silty clay fabric, lack of graded bedding typical of waterlain deposits, and the 

presence of anthropogenic inclusions indicates an anthropogenic rather than natural 

depositional process (Figure 9.8b). The silty clays were deliberately applied wet to the substrate, 

producing well-oriented clay domains (Figures 9.8a-b). The clay fabric shows a similar colour 

and composition to clay in ceramics and construction aggregates from Lo Gach, suggesting the 

probable use of local clays. This is supported by comparison of the clay to modern local clays 

from Lo Gach Village, which exhibit similar properties in thin section including diatoms, sponge 

spicules and quartz silts and sand inclusions (Figure 9.8c). 

Basal deposits at Lo Gach are permeable fine sands (Appendix L) and it is therefore possible that 

mF C represents the deliberate mobilisation of local clays to provide a clean, hard and sanitised 

surface for occupation. Planar fissures, characteristic of the microstructure of mF C (Figure 

9.8a), could have formed through post-depositional desiccation and/or trampling (Ge et al. 

1993; Rentzel and Narten 2000; Milek 2012: 126; Rentzel et al. 2017). Subsequent deposition of 

waste materials indicate that the locality later reverted to a midden area (Section 9.4). The 

construction of floor surfaces on middens has also been reported at Neolithic Catalhoyuk in 

Turkey (Shillito and Matthews 2013: 45). 

Other evidence for construction materials at Lo Gach include disaggregated and displaced 

concentrations of clay plaster fragments and plant-tempered clay construction aggregates 

(Figures 9.8d-9.8e). Microstructural attributes and contextual associations of the aggregates are 

consistent with descriptions of dumped construction materials from the levelling of old surfaces 

(Courty et al. 1994: 12; Shillito and Matthews 2013: 695). 
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Figure 9.8. Evidence of construction 
activities and technologies in the Lo 
Gach sediments. (a-b) Clay plastered 
surfaces [mF C]. The clay is relatively 
pure and the well-oriented clay 
domains (parallel-striated b-fabric in 
XPL) indicate a wet, plastic state of 
application. (b) Infrequent inclusions 
in the clay are horizontally-oriented. 
Anthropogenic components include 
microscopic unburnt and burnt bone 
fragments and charcoal particles and 
are probably incidental inclusions. 
The clay contains diatoms indicating 
use of local clays rich in diatoms 
nearby the site. (c) 
Geoethnoarchaeological sample of a 
modern clay floor from Lo Gach 
village, showing use of local clays 
containing abundant diatoms and 
sponge spicules. (d) A clay aggregate 
with a dense, microlaminated fabric. 
It may have been incidentally 
mobilised from the natural alluvial 
environments nearby the site or it 
may be a plaster construction 
aggregate in a secondary context. (e) 
A clay construction aggregate 
showing a well-pugged fabric with 
embedded microscopic bone 
fragments, rice husks, plant materials, 
and internal vughs and vesicles from 
the inclusion of plant materials as 
temper and/or trapped air. 
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9.3.1.3. Trampling [mFs D, B1 and F] 

Trampling is the most common activity taking place on exposed midden surfaces at Lo Gach. In 

Trench 1, evidence for trampling comes mainly from two microfacies, mFs D and B1. In mF D, 

trampling is a main process involved in the formation of the phytolith-rich layers, resulting in: 

fine laminations of compacted, horizontally-oriented components (Figures 9.9a-d; Goldberg and 

Whitbread 1993; Rentzel and Narten 2000; Miller et al. 2010; Milek 2012; Rentzel et al. 2017); 

undulating microstructures showing evidence of deformation from being pushed into the 

substrate (Figures 9.4, 9.9e-9.9f; Shahack-Gross et al. 2005; Wadley et al. 2011); and, embedded 

bone, charcoal and plant fragments and ‘stringers’ which show in situ snapping and crushing 

(Figures 9.9a-9.9c; Goldberg et al. 2009; Miller et al. 2010; Villagran et al. 2017a: 26-27). These 

features of trampling are consistent with trampling in wet conditions; in dry conditions 

trampling results in disaggregation, mixing and homogenisation of surface deposits (Mallol et al. 

2013; Banerjea et al. 2015a: 1181; Karkanas and Goldberg 2018). In mF B1, horizontally-

oriented amorphous organic matter together with carbonised plant residues arranged in parallel 

laminations and ‘stringers’ represent a combination of sweeping, hearth rake-out and trampling 

(Rentzel and Narten 2000; Miller et al. 2010; Milek 2012; Mallol et al. 2013; Rentzel et al. 2017). 

Trampling may also have contributed to the compaction of mFs A and E which exhibit dense, 

massive microstructures (Rentzel and Narten 2000; Milek 2012; Rentzel et al. 2017). The 

common occurrence of trampling indicators suggests that many deposits in Trench 1 functioned 

as exposed, external surfaces for traffic and activities. 

In Trench 2, [mF F], MSUs are internally homogenous, and evidence of trampling occurs only at 

MSU boundaries. In situ crushing of components along unit boundaries implies trampling took 

place on exposed midden surfaces during pauses in deposition (Figures 9.7g-h).  
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Figure 9.9. Photomicrographs 
illustrating the effects of trampling 
on the Lo Gach sediments. (a)-(f) 
Finely laminated sediments 
composed of phytoliths and 
siliceous plant material 
representing mF D. The undulating, 
compacted microlaminations (a-f), 
horizontally-oriented bone showing 
in situ fragmentation (a and b), 
breakage of elongated plant fibres 
(c), and the convoluted, pushed 
down microstructure and sharp 
boundaries between units (e and f) 
is a result of the application of 
surface pressure (trampling). (g) 
and (h) Carbonised, degrading and 
siliceous plant matter embedded in 
a phosphatised groundmass 
representing mF B1. The organic 
and biomineral components are 
horizontally-oriented and arranged 
in a compacted, bedded and 
undulating microstructure 
indicative of trampling. 
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9.3.2. Diagenetic transformations in sediments through time 

Following deposition, the composition and arrangement of material components have 

undergone transformations by post-depositional processes. Soil formation, predominantly 

bioturbation, has resulted in the comminution of components and modification of 

microstructures (Section 9.3.2.1). In addition to pedogenesis, complex chemical transformations 

have occurred involving the decay of organic remains and transformations into new materials. 

Working backwards through time, it is possible to unravel reaction pathways and reconstruct 

the original components in the sediments (Weiner et al. 2002; Karkanas 2010). While the role of 

water and organics are inextricably linked in chemical diagenesis, they are arbitrarily divided 

into two sections: the effects of water and percolating solutions (Section 9.3.2.2); and, processes 

involved in the decay and transformation of organic remains (Section 9.3.2.3). 

9.3.2.1. Bioturbation and soil formation 

Biological activity in sediments and soils is intensive in the tropics due to high temperatures and 

moisture levels that are conducive to biological productivity (Friesem and Lavi 2017; Morley 

and Goldberg 2017). Some layers [mFs A3 and F] at Lo Gach exhibit homogenous biological 

fabrics that show complete transformation of components and microstructures by soil fauna 

(Figures 9.10.a-b). In Trench 2, deposits have been intensively invaded by soil fauna, leading to 

root packing features (Figure 9.10e) and intensive comminution of archaeological components 

into pedogenic aggregates of mF F containing charcoal [mF F 1], bone [mF F2] and rice husks and 

phytoliths [mF F3] (Figures 9.7 and 9.10f). In other deposits, biological pedofeatures occur as 

discrete features, such as biological voids and infillings, while the majority of the sediment fabric 

retains original microstructures and arrangements (Figures 9.10c-d).
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Figure 9.10. Examples of biological pedofeatures and soil formation in the Lo Gach sediments. (a) and (b) The action of soil fauna has transformed original microstructures into a homogenous, 
porous granular fabric composed of finely comminuted materials and excremental aggregates. (c) and (d) Biological voids with loose discontinuous infillings of rough to smooth excremental 
microaggregates occur as localised features that disrupt original microstructures in deposits that are otherwise compacted (e.g., (c)) or microlaminated (e.g., (d)). (e) Packing of a chamber void 
infilled with soil faunal excremental material. (f) Biological mixing of two fabrics (left: mF F3; right mF F2) in a porous, granular excremental fabric. The two fabric types contain archaeological 
components (rice husks, siliceous plant materials, bunt and unburnt bone, and charcoal) that have been finely comminuted and reworked into sub-angular soil peds. 
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9.3.2.2. Effects of water 

Despite close proximity to Vam Co Tay River, there is an absence of clastic waterlain sediments 

within the archaeological stratigraphy, indicating that flooding did not occur often during the 

site’s history. During the wet season, however, heavy rains result in a seasonal increase in water 

in soil solution and a rising water table that saturates the basal deposits at the archaeological 

site today. Two main processes – the movement of calcite and iron – involve the effects of water 

in soil solution. First, water acts as a catalyst for calcite dissolution in the calcitic ash dumps of 

mF A1, leading to recrystallised, indurated calcitic masses (Figures 9.11a-c; Karkanas et al. 

2007). This also produces physical effects on microfabrics in the form of vughy and compacted 

collapsed microstructures (Figure 9.11a). Calcium carbonate dissolution is an important initial 

process in chains or ‘cascades’ (Karkanas et al. 2000; Weiner et al. 2002; Karkanas 2010) of 

chemical reactions where the primary element constituents of CaCO3 - calcium, carbon and 

oxygen - recombine with other materials to form authigenic minerals (Section 9.3.2.3). Second, 

iron and manganese oxide precipitation result from redoximorphic processes associated with 

alternating wetting and drying cycles (Lindbo et al. 2010). These neoformed oxide minerals are 

widespread in the sediments, including around voids containing organics (Figures 9.11d-e). The 

high frequencies of chemical reactions triggered by the alternating presence and absence of 

water suggest that most deposits at Lo Gach were probably uncovered and therefore exposed to 

the weather, including the heavy rains of the wet season. 
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Figure 9.11. Photomicrographs illustrating the effects of water in the sediments. (a), (b) and (c) Indurated and recrystallised ashes. (a) A calcitic groundmass showing collapse of structure into 
a vughy fabric. Fe-Mn oxide coatings on voids also attest to the presence of water. (b) Calcitic ashes show loss of a grey micritic texture and rhombic morphologies typical of fresh ash, and 
exhibit recrystallisation into relatively pure microcrystalline calcite. The deposit has lost structure and become compacted. (c) Recrystallised microcrystalline calcite occurs as localised infillings 
and void coatings in discrete zones of the deposit (left side of image). The crystallitic (XPL) b-fabric denoting calcium carbonate is not uniformly distributed; other zones in the fabric are 
decalcified (isotropic (XPL): right side of image). (d) Dendritic Fe-Mn oxide hypocoating around a plant shrinkage void. (e) Fe-Mn oxide dendrites in a partially decalcified ashy groundmass.
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9.3.2.3. Chemical alterations of organic and biomineral materials 

Chemical reactions within Lo Gach sediments effect the preservation of components, produce 

volume changes, transform interfaces between layers, and move and displace components from 

original locations (Karkanas 2010). Minerals that preserve and/or precipitate in archaeological 

stratigraphy can be used to reconstruct chemical parameters of the burial environment, 

including pH, oxidation, moisture content and temperature (Karkanas et al. 2000; Weiner et al. 

2002; Karkanas 2010). Chemical reactions in sediments require water, oxygen and temperature 

(Karkanas 2017: 130) and chemical diagenesis is intensive in the tropics due to wetter 

conditions and increased biological productivity (Friesem and Lavi 2017; Morley and Goldberg 

2017). The major agent of dissolution is pH which determines the stability, and thus 

preservation, of components (Karkanas 2017: 131). Tropical burial environments are often 

acidic, leading to the dissolution of bones and calcitic ash and the preservation of biogenic silica 

such as phytoliths and diatoms (Friesem and Lavi 2017). Archaeological deposits at Lo Gach 

have a pH of ~7-8 (Appendix L). Localised acidic conditions in Lo Gach sediments are indicated 

by the leaching of bone (Figure 9.12a) which is stable above a pH of ~7.6 but dissolves at lower 

pHs (Berna et al. 2004). 

Phytoliths and diatoms preserve well in acidic to slightly alkaline pHs but dissolve in alkaline 

environments above pH ~9 or in the presence of calcium carbonate (Karkanas 2010). At Lo 

Gach, phytoliths were generally well preserved although some phytoliths exhibit dissolution and 

indistinct morphologies (Appendix L), which could result from the presence of calcitic ashes. 

Calcite is unstable at a pH below 8 (Weiner 2010) and at Lo Gach calcitic ashes show evidence of 

dissolution, often presenting as indurated and recrystallised calcitic masses (Figures 9.2c and 

9.11a-c). Charcoal is thought to be relatively stable, however Huisman et al. (2012) described 

cavities in charcoal infilled with secondary clays that they attribute to localised alkaline 

conditions created by calcitic ashes. The features documented by Huisman et al. (2012) appear 

similar to charcoal infillings in Lo Gach thin sections, where internal structures of charcoal are 

infilled with secondary clays and iron (Figures 9.12e-f). Unlike the birefringent (XPL) crescentic 

clays observed by Huisman et al. (2012), the fine material infilling charcoal at Lo Gach appears 

phosphatised (isotropic (XPL)) (Figures 9.12e-f). 

Mobilisation and reprecipitation of iron and manganese compounds are extensive in the Lo Gach 

sediments (Figures 9.6, 9.11d-e and 9.12). Iron and manganese minerals are insoluble under 

oxidised conditions and very soluble under reduced conditions (Lindbo et al. 2010). Fe and Mn 

precipitation are an indication of past reducing conditions and possibly the destruction of 
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organic materials (Karkanas et al. 2000: 920). Organic matter decay, requiring the presence of 

oxygen, consumes available oxygen resulting in locally reducing conditions that in turn promote 

the movement of iron and manganese (Karkanas et al. 2000: 920). The solubility of iron and 

manganese increases with decreasing pH, thus acidic environments tend to experience greater 

movement of iron and manganese (Karkanas et al. 2000: 920). Iron and manganese compounds 

are observed to replace organic matter, often as pseudomorphs preserving the original outlines 

of the organic material (Figures 9.12b-c) and around plant shrinkage voids containing decayed 

or combusted plant tissues (Figures 9.11d and 9.12d) (Macphail and Goldberg 2010, 2017: 202, 

296; Banerjea et al. 2015b: 108; Friesem et al. 2016: 21; Karkanas 2017: 134-137). 

Two main chemical elements are released during the decay of organic matter: phosphorous and 

sulphur (Weiner 2010: 58). Phosphorous is detected in the Lo Gach sediments in the form of 

phosphatised groundmasses containing carbonised tissues (mF B1] and phosphatised ashes [mF 

A1] (Figures 9.2d, 9.2f, 9.3 and 9.12g-h) and is supported by the identification of carbonate 

hydroxyapatite in the FTIR results (Table 9.2, Appendix L). Phosphate does not generally travel 

far from the site of dissolution and is an indication of large amounts of organics decaying in situ 

(Karkanas 2017: 133). Phosphate could have derived from plant ashes or the degradation of 

organic matter (Karkanas et al. 2002; Weiner et al. 2002). 

Phosphate is also commonly observed in archaeological deposits containing faecal waste 

(Karkanas and Goldberg 2010; Macphail 2017; Macphail and Goldberg 2017). In Trench 2 [MSU 

H2_4; mF F3] a microscopic feature exhibits phosphatic enrichment of the fine material (Figures 

9.12i-j). This is associated with concentrations of rice husks and phytoliths; amorphous and 

fibrous organic matter; leached, possibly digested bone (pale with a loss of internal structure in 

PPL; loss of birefringence in XPL; Villagran et al. 2017a: 31); and, neoformed needle-shaped 

crystals exhibiting high-order birefringence (possible authigenic phosphate minerals; Karkanas 

et al. 2000; Karkanas and Goldberg 2010) (Figures 9.12i-j). Taken together, these characteristics 

are suggestive of faecal waste (Karkanas and Goldberg 2010; Shillito et al. 2011b; Macphail 

2017; Macphail and Goldberg 2017). 
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Figure 9.12. Processes involving the 
chemical alteration of organic and 
biomineral materials. (a) A bone 
fragment showing dissolution. (b) A 
pseudomorph of a rice husk showing 
complete replacement by iron oxide. (c) 
Replacement of organic material by iron 
oxides, showing diffuse impregnation at 
the edges of the material. (d) Iron and 
manganese impregnation of a 
pseudomorphic plant void. Remnants of 
organic tissues and amorphous organic 
matter is preserved within the void. (e) 
and (f) Infillings of clay, iron oxides and 
possible phosphatisation in charcoal 
fragments. (g) and (h) Phosphatisation 
of ash-rich groundmasses with 
embedded charcoal fragments and 
siliceous plant material. Phosphatic 
enrichment presents as pale orange 
(PPL), isotropic (XPL) cryptocrystalline 
fine material. (i) and (j) A phosphatic 
feature showing leached bone 
fragments (pale (PPL), loss of 
birefringence (XPL)), siliceous plant 
materials including rice husks, and 
fibrous dark brown (PPL) organic tissues 
(possible wool or fur). Authigenic 
crystals can also be seen in XPL. The 
feature probably represents faecal 
waste (Karkanas and Goldberg 2010; 
Macphail 2017; Macphail and Goldberg 
2017). 
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The second main chemical element released by large amounts of organic matter is sulphur. In 

anaerobic conditions, sulphur reacts with iron to form pyrite (Weiner 2010: 59). In aerobic 

conditions, sulphur is oxidised to sulphate and binds to cations to produce authigenic minerals 

such as gypsum (Weiner 2010: 59). Authigenic gypsum has been identified in many 

archaeological contexts where it has precipitated from different sources of degrading organic 

matter. Milek (2012) and Shahack-Gross (2017) recorded authigenic gypsum in animal stabling 

deposits; Kadowaki et al. (2015) identified gypsum growth within crop storage features; and, 

Bergada et al. (2015) documented gypsum precipitation from the degradation of human bodies. 

Gypsum precipitation requires sources of calcium and sulphur. Calcium can originate from 

calcitic ash, plant matter and bone while sulphur is released through the decay of large amounts 

of organic matter and/or animal residues (Weiner 2010; Milek 2012: 130). 

At Lo Gach the formation of authigenic gypsum is the result of the oxidation of sulphur to 

sulphate, derived from large amounts of degrading organic matter. Oxidation creates an acidic 

environment leading to the breakdown of phosphate-bearing materials such as bone and 

organics, and the release of calcium from dissolution of calcitic ash and bones. Calcium and 

sulphate then precipitate out of solution in the presence of oxygen to form gypsum. The 

lenticular morphology of the gypsum crystals indicates relatively slow growth of mineral 

crystals. Lenticular gypsum intergrowths are extensive in the phytolith-rich layers of mF D, 

where it disrupts the finely laminated layers (Figures 9.13a-b; confirmed by FTIR, Table 9.2, 

Appendix L). Goldberg et al. (2009: 11), Shillito et al. (2011a: 1030) and Kadowaki et al. (2015) 

describe the precipitation of gypsum within phytolith-rich layers, resulting in disruption of 

finely laminated plant materials that decayed in situ. At Lo Gach, gypsum is also found in mFs A, 

B, C in Trench 1 and mF F in Trench 2, where it forms extensive infillings (Figure 9.13c) 

(confirmed by FTIR, Table 9.2, Appendix L). According to Weiner (2010) and Milek (2012), 

gypsum is usually associated with drier conditions and rarely preserves in moist environments. 

Preservation of authigenic gypsum in Lo Gach deposits points to surprisingly good preservation 

conditions. Gypsum preservation could have been a result of impermeable layers (e.g., clay 

plastered surfaces of mF C) preventing moisture infiltration above and below the units in which 

gypsum occurs. 
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Figure 9.13. Photomicrographs showing examples of authigenic gypsum formation in the sediments. (a) A lenticular crystal 
intergrowth of gypsum. (b) Several clusters of authigenic lenticular gypsum crystals occurring within the phytolith rich 
laminated layers [mF D]. In (a) and (b) the crystal growth disrupts the finely laminated deposit by pushing the sediments at 
all angles. (c) An infilling of lenticular gypsum showing partial dissolution [mF F]. 

9.4. Microstratigraphic sequence of site formation 

By integrating and ordering the microfacies (Section 9.2) and associated human depositional 

practices (Section 9.3) within site stratigraphy, it is possible to reconstruct human activities and 

use of space over time at Lo Gach. A microstratigraphic sequence of site formation provides a 

hypothetical representation of the major depositional practices over time, rather than a 

complete reconstruction of site history (Figure 9.14). Two major limitations of the 

microstratigraphic model are: the absence of overlapping thin sections with the implication that 

a complete stratigraphic sequence is not available; and, the absence of natural samples and 

regional comparative archaeological, experimental and ethnographic microarchaeological 

studies to aid in interpretation of deposit formation histories. For these reasons, the 

microstratigraphic model is provisional. Below, the site formation sequence is summarised, 

beginning from the base of the archaeological sequence working upwards to the most recent 

deposits.
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Figure 9.14. 
Summary of the 
microstratigraphic 
sequence of Lo 
Gach, integrating 
field observations of 
stratigraphy and 
radiocarbon dates 
with results from the 
geoarchaeological 
analyses. This image 
shows the sequence 
preserved in the 
west wall of Trench 
2. The archaeological 
deposits reached a 
maximum depth of 
c. 1.6 m. Select thin 
section scans and 
photomicrographs 
are displayed to 
illustrate the major 
deposit types and 
temporal 
(stratigraphic) 
patterning. Refer to 
Chapter 6 and 
Appendix F for 
radiocarbon dating 
codes and 
calibration. 
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Figure 9.14 (cont.). 
Summary of the 
microstratigraphic 
sequence of Lo Gach, 
integrating field 
observations of 
stratigraphy and 
radiocarbon dates with 
results from the 
geoarchaeological 
analyses. This image 
shows Trench 1, focusing 
primarily on the 
sequence preserved in 
the west wall and 
collating some 
microstratigraphic data 
from the east wall. The 
archaeological deposits 
reached a maximum 
depth of c. 1.6 m. Select 
thin section scans and 
photomicrographs are 
displayed to illustrate 
the major deposit types 
and temporal 
(stratigraphic) 
patterning. Refer to 
Chapter 6 and Appendix 
F for radiocarbon dating 
codes and calibration. 
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The 2014 excavation recorded 1.6 m of archaeological stratigraphy. Natural basal sediments 

[C.106] consisted of grey (2.5Y 6/1) alluvial loamy sands. 

Radiocarbon dating established that the earliest archaeological layers were deposited in Trench 

2 between c. 3200-3000 cal BP (Chapter 6). Trench 2 comprises thick, homogenous layers 

attributed to alternating subvariants of mF F (Figure 9.14). mF F is interpreted as a mixed, 

unstructured midden dump of materials (Figure 9.14; Section 9.3.1.1). Subvariants of mF F 

relate to differences in human activities: the burning of plant material [mF F1: C.205 and C.204]; 

food preparation activities focused on animal processing [mF F2: C.205, C.204, F2-7, F2-13 and 

F2-42]; and, a combination of plant (predominantly rice) and animal processing activities [mF 

F3: C.204 and C.202] (Figure 9.14). Alternating layers between the subvariants of mF F reflect 

different midden discard events through time. Rice remains are observed in thin sections from 

the earliest layers, indicating rice was present from initial occupation of the site (c. 3200-3000 

cal BP). In one thin section [MSU H2_2.2] from Trench 2, disaggregated aggregates containing 

matching fabrics to intact clay plaster surfaces identified in Trench 1 [mF C] represent dumping 

of construction debris (Figure 9.14). The only in situ activities in Trench 2 are trampling which 

occurs at interfaces between different MSUs of mF F (Figures 9.7g-h), suggesting that trampling 

took place on exposed midden surfaces between depositional episodes. Unlike Trench 1 

deposits, trampling on exposed midden surfaces was not intensive and it is presumed that 

Trench 2 was located further away from the main habitation area of Trench 1. The upper 

deposits of Trench 2 [#H2_5 and #H2_6] returned radiocarbon dates of 2800-2700 cal BP 

(Chapter 6), which are contemporaneous with deposits from Trench 1 and fall within the MSEA 

Bronze Age (Figure 9.14). 

Trench 1 deposits date to between c. 2800-2700 cal BP (modelled using Bayesian analysis, 

Chapter 6) implying relatively rapid build-up of the stratigraphy and probable continuous 

occupation. The rapid, continuous formation of stratigraphy is supported by the 

microarchaeological analyses; these establish most of Trench 1 deposits represent organic waste 

that was deposited rapidly. Trench 1 contains thin, laminated layers that alternate in colour and 

composition (Figures 6.33, 6.35 and 9.14), thus differing from the thick, homogenous layers in 

Trench 2 (Figures 6.37 and 9.14). The microstratigraphic layers in Trench 1 contain specific 

components and microfacies that are repeated throughout the stratigraphic sequence, indicating 

structured depositional pathways of waste (Figure 9.14). 

At the base of Trench 1, field excavations uncovered a dark brown (7.5YR 3/2) loose sand layer 

[C.105] that was approximately 15-30 cm thick. It contained concentrations of large fragments 
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of pottery and bone that contributed the majority of artefact remains recovered during 

excavation. Several postholes were cut into the deposit indicating the possible construction of 

subaerial wooden structures. No geoarchaeological samples were removed from this sand 

(Chapter 6). C.105 was overlain by a very dark grey (5YR 3/1) sandy loam deposit [C.104] that 

had a depth of c. 5 cm, extended across most of the trench, and contained a mixture of pottery, 

faunal bone, charcoal and ash. The topmost part of C.104 was captured in thin section H1_1 and 

contained midden waste made up of multiple discard episodes. These include laminations of 

plant processing waste [mF D2] interspersed with horizontally continuous layers of charcoal [mF 

B2] and large unsorted and randomly-oriented heterogenous components including bone, 

charcoal and pottery. 

Directly overlying C.104 was C.103, a fine-grained, well-sorted grey (5YR 6/1 to 5/1) deposit 2-3 

cm in depth that extended across the trench. C.103 was captured in two thin sections [MSUs 

H1_1.3 and H1_9.3] and identified as a clay plastered surface [mF C] (Figure 9.14). The clays 

were deliberately imported from a probable local alluvial source (Section 9.3.1.2) to construct an 

even foundation surface for activities. The plastered surface shows evidence of possible 

trampling and sweeping (Section 9.3.1.2). Other evidence for construction materials at Lo Gach 

include displaced clay construction aggregates which occur in secondary midden contexts as 

dumped debris. There are also impressions of palm leaves and woven matting and/or basketry 

on the surfaces of compacted sediments (Figures 9.15d-f; Cameron 2017) and postholes which 

are consistent with construction of subaerial dwellings (Appendix F). 

A series of compacted deposits with hard upper surfaces overlay C.103 and were recorded using 

feature (F-#) numbers [e.g., bottom to top in the east wall sequence: F1-141, F1-140, F1-91, F1-

85, F1-80, F1-66, F1-62, F1-61; bottom to top in the west wall sequence: F1-141, F1-127, F1-126, 

F1-123, F1-125, F1-122, F1-119, F1-113, F110, F1-109, F1-108, F1-107, F1-62] (Figure 9.14; 

Appendix F). The features comprise most of the stratigraphy within Trench 1 and were 

described during field excavation as containing two layers. The top layer consisted of creamy 

white hard, compacted sediments containing calcareous materials, charcoal, ashes and burnt 

clay. They were interpreted in the field as external compacted surfaces (Appendix F; Piper et al. 

in prep) and, based on micromorphological analysis, they are identified as being composed of 

indurated recrystallised calcitic ashes [correlating to mF A; Section 9.3.1.1]. Occasional pinky 

and orange colours within these layers were attributed to heat alteration in the field, however, 

thin section analyses suggest that these colours are a result of phosphatisation and 

redoximorphic processes related to post-depositional alteration of ashes (Section 9.3.2.2-3). The 

upper light-coloured layer was typically underlain by a dark humic layer containing charcoal 
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and ash [correlating in thin section to mF B]. In feature deposits towards the bottom of the 

stratigraphic sequence, a third layer was observed in association with the upper light-coloured 

and lower dark-coloured couplet [e.g., F1-119, F1-122, F1-126] (Appendix F). The third layer 

contained silicified rice husks [correlating in thin section to mF D] that ‘blanketed’ extensive 

areas of the trench (Figure 9.15a; Appendix F). The rice layers were associated with circular 

depressions [F-111, F-112, F1-124, F1-131, and F1-132] that are similar to modern mortar and 

pestle features used to dehusk rice in Southeast Asia (compare Figure 9.15b this thesis with 

Figures 2d-e from Castillo 2018). The occurrence of these depressions on mF D surfaces suggest 

that dehusking occurred at the locality and was a possible activity that contributed to the 

extensive trampling of the deposits (Figures 9.4 and 9.9). 

 
Figure 9.15. Photographs of stratigraphic features recorded during the 2014 excavation of Lo Gach. (a) Photograph in plan 
view of an example of one of the layers [F1-126] comprised almost exclusively of silicified rice husks recorded during field 
excavation. (b) A circular depression (F1-111) identified on a hardened surface during field excavation. The circular 
depression may have been formed by a mortar and pestle used to dehusk rice similar to those used ethnographically in the 
region today (compare to Figures 2d-e in Castillo 2018). (c) Silicified rice remains impressed into a surface [F1-12]. (d) 
Impressions of weaving or basketry recovered from Trench 3 [F3-6]. (e) Leaf impressions on the surfaces of compacted 
deposits recovered from Trench 3 [F3-6]. (f) Overlapping palm leaf impressions recovered from Trench 1 [F1-12]. 
Photographs provided by the Lo Gach archaeological team. 
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The midden deposits contain almost entirely anthropogenic components. Midden accumulation 

was probably rapid, suggested by the lack of intrusive materials and clastic sediments and the 

sharp boundaries between different deposits (Shillito and Matthews 2013). The undulating, 

mounded and deformed bedding structures observed in stratigraphic profiles (Figures 6.33, 6.35 

and 9.14) are made up of repeated, alternating thin individual layers of mFs A, B and D, 

representing discrete depositional episodes of midden building (Figure 9.14). Midden dumps 

containing waste from organics and combustion residues typically experience deformation and 

slumping due to volume reduction and self-compaction through in situ decay of organic matter 

and dissolution of calcitic ashes (Section 9.3.2.2-3; Albert et al. 2008: 73; Shahack-Gross et al. 

2009: 175; Karkanas and Goldberg 2018). Micromorphological evidence of post-depositional 

processes (e.g., calcium carbonate, iron and manganese mobilisation, see Section 9.3.2) indicate 

that the deposits were generally uncovered and exposed to the weather. In addition to intensive 

post-depositional processes in the deposits, trampling (Section 9.3.1.3) contributed to the 

laminated and undulating stratigraphy. Trampling and exposure of surfaces between episodes of 

midden accumulation thus portray a lively picture of an outdoor area nearby dwellings that was 

utilised as an external compacted surface for a variety of activities, including midden deposition, 

rice processing and in situ burning. 

The archaeological sequence in Trench 1 is overlain by a thick (c. 40 cm) very dark brown (10YR 

2/2) sandy loam deposit containing fragments of archaeological materials displaced by and 

admixed with modern materials. The modern surface deposits are redeposited natural alluvial 

sediments comprising very dark grey (10YR 3/1) silt loams. No samples were removed from the 

upper modern layers because they are not associated with prehistoric occupation of the site. 

9.5. Chapter summary 

Microstratigraphic analysis of archaeological stratigraphy from Lo Gach identified 91 

microstratigraphic units and six microfacies. Variation in microfacies were linked to three types 

of human depositional practices: midden discard and waste management practices; clay 

plastered floor surfaces; and, trampling and activities on exposed surfaces. The temporal 

patterning of microfacies was used to construct a microstratigraphic sequence of site formation 

at Lo Gach. The microstratigraphic sequence identified that site stratigraphy is comprised 

mostly of organic waste from combustion and rice processing activities, periodically punctuated 

by occupation surfaces (clay plastered floors) and impacts of activities (trampling). The life 

history of Lo Gach is discussed in terms of broader cultural and environmental processes in 

MSEA prehistory in Chapter 10. 
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Chapter 10 
Discussion: Micro-scale Contributions to Transitions Narratives in MSEA 

Prehistory 

...no society is sedentary...people simply move in different ways. (Kelly 1992: 60) 

A microstratigraphic perspective of MSEA prehistory uses the lens of site formation to 

understand the relationship between archaeological evidence and interpretation of the MSEA 

Neolithic. A widely acknowledged gap in the MSEA Neolithic is the lack of evidence of where 

people lived (Higham 1989, 2017; Shoocongdej 1996; Bellwood and Glover 2004: 11; Piper and 

Oxenham 2014). Very few architectural remains and settlement areas have been excavated 

(Henriksen 1982; Nishimura and Nguyen 2002; Higham et al. 2014a; Oxenham et al. 2015; Piper 

et al. 2017). In this thesis, three prehistoric settlements are studied at high resolution to 

reconstruct settlement trajectories, social practices and use of space across the Neolithic 

transition. The chapter is structured to address the specific aims of the thesis. In the first section 

(Section 10.1), the microstratigraphic sequences of site formation presented in the previous 

three chapters are used to reconstruct the life histories of the study sites. In the second section 

(Section 10.2), the micro-temporal life histories of the sites are contextualised within macro-

scale narratives of sedentism and the Neolithic in MSEA archaeology. In the final section (Section 

10.3) relationships between temporality, site formation and archaeological interpretation are 

discussed. 

10.1. Micro-temporal rhythms of social life in settlements 

Viewing the archaeological record through the lens of site formation entails a 

reconceptualisation of stratigraphy ‘not as a passive container of temporally sensitive artefacts 

but as a physical medium for the performance of social practice’ (McAnany and Hodder 2009: 7). 

The stratigraphic record is the cumulative result of human depositional practices and ‘a social 

interpretation of sedimentation is just as necessary as a social view of the artefacts contained in 

the soil’ (Gosden 1994: 193). Site formation involves the study of routine practices (Van der 

Veen 2007: 985) and routine practices provide society with a sense of time in the form of the 

social rhythms of everyday life (Durkheim 1915; Bourdieu 1990). The time resolution 

appropriate to studying human-deposited stratigraphy is not the same as long-term timeframes 

conventionally used in geology or archaeological culture-history. Rather, the short-term 
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seasonal, decadal and generational timeframes of human lives produce the microstratigraphic 

record and represent the ‘rhythms of social life’ (Durkheim 1915: 440). 

In this thesis, the rhythms of social life preserved in prehistoric settlements are recovered using 

high-resolution microstratigraphic techniques. The results of these analyses established 

microstratigraphic sequences of site formation (presented in Chapters 7-9) that provide the 

basis for reconstructing life histories for each settlement. The life history framework integrates 

the concepts of cyclical and linear time (Chapter 5, adapted from Gould 1987). Linear time 

corresponds to the microstratigraphic layering of deposition to produce the build-up of social 

stratigraphy representing a site’s life history. Cyclical time corresponds to the temporal 

patterning of human and natural depositional processes (microfacies) that allow 

microstratigraphic layers to be linked to life rhythms encompassing social practices and use of 

space over the course of a site’s life history (following Bourdieu 1990). The life histories of the 

study sites are presented in turn below, with reference to the micro-scale aims of the thesis: the 

identification of (1) human activities; (2) post depositional processes; and, (3) the 

reconstruction of a microstratigraphic sequence of site formation at each site (Chapter 1). 

10.1.1. Thach Lac 

Thach Lac is a shell-bearing midden site: ‘a site composed of secondary refuse of many kinds of 

remains, including shell, generated by a wide range of activities’ (Widmer 1989 in Claassen 

1991: 252). Shell middens are the most conspicuous components of the archaeological record in 

northern-central Vietnam during the early and mid Holocene (Piper et al. in press). Humans are 

the main sedimentary agents responsible for building the shell deposits and thus a social 

interpretation of the stratigraphy of shell-bearing sites is necessary (Villagran 2019: 345). 

Despite the anthropic nature of shell middens, they are often interpreted as mono-functional, 

homogenous sites formed through either of two generalised site formation models: long-term 

sequential accumulation of shell refuse producing deflated, time-averaged deposits; and, short-

term feasting episodes producing rapid dumping of shells in spatially discrete mounds (Claassen 

1991; Stein et al. 2003; Villagran et al. 2011b). During macroscopic stratigraphic observations in 

the field, shell-bearing deposits may show sedimentary homogeneity that masks the 

identification of individual events of deposition and in situ activities (Duarte et al. 2019: 483). 

Recently, microstratigraphic techniques have been employed at ethnohistoric (Balbo et al. 2010; 

Villagran et al. 2011a; Villagran et al. 2011b) and archaeological (Simpson and Barrett 1996; 

Homsey and Capo 2006; Villagran et al. 2009; Godino et al. 2011, Villagran 2014; Aldeias and 

Bicho 2016; Duarte et al. 2019) shell middens to decipher the complex depositional histories. 
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Like previous studies, the analysis of Thach Lac (Chapter 7) identified cultural microlayers too 

thin to resolve by trowel excavation in the field, including residues of individual human activities 

(Figure 10.1). The high-resolution analyses suggest that macro-scale interpretations of shell 

refuse practices fail to capture the variability, complexity and inherent sociality of site formation 

processes at shell-bearing sites (Villagran et al. 2009; Villagran 2014). 

The microstratigraphy of Thach Lac revealed a complex history of occupation, abandonment and 

reoccupation amidst dynamic environmental change and coastline reconfigurations resulting 

from sea level changes during the mid to late Holocene. Thach Lac was occupied across a period 

of a thousand years by three distinct cultural groups: Quynh Van (5100–4900 cal BP), Thach Lac 

(4850–4600 cal BP) and Bau Tro (4450–4150 cal BP) (Chapter 6; Nguyen et al. 2020). Human 

occupation was successive and a hiatus between each occupation was marked by natural 

sedimentation (Figure 10.1). Each of the occupations at Thach Lac are characterised by specific 

settlement dynamics including duration, intensity of site use, revisitation patterns, and 

variations in types of activity (Figure 10.1). Figure 10.1 depicts the resultant life history model 

and Figure 10.2 illustrates the depositional and post-depositional pathways of material 

components for Thach Lac. 

During initial visitation (5100–4900 cal BP), the site was situated in an estuarine, intertidal or 

wave-dominated environment influenced by active marine processes (Chapter 7). Small 

accumulations of burnt and unburnt shell, pottery, animal bone, stone artefacts and a human 

radius and ulna were discarded at the site, and small postholes represent the construction of 

temporary subaerial structures (Nguyen et al. 2020). Occupation was short-lived and focused on 

the exploitation of coastal resources. This phase of occupation is attributed to a mid Holocene 

pottery-using forager group known as the Quynh Van culture, a culture that is geographically 

distributed in the Nghe An and Ha Tinh Provinces. The diagnostic material proxy of the Quynh 

Van culture is pots with pointed bases (Nguyen et al. 2004: 182). Radiocarbon dating of this 

phase at Thach Lac (Chapter 6) and recent research at Ru Diep, 12.5 km southwest of Thach Lac 

(Lam et al. 2020), securely date the Quynh Van culture to c. 5100–4900 cal BP.  

Following the Quynh Van phase of occupation, the site subsequently experienced flooding 

resulting from marine transgression between 5100-4900 cal BP and 4850-4600 cal BP (Figure 

10.1; Chapters 6 and 7). This chronological window coincides with the period of maximum sea 

level rise of 1.5-3 m above present levels between 6000 and 4000 cal BP in this region (Tanabe 

et al. 2003; Boyd and Lam 2004; Stattegger et al. 2013). People did not occupy the site during 

this time. 
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Humans moved into the area directly following marine regression and began exploiting new 

intertidal and mudflat environments formed along the exposed coastlines, predominantly to 

collect shellfish. These visitations mark the beginning of the second occupation of the site 

associated with eponymous Thach Lac culture. The Thach Lac phase consists of several layers 

that can be divided into two sub-phases based on changes in intensity of human occupation. The 

first Thach Lac sub-phase consists of ephemeral anthropogenic deposits including single tossing 

events of shell (after Balbo et al. 2010; Villagran et al. 2011b; Duarte et al. 2019) and 

redeposited mixed midden material (bone, shell, pottery and burning residues), suggesting that 

occupation was intermittent and short-lived (Figure 10.1). Human occupation took place on 

sand dunes which had begun to form in a back-beach environment following sea level fall. 

Several small postholes dug into underlying sands represent the construction of temporary 

subaerial dwellings (Nguyen et al. 2020). Material culture included paddle-impressed pottery, 

shouldered stone adzes, stone pounders and grinders, and bone artefacts (Nguyen et al. 2020). 

During periods of human abandonment, aeolian sand layers accumulated; the thinness of the 

layers and lack of indicators of dune stabilisation imply these hiatus periods were only short. 

The microstratigraphic patterning of anthropogenic and natural deposits indicates that site 

formation during the first Thach Lac sub-phase was characterised by repeated cycles of rapid, 

short-lived events of anthropogenic deposition immediately followed by deposition of natural 

sands (Chapter 7; Figure 10.1). 

As sea levels stabilised to present levels during the late Holocene, the site became isolated from 

marine processes and took on a terrestrial signature, indicated by dune stabilisation and 

pedogenesis (Chapter 7; Figure 10.1). In the second Thach Lac sub-phase, a greater intensity and 

permanence in site use is coincident with a broad shift in primary subsistence from shell 

foraging to hunting animals (Chapter 7; Figure 10.1). Radiocarbon dating establishes that the 

Thach Lac phase took place sometime between 4850 cal BP and 4600 cal BP (Chapter 6). As all 

individual dates within the Thach Lac phase share a similar range, the true duration of 

occupation may have been in the span of months or years rather than decades or centuries. 

Following occupation by the Thach Lac culture there was an occupational hiatus long enough to 

allow natural sediments to accumulate. Radiocarbon dating suggests the duration of 

abandonment was less than 200 years. 

The final occupation of Thach Lac was by the Bau Tro culture, represented by a single cultural 

horizon. A marked diversity in material culture in this phase includes shouldered and 

unshouldered stone adzes and stone grinders, polishers and pounders; bone artefacts; and, new 
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ceramic types, including red incised pottery, baked clay bow pellets and ceramic ling-ling-O 

(thought to be ear pendants) (Nguyen et al. 2020). More substantial structures were erected on 

a stable land surface, evidenced by postholes in structural alignment that are larger and deeper 

than in previous occupation layers (Nguyen et al. 2020). Greater residency time, perhaps 

reflecting semi-sedentary or sedentary occupation, is indicated by a greater diversity in material 

culture, considerable investment in construction, and intensity of site use marked by thicker 

cultural deposits and increased accumulations of material residues. Radiocarbon dating 

indicates that the Bau Tro culture occupied Thach Lac for 150-300 years or less, sometime 

between 4450 cal BP to 4150 cal BP (Chapter 6). 

Human and natural sediments at Thach Lac are highly sensitive indicators of the life history of 

the site and the temporalities of successive occupations (Figure 10.2). The early Quynh Van and 

Thach Lac phases of occupation were formed through short-lived visits involving distinct 

episodes of refuse discard, single tossing events of shell and single in situ burning events. These 

individual events of anthropogenic deposition were subsequently buried by natural deposition 

of aeolian dune sands. Shell collection is known to be a seasonal undertaking in the ethnographic 

record (Waselkov 1987). The sharp stratigraphic boundaries and the coarseness of sand grains 

in some natural sand layers may reflect seasonal deposition by strong monsoonal winds. A 

transition towards intensive and more persistent site use is reflected by thick cumulative 

palimpsests of anthropogenic midden deposits that formed across longer timeframes of 

occupation. This shift in residency type occurred within a single cultural phase – between the 

first and second sub-phases of the Thach Lac phase – and continued throughout the final Bau 

Tro phase. These deposits were transformed by pedogenesis, indicating the cessation of natural 

sedimentation and the establishment of a stable landscape. 

Thach Lac can be regarded as a ‘persistent place’ (Schlanger 1992: 92) in the Holocene cultural 

landscape of the region. The life history of Thach Lac involved reoccupation by three distinct 

cultural groups over a period of a thousand years. For most of its occupation history, Thach Lac 

was located either on a back-beach with foredunes providing protection from the prevailing 

ocean winds, or nearer to the coast and its intertidal ecosystems. These environments would 

have provided access to fresh water and numerous coastal, riverine and terrestrial resources 

and would have facilitated movement inland from the coast along waterways (Nguyen et al. 

2020). Social memory probably played an important part in upholding the significance of the 

site across a millennium of intermittent occupation. Villagran (2014: 223) argues that shell 

mound building in Southern Brazil ‘can be interpreted as a unique strategy for establishing 
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memories and connecting with past communities’. Thach Lac is one of several shell middens in 

northern-central Vietnam (Piper et al. in press) and although the sites are not formal mounds, 

the human labour involved in shell exploitation, mobilisation and deposition reflects a degree of 

social organisation. The long-term visibility of the large middens, some reaching a height of 

seven metres (Lam et al. 2020), indicates that material deposition was not motivated solely by 

the discard of occupational refuse. In situ burning and light trampling on occupation surfaces 

indicate the shell deposits provided a substrate for living. Shell middens – as conspicuous 

anthropogenic landforms – may have acted as social or territorial landmarks (Villagran 2014), 

perhaps functioning as familiar ‘persistent places’ (Schlanger 1992: 92) to buffer against 

environmental changes of the mid to late Holocene that dramatically transformed coastal 

landscapes in this region.
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Figure 10.1. Site formation model of the life history of Thach Lac. The grey shaded rectangles highlight the three cultural phases of occupation as established by the excavators of the site 
(Nguyen et al. 2020). Note that only dominant components and processes are depicted. Conventional radiocarbon ages are quoted at +1 sigma error (BP). Human figures inspired by Goldberg 
et al. (2009) and Hubbard (2015). 
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Figure 10.2. Life history pathways of material components at Thach Lac and their significance for identifying human 
depositional practices and natural sedimentary environments. 

10.1.2. Loc Giang 

Loc Giang has an anthropogenic sedimentary composition consisting of construction, habitation 

and midden materials and can be classified as a settlement site due to evidence of residential 

and domestic activities (Bruck and Goodman 1999: 2-3). Micromorphology has been utilised at 

archaeological settlements in Southwest Asia, Europe and the Americas to disentangle complex, 

multiphase stratigraphies and provide high-definition reconstructions of occupation across 

short-term timescales (Matthews 1995, 2005, 2012; Matthews et al. 1996; Shahack-Gross et al. 

2005; Milek 2012; Karkanas and Van De Moortel 2014; Graham et al. 2015; Macphail et al. 
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2017). The life history model of Loc Giang (Figure 10.3) shows single depositional events, such 

as laying a floor and trampling on surfaces, occurring within broader seasonal to generational 

rhythms of dwelling construction and rebuilding practices and regulated waste management 

activities. Despite its stratigraphic complexity, the rhythmic succession of depositional practices 

reveals cyclicity and continuity in use of space at the site (Figure 10.3). Moreover, this continuity 

and cyclicity characterises the pre-depositional and depositional pathways of material 

components around the settlement (Figure 10.4). Radiocarbon dating establishes that the life of 

the settlement extended for almost 700 years (3950–3250 cal BP), however the cyclic use of 

space depicted across Phases 2 and 3 in Figure 10.3 is suggested to have spanned between 120 

and 310 years (3510–3400 cal BP to 3380–3200 cal BP, modelled using Bayesian analysis, 

Chapter 6; see Piper et al. 2017). Due to preservation and sampling limitations, the settlement 

history shown in Figure 10.3 is a provisional interpretation of depositional rhythms at the site, 

to be revised and enlarged on as more studies from this region and time period emerge (Section 

8.4). 

One of the major deposit types identified at Loc Giang consists of lime mortar constructed floors 

(Figure 10.3; Chapter 8). The first lime mortars were studied using microarchaeological 

techniques several decades ago (Gourdin and Kingery 1975; Goren and Goldberg 1991) and 

micromorphology continues to be the standard for identification (Karkanas 2007; Weiner 2010). 

Prehistoric lime technology is now well-documented in Southwest Asia by 12,000 cal BP 

(Kingery et al. 1988; Friesem et al. 2019), in China and India by c. 5000 cal BP (Karanth et al. 

1986; Carran et al. 2012), and in Central and South America by c. 2500 cal BP (Carran et al. 

2012; Graham et al. 2015; Murakami 2016; Macphail et al. 2017). Loc Giang records the earliest 

use of lime mortar in the Southeast Asian region, with microarchaeological analyses confirming 

lime technology by at least Phase 2 (c. 3450-3350 cal BP) (Figure 10.3; Chapter 8). 

Shells were most likely used to prepare lime mortar at Loc Giang because limestone in the lower 

Mekong Delta region is absent. Although recorded in ethnographies (Panda and Misra 2007), the 

use of shells is an entire lacuna in the geoarchaeological study of lime mortar (Gilberto Artioli 

2018, pers. comm., 9 August). The possible use of shells to produce lime mortar has been 

reported from coastal regions in ancient China (Zhang et al. 2019) and medieval India 

(Deshpande-Mukherjee 2011), from a medieval chapel in Scotland (Thacker 2013), from Bronze 

Age (c. 5000-3000 cal BP) sites in the Aegean and eastern Mediterranean (Brysbaert 2007), and 

from Early and Late Classic levels (c. 1750-1250 cal BP) of the site of Maya Marco Gonzalez, 

Belize (MacKinnon and May 1990; Macphail and Goldberg 2017: 233). In MSEA ethnographic 
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tradition, areca nut (Areca catechu L.) is a main ingredient alongside the preparation of a lime 

paste used to make a betel quid for chewing betel nut (Zumbroich 2008). Areca nut has been 

tentatively reported from the Hoabinhian site of Spirit Cave (Gorman 1970) in Thailand and the 

Metal Age sites of Nui Nap and Giong Ca Vo (Oxenham et al. 2002) in Vietnam. It is possible that 

betel nut chewing may have constituted a second use of prepared lime in addition to the 

construction of lime mortar floors, but this hypothesis is speculative. 

Presentation in thin section of fully reacted binders (Chapter 8) suggests that, unlike many 

archaeological mortars encountered during prehistory, construction of lime mortar at Loc Giang 

was of high quality (Karkanas 2007). The absence of experimental phases of lime production 

implies that the inhabitants of Loc Giang were knowledgeable and experienced in lime 

construction. Temper components in the mortars, including clay construction aggregates, plant 

remains and rare ceramic, bone, shell and coprolite fragments, suggest that the inhabitants 

combined the preparation of high quality construction materials with rubbish recycled from 

daily life (Karkanas and Van De Moortel 2014). Plant remains improve strength and reduce 

cracking in building materials, indicating deep knowledge of the properties of construction 

materials (Matthews et al. 1996: 304). 

In a region where no stone was available (the closest source of stone being approximately 70 km 

away; Nishimura and Nguyen 2002), the inhabitants of Loc Giang constructed dwellings using 

plant materials and lime mortar. The microarchaeological evidence shows a complex picture of 

settlement in which both earthen (lime mortar) and pile dwellings were interwoven throughout 

the settlement (Figure 10.3). Laminated deposits rich in iron and manganese oxides, authigenic 

diatoms and organic matter are preliminarily interpreted as sediments that accumulated under 

saturated conditions beneath pile dwellings (Chapter 8). Pile dwellings are depicted on bronze 

drums of the Metal Age Dong Son period (Higham 1989: 202) and documented in the 

ethnohistoric record of this region (Bernot 1982; Charpentier 1982; Waterson 1990).  

Pile dwellings involve the separation of domestic shelter and space from the substrate below; 

refuse becomes entrained into the substrate as it accumulates around and beneath pile 

structures (Wallace 2003; Lewis 2007b). Pile dwellings in southeast Asia are generally 

constructed above dry, damp and ponding surfaces and do not show water sorting and grading 

typical of dwellings erected on standing water bodies in Europe (e.g., Wallace 2003; Lewis 

2007b; Karkanas et al. 2011; Ismail-Meyer et al. 2013, Ismail-Meyer 2014). Henriksen (1982: 

19) observed that the ground beneath modern pile dwellings in Thailand is always muddy from 

a combination of processes including dripping water from the dwelling platform, the activities of 
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roaming pigs, chickens and dogs, and, heavy rains in the wet season. In a wet tropical 

environment, lime mortar may have been used to provide a hard, water-repellent and antiseptic 

surface (Murakami 2016: 62) at the ground level. Plant construction materials would have kept 

living spaces cool and ventilated and pile dwellings would have kept living spaces dry (Waterson 

1990). The simultaneous use of earthen lime floors and subaerial shelters is supported by field 

observations of postholes aligned to lime mortar surfaces as well as surface 

terminations/corners (Piper et al. 2017). Through use of microarchaeology, elusive deposits 

below pile dwellings are identified and the settlement record which has thus far been absent 

from the Neolithic in MSEA is able to be reconstructed. 

Microarchaeology was essential in differentiating between constructed floors and non-

constructed surfaces. Many of the surfaces recorded during field excavation are, on the basis of 

the microarchaeological evidence, best interpreted not strictly as ‘floors’ but as ‘surfaces’ 

grouped within a broader deposit category of waste management (Chapter 8). The problem of 

waste accumulation is an ongoing challenge for sedentary societies (Hardy-Smith and Edwards 

2004). At Loc Giang, the compaction of deposits and repetition of specific combinations of 

material components within the different midden types imply that the discard of waste was a 

structured depositional practice (Figures 10.3 and 10.4). A recurring deposit type comprising 

vegetal ash and coprolites suggests maintenance of waste through burning and the purposeful 

spreading of burnt residues to keep the ground dry and act as an insect deterrent/disinfectant 

(Milek 2012). A different midden deposit type containing concentrations of organic waste 

possibly represents areas between or under pile dwellings used to keep animals.  

The microscopic record is intriguingly silent on the question of the type of activities that took 

place on surfaces at Loc Giang. Few instances of trampled sediments were observed on the 

upper boundaries of constructed floors and compacted midden deposits (Figure 10.3), which 

may reflect cleaning activities such as sweeping (LaMotta and Schiffer 1999; Macphail and 

Crowther 2007; Karkanas and Efstratiou 2009; Milek 2012). In some instances, two surfaces 

were directly overlaid with no sediment build-up between, suggesting a floor preparation or 

repair layer. In other instances, the upper boundary of a surface was met with open, biologically 

reworked deposits, indicating bioturbation had obliterated activity residues. Structural 

modifications of floors from surface pressure were identified in very few floors, implying the 

majority of samples were taken from localities that did not experience intensive foot traffic. The 

microstratigraphic model of floors first proposed by Ge et al. (1993) and since identified in other 

floor sequences (Matthews et al. 1996; Stahlschmidt et al. 2017) was not identified (Matarazzo 
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et al. 2010). The model biases particular types of construction materials (clay-based) and 

technologies (lack of organic additives, heating or water) (Stahlschmidt et al. 2017: 512), which 

are absent due to the use of solid lime mortar and pile dwellings for habitation. 

Constructed and non-constructed surfaces are interstratified with loose, dark, biologically 

reworked layers (Figure 10.3). Evidence for cultural and biological disturbance in these layers 

suggest the dumping of occupation debris and levelling or collapse of construction materials 

between periods of construction. The abundance of comminuted and degraded organic matter, 

charcoal and vitrified phytoliths may represent collapsed plant construction materials (Section 

8.3.1.5; Friesem et al. 2016: 22-23). A field-based hypothesis for rapid renewal of floor surfaces 

is termite infestation of dwellings. In this region today dwellings are replaced every 10-15 years 

or less due to insect infestations and rotting of plant construction materials (Bernot 1982: 35; 

Wulff 1982: 142; Castillo et al. 2017: 75). 

The material rhythms of settlement practices over time depict a dynamic picture of settlement at 

Loc Giang (Figure 10.3). The construction of lime mortar involves considerable expenditure of 

time, effort and resources to create durable structures (Karkanas 2002: 254) and this 

commitment to the site suggests permanent residence. Repetition and consistency in floor 

materials and technology indicates that floor construction was a communal, regulated practice 

that drew on social memory and tradition (Boivin 2000; Karkanas and Stratouli 2008). The 

earliest durable construction technologies appear alongside the development of refuse 

strategies to manage the ongoing problem of waste in sedentary settlements. Social rhythms of 

lime mortar construction, pile dwellings and waste management practices (Figure 10.3) may 

have played a role in reaffirming a community’s presence in a landscape and forging a sense of 

social and generational cohesion and continuity in the settlement.
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Figure 10.3. Site formation model of the life history of Loc Giang. See over page for the symbol key. The grey shaded 
rectangles highlight Construction Phases 1, 2 and 3 as established by the excavators of the site (Piper et al. 2017). Note that 
only dominant components and processes are depicted and the sequence is based heavily on samples from the west wall of 
the trench (Section 8.4). Conventional radiocarbon ages are quoted at +1 sigma error (BP). Human figures inspired by 
Goldberg et al. (2009) and Hubbard (2015). 
^    No geoarchaeological samples are available and information is extrapolated from field records. 
---  discontinuous/truncated contact and/or sampling strategy missed deposits. 
*    Burning event reconstructed from high abundances of burning residues however no evidence of intact   
      combustion features were identified.
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Figure 10.3 (cont.). Site formation model of the life history of Loc Giang: symbol key.



Chapter 10                                                                                                                 Microscale Contributions to Transitions Narratives 

388 

 
Figure 10.4. Life history pathways of material components at Loc Giang and their significance for identifying human 
settlement practices. 

10.1.3. Lo Gach 

Microarchaeological analyses established that most of the stratigraphy at Lo Gach comprises 

organic waste. Due to the dominant organic composition and the undulating, mounded and 

deformed bedding structures that are observed in profile (Figures 6.33, 6.35 and 9.14), the 

excavated part of the site is identified as an extensive area of midden dumping (Karkanas and 

Goldberg 2018: 141). Microstratigraphic analyses of what outwardly appear as waste dumps at 

archaeological sites have successfully been used to reconstruct complex depositional histories of 

midden accumulation related to the everyday rhythms of social life (Johansen 2004; Shillito et al. 

2011a; Shillito and Matthews 2013). At Lo Gach, a handful of depositional activities – repeated 

multiple times throughout the site’s history – are responsible for the accumulation of c. 1.6 m of 
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stratigraphy (Figure 10.5). Archaeological components show consistency in respective 

depositional pathways (Figure 10.6). The resulting microstratigraphic model demonstrates that 

waste management is a highly regulated and structured practice (Figure 10.5). 

The earliest archaeological layers at Lo Gach were deposited in Trench 2 between c. 3200-3000 

cal BP (Chapter 6), a time period contemporaneous with the Neolithic in MSEA. Trench 2 

comprises thick, homogenous layers attributed to midden dumping of materials (Figure 10.5). 

Alternating layers reflect different human activities that generated the waste, including: the 

burning of plant material; animal processing activities; and, plant (predominantly rice) 

processing activities, with rice being present from the earliest occupation layers (Chapter 9). 

The only in situ activities in Trench 2 are occasional trampling on exposed midden surfaces 

between different depositional episodes (Figure 10.5; Chapter 9). 

Trench 1 deposits were radiocarbon dated to a tightly constrained period of c. 2800-2700 cal BP 

(modelled using Bayesian analysis, Chapter 6) suggesting relatively rapid build-up of the 

stratigraphy and probable continuous occupation. The rapid and continuous nature of midden 

accumulation in Trench 1 is supported by microarchaeological results that reveal minimal 

pauses in deposition and a lack of natural clastic sedimentation (Chapter 9; Shillito and 

Matthews 2013). Among the earliest cultural layers in Trench 1 was a silty clay plastered floor 

surface, 2-3 cm in depth and constructed from local clays (Figure 10.5). Construction of the clay 

plastered surface may have been motivated by a desire to create a clean, hard and sanitised 

surface for occupation. The construction of floor surfaces on middens has also been reported at 

Neolithic Catalhoyuk in Turkey (Shillito and Matthews 2013: 45). 

Midden accumulation in Trench 1 took place above the clay plaster surface. Three midden 

deposit types are distinguished: ashes of woody and grassy plants; carbonised plant tissues; and, 

silicified rice remains containing articulated phytoliths (Figure 10.5; Chapter 9). The three 

midden types represent finely stratified layers formed by discrete depositional episodes of 

midden building that were repeated numerous times. The micro-scale alterations between the 

midden types result from cyclic human activities around the settlement (Figure 10.5; Huisman et 

al. 2009). 

The frequent occurrence of the first two midden deposit types – ashes and carbonised plant 

tissues – suggest that burning is a major site formation process at Lo Gach which played an 

important role in daily activities and site maintenance practices (Figures 10.5 and 10.6). Most 

burnt components are in redeposited contexts, however infrequent occurrences of in situ 



Chapter 10                                                                                                                 Microscale Contributions to Transitions Narratives 

390 

burning of midden waste were observed (Figure 10.5). Burning activities at Lo Gach, either 

represented by in situ or displaced combustion residues, were deliberate actions that utilised 

vast amounts of plant materials and were linked to waste management practices, such as for 

sanitation or to reduce volume of middens (Goldberg et al. 2009; Miller and Sievers 2012). 

The third midden deposit type comprises articulated phytoliths representing plant processing 

waste, predominantly from dehusking rice (Figure 10.5; Chapter 9). Field excavation established 

that phytolith layers are laterally extensive, covering several metres of the excavation trench 

and ‘blanketing’ former midden surfaces (Figure 9.15a; Appendix F). The phytolith layers were 

associated with circular depressions that are similar to modern mortar and pestles used to 

dehusk rice in Southeast Asia today (compare Figure 9.15b this thesis with Figures 2d-e from 

Castillo 2018). The lateral distribution of the plant remains and the spatial association with 

circular depressions suggest that dehusking took place at the locality (Chapter 9). It is plausible 

that deposition of plant processing by-products was motivated by waste accumulation only. 

Alternatively, the purity of the silicified plant material, the extensive ‘blankets’ they form across 

the trench (Figure 9.15a; Appendix F), and evidence of intensive trampling may imply that plant 

waste accumulation simultaneously functioned as a dry surface for activities such as sitting, 

resting or working (Goldberg et al. 2009) or thoroughfares for walking (Huisman et al. 2009). 

This would be particularly advantageous in the tropics where muddy substrates commonly last 

several months of the year. The sheer quantities and repeated occurrence of rice by-products in 

thin section indicates rice processing was a major activity performed at Lo Gach and that rice 

was a staple food for the inhabitants (Figure 10.5). 

The undulating, mounded and deformed bedding structures observed in profile (Figures 6.33, 

6.35 and 9.14) are a result of a combination of three processes: uneven mound dumping and 

lensing related to the nature of midden deposition; trampling on exposed midden surfaces; and, 

post-depositional deformation and slumping due to volume reduction and self-compaction 

through in situ decay of organic and biomineral waste components (Figures 10.5 and 10.6; 

Albert et al. 2008: 73; Shahack-Gross et al. 2009: 175; Karkanas and Goldberg 2018). A suite of 

post-depositional processes provide evidence for fluctuating wet (structural collapse, 

decalcification of ash, Fe-Mn mobilisation) and dry (precipitation of authigenic gypsum, Fe-Mn 

precipitation, calcite recrystallisation, phosphatisation, organic matter decay and soil fauna 

activity) conditions that would be expected in an outdoor area exposed to the weather (Figures 

10.5 and 10.6; Chapter 9). Outdoor areas are important spaces for undertaking a range of 

activities in the tropics (Robin 2002; Hutson et al. 2007). At Lo Gach, periods of trampling and 



Chapter 10                                                                                                                 Microscale Contributions to Transitions Narratives 

391 

exposure of midden surfaces between episodes of midden accumulation portray a lively picture 

of an outdoor area adjacent to dwellings that was used for activities related to plant processing, 

burning, and waste management (Figure 10.5). Small postholes recorded during excavation 

(Appendix F) may derive from lightweight structures for storage of firewood or grain. 

In summary, excavated areas at Lo Gach appear to be positioned in outdoor areas designated for 

waste disposal and plant processing activities. Evidence for construction was minimal and 

included clay plastered surfaces (Chapter 9) and impressions of matting and/or basketry 

(Cameron 2017). The excavation missed the main habitation area and instead captured what 

may have been the ‘backyard’ of the settlement. The microstratigraphic analyses detected 

aspects of continuity and change in human depositional practices over time. A change in waste 

disposal strategies is identified between Neolithic (Trench 2) and Bronze Age (Trench 1) 

deposits (Figure 10.5). The Neolithic (Trench 2) deposits contain thick, more homogenised 

layers with less evidence for individual in situ activities and less compaction from foot traffic 

(Figure 10.5); Trench 2 was probably positioned on the periphery of the main areas of activity in 

the settlement. In contrast, Bronze Age (Trench 1) deposits contain finely stratified layers that 

preserve individual events and successively repeated activities (Figure 10.5). Moreover, Bronze 

Age (Trench 1) deposits show specific and repeated depositional pathways of components, 

reflecting planning and regulation of waste management (Figure 10.6). Cultural deposition at Lo 

Gach was motivated by the problem of waste and was seemingly continuous, with no breaks or 

hiatuses in the stratigraphic sequence. These two factors – structured disposal of waste and 

continuous occupation – suggests that the Neolithic and Bronze Age inhabitants of Lo Gach were 

relatively sedentary. By placing waste disposal practices within the social context and life 

rhythms of prehistoric communities, it is possible to view waste disposal practices as regular 

communal activities, and to see midden areas as central features within prehistoric sedentary 

communities (Johansen 2004).
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Figure 10.5. Site formation model of the life history of Lo Gach. See over page for the symbol key. The grey shaded 
rectangles highlight the Neolithic and Bronze Age deposits. Note that only dominant components and processes are 
depicted. Conventional radiocarbon ages are quoted at +1 sigma error (BP). Human figures inspired by Goldberg et al. 
(2009) and Hubbard (2015). 
^    No geoarchaeological samples are available and information is extrapolated from field records. 
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Figure 10.5 (cont.). Site formation model of the life history of Lo Gach: symbol key. 
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Figure 10.6. Life history pathways of material components at Lo Gach and their significance for identifying human activities 
and use of space. 

10.2. Linking micro-scale life histories of settlements to macro-scale 
transitions narratives in MSEA prehistory 

In this section, the micro-scale life histories are contextualised in terms of macro-scale models of 

MSEA prehistory, focusing on origins and transitions research which has dominated archaeology 

in this region (Halcrow and Tayles 2011: 48). Microarchaeology provides a new dataset that 

complements more traditional forms of archaeological knowledge of the MSEA Neolithic in a 

unique way. Micromorphology is not concerned with material culture in a strict sense, but in the 

depositional mode and spatio-temporal relationships of material culture. The micro-scale 

narratives of the study sites (Section 10.1) demonstrate that material depositional patterns at 

the micro-scale can be linked to the organisation of designated social and economic spaces in 

settlements, which in turn can be linked to macro-scale ‘transitions’ research on sedentism, 
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agriculture and the development of new material culture (Figure 10.7). Microarchaeological 

techniques are used to recover micro-scale mobility rhythms and to reconstruct the use of space 

at settlements, consequently, the contribution of microarchaeology to characterising sedentary 

lifeways is the first theme addressed (Section 10.2.1). As the microarchaeological analyses 

involve the collection of data relating to human activities, they give insight into other aspects of 

lifeways including economy and waste management. The second part of this section discusses 

how microarchaeology extends our understanding of Neolithic life in MSEA (Section 10.2.2). 

10.2.1. ‘Were they sedentary and does it matter?’ (Roth 2016: 108) 

There are several methodological and conceptual problems with the concept of sedentism in 

MSEA prehistory (Chapter 2). Methodologically, conventional macro-scale archaeological 

proxies of sedentism have limited utility in MSEA. Ethnographic observations from the region 

record highly flexible, dispersed settlement systems (Eder 1984; Griffin 1989) and the use of 

plant materials in construction (Waterson 1990); these factors limit the visibility and 

preservation of settlements. Large prehistoric cemeteries and bioarchaeological indicators of 

health are uncritically cited as evidence of sedentism (Higham 2004a, 2014; Douglas and 

Pietrusewsky 2007; Higham et al. 2011a; Oxenham and Domett 2011; Higham and Kijngam 

2012; Oxenham 2016; Oxenham et al. 2018); yet, these proxies provide no equivocal 

identification of sedentism. Conceptually, sedentism is often viewed as a precondition for 

agriculture within the Neolithic model (e.g., Higham 2002a, 2002b, 2014; Bellwood 2005; Rispoli 

2007); this model is underlain by a neo-evolutionary progressive paradigm (White 2017) and by 

dualist epistemologies separating mobile hunter-gatherers and sedentary farmers (Marshall 

2006a). The main problem with sedentism highlighted in this research is that once a society is 

deemed sedentary, future mobility is generally framed only in terms of site abandonment or 

migration (Varien 1999). However, individuals do not stop moving when they become sedentary 

(Kelly 1992). Sedentism is not the binary opposite – or absence – of mobility: it is a type of 

mobility, and to study sedentism is to identify and reconstruct human mobility. 

In this thesis, an alternative approach to study human mobility involves characterising how 

people used space on a daily, seasonal and generational basis. Using microarchaeological 

signatures of human mobility within settlements, the basic unit of time shifts from a 

presence/absence approach of year-round permanence to reconstructing ‘the rhythms of social 

life’ (Durkheim 1915: 440) that unfold across multiple, overlapping timespans. As these social 

rhythms are reflected in the temporal patterning of deposition, sedentism is thereby assessed 

through the lens of site formation. 
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Each study site contributes very different microscopic records for the experience of living in 

settlements across the Neolithic period and extending into the early Bronze Age. Thach Lac, in 

north central Vietnam, witnessed profound cultural and natural changes across its millennia-

long life history (Section 10.1.1). Culturally, Thach Lac was inhabited by three distinct cultural 

groups, the Quynh Van (5100–4900 cal BP), Thach Lac (4850–4600 cal BP) and Bau Tro (4450–

4150 cal BP) cultures. A change from ephemeral foraging visits (Quynh Van and Thach Lac 

phases) to longer durations of occupation characterised by more intensive site use (Thach Lac 

and Bau Tro phases) was identified through time. This change in intensity and duration of site 

occupation was enabled by a change from a coastal to terrestrial landscape (Figure 10.1). 

Throughout this dynamic period of cultural and environmental change, Thach Lac functioned as 

a ‘persistent place’ that was ‘used repeatedly during the longterm occupation of [the] region’ 

(Schlanger 1992: 92). Persistent places possess certain qualities that attract people over 

extended periods of time. These qualities are not necessarily stable attributes of the physical 

landscape, as indeed while Thach lac would have been an attractive coastal location during 

initial occupation, its physical environments transformed in different ways through time. Rather, 

these qualities are part of the social perception of place and are handed down through social 

memory. 

In contrast to the influence of natural environments in determining settlement dynamics and 

cultural depositional patterns at Thach Lac, Loc Giang and Lo Gach in southern Vietnam 

represent anthropologically modified and constructed environments, producing stratigraphies 

formed mainly by human activities. Loc Giang and Lo Gach have a relatively low number of 

human depositional practices (microfacies) that are repeated and cyclical, reflecting structured 

and rhythmic use of space. 

Loc Giang has a mixed agricultural and hunting-gathering economy and evidence for the use of 

lime mortar to construct durable surfaces. The management of domesticated plants and animals 

and the construction and maintenance of artificial dwellings has profound impacts on human 

perceptions of the world, social organisation and settlement investment (Russell 2012; Section 

2.1.3). Routine practices involved in these activities require considerable investments in time, 

resources and labour, and would have restricted the mobility of at least some of the community. 

While individuals employed in hunting and fishing may have had increased mobility, other 

individuals employed in maintenance of the settlement and management of domesticated animal 

populations would have needed to reside at Loc Giang for longer periods of time. Persistence in 

the landscape and commitment to place are reflected in social rhythms detected by the 
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microarchaeological analyses. The stratigraphic sequence encompasses over 30 surfaces that 

represent discrete, alternating episodes of lime mortar and pile dwelling construction, cleaning 

and sweeping of floors, and regulated waste management disposal practices repeated over a 

long period of occupation (Figure 10.3). 

At Lo Gach, the excavated area is interpreted to be the ‘backyard’ of the settlement which was 

used for rice processing and waste disposal, Cultural deposition was continuous, indicated by 

the absence of breaks in accumulation; intensive, indicated by persistent foot traffic and the 

rapid accumulation of cultural waste (Figure 10.5); and, highly regulated, indicated by the 

repeated deposition of specific material components (Figure 10.6). Most of Lo Gach comprises 

waste that was deposited in discrete, finely stratified layers reflecting systematic waste disposal 

practices including the use of burning to sterilise the deposit and reduce the amount of organic 

waste (Shahack-Gross 2011; Millers and Sievers 2012). Waste represents a ‘crisis’ (Rathje and 

Murphy 1992: 33; Hardy-Smith and Edwards 2004: 253) unique to sedentary communities that 

must manage accumulating rubbish on a daily basis. Amongst the waste deposits at Lo Gach are 

immense amounts of rice processing by-products suggesting rice was cultivated locally. Rice 

agriculture requires a degree of permanence in land use to accommodate routine planting and 

harvesting of crops, and synchronisation of the social rhythms of a community to the 

agricultural cycle (Barton and Denham 2011). Based on the regular nature of depositional 

rhythms and the waste composition of deposits, the inhabitants probably lived at Lo Gach 

permanently and their rhythms of sedentary life were strongly influenced by agriculture and 

waste management.  
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Figure 10.7. The main settlement practices and human activities identified at each of the study sites investigated and how 
these micro-scale practices link to broader macro-scale themes in MSEA prehistory. 

At all three sites, social memory – represented by the temporal continuity of social practices – 

plays an important role in reaffirming a community’s commitment to place, albeit in different 

ways. Thach Lac featured as a persistent place over the long term (5100–4150 cal BP) and 

experienced changes in settlement dynamics from ephemeral foraging visits to more permanent 

and intensive occupation over time. In contrast, the main habitation sequences at Loc Giang 

(3510-3400 cal BP to 3380-3200 cal BP) and Lo Gach (2800–2700 cal BP) demonstrate 

continuity in social practices and use of space over the short term. At Loc Giang, social rhythms 

focus on the construction, cleaning and repair of lime mortar surfaces and pile dwellings, as well 

as waste management possibly linked to the keeping of animals. At Lo Gach, social rhythms are 

dictated by the cultivation cycle and involve intensive rice processing and the management of 

high volumes of organic waste. 

The life histories of each study site reveal different narratives of settlement and suites of life 

rhythms (Figures 10.1, 10.3, 10.5 and 10.7). Using a microarchaeological perspective, it is not 

possible to view mobility and sedentism as binary, constant states of living in the landscape. 

Neither is it possible to arrange the study sites along a single mobility–sedentary continuum 
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(following Kelly 1992: 60). There is no one type of sedentism in the MSEA Neolithic because the 

way people inhabit space is not the same at each site. Sedentism is a product of social rhythms of 

mobility and persistence in the landscape; as such, sedentary experiences are different to each 

site and its rhythms of social life. Evoking Roth’s (2016: 108) question of ‘Were they sedentary 

and does it matter?’, micro-scale narratives expose the superficiality of traditional 

presence/absence proxies of sedentism and the simplicity behind homogenising, binary labels of 

mobility and sedentism. As Edwards (2019) points out, sedentism is not to be conflated with 

‘people learning to build houses’, as people have learnt to build houses throughout history (see 

Ingold 2000: 185). It is about people becoming ‘socially tethered’ (Edwards 2019) to a site, its 

buildings, surrounding landforms and each other through time. 

Sedentism is an expression of the temporality of social life and is recorded in the mutual 

biographies of people, place and landscape: 

Organized [sic] movement within a landscape is inextricably linked to temporality…The idea of 
settlement mobility, or of sedentism, is not inherent in human nature, nor can it be said to be 
determined by economic practices, since those practices are themselves social constructs. It is 
evident that time and space/place (which movement and settlement imply) are intermeshed with 
biography…there exists a reflexive relationship between land/place/time and personal or group 
identity to the extent that it would be meaningless to try to separate the biographies of people from 
those of the “inanimate” physical context of their existence (Pollard 1999: 79). 

Biographical or life history approaches relate people to place and landscape through 

temporality. When coupled with microarchaeological techniques, a life history perspective is 

successful in identifying small-scale mobility rhythms and social practices across short-term 

timescales, which help to illuminate the ways people perceived and understood their 

surroundings across longer time scales. At the three study sites, social rhythms across daily and 

seasonal timescales forge a group’s commitment to place over the short term; the physical 

places of the settlements emerge as landscape markers over the long term that anchor 

community identity across generational to century timescales (Figures 10.1, 10.3 and 10.5). The 

temporalities of social life at Thach Lac, Loc Giang and Lo Gach serve to create and maintain 

stability through immense environmental and cultural change during the mid and late Holocene.  

10.2.2. Were they Neolithic? 

In this research, major problems with the concept of the Neolithic in MSEA have been exposed. 

These include: definitional inconsistencies with the term Neolithic; the ‘missing millennia’ 

(White and Bouasisengpaseuth’s 2008: 39) of archaeological evidence in the middle Holocene; 

that Neolithic material and behavioural elements such as pottery, ground stone artefacts and 

sedentism have greater antiquity in the region; and, that elements of the Neolithic ‘package’ have 

different pathways across time and space indicating multiple dispersals and regional 
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diversification (Chapter 3). Problems with the Neolithic originate from underlying conceptual 

frameworks that no longer serve the current archaeological evidence. The two most influential 

of these are: (1) the idea that the Neolithic was a cultural phenomenon that was internally 

homogenous across time and space, thus giving rise to ‘package’ concepts (critiqued by Thomas 

1993, 1999); and, (2) the pervasiveness of a Past-as-Same trope (Ricoeur 1988c[1985]) 

manifested by a penchant for the rural idyll of a European ancestry (critiqued by Finlayson 

2013) (Chapter 3). In this section, the degree to which each site can be considered ‘Neolithic’ is 

assessed by contextualising microarchaeological data on Neolithic attributes (e.g., sedentism, 

economy and waste management) within existing archaeological evidence from this period. 

The cultural sequence at Thach Lac is chronologically situated to address White and 

Bouasisengpaseuth’s (2008: 39) ‘missing millennia’ in MSEA prehistory: the decline in 

archaeological evidence in the middle Holocene period c. 8000-4000 cal BP. Thach Lac, in 

conjunction with new research from the Da But site of Con Co Ngua (6700–6200 cal BP; 

Oxenham et al. 2018) and the Quynh Van site of Ru Diep (5200-4900 cal BP; Lam et al. 2020) 

demonstrates that the ‘missing millennia’ do not exist in north central Vietnam. Quynh Van 

(5100–4900 cal BP) and Thach Lac (4850 cal BP to 4600 cal BP ) phases at Thach Lac are 

characterised by repeated, short-lived site visits focused on shell exploitation and provides 

evidence for ceramic, stone and bone technologies (Section 10.1.1). Sites of the Thach Lac, 

Quynh Van and Da But cultures in northern central Vietnam, together with Khok Phanom Di (c. 

4000-3500 cal BP; Higham and Thosarat 1994, 2004a) and Nong Nor (c. 3750 cal BP; Higham 

and Thosarat 1998b) in Peninsular Thailand, suggests that the middle Holocene, pre-Neolithic of 

MSEA was a mosaic of regionally distinct complex forager communities possessing different 

material cultural traditions, economic orientations and settlement trajectories, including semi-

sedentary patterns. This challenges the conceptual dichotomy between indigenous mobile 

hunter gatherers and intrusive sedentary agriculturalists (Kealhofer 2003; Barton 2015) and the 

idea that pre-Neolithic MSEA comprised homogenous ‘hunter gatherer landscapes’ (Bellwood 

2005: 278) thought to offer a blank uniform canvas for the arrival of migrant Neolithic 

agricultural populations. 

The upper Bau Tro phase (4450–4150 cal BP) at Thach Lac contains material cultural traits 

traditionally deemed Neolithic, including pottery decorated with red slip and comb-incised 

curvilinear motifs and polished ground stone adzes (Appendix D). However, domesticated plants 

and animals are absent from Thach Lac and the economy has an exclusive hunting, foraging and 

marine orientation (Appendix D; Nguyen et al. 2020). The appearance of Neolithic material 
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culture and the emergence of more permanent settlement patterns in the Bau Tro phase 

(Sections 10.1.1 and 10.2.1) suggests the ‘Neolithic’ development of material culture and 

sedentism is occurring without agriculture in this region. Sites in Vietnam that are broadly 

contemporaneous with Thach Lac, such as Man Bac (3950-3470 cal BP; Oxenham et al. 2011) to 

the north and An Son (4250-3150 cal BP; Bellwood et al. 2011) to the south, demonstrate 

evidence of agriculture, sedentism and material culture. Thach Lac shows that not all Neolithic 

groups are sedentary agriculturalists and reveals diversity in lifeways between communities at 

approximately 4000 cal BP. 

In the MSEA Neolithic, early domesticated plant and animal management was integrated into 

broad-spectrum, mixed economies that continued to rely on the hunting and foraging of wild 

resources from a diverse range of environments (Chapter 3). Loc Giang had managed pig 

populations and domesticated dog populations and although domesticated rice was present 

(Barron et al. 2017), very few rice remains were identified in the microarchaeological (Chapter 

8) and archaeobotanical (Castillo 2016; Weisskopf 2016; Piper et al. 2017) analyses. Differences 

in the importance of particular domesticated plants and animals between Neolithic sites and the 

consistent importance of wild resources across all Neolithic sites (Chapter 3) suggests the 

subsistence base of Neolithic populations was dependent on local conditions. Sites 

contemporaneous to Loc Giang such as Rach Nui (3500 to 3300 cal BP) and Khok Phanom Di 

(4000-3500 cal BP) are thought to have acquired rice through exchange (Higham and Thosarat 

2004a; Castillo et al. 2017), whereas abundant quantities of rice at An Son suggests local 

cultivation (Bellwood et al. 2011; Piper et al. 2017). 

The microarchaeological evidence for settlement construction at Loc Giang represents the 

construction of earthen-based lime mortar structures and pile dwellings utilising plant materials 

(Section 10.1.2; Chapter 8). Hard, laterally extensive surfaces similar to those at Loc Giang were 

recorded in association with postholes at the contemporaneous Neolithic sites of An Son on the 

Vam Co Dong River 300 m east of Loc Giang (Nishimura and Nguyen 2002; Piper and Oxenham 

2014) and Rach Nui, approximately 80 km to the southeast of Loc Giang on the Dong Nai River 

(Oxenham et al. 2015). Piper and Oxenham’s (2014) comparative analysis of settlement 

evidence from Loc Giang, An Son and Rach Nui establish the use of lime mortar as a tradition of 

construction in the Neolithic of southern Vietnam (see Oxenham et al. 2015), supporting 

Bellwood et al.’s (2011: 160) ‘Greater Mekong’ cultural network linking Neolithic communities 

in southern Vietnam. At Rach Nui, thirteen phases of floor construction took place in a period of 

or less than 200 years, representing renewal of platforms and above-ground structures 
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approximately every decade or two (Oxenham et al. 2015). The frequent phases of rebuilding at 

Rach Nui help contextualise cyclic episodes of construction at Loc Giang (Section 10.1.2; Chapter 

8). It is possible to see frequent demolishing, levelling and rebuilding as a reflection of 

settlement maintenance and reconfiguration over time, in terms of both household shifts (e.g., 

Tringham 1991; Boivin 2000) and requirements of living in tropical environments where insect 

infestations and damp conditions accelerate the decay of building structures (Castillo et al. 

2017). 

Systematic cleaning and maintenance of constructed floors at Loc Giang is evidenced by a lack of 

accumulated debris on surfaces and by replacement of eroded surfaces (Section 10.1.2; Chapter 

8). Several surfaces at Loc Giang that were preliminarily identified in the field as constructed 

floors appear at the microscopic level to be midden deposits containing specific material 

components reflecting regulated waste management practices (Section 10.1.2; Chapter 8). At 

Rach Nui, concentrations of coprolites on constructed platforms indicate waste was a problem 

for the sedentary inhabitants (Piper and Oxenham 2014). During excavations at Loc Giang, An 

Son and Rach Nui, midden deposits were recorded on the periphery of settlements that were 

later levelled and built over, reflecting expansion in settlement size over time (Piper and 

Oxenham 2014; Piper et al. 2017). 

The occupation of Lo Gach extended from the late Neolithic into the Bronze Age (Section 10.1.3). 

The community at Lo Gach was probably sedentary (Section 10.2.1) and while the 2014 

excavation missed the main habitation area, it appears the inhabitants used outdoor areas of the 

settlement as thoroughfares and external surfaces for rice processing and waste management 

(Section 10.1.3). Several postholes dug into midden deposits possibly represent small 

outbuildings or lightweight structures used for storing grain and firewood (Appendix F). The 

abundance of plant remains identified in the Lo Gach thin sections suggests the use of perishable 

plant materials to construct dwellings and is supported by woven mat impressions on surfaces 

(Cameron 2017; Appendix F). The use of perishable plant materials for construction is a 

common ethnohistoric practice in the region (Waterson 1990) and may be a contributing factor 

for the lack of prehistoric settlements (White and Eyre 2011: 62). 

At one point during Lo Gach’s settlement history, local clay was applied as a plaster across an 

exposed midden to create an impermeable surface. In Thailand, hard floor surfaces from Iron 

Age Ban Non Wat (c. 2500-1500 cal BP) are presumed to be living or working surfaces where 

domestic activities involving animal processing (Kanthilatha et al. 2014) and metal production 

(Duke et al. 2011) took place. Clay-lined floors have been described from Metal Age contexts at 
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Ban Non Wat (Higham and Kijngam 2012), Non Ban Jak (Higham et al. 2014a; Higham 2017), 

Non Yang (Nitta 1991) and Non Muang Kao (O’Reilly 1997), where they occur in proximity to 

human burials and are attributed a domestic or mortuary function. While these have not been 

subject to microarchaeological analysis, a somewhat simplistic comparison can be drawn to the 

clay plaster surface at Lo Gach (Section 10.1.3; Chapter 9), perhaps suggesting that the Metal Age 

has its own regional traditions of settlement construction. 

Considerable amounts of rice in sediments dating to c. 3200-3000 cal BP (Trench 2) indicate rice 

cultivation and consumption approximately two centuries prior to the beginning of the Bronze 

Age at Lo Gach (Section 10.1.3). By the Bronze Age, c. 2800-2700 cal BP (Trench 1), regular 

deposition of dense accumulations of rice processing waste implies intensified cultivation and 

the development of routine practices of managing agricultural waste (Section 10.1.3). Evidence 

for agricultural intensification during the Bronze Age at Lo Gach supports regional evidence for a 

reliance on domesticated plants and animals during the Bronze Age in Thailand (Higham 2014; 

O’Reilly 2014) and China (Flad et al. 2007; Cohen 2011). Taken together, these findings suggest 

agricultural intensification was a Metal Age rather than Neolithic phenomenon. 

5000 to 3000 years ago is a period of remarkable change in MSEA prehistory, representing the 

first appearance of cereal agriculture, domesticated animals, durable settlement construction 

and new traditions of material culture and burial practices. The Neolithic model of rapid and 

uniform expansion does not explain the variability and diversity in the archaeological record 

during this period. The Neolithic, rather than being marked by homogeneity, was an innovative 

period in which mosaics of local communities developed their own cultural and social identifies 

and established their own traditions (Chapter 3), such as the use of lime mortar in southern 

Vietnam (see above; see also Piper and Oxenham 2014). Through the reconstruction of regional-

based narratives and integration of domestic Vietnamese archaeological perspectives, it is 

becoming increasingly evident that the Neolithic in Vietnam is characterised by variability and 

regional diversification (Nguyen 2019; Piper et al. in press). Based on the genealogies of 

Neolithic elements (Chapter 3) and the three sites investigated here, the term Neolithic in MSEA 

archaeology is primarily a reference to a period of time, c. 4500 to 3000 year ago. There should 

be no preconceived ideas of the material culture or settlement and economic practices that will 

be found at any specific site within this period. 

At the ‘juncture of major change’ in MSEA archaeology, White (2017: 67-69) calls for efforts to 

focus on ‘micro-scale social processes’, rather than ‘trying to match our data to a pre-existing 

template or checklist’ like the Neolithic ‘package’. In this research, micro-scale social rhythms 
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reconstructed from material depositional patterns reveal differences in settlement, economy 

and waste management practices between the three study sites (Figure 10.7). These differences 

offer a more nuanced and grounded appreciation of transitional experiences through which 

people coped with the unique environmental, social and material conditions of their worlds. 

Studying the archaeological record at this resolution allows the possibility that there were 

different Neolithic practices between sites, and that Neolithic elements may have been used 

differently in different contexts. By shifting focus to practices and rhythms, the ‘Neolithic’ 

emerges as a time period in which multifaceted changes were taking place in locally contingent 

ways and ‘sedentism’ is shown to be a simplified expression for a multitude of ways in which 

people persisted in their cultural and natural landscapes. 

10.3. Temporalities of site formation and the role of time in archaeological 
interpretations of MSEA prehistory 

According to Bailey (1987: 17, 2008: 22), time sets archaeology apart from other disciplines in 

the social sciences and comprises archaeology’s unique insights into human experience and 

history. While time plays a fundamental role in creating the phenomena that are studied by 

archaeologists, conceptions of time also shape the interpretation and explanation of 

archaeological phenomena (Murray 1999a, 1999b; Bailey 2007: 201-202). An understanding of 

archaeological time allows us to access the ‘philosophical foundations of our discipline’ (Murray 

1999a: 3) and is essential to any critical archaeology that reflects on the interpretive process. A 

critical archaeology acknowledges that the macro-temporal frameworks which dominate MSEA 

archaeology, including the modern-day phenomenon termed ‘Neolithic’, is an outcome of the 

type and temporality of processes focused on by archaeologists in the past. In this final section, 

the role of time in processes of archaeological interpretation in MSEA prehistory is discussed. 

Reflections explore how the micro-scale record can contribute to new frameworks of 

temporality and the development of more reflexive and relatable archaeologies in this region. 

10.3.1. Is there a difference between a Neolithic of the dead and a Neolithic of the living? 

Archaeological knowledge of MSEA prehistory collected by international researchers almost 

exclusively derives from mortuary data and as a result there is a far greater understanding of 

deathways than lifeways of the Neolithic. The life histories of prehistoric settlements 

reconstructed in this research give insight into the living context of prehistoric communities in 

the region. From a site formation perspective, different temporalities of deposition between the 

settlement record and the mortuary record give two differing perceptions of the MSEA Neolithic: 
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a Neolithic of the dead and a Neolithic of the living. The two Neolithics are not a reflection of 

differences in lifeways and deathways in the past: they are an outcome of how archaeological 

knowledge is constructed in the present. Specifically, differences between Neolithic lifeways and 

deathways arise from differences in the treatment of temporality in archaeological 

interpretation. 

The search for archaeological knowledge begins in the field. Attempts to recover archaeological 

knowledge are limited first by the extant preservation and stratigraphic integrity of the 

archaeological record and second by the resolution of trowel excavation. Regardless of site type, 

the practice of excavation inevitably collapses individual depositional contexts into broader 

stratigraphic units. In view of the inherent limitations of archaeological data, traditional 

approaches to writing prehistory assume that a long-term scale is more suitable (e.g. Bailey 

1987, 2007; Hodder 1987; Barrett 1994; Stern 1994; Sherratt 1995; Holdaway and Wandsnider 

2008a) and that small-scale ‘windows into deep time’ (Hodder 1999: 129) cannot be gleaned 

except in rare circumstances of excellent preservation and fortuitous recovery. In MSEA 

prehistory, this way of thinking about the archaeological record has resulted in perceptions of 

the Neolithic being founded on palimpsests. 

The paradox of this view of time is that archaeological remains, upon which long-term narratives 

of the past are based, are the residues of moments in time in the life of individuals (Foxhall 

2000; Hodder 2000). Using microstratigraphy, this research reconstructs site formation at the 

resolution of individual human moments in time: single discard events of shell, bone and plant 

processing waste; single instances of laying a floor; trampling; and, in situ burning episodes 

(Chapter 7-9; Figures 10.1, 10.3 and 10.5). Despite material deposition being the single most 

important factor in shaping the archaeological record, it is rarely the subject of archaeological 

investigation. According to Thomas (1999: 62), 

Archaeologists study materials which have been discarded, abandoned or purposefully 
deposited by human beings at some time in the past. However, actual processes of deposition 
have rarely been central to the writing of prehistory.  

The idea that a long-term scale is more appropriate to a fragmentary, incomplete archaeological 

record (i.e., treating the archaeological record as a palimpsest) ‘leads to a failure to treat 

deposition as a social and cultural practice’ (Thomas 1999: 62). 

The eschewal of the processes of deposition that form archaeological sites is the most significant 

problem with the concept of the Neolithic in MSEA archaeology. Excavation is conducted with 

the purpose of recovering material culture; subsequent analyses of archaeological materials are 

divorced from an understanding of how they were deposited. Site formation processes of MSEA 
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archaeological sites are modelled on modern cemeteries, whereby it is assumed that sites 

bearing skeletal remains are ‘discrete, formal areas for disposal of corpses separate from living 

areas’ (White and Eyre 2011: 60). This is despite several so-called cemetery sites demonstrating 

evidence for non-mortuary occupation contexts (Sections 2.2.2 and 3.2.2; Tables A.13 and A.14). 

Categorising sites as cemeteries promotes the view that the minimum analytical unit of the 

MSEA archaeological record are individual primary interments that represent discrete ‘time 

capsules’ (Greene and Moore 2010: 116). Individual graves are compared with other graves to 

reconstruct a demographic register of the cemetery as a whole. Two inherent assumptions 

underlie this type of mortuary reconstruction: (1) cemeteries are representative of an entire 

population; and, (2) intrasite chronological differences relate to demographic and social changes 

over time within that population. Within this framework, interpretations of MSEA prehistory 

work at the population level: human mobility is reconstructed in terms of large-scale migrations 

(e.g., Bentley et al. 2007; King et al. 2013; Matsumura and Oxenham 2013, 2014); human 

demographic and palaeohealth profiles are based on comparative population changes across the 

long term (e.g., Douglas and Pietrusewsky 2007; Clark et al. 2013; Willis and Oxenham 2013b); 

and, studies of material culture highlight long-term trajectories towards the emergence of 

wealth and status as markers of social complexity (e.g., Rispoli et al. 2013). White and Eyre 

(2011: 61) argue that this approach to mortuary analysis results in the conceptual basis of MSEA 

prehistory being underlain by cultural evolutionism and progressive-complexity narratives. 

Meanwhile, the depositional mode and context of artefacts not deposited in association with 

burials is less well understood and often described using ambiguous categories termed middens 

or occupation layers (Table A.14). White and Eyre (2011: 62) lament that ‘little methodological 

attention has been paid to fundamental questions such as site formation processes and relating 

mortuary data to occupation evidence in cultural and taphonomic terms.’ 

Interpretations of the MSEA mortuary record are underlain by a conception of single, linear time 

and an emphasis on large-scale, long-term processes driving prehistory. This does not have to be 

the case. Olivier’s (1999) insightful study of the Hochdorf Hallstatt grave in Germany revealed 

that archaeological funerary assemblages are in fact multi-temporal assemblages containing 

objects of different origins, use histories and temporalities, demonstrating that graves should 

not be assumed to be closed contexts. As burials contain the remains of people, they offer direct 

pathways to recover individual human experiences in the past. Two examples from Neolithic 

Vietnam illustrate the potential of burial archaeology to provide moving insights into individual 

lives: Tilley and Oxenham’s (2016) study of a quadriplegic male requiring continual care during 

his lifetime; and, Willis and Oxenham’s (2013a) study of the tragic childbirth-related death of a 
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mother and her baby. Moreover, evidence for occupation contexts intermixed with burials in 

sites in Thailand (Tables A.13 and A.14) necessitates a critical reassessment of stratigraphic 

methods and conceptual frameworks used to study what have been formerly identified as 

cemetery sites in MSEA (White and Eyre 2011). 

There is a need to study processes of deposition otherwise archaeologists fail to address the 

processes by which the archaeological record was created. Deposition is a social act (McAnany 

and Hodder 2009) and by studying site formation archaeologists can recover information on 

social processes and community organisation in the past. In this research, site formation is 

applied to settlement sites to reconstruct the intricate sequence of activities and events that 

form settlements. 

From a site formation perspective, settlements are valuable as they act as sediment traps for the 

residues of a diverse range of human economic, social and material activities that make up daily 

life. Unlike cemetery sites, there is no final form of settlements; they are the scene of the 

constant unfolding of social life:  

Building, then, is a process that is continually going on, for as long as people dwell in an 
environment. It does not begin here, with a pre-formed plan, and end there, with a finished 
artefact. The ‘final form’ is but a fleeting moment in the life of any feature…cut out from the flow 
of intentional activity. (Ingold 2000: 188) 

Ingold’s (2000) description resonates with the study sites of this thesis. At Thach Lac, Loc Giang 

and Lo Gach, deposition of cultural material is not a single event. It is part of daily routines and 

practices involving small-scale mobility rhythms around the site that are repeated across 

multiple, overlapping seasonal to generational timescales (Figures 10.1, 10.3 and 10.5). 

Deposition cannot be ‘cut out from the flow’ (Ingold 2000: 188) of ongoing daily life at a site; 

neither can human depositional practices be viewed in isolation from syn- and post-depositional 

sedimentary and pedogenic processes (Figures 10.2, 10.4 and 10.6). Settlements are places 

where cultural and natural life histories intersect and interfold. Culturally, they are bound up in 

people’s pasts, presents and futures. Naturally, they are ‘nest[ed]’ (Ingold 1993: 164) within 

patterns of the landscape such as the seasons and the rise and fall of sea levels. This entwining of 

cultural and natural biographies across multiple temporalities is best encapsulated in the term 

dwelling. 

A dwelling perspective is based on the idea that humans do not inhabit natural environments 

that exist independently of them; rather, through the process of dwelling and interacting with 

their environments, humans and non-human components become imbued with meaning (Ingold 
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2000). Meaning is thus created through temporality; the combination of cumulative experiences 

and social memory (Thomas 1996; Ingold 2000). 

A life history or biographical approach used to study the temporality of social life at settlement 

sites in this thesis (Section 10.1; Chapter 4) honours a dwelling perspective and at the same time 

satisfies the fundamental character of archaeology as storytelling because it uses a narrative 

temporal structure (Hodder 1999; Joyce 2002). Individual events of deposition are the starting 

point for archaeological stories. Here, individual depositional events are first identified; second, 

correlated to routine practices and use of space; and, third, placed within larger environmental 

and social histories encompassing cycles of abandonment and reoccupation (Thach Lac), 

settlement reconfiguration and rebuilding phases (Loc Giang) and intensive economic and waste 

management rhythms (Lo Gach) (Section 10.1). This approach gives texture to the social life of 

individual communities over both short-term (e.g., an individual depositional event capturing a 

single moment in time) and long-term (e.g., life history site occupation sequences) timescales 

(Figures 10.1, 10.3 and 10.5, Section 10.1), thereby offering a very different temporal 

perspective of MSEA prehistory to that reconstructed from burial evidence. 

10.3.2. Are micro-scale/contextual and macro-scale/comparative approaches compatible? 

The microarchaeological approach of this thesis provides access to short-term timescales of 

social life, grounding specific human activities and conditions of living in contextual time-and-

place narratives of the Neolithic (Figures 10.1, 10.3 and 10.5). Micro-scale approaches help 

overcome the temporal distance involved in conceptualising our human ancestors – Tringham’s 

(1991: 97) ‘genderless faceless blobs’ – from our deep past. The unique role microarchaeology 

and geoarchaeology can play in understanding the MSEA Neolithic is accessing the human scale 

at which change occurred across the macro-scale phenomenon of the Neolithic. The results of 

this research support the objective of geoarchaeology as a research field dedicated to answering 

archaeological questions at a human scale (Leach 1992; Stein 1993; Goldberg et al. 2009). 

Microarchaeological approaches developed in archaeological science necessitate re-evaluation 

of traditional approaches to time (Haslam 2006; Bayliss et al. 2007). Archaeology has long been 

driven by long-term, large-scale questions (as critiqued by Hodder 2000). The emergence of 

micro-scale studies has led to uncertainty over the significance and integration of 

microarchaeology into mainstream archaeology, with the result that high-resolution data often 

lack contextualising theoretical frameworks (Hodder 2000; Haslam 2006; Weiner 2010:3). The 

discord is not purely methodological or scalar; it stems from deeper conceptual stances on 
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human agency versus structure in archaeology (Tringham 1991; Goodman 1999; Hodder 2000) 

and the social sciences (Marx 1926[1852]: 5; Giddens 1979, 1984). Differences between micro-

scale and macro-scale approaches are not ‘a function of scale; they reflect fundamental 

differences in how the past is represented, the role of people in the making of their own history 

and the way we conceive people living in the world’ (Vrydaghs and Denham 2007: 7). 

The structure/agency debate is influenced by a deeper philosophical challenge which arises 

when archaeologists attempt to grapple with the nature of time. As ‘time-bound observers’ 

(Bailey 1981:104), archaeologists’ perceptions of the deep past are fraught with retrospective 

bias. The practice of writing prehistory with foreknowledge of the results leads to causal and 

self-re-enforcing interpretations of the past. Goodman (1999: 147) argues that ‘…no manner of 

improvement in recovery techniques will produce enough data to ‘fill the gap’’ between micro 

and macro scales of viewing prehistory: 

Data resolution is not the issue. The problem lies in the perception of the deep past as removed 
from us...denying that past events were embedded in a living context, we encourage a static 
view not only because we mythologize [sic] past people but also because we fix their actions in 
a sequence of events which ignores that they can about amidst any number of other possible 
outcomes. 

This hindsight, ‘rear-view mirror’ (White 2017: 67) way of narrating history is problematic for 

several reasons, two being highlighted here. First, it leads to a narrow focus on processes that 

are viewed as causal to the final outcome, i.e., recognisable historical and present-day structures 

(Finlayson 2013: 133), thus denying the existence of variability in the past and at the same time 

promoting a self-reinforcing view of prehistory. Second, it gives rise to teleological thinking 

which denies past human agents a role in determining their own futures (Goodman 1999: 147). 

These personal cognitive biases influence archaeologists’ perceptions of prehistory and 

demonstrate why macro-scale approaches have tended to dominate in archaeology. 

Scholarly focus on origins and revolutions are attempts to overcome problems in 

conceptualising deep time (Gamble 2007; Bailey 2008). Revolutions structure our approach to 

time, for example Gamble (2007: 19) describes that the Neolithic ‘acts as a pair of scissors to cut 

the conceptual network, taking the continuum of archaeological time and snipping it into a big, 

but manageable, problem’. A prehistoric framework made up of blocks of time arranged in a 

linear order promotes focus on change at the boundaries between blocks – the supposed 

revolutions – not within them (Rafferty 1994; Pluciennik 1998: 69; Finlayson 2013: 137). Within 

the blocks, culture is viewed as static and internally homogenous across time and space and 

similarities between material assemblages are used to generalise across wide regions. These 

static periods are rendered timeless through use of ethnographic analogy to overcome the 

problem of temporal distance (Murray 1993). This gives rise to universal categories of mobile 
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hunter-gatherer and sedentary farmer (Finlayson 2013: 144) that are founded on a Past-as-

Same relationship with the present (Section 3.2.1.4.). Bailey (2008: 25) argues:  

emphasis on “origins” research and the reality of “revolutions” are seriously called into 
question if we take account of the distortion of perspective that comes with tracing phenomena 
back in time…So-called revolutions tend on closer examination to reveal multiple strands of 
ongoing change as well as continuities that cross the supposed borderline. 

By adopting different scalar views encompassing individual and social temporalities, periods 

and revolutions in prehistory are revealed to be modern classificatory inventions that 

archaeologists themselves apply to subdue the deep sense of time and render intelligible a 

messy, incomplete and nebulous record. 

The limiting potential of these views can be demonstrated with reference to the MSEA Neolithic. 

Even though the Neolithic in MSEA is referred to as a transition, scholarly focus has not been on 

communities undergoing transformation. The major transition is believed to have occurred in 

China (Fuller and Qin 2009; Cohen 2011) and spread to MSEA through demic replacement: the 

MSEA region is conceived as a blank canvas to plot a pre-determined Neolithic way of life. 

Individual sites feature as closed snapshots in time along the Neolithic transitional narrative, 

while transitional processes are represented as arrow points expanding across large-scale maps 

(as critiqued by White 2017: 67). 

Similar to abstract divisions of time, archaeologists divide space into defined categories (Thomas 

1996), giving rise to the notion of the archaeological ‘site’ as a distinct, bounded entity (Dunnell 

1992; Bruck and Goodman 1999). The stereotypical Neolithic settlement is portrayed as an 

idealised ‘fully sedentary agricultural village’ (Finlayson 2013: 143) disengaged from the flow of 

social life. Yet, the three study sites investigated in this thesis are not moving along a single 

trajectory towards sedentism: archaeologists recognise a single trajectory because they are 

looking into the past through a ‘rear-view’ (White 2017: 67) mirror ‘cherrypick[ing]’ (Finlayson 

2013: 133) the processes that they have predetermined as significant to the rise of the ‘Neolithic’ 

and the shape of prehistory of this region in general. From a micro-scale view, routine practices 

and the temporalities of social life are unique to each site. If the sites are reduced to a single 

trajectory of ‘Neolithised’ development the richness of individual micro-temporal narratives 

would be reduced to ‘noise’ (Hodder 2000: 26). Contradictions between micro-scale and macro-

scale perspectives of the Neolithic are inevitably ‘of our own making’ (Barton 2015: 443) that 

arise from attempts to place dynamic human communities into static, predetermined categories 

(e.g., hunter-gatherer/agriculturalist and mobile/sedentary). 
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Sites are occupied not by individuals alone but by individuals in social groups (Goodman 1999: 

153). An intermediate category of social time is used in this thesis to integrate micro-scale data 

into large-scale transitions narratives and bridge the gap between short-term agency and long-

term structural views of prehistory. Durkheim (1915: 440) stated that ‘it is the rhythm of social 

life which is at the basis of the category of time’. Similarly, Gosden (1994: 137) described time as 

a collective singular: time is ‘created together and experienced singly’. Life rhythms of the social 

group are responsible for material depositional patterns that, through the course of time, lead to 

the accumulation of ‘social stratigraphy’ (McAnany and Hodder 2009). Studying social practices 

of the short term helps to break up the long-term chronological phases and develop a human 

perspective on what daily life was like (Goodman 1999: 153). By considering how social 

practices are structured in time as rhythms, it is possible to see how short-term processes 

articulate with long-term phenomena (Bourdieu 1990; Gosden 1994; Jusseret 2010). 

Using the concept of social time to bridge micro and macro temporal scales, this research offers 

new perspectives on the MSEA Neolithic. Previous archaeological research establishes that 5000 

to 3000 years ago marked, multifaceted changes occurred in the archaeological record of the 

region. These changes, bundled together under the umbrella term of the Neolithic, included the 

introduction of new material culture; domesticated rice, millet, pigs, dogs and cattle; and the 

admixture of indigenous southeast Asian and intrusive east Asian human populations (Chapter 

3). The ways in which these changes are made meaningful through archaeological interpretation 

differs according to macro-scale (comparative) and micro-scale (contextual) approaches. The 

changes represent complex events and processes unfolding at the community level. The macro-

scale narrative fails to address this complexity. In contrast, micro-scale approaches bring to life 

the locally contingent ways individual communities are living through this period of change by 

adopting some elements, innovating other elements to suit their needs, and rejecting other 

elements that were deemed not desirable. 

Variability and complexity in this important period of MSEA prehistory are contextualised on a 

site-by-site basis using a life history framework to understand these changes (Sections 10.1 and 

10.2). For example, Thach Lac possesses Neolithic material culture, such as red incised pottery 

and polished adzes, and demonstrates a shift to more permanent settlement patterns, but lacks 

agriculture or domesticated animals. At Loc Giang, domesticated rice was found in very small 

quantities; what was more important to the Neolithic community was lime mortar and pile 

dwelling construction, waste management routines, and the keeping of domesticated dog and 

managed pig populations. At Lo Gach, rice cultivation and processing and the management of 
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organic waste were the main structuring rhythms of social life that were performed at a 

continuously occupied, probably sedentary, site. Each settlement reveals a different story 

reflected in different routine practices and rhythms about the living experiences of communities 

across this period of change. A microstratigraphic approach to site formation permits 

reconstruction of individual activities at the micro-scale and the varying, nested social and 

economic processes of change that are encompassed under macro-scale concepts of the 

Neolithic and sedentism. 

Across all the disciplines in the social sciences, archaeology studies the widest range of 

timescales concerned with human experiences (Stein 1993; Bailey 2008: 22). With this deep 

time perspective, archaeology can make a unique contribution towards reconciling long and 

short timescales and recovering the ‘indeterminate relations’ (Hodder 1999: 175) between 

structuring principles and individual agents in human prehistory. Site formation is a 

fundamental tool to bring to light these ‘indeterminate relations’ (Hodder: 1999: 175). Site 

formation encourages engagement with the depositional actors that create the archaeological 

record and affords greater definition to the materiality of past communities across multi-

temporal daily, seasonal and generational timescales. 

It may not be possible to fully reconcile and integrate different scalar views of prehistory: 

‘Perhaps we should accept that the two [large and small] scales are not commensurate and that 

different types of theory are relevant to the different scales’ (Hodder 1999: 130). Time 

perspectivism is the belief that there are many timescales that comprise the archaeological 

record, each timescale requiring different resolutions and techniques of investigation, and 

ultimately contributing differing, complimentary insights into the past (Bailey 2007). By 

acknowledging time perspectivism, archaeologists ‘create an intellectual space’ for multiple 

temporal scales to coexist (Bailey 2008: 21). According to Moore and Thompson (2012: 266), 

‘the goal is not to find the “best way” to study the past but to integrate multiple theoretical 

perspectives and promote a multivocal archaeology’. In the context of MSEA prehistory, it may 

not be important that, at this stage, micro-scale and macro-scale archaeological approaches 

align; it is more important that they are both present. Even if micro- and macro- narratives 

remain incompatible, both are necessary to balance and contextualise each other and it is in the 

space between the two perspectives that a multivalent, meaningful past can be recovered 

(Hodder 1999: 147). 
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10.4. Chapter summary 

In this chapter, the life histories of the study sites were reconstructed from microstratigraphic 

sequences of site formation (Section 10.1). The life histories provided a window into individual 

human events across short-term timescales during a long-term period of cultural and 

environmental change in the mid to late Holocene in MSEA. The micro-temporal narratives of 

the individual sites were contextualised within wider macro-scale archaeological narratives of 

sedentism, agriculture and the Neolithic in MSEA (Section 10.2). At the micro-scale, routine 

practices that constitute the temporality of social life are shown to be different at each site, 

generating different accounts of living experiences across this period. 

Differences between micro-scale and macro-scale narratives of the MSEA Neolithic are 

attributed to the role of time and practice of reflexivity in archaeological interpretation (Section 

10.3). Geoarchaeological perspectives are beneficial to cultivating a critical awareness of time in 

archaeology because they interrogate the temporality of deposition, and thus the formation of 

the archaeological record. Studying archaeological stratigraphy at the micro-scale allows 

archaeologists to deeply contextualise evidence, identify biases in explanations of phenomena, 

and critically reflect on the process of interpretation (Shillito 2017). The micro-scale is capable 

of characterising variability and complexity in sedentary trajectories and Neolithic expression at 

individual sites, as well as contextualising points of convergence and divergence between 

different sites within macro-scale transitions models of the Neolithic and sedentism. The final 

chapter identifies the significance of the major findings of the thesis and suggests future 

directions of research to improve and expand this work. 
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Chapter 11 
Conclusion 

We archaeologists seek answers from the earth and tell stories (Ivor Noel Hume, 1927-2017) 

Research in this thesis investigates the contribution of site formation processes to 

understanding the settlement experience and social context of communities across the Neolithic 

transition in MSEA. Using three case studies, the research demonstrates how the temporal 

structure of the archaeological record at settlement sites reveals micro-temporal patterns of 

human deposition in the short term, which may be linked to social rhythms, use of space and 

persistence in the landscape over the long term. This chapter summarises the significance and 

implications of the research findings (Section 11.1) and acknowledges some limitations (Section 

11.2). Drawing together both the findings and limitations of this study, potential directions for 

future research are identified (Section 11.3). 

11.1. Significance and implications of research findings 

Using the concept of the Neolithic as the departure for this research, a genealogical framework 

was used to critically evaluate the application of this concept in MSEA and to expose the 

disparity between archaeological evidence and the current interpretive frameworks for the 

Neolithic within MSEA. The gap between evidence and interpretation for the Neolithic was 

attributed to the conceptualisation of time in archaeology, namely, the emphasis on long-term 

timescales and large-scale processes. The bias towards long-term temporal perspectives 

justified the use of a different approach to temporality in MSEA prehistory. Sedentism was 

isolated from the Neolithic ‘package’ and investigated using a temporal approach that focused on 

social time, i.e., the unfolding of social life in settlements across social and generational 

timescales. A conceptual life history approach to archaeological settlements was integrated with 

a methodological approach combining geoarchaeology and microarchaeology to reconstruct 

social rhythms of dwelling at settlement sites spanning the purported Neolithic transition in 

Vietnam. The paragraphs below summarise the major findings in relation to the six aims 

outlined in the introduction to this research (Chapter 1). 

The first three objectives relate to the collection of microarchaeological data. First, evidence for 

material depositional processes are identified and attributed to specific human activities and use 

of space. Human activities at Thach Lac centred on midden deposition, including single discard 
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events of mixed faunal bone and burnt residues and single tossing events of shell; occasional 

trampling; and, in situ burning of midden surfaces (Chapter 7). At Loc Giang, the use of lime 

mortar to construct surfaces is confirmed by c. 3500-3370 cal BP and this practice continued 

throughout the life of the settlement (Chapter 8). Lime mortar surfaces were maintained 

through regular cleaning, repair and rebuilding activities and are interstratified with pile 

dwellings and midden deposits suggesting regulated waste disposal practices. The excavated 

area at Lo Gach was an outdoor ‘backyard’ utilised for a range of activities including rice 

processing, discard of combustion residues, in situ burning and intensive foot traffic (Chapter 9). 

The findings demonstrate that prehistoric settlements in MSEA preserve information on the 

nature of dwellings, types of domestic activities and practices of waste management.  

Second, the analyses identified the effects of post-depositional processes on the stratigraphic 

integrity, preservation and visibility of occupation deposits. At the open coastal site of Thach 

Lac, the main transformation agents were the effects of percolating solutions, such as rainwater, 

through the porous shell midden fabrics and the effects of geomorphic agents, primarily wind 

and water, that resulted in natural sediment accumulation during hiatuses in human occupation 

(Chapter 7). At Loc Giang, intensive bioturbation possibly reflects the destruction of plant 

construction materials or organic-rich cultural refuse, while compacted layers enriched with 

iron and manganese oxides and authigenic diatoms may represent sediments accumulating 

under pile dwellings (Chapter 8). The stratigraphy at Lo Gach comprises mostly organic waste 

and chemical diagenesis was intensive, comprising weathering of ashes, replacement of organics 

by iron and manganese oxides, and phosphatisation and authigenic gypsum precipitation from 

degradation of organic matter (Chapter 9). High-resolution geoarchaeological methods offer the 

most suitable techniques to unravel the complex succession of post-depositional 

transformations and mitigate the challenges imposed by tropical environments (Friesem et al. 

2016; Morley and Goldberg 2017). 

Thirdly, the temporal patterning of human depositional practices identified at the microscopic 

scale was used to reconstruct a microstratigraphic sequence of site formation for each site. The 

site formation sequences narrate the life histories of the settlements and contribute micro-scale 

perspectives on three broader theoretical debates in MSEA archaeology. 

First, the thesis contributes to a body of research dedicated to disentangling sedentism from 

Neolithic frames of reference and perceiving sedentism as primarily a social process that 

irrevocably changes people’s relationships with time, place and each other. Sedentism is studied 
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through the lens of site formation, whereby social rhythms and settlement trajectories are 

inferred from micro-temporal patterns of human deposition within settlements. 

Sedentism engenders a fundamental shift in site formation processes and also in the 

temporalities of human societies who lived in the settlements. ‘Persistent places’ (Schlanger 

1992: 92) are culturally significant locations that stretch back in time through social memory 

and yet are simultaneously bound up in expectations and future ‘projects’ (Thomas 1996: 44) of 

a community. Thach Lac featured as a persistent place over a millennium of significant 

environment and cultural upheaval. A change from ephemeral foraging visits during the Quynh 

Van and Thach Lac phases to longer, more permanent occupation characterised by more 

intensive site use during the Thach Lac and Bau Tro phases reflects a change from a coastal to 

stable terrestrial landscape as a result of sea level change. At Loc Giang, the considerable labour 

and resource investment in lime mortar construction, in addition to managed pig and dog 

populations and regular waste disposal practices, would have required at least some of the 

community to reside permanently at the settlement. A vertical sequence of over 30 surfaces 

represents routine episodes of lime mortar and pile dwelling construction, cleaning and 

sweeping of floors, and structured waste disposal activities. Lo Gach is identified as a sedentary 

site based on several lines of evidence: continuous cultural accumulation comprising repeated 

deposition of finely stratified layers of organic waste; a lack of natural sedimentation or breaks 

in the stratigraphy; and, evidence for intensive rice processing indicating local rice cultivation 

that would have required a degree of permanence in land use. 

While Thach Lac, Loc Giang and Lo Gach all provide evidence for sedentary lifeways, settlement 

practices and trajectories at each site are different, suggesting there is not one type of sedentism 

practiced in MSEA during the mid to late Holocene. Sedentism is a product of mutual cultural 

and natural biographies of people and place; as such, sedentary experiences are specific to each 

site and its rhythms of social life. 

The second debate that informs this research is understanding the MSEA Neolithic. It was 

demonstrated that archaeological evidence of the Neolithic collected by international 

researchers principally derives from the excavation of burial contexts that are categorised, and 

possibly erroneously so, as large, formal cemeteries. Underlying this excavation bias, is a more 

significant eschewal of the processes of deposition that form archaeological sites. Archaeological 

research in MSEA largely focuses on identification and analysis of artefactual and 

bioarchaeological remains but not on the depositional contexts of these remains. Understanding 

deposition is relegated to the task of the field archaeologist and rarely are field hypotheses 
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scrutinised by archaeological science toolkits. This leads to a failure to treat deposition – and 

thus the formation processes of the archaeological record – ‘as a social and cultural practice’ 

(Thomas 1999: 62). 

Through investigating archaeological stratigraphies at a scale closer to the timescale at which 

they formed, the research grounds specific human activities and conditions of living in 

contextual time-and-place narratives of the Neolithic. Thach Lac possesses Neolithic material 

culture, such as red incised pottery and polished adzes, and demonstrates a shift to more 

permanent settlement patterns, yet lacks agriculture and domesticated animals. At Loc Giang, 

domesticated rice was found in very small quantities; of greater importance to the Neolithic 

community were lime mortar construction, waste management routines, and the keeping of 

domesticated dogs and managed pig populations. At Lo Gach, rice cultivation and processing and 

the management of organic waste were the main structuring rhythms of social life performed by 

the sedentary community. Each site reveals a different narrative of settlement, involving 

different practices, use of space, social rhythms and pathways of material objects. The different 

living experiences of communities during the mid to late Holocene in MSEA suggest a rich, 

multivalent past that defies simplistic notions of a single, homogenous Neolithic and adds to the 

emerging picture of complexity and variability during this important period in prehistory. 

The third debate is understanding the role of time in archaeological interpretation. The 

unbalanced nature of archaeological enquiry, namely the overrepresentation of burial evidence 

and underrepresentation of settlement evidence, has important repercussions for hermeneutic 

traditions in the region. The mortuary record and the settlement record form through different 

depositional practices and across different temporalities, and thus encapsulate different aspects 

of prehistoric lifeways. The micro-temporal patterns of settlement sites investigated in the 

thesis were contrasted with macro-temporal archaeological narratives formulated largely upon 

evidence from burial contexts. It was shown that burials, as ‘time capsules’ (Greene and Moore 

2010: 116) characterised by single stable temporalities, have favoured long-term comparative 

reconstructions of prehistory. In contrast, settlements are loci for the constant unfolding of 

social life and consequently lack a final, finished form. Social rhythms across daily, seasonal and 

generational timescales produce multiple overlapping temporalities that offer short-term, 

contextual insights into prehistory. 

Identifying the microlayer – and the individual human moments in time they represent – has 

implications for the way in which archaeologists understand temporalities of deposition, and, 

ultimately, formation of the archaeological record. Site formation is shown to be not just an 
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empirical tool to recover the materiality and temporality of social groups in the past, but also a 

critical reflexive tool to interrogate the ways in which the past is made meaningful by 

archaeologists in the present. Site formation is therefore a hermeneutic methodology essential 

to archaeology. 

11.2. Limitations of research 

The citation, review and analysis of previous archaeological research conducted in MSEA 

(Chapters 2 and 3) are unfortunately limited to the corpus of published work available in the 

English language. This is not to detract from or dismiss the significant body of research compiled 

by domestic scholars in foreign languages, including unpublished excavation reports and 

published journals and volumes. It is regrettable to acknowledge that several sites are absent 

from this thesis as a result. 

The microarchaeological analyses of the study sites (Chapters 7-9) are accompanied by inherent 

limitations, the two most significant are highlighted here. The first arises from the novel use of 

microstratigraphic analysis in MSEA. There are no previous relevant archaeological 

micromorphological studies conducted in the region; what little work that has been done has 

focused on different chronological periods and types of archaeological sites, mainly caves 

(Gilbertson et al. 2005; Stephens et al. 2005; Lewis 2007a; Mijares and Lewis 2009; Mijares 

2017; Morley et al. 2017; Stephens et al. 2017; McAdams et al. 2019) with few exceptions 

(Graves and Kealhofer 1999; Denham 2003). In addition, no ethnoarchaeological or 

experimental micromorphology work has been undertaken in the region. The lack of 

comparative data for feature and process identification imposes a considerable constraint on the 

level of archaeological interpretation possible.  

The second main methodological limitation of this research arises from current constraints in 

excavation practices in MSEA, including the limited excavation of prehistoric settlements. Due to 

the short history of modern systematic archaeology in MSEA, excavation trenches are typically 

small, usually a few square metres in size. The microstratigraphic samples which comprise the 

datasets of this thesis originate mostly from opposing trench walls of small (e.g., 4 m by 5 m) 

exposures (Chapter 6). The focus on temporal patterning in this thesis is thus a response to 

microstratigraphic sampling strategies that were achieved during excavations. Spatial variability 

in activity areas and use of space around settlements (e.g., Matthews and Postgate 1994; 

Matthews 2005; Milek 2012) is not a viable research aim at present, although recent excavations 

in Thailand may provide promising opportunities (Higham et al. 2014a; Higham 2017). 
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In view of these weighty limitations, the hypotheses presented in this thesis remain provisional 

and are presented as a starting point to invite discussion and future research in this region. 

Fortunately, microstratigraphic samples are an excellent source of archival material (Matthews 

and Postgate 1994: 204) and can be revisited in the future as questions, methods and knowledge 

improve.   

11.3. Directions for future research 

There is a wealth of exciting research that may be conducted to test and improve the 

preliminary work presented in this thesis. The genealogies of the Neolithic (Chapter 3) reveal 

inconsistences between current archaeological evidence and dominant interpretive frameworks, 

thereby encouraging a critical perspective of the concept of the Neolithic. Recent publications 

suggest that a reconceptualisation of the MSEA Neolithic is on the horizon, for example the 

geographical diversity in material and economic practices during the Neolithic is now clearly 

demonstrated (Piper et al. in press). Closer collaboration between domestic and international 

archaeologists will provide opportunities to address conflicting Neolithic narratives as well as 

the overrepresentation of burial evidence and underrepresentation of settlement evidence. 

The emergence of sedentism in MSEA has been assumed rather than systematically investigated, 

and these assumptions are based largely on the size of cemeteries and palaeohealth indicators 

(Chapter 2). Future excavations of settlement sites may help to recover the living context of 

prehistoric communities while at the same time introduce new lines of evidence for determining 

sedentary lifeways. These may include chaine operatoire and provenance analyses to reconstruct 

production and circulation pathways of material culture (e.g., Knappett 2011; Roux 2016; White 

2017) and microarchaeological analyses of middens to provide high-resolution life histories of 

material culture and human activities around occupation sites (e.g., Shillito and Matthews 2013). 

While micromorphology can establish occupation patterns based on sediment accumulation, it 

cannot alone determine the seasonality or duration of occupation (Villagran 2019: 385). Recent 

shell midden studies have integrated radiocarbon dating with stable oxygen isotopic analyses of 

shells to offer seasonal resolutions to shell midden accumulation (e.g., Thompson et al. 2015). 

Such analyses reconstruct the movements of people and pathways of material culture, thus 

reframing sedentism in terms of social dynamics. 

While convincing arguments can be put forward to encourage scholars to revise current 

conceptual frameworks and perhaps even explore new ones, understanding the archaeological 

record begins – and ends – in the field. According to Higham (2004b: 492), one of the longest 
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practicing archaeologists in the region, a significant constraint in MSEA archaeology is the small 

size of excavated areas. He calls for the need to excavate vast tracts of land – ‘hectares rather 

than square metres’, arguing that ‘such information is desperately needed for Mainland 

Southeast Asia’ (Higham 2004b: 492; reiterated in Higham 2017: 371). Yet, it is the quality of 

research practices rather than the volume of soil excavated that is needed to improve 

archaeological narratives of the past. There is a dire need to transform field archaeology as it is 

currently practiced and develop systematic strategies using archaeological science to test, 

validate or refute field-based hypotheses. The use of methods which are sensitive enough to 

detect human activity traces will reduce the gap between archaeological evidence and the 

interpretation process. 

There are several potential lines of investigation that may be pursued for each of the three study 

sites. For Thach Lac, understanding the magnitude, timing and geomorphological consequences 

of changing Holocene sea levels along the northern-central Vietnamese coastline is needed. This 

would involve systematic sampling and analysis for palaeoenvironmental proxies and sediment 

facies along a transect from Thach Lac across the 2-3 km dune belt to the present-day coastline. 

Microstratigraphic analyses at Loc Giang and Lo Gach identified unique anthropogenic deposits 

previously undocumented in international micromorphological studies. While it is exciting to 

offer a southeast Asian micromorphological perspective on settlements, to securely identify and 

interpret the complex human-deposited stratigraphies at Loc Giang and Lo Gach, further 

microarchaeological, ethnoarchaeological and experimental research is required. The 

microstratigraphic analyses would have benefited from SEM (Wilson 2017) and micro-FTIR 

(Berna 2017b), particularly to resolve: the fine-grained matrices of deposits in the Loc Giang and 

Lo Gach sediments; the high occurrence of magnesium in the lime mortars from Loc Giang; and, 

the possible mechanisms leading to the nucleation of pyrogenic aragonite (Toffolo and Boaretto 

2014) and dolomite. An FTIR grinding curve of the shell lime mortars from Loc Giang could be 

used to characterise the relative disorder of the calcium carbonate binder (Regev et al. 2010). 

Cathodoluminescence could be used to distinguish between different carbonation phases of lime 

mortar (e.g., Murakami et al. 2013). A pilot study using Computed and Neutron tomography is 

underway to distinguish constructed floors from middens and other compacted deposits. 

Geochemical residue analyses (e.g., ICP-MS and gas chromatography) provide a promising 

avenue to identify activities that took place on constructed surfaces (e.g., Kanthilatha et al. 2014; 

Kanthilatha et al. 2017), particularly as chemical residues are not affected by secondary cleaning 

practices that remove residues from activity areas (Middleton and Price 1996). Integrated 
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phytolith and micromorphological analyses such as that piloted by Albert et al. (2008), Shillito 

(2011) and Sulas and Madella (2012), would add tremendously to knowledge of plant use by 

simultaneously identifying the types of plants used, garnered through phytolith extraction 

studies, and their use history and depositional mode, garnered through micromorphological 

observation of plant remains in situ within sedimentary microcontexts. 

Three potential avenues for geoethnoarchaeological and experimental microarchaeological 

research are proposed based on preliminary findings in this thesis. First, the use of shells to 

prepare lime mortar is documented from several ethnographic contexts around the world 

(Bailey 1938; Ceron and Eusebio 2007; Panda and Misra 2007; Russel and Dahlin 2007). In 

geoarchaeology, however, the study of lime mortar has focused exclusively on limestone; the use 

of shells as a source of calcium carbonate remains an entire lacuna (Gilberto Artioli 2018, pers. 

comm., 9 August). An experimental study of lime mortar prepared from shells would provide 

comparative material to assist in the identification of archaeological mortars and at the same 

time provide an opportunity to address unresolved geochemical characteristics of lime mortars 

from Loc Giang. Second, geoethnoarchaeological research would contribute valuable analogue 

records to assist in understanding the preservation, visibility and identification of activity areas 

within settlements in the wet tropics. As the structure and composition of the extant 

archaeological record is shaped by natural environmental processes, such as climate and 

geomorphology, the value of geoethnoarchaeology is improved when performed in 

environmental contexts specific to archaeological regions of interest (compare: Friesem et al. 

2011; Friesem et al. 2014b). In the Southeast Asian tropics, potential features for investigation 

include: pile dwellings and associated activity areas; animal management practices and the 

collection of animal dung reference material; and, waste management practices including the 

reuse and/or discard of agricultural by-products. Third, an integrated experimental and 

ecological investigation of the in situ formation and taxonomic identification of diatoms and 

sponge spicules in archaeological deposits would be a novel area of research with implications 

for the preservation of archaeological components in saturated burial environments. 

The lack of settlements reported in MSEA prehistory reflects the prevalence of field 

archaeological practices that have tended to disregard depositional contexts and more subtle 

signatures of past human occupation in the premeditated quest to uncover burials. In the 

tropics, the archaeological visibility of settlements may be low compared to other areas in the 

world due to more transient settlement practices and intensive post-depositional processes 

(Friesem et al. 2016). The findings of this research reveal that evidence for settlements certainly 
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exist in MSEA prehistory, and the detection of settlement evidence is best achieved using 

microarchaeological techniques.  

Microarchaeology is a powerful toolkit to add to archaeological practice in MSEA. Based on the 

use of microarchaeology in the thesis, several recommendations for the excavation of settlement 

sites are offered. The study has shown that a single field context may, under microscopic 

observation, comprise two or more superimposed microstratigraphic layers too thin to resolve 

by trowel excavation in the field (Chapters 7-9; also noted by Shillito 2017). Microstratigraphic 

analyses are thus essential to interpret site formation histories, and the most insightful 

information is often preserved at the boundaries between contexts. Waste management 

strategies are one of the most detectable forms of settlement activity and, when studied at the 

micro-scale, offer insight into material depositional pathways and community social rhythms. 

Field-based assumptions of the formation histories of particular deposits should no longer be 

accepted as valid interpretations, rather they are working hypotheses to be tested using 

microarchaeological techniques. For example, reddened layers identified as in situ burnt 

surfaces during field excavation of Loc Giang have been revealed at the micro-scale to have 

formed through post-depositional enrichment of secondary iron (Chapter 8). Moreover, 

microscopic analyses on deposits that were identified in the field as constructed floors reveal 

microfabrics not consistent with floor construction and are best interpreted as compacted 

midden deposits (Chapter 8). The success of the research methodology indicates a promising 

future for geoarchaeology and microarchaeology, fields that that have thus far been vastly 

underutilised in MSEA. 

Engaging with the settlement record at a scale closer to the time dimension of human lives – and 

the scale at which the archaeological record formed – assists in unravelling the stratigraphic 

complexity of archaeological sites and recovering small-scale, individual moments in time, 

thereby enriching the archaeology of this region with contextualised, detailed insights into 

Neolithic life. The next step in understanding the Neolithic is to reconcile Neolithic narratives at 

both large and small scales. The mismatch between time as revealed through 

microarchaeological techniques and the time referenced in contemporary MSEA archaeology 

highlights the need for future research to negotiate common ground between short-term and 

long-term timescales. Time is something that all archaeologists – and humans – engage with; 

time provides a shared archaeological vernacular to communicate new ideas and carve new 

research pathways forward. At both a theoretical and methodological level, when we look at 

time differently, a new richness to the archaeology of this region is illuminated.
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