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Abstract 

This thesis presents an independent, sediment-based record of landscape change within an 

agricultural hinterland. Established historical and archaeological sequences document the 

primary occupation of Anuradhapura, Sri Lanka’s ancient capital, beginning ca. 400 BC and 

lasting until it was largely abandoned in AD 1017.  Anuradhapura is located in the island’s 

dry zone, which depends almost completely on the unpredictable Northeastern Monsoon for 

water. Oral history and historical narratives have long held that large-scale irrigated rice 

cultivation took place in the hinterland to produce an agricultural surplus that sustained the 

urban and monastic populations. However, until the onset of the Anuradhapura Hinterland 

Project in 2005, the archaeological record of the hinterland was undocumented, leaving 

existing narratives untested. The geoarchaeological research presented here was undertaken as 

part of the Hinterland Project, in order to document the chronology and cultural and 

environmental processes that contributed to the formation of this irrigated landscape.  

Optical dating of sediments demonstrates that the onset of large-scale irrigation began ca. 400 

BC, and the construction of new works continued until Anuradhapura’s late occupation 

period. Sampled reservoirs and channels began to infill, indicating widespread disuse, within 

ca. 100 years of Anuradhapura’s abandonment. Soil micromorphology and bulk sediment 

characterisation document hinterland habitation, water management, and cultivation activities 

prior to the establishment of large-scale irrigation. This work illustrates the coping strategies 

that people employed to deal with the vagaries of the dry zone environment and demonstrates 

that hinterland land use changed throughout the primary occupation period. Although large-

scale irrigation works infilled relatively rapidly, cultural activity and land use re-emerged 

following this period of disuse. 
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Chapter 1: Introduction 

In this thesis, I document landscape change within a South Asian agricultural hinterland 

by employing optically-stimulated luminescence (OSL) dating, bulk soil analyses and 

soil micromorphology. Established historical and archaeological sequences document 

the primary occupation of Anuradhapura, Sri Lanka’s ancient capital, ca. 400 BC until 

it was largely abandoned, ca. AD 1017. Although the occupation of the Anuradhapura 

hinterland has remained largely unexamined until recently (Coningham, et al., 2007), 

existing narratives suggest that large-scale irrigated rice cultivation taking place in the 

hinterland during this period produced the agricultural surplus that sustained the 

burgeoning urban and monastic populations. I present an independent sedimentary 

record of selected irrigation works and associated settlements to demonstrate the 

dynamic nature of the hinterland, which contributed to the persistence and resilience of 

the dry zone culture. 

1.1 Hinterland and the state  

Agricultural hinterlands constitute the wealth of pre-industrial state societies (Ortloff 

and Kolata, 1993), as they are the resource base from which to obtain raw materials for 

the construction of monuments and elite and non-elite residences, they provide the 

cultivable land that produces an agricultural surplus to sustain urban non-producers, and 

in many cases, they are the arena for water resource management. Because hinterlands 

are critical for the sustainability of urban centres, they are easily viewed primarily as 

the source of exploitable natural resources (Crumley, 1994). From this point of view, 

the hinterland may be seen as passive and without a significant role in cultural 

development or change. This has been the case particularly in South Asia, where 
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historical and archaeological research has traditionally focused on cities and 

monuments, with little or no attention to hinterland studies (Chakrabarti, 1995, 

Chakravarti, 1998, Smith, 2006).  

However, several researchers point out that the urban/rural and state/individual 

dichotomies are modern constructs (Cowgill, 2004, Mosse, 2005, Scarborough, 2003), 

and these divisions were likely substantially blurred in the past. A growing body of 

work demonstrates the multifaceted contributions that hinterland research can make to 

understanding an entire culture (e.g. Lyons, 2007, Ortloff and Kolata, 1993, Sulas, et 

al., 2009, Talbot, 1991). Smith (2006, p. 132) underscores the importance of research 

that moves beyond the activities of the political and economic elite in urban centres: 

“Anthropological assessments of cities undoubtedly will become more 

complicated as we consider the vast amounts of archaeological data from 

different urban contexts worldwide but also more compelling when we 

recognize that social and economic actions at the scale of the ordinary 

person are at least as important as the actions of political leaders in 

explaining the development and persistence of urbanism.” 

One of the reasons that hinterland research is so valuable is because the manipulation 

and management of natural resources in the hinterland reflects a range of human actions 

taking place within particular environmental limits, and as such, the hinterland is the 

primary setting for interactions between culture and the environment. The legacy of 

these interactions is recorded in the landscape (Crumley, 1994). 
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1.2 Landscape concept and historical ecology 

Landscapes are multifaceted and extremely complex, and their study requires an 

interdisciplinary approach that incorporates the sciences and social sciences (Crumley, 

1994). Textural evidence, oral history, ethnographic work, and climatic records all 

contribute to elucidating the historical, cultural, environmental components of the 

landscape (Crumley, 1994, Winterhalder, 1994). Crumley (1994) asserts that the cross-

cultural comparisons involved in an anthropological approach to landscape is 

particularly effective, and the time depth that archaeology brings to these comparisons 

is invaluable for documenting changes in past ecosystems through time.  

In his phenomenological approach, Tilley (2010, pp. 39-40) defines landscape and 

illustrates how strongly societal relationships and history are integrated with the 

physical environment: 

"Landscape is a holistic term. It may be defined as a set of relationships 

between named locales. These locales are specific physical settings for 

social interaction...[Landscapes] are experienced and known through the 

movement of the human body in space and through time…Although people 

create their landscapes, these landscapes recursively act back so as to create 

the people who belong to them…” 

Tilley’s definition can be incorporated into a more materialist approach, which views 

the landscape as the physical manifestation of cultural and environmental interactions 

over time. This definition is a central concept within the research program of historical 

ecology (Balee, 1998, 2006). Historical ecology notes the role of human action in 

transforming the environment, predominantly through manipulation of the landscape, 
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but acknowledges the reciprocal role that inherited and contemporary landscapes have 

in informing present human action and relationships (Balee, 2006, p. 82). In fact, this 

relationship is so integrated that power structures and social relationships may be 

inherited along with the landscape, even though these relationships may no longer be 

effective or relevant to a particular place or time (Mosse, 2005). An historical ecology 

approach thus views relationships between humans and the environment as interactive, 

rather than deterministic (Crumley, 1994).  

Winterhalder (1994, p. 34) reviews several ecological terms relevant to an historical 

ecology approach; of interest in this thesis are the concepts of persistence, perturbation, 

and resilience. Persistence (Botkin and Sobel, 1975, in Winterhalder, 1994, p. 34) is 

related to ecosystem characteristics that fluctuate within certain boundaries; these 

include regular (i.e. cyclical) and irregular variations; for example, the seasonality of 

the monsoonal climate or rare devastating flood events, respectively. Perturbation or 

disturbance occurs when the boundaries (or thresholds) of persistence are challenged or 

altered, or when the frequency of the fluctuations is changed. Resilience “is the ability 

of a system to maintain its structure and patterns of behavior in the face of disturbance” 

(Holling, 1986, p. 296, in Winterhalder, 1994, p. 37), and “is determined by history and 

is linked to properties like diversity and complexity” (Winterhalder, 1994, p. 37). The 

concept of resilience is thus related to the variety of strategies used to cope when the 

boundaries of persistence are challenged (Holling, et al., 2002). In general, “systems 

that have experienced variation, that are spatially heterogeneous, and that are more 

complex (but lack high degrees of connectedness) are more likely to be resilient” 

(Winterhalder, 1994, p. 39). 
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As a concept, stability differs from resilience in that it focuses on equilibrium, which 

emphasises homogeneity, rather than the capacity to cope with unpredictability and 

perturbations (Holling, et al., 2002, Winterhalder, 1994). From the perspective of 

stability, incremental change over time will have a predictable effect on the ecosystem, 

but from the viewpoint of resilience, incremental changes can result in unpredictable 

outcomes that are on a different scale than the original changes. Therefore, to better 

understand how resilience and persistence are maintained and how cultures and 

environments interact, it is important to assess the unpredictable effects of disturbances 

on a variety of ecosystems, past and present. 

Archaeological landscapes provide the opportunity for documenting past disturbances 

and allow the ‘long view’ in examining interactions between factors involved in major 

cultural and environmental changes. When documenting past landscape changes, we 

can highlight points to evaluate where persistence thresholds were exceeded, what the 

cultural responses were, and the ultimate outcome of those responses (Winterhalder, 

1994). From an historical ecology perspective, landscape changes occur as the result of 

the resolution of conflicts or tensions between people or between people and the 

environment (Crumley, 1994, p. 9). These tensions are caused by cultural and/or 

environmental disturbances acting at the point where the existing physical environment 

and cultural mechanisms can no longer cope. In Crumley’s (1994, p. 10) view, societal 

resilience depends on the cultural knowledge that informs the timing and nature of the 

response to a particular disturbance that reaches the coping threshold. Landscape 

change thus is an ideal forum for examining resilience. These understandings can then 

be applied to current environmental policies, which have frequently focused on stability 

and equilibrium rather than resilience and coping (Mosse, 2005, Winterhalder, 1994).  
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1.3 Irrigated landscapes and power 

Irrigated landscapes are particularly illustrative of the interactions between culture and 

the environment. People alter the environment in order to capture and direct available 

water resources. In pre-industrial societies, such as Early Historic Sri Lanka, this was 

accomplished through the manipulation of geological and soil materials. The physical 

environment (e.g. soil and sediment properties, geomorphology, climate regime, 

precipitation distribution) limits the range of choices people can make regarding 

construction materials and the method and location of water capture and storage 

facilities (Scarborough, 2003). However, the distribution and allocation of water 

resources is a predominantly cultural phenomenon. Because water is an essential 

resource, those who control and manipulate it accumulate great power, particularly in 

areas where the source is uncertain and unpredictable (Mosse, 2005, Scarborough, 

2003). As Mosse (2005, p. 22) puts it, “Water is not simply an exploitable productive 

resource or a physical input for agriculture. It is also a medium through which a variety 

of social relations have been structured.” Mosse (2005, p. 36) emphasises the contested 

nature of water rights, and points out that water access depends on the availability of 

technology and social power, which involves cooperation but can also take the form of 

“stealth, intimidation or force.”  

Water resource management thus involves significant landscape modifications, into 

which social relationships and power structures may be particularly well embedded. 

Tilley (2010, pp. 39-40) describes the mechanisms of this embeddedness: 

“Precisely because the landscape plays such an important role in the 

constitution of self-identity, controlling knowledge of it may become a 
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primary resource in the creation and the reproduction of repressive power or 

structures of social dominance...The paradox of landscape[s]...[are] that 

although they are produced culturally they may be typically experienced as 

something other than a human product. And thus networks of power may be 

legitimised, appear natural, and be beyond challenge." (italics added). 

1.4 The Anuradhapura hinterland 

Anuradhapura was the capital of Sri Lanka from ca. 400 BC until it was largely 

abandoned in AD 1017, after which the capital was moved to Polonnaruva, ca. 60 miles 

to the southeast (de Silva, 2005). Both cities are located within Sri Lanka’s dry zone 

(Figure 1-1), which depends primarily on precipitation generated during the Northeast 

Monsoon as its water resource (2.1.1). Rainfall during the Northeast Monsoon is 

unpredictable, spatially variable, and frequently violent, which can cause massive 

flooding and erosion (Gunnell, et al., 2007, Panabokke, 1996). Water management in 

the dry zone depends primarily on tank irrigation (i.e. reservoirs) that capture and store 

the rainfall that occurs predominantly between October and January. 

While both large- and small-scale irrigation works now dominate the dry zone 

landscape, textural, epigraphic, and archaeological evidence suggests that large-scale 

tanks have a particularly close association with the rise of urbanism and monastic 

Buddhism beginning ca. 400 BC, during the island’s Early Historic period (Brohier, 

1934, Coningham, 1999, Geiger, 1912, 1929, Paranavitana, 1970, Parker, 1909). 

Rulers, the elite, village communities, and groups of craft specialists could gain 

legitimacy and merit through the construction and donation of irrigation works and their 

associated revenues to Buddhist monasteries. Monasteries thus functioned as secondary 
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centres of administration and resource distribution and accumulated a great deal of 

power and influence over time (Gunawardana, 1971).  

 

Figure 1-1. Location of Anuradhapura and Polonnaruva in Sri Lanka’s dry zone.  
Box indicates study area. Modified from Wijesinghe (1979). 

 
Sri Lanka’s ‘hydraulic society’ (Gunawardana, 1971, Leach, 1959) was dominant for 

over 1600 years until ca. AD 1250, when the north-central dry zone was largely 

abandoned in favour of settlements to the south and to the north (de Silva, 2005). 

Narratives surrounding the abandonment of the dry zone’s hydraulic civilisation 

frequently cite climatic degradation, invasion, resource mismanagement, and the arrival 

of malaria on the island as causes (Brohier, 1934, de Silva, 2005, Leach, 1959). 

However, these narratives carry an implicit assumption that the primary occupation of 



 9 

the dry zone (and Anuradhapura in particular) was predominantly stable prior to its 

collapse (Mosse, 2005). In fact, textural sources belie this assumption, as they 

document drought and endemic political instability throughout the period in question 

(de Silva, 2005, Geiger, 1912, 1929, Gunawardana, 1971, 1979). Additionally, 

Anuradhapura’s archaeological record indicates periodic abandonment of the city 

beginning ca. AD 700 (Coningham, 1999, Coningham and Batt, 1999). As to the 

stability of the water resource, both Mosse (2005) and Scarborough (2003) emphasise 

the inherently unstable and uncertain nature of still-water irrigation, on which the dry 

zone populations depended. 

Drought, political instability, and the inherent uncertainty of the water resource are 

examples of regular perturbations to Anuradhapura’s integrated cultural/environmental 

system that would require a cultural response. The Anuradhapura hinterland is therefore 

an ideal forum for exploring resilience and the decision-making that took place when 

the thresholds of persistence were tested or exceeded. The present characteristics of the 

hinterland landscape represent a palimpsest of the interactions between culture and the 

environment over time. Disentangling former incarnations of the landscape and 

documenting particular episodes in which the persistence of the hinterland ecosystem 

was challenged requires in-depth examination (Winterhalder, 1994). 

1.5 Theoretical and methodological approach 

In this thesis, I use science-based methods to document the relationship between 

humans and the environment as recorded in hinterland landscape characteristics. A 

scientific approach is admittedly materialist; however, my goal is not to objectify the 

landscape or reduce it to numbers or sets of features on maps (i.e. as described by 



 10 

Cosgrove [1998] and Tilley [2010]). Instead, I aim to produce and interpret a data set 

that may also be discussed and re-interpreted by others, with a view to enhancing 

understandings of cultural and environmental persistence in the face of regular and 

irregular perturbations. Keeping in mind the pitfalls of determinism, I consider the 

environment as having a significant influence on human action and decision-making, 

but I am also aware that humans have a substantial role in creating their environments 

(Crumley, 1994, Holling, et al., 2002, Mosse, 2005, Scarborough, 2003).  

Sediments and soils are essential materials that are intimately associated with the 

everyday actions of the people who interact with them. They comprise living surfaces, 

are used in structures to capture, store, and allocate water, and are managed in order to 

produce food. Therefore, they constitute a record of environmental and cultural 

information that is ideal for documenting hinterland landscape changes over time. 

The importance of soils and sediments as records of environmental and cultural 

information is made clear in the work of Hans Jenny (1980, p. 6), who defines a soil as 

“a body of nature that has its own internal organization and history of genesis.” Soil 

formation takes place on stable land surfaces, where sediment weathering and the 

incorporation of organic material result in horizon development. Jenny’s ecological 

approach to modeling soil formation recognizes five key factors in soil development; 

these are climate (cl; includes temperature and precipitation), organisms (o; vegetation, 

fauna), relief (r; slope, aspect, drainage), parent material (p; i.e. sediments; also 

influences drainage) and time (t) (Jenny, 1980). The ‘organisms’ factor includes 

humans; however, including culture (c) as an additional factor emphasises the role of 

people in soil formation. Soils (S) may thus be represented as a function (f) of the major 



 11 

factors of soil formation in the following famous ‘clorpt’ equation, modified from 

Jenny’s original: 

S=f(cl,o,r,p,t,c…) 

Jenny includes the dot factors (…) as a consideration of the unknown number of 

additional factors in soil formation, such as dust influxes or fire frequency. Using 

Jenny’s approach, cultural and environmental formation processes can thus be accessed 

through observation and interpretation of soil properties.  

In this thesis, I document the characteristics of the Anuradhapura hinterland landscape 

prior to the construction of large-scale irrigation works, during the development and 

operation of these works, and their following disuse. My thesis addresses questions 

such as: How did the landscape change over time, and how frequently did these changes 

occur? What was the magnitude of the changes, and what were their possible causes? 

How did people respond to perturbations, and what were the outcomes of these 

responses as documented in the landscape?  

My research provides a detailed data set that can be employed in cross-cultural 

discussions regarding the past and present management of water resources and in 

exploring sustainable options outside the dialectic of traditional irrigation management 

versus governmental control (Mosse, 2005). It records the persistence of a cultural 

system that employed large-scale irrigation in Sri Lanka’s dry zone for over 1600 years, 

but also documents cultural responses to perturbations before, during, and after that 

period. Additionally, my work demonstrates the substantial role that pre-industrial 

societies played in creating their environment; this is becoming increasingly relevant 

for illustrating and understanding the effects of contemporary human action in the era 
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of anthropogenic climate change and large-scale modification of the earth’s surface 

(e.g. the Alberta Oil Sands [Government of Alberta, 2011, Polaris Institute, n.d.]). 

Information about how people in the past coped with and shaped environmental 

changes provides data for climate modeling and human response and assists in 

identifying potential problem areas in resource management and environmental 

stewardship (Crumley 1994, p. 8). 

In Chapter 2, I discuss the environmental setting, historical record, and previous 

archaeological and ethnographic work in the Anuradhapura region, to set the 

background for my work and to demonstrate the complex interplay between culture and 

the environment in this setting. The study sites discussed in this thesis include large-

scale irrigation works, smaller-scale water features, and associated occupation sites; 

these are presented in Chapter 3 along with the methods employed in characterisation of 

the hinterland’s soils and sediments. In Chapter 4, I establish the stratigraphic and 

chronological frameworks that are essential for linking the sedimentary and soil records 

with landscape processes through time. Chapters 5 and 6 present the results of bulk 

sediment characterisation and soil micromorphology, respectively. In Chapter 7, I 

discuss these data within the established chronological and stratigraphic frameworks 

and interpret them within the broader context of the hinterland landscape. To conclude, 

in Chapter 8, I return to the themes of persistence and resilience presented in this 

chapter, and suggest that the abandonment of Anuradhapura and its hinterland was part 

of a regional response to internal and external perturbations acting on an already 

stressed system. 
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Chapter 2: Research Context 

The ancient Sri Lankan capital of Anuradhapura, now a UNESCO World Heritage Site, 

was a thriving commercial, administrative and religious centre from the Early Historic 

period until the city was largely abandoned, ca. AD 1017 (Coningham, et al., 2007, de 

Silva, 2005, Geiger, 1929).  During this period, large-scale irrigated rice cultivation 

took place in the rural hinterland and was fundamental in providing the agricultural 

surplus necessary for sustaining the substantial urban and monastic populations 

(Coningham and Allchin, 1995, Coningham, 1999).  Hinterland irrigation activities 

were also key for maintaining vital social, religious and economic connections between 

monastic and lay populations resulting in substantial accumulations of wealth and 

power by Buddhist monasteries (Coningham, et al., 2007, Gunawardana, 1979).  

The hinterland study region is arbitrarily defined as the area within a 50 km radius from 

the Anuradhapura citadel (Coningham, et al., 2007), which encompasses an area 

between 8°08’ to 8°24’ N and 80°22’ to 80°51’ E. The study sites are located within the 

island’s semi-arid dry zone (Figure 1-1) a region that is subject to strong seasonal 

rainfall variation, which necessitates effective water storage and management. Water is 

managed primarily through irrigation works that include tanks (reservoirs), bunds 

(earthen dams), and channels. Beginning in 2005, three seasons of archaeological 

survey documented hundreds of sites (i.e. ceramic scatters, metalworking and monastic 

sites) and irrigation structures, many of which are still in operation today. Several 

abandoned irrigation works and associated archaeological sites were selected for 

geoarchaeological study. Most of these sites are located in the area surrounding the 

Nachchaduwa wewa, a tank that was part of the ancient integrated irrigation system that 
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supplied water to the Anuradhapura region and is currently in operation. The 

Anuradhapura hinterland is thus an intensively managed agricultural landscape that is 

employed here as the foundation for a consideration of prolonged human-environment 

interactions in a semi-arid climate. The following is an overview of the environmental, 

cultural, and temporal context of the hinterland, followed by a list of the key research 

questions addressed in this thesis. 

2.1 Environmental context: Sri Lanka’s dry zone 

2.1.1 Climate 

Sri Lanka is under the influence of a monsoonal climate regime modified by the effects 

of the mountains in the centre of the island (Figure 2-1). The Southwest Monsoon 

(SWM) is the more prolonged of the two monsoons, lasting from the middle of May 

until September. The Northeast Monsoon (NEM) runs from December to February 

(Panabokke, 1996). Generally, rainfall is higher during the SWM than during the NEM, 

and the southwestern part of the island (known as the wet zone) receives most of its rain 

during this period. However, in the rest of the island (the intermediate and dry zones), 

most of the precipitation falls during the NEM (Baghirathan and Shaw, 1978). There 

are two intermonsoon seasons; the first, March to mid-May, is characterised by 

convective and unstable rainfall and high-intensity thunderstorms. During the second 

(October to November), weather patterns are typically more predictable. Intermonsoons 
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are related to movements of the Inter-Tropical Convergence Zone (ITCZ)1 across the 

island during the intermonsoonal periods (Deraniyagala, 1992a, Panabokke, 1996). 

 
Figure 2-1. Wind direction in the southern Indian region during the southwest monsoon (a) and 

northeast monsoons (b). 
Length of arrow denotes wind speed, as indicated. Box delineates Sri Lanka. Core 905, discussed below 
in 2.1.2, is indicated by the dot. Modified from Vialard, et al. (2011). 

 
The amount of precipitation generated during the monsoonal periods is governed by the 

complex relationships between local and global circulation patterns. The primary 

factors in the expression of the SWM are variations in the El Niño-Southern Oscillation 

(ENSO),2 the EUQatorial Indian Ocean Oscillation (EQUINOO)3 (Maity and Kumar, 

2009), the amount of solar insolation (Jung, et al., 2004), and sunspot activity 

(Deraniyagala, 1992a). During the NEM, the strength of ENSO appears to be more 

                                                

1 The ITCZ is a zone of weather 20-300 miles wide that encircles the earth near the equator. It is 
characterised by rain, thunderstorms, and cyclonic storms and moves north and south during the northern 
hemisphere’s summer and winter, respectively (Engle, 2001-2003, National Weather Service, 2010). 
2 ENSO is an expression of the interaction between sea surface temperature (SST) and atmosphere in the 
tropical Pacific Ocean, and variations in ENSO are one of the primary drivers of global climatic 
variation. El Niño is characterised by increased SST and lower than normal atmospheric pressure in the 
tropical eastern Pacific, with higher than normal atmospheric pressure over the tropical western Pacific. 
Conversely, La Niña features cooler SST and higher than normal pressure in the eastern part of the 
topical Pacific, with lower than normal pressure in the western Pacific (Maity and Kumar, 2009).  
3 EQUINOO is the atmospheric component of the Indian Ocean Dipole mode, which is an expression of 
the dynamics between sea surface temperature (SST) and atmosphere in the equatorial Indian Ocean 
(Commonwealth of Australia Bureau of Meteorology, 2011, Maity and Kumar, 2009). 
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important than the Indian Ocean Dipole mode (IOD, see 3) in determining the amount 

of rainfall (Geethalakshmi, et al., 2009)4.  

The Anuradhapura region has a mean annual precipitation of ca. 1300-1450 mm 

(Baghirathan and Shaw, 1978, Smithsonian Ecology Project, 1967), with the highest 

monthly precipitation between September to January, at ca. 150-200 mm/month 

(Wijesinghe, 1979). The mean annual temperature of the region is 27.3°C (Smithsonian 

Ecology Project, 1967). Evapotranspiration5 in the dry zone is highest from May to 

September, exceeding 6 mm/day (Panabokke, 1996). 

The Anuradhapura region receives seventy percent of its annual precipitation during the 

NEM, which is characteristically unpredictable, spatially heterogeneous, and features 

frequent violent cyclonic storms (Deraniyagala, 1992a, Geethalakshmi, et al., 2009, 

Gunnell, et al., 2007). In their work in the NEM-dominated Tamil Nadu State, 

southeastern India, Geethalakshmi et al. (2009) demonstrated that the NEM is 

strengthened during El Niño years, resulting in increased precipitation and storminess, 

contrary to what the rest of India experiences. In La Niña years, the SWM is 

strengthened, resulting in increased precipitation over the northern part of the Indian 

subcontinent, but causing drier conditions in the southeastern part. Strengthened NEM 

during El Niño years also occurs in Sri Lanka (Zubair, et al., 2008), although the 

expression of the monsoon across the island varies geographically, as mentioned. 

During the SWM, the Anuradhapura region experiences frequent droughts, particularly 

                                                

4 Geethalakshmi et al.(2009) demonstrate that the relationship between the NEM and ENSO is 
strengthening; the effect of ENSO on NEM in the past may have been different. 
5 Evapotranspiration as estimated using a Class A Evaporation Pan (Panabokke, 1996). 
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during the period between April to July, which features strong, drying winds blowing 

from the southwest, known locally as kachchan (Haggerty and Coningham, 1999, 

Panabokke, 1996, Ulluwishewa, 1991b). In years in which the SWM is strengthened 

(i.e. La Niña years), the dry zone experiences more severe droughts, more severely 

reduced vegetation during the SWM, increasing the risk of subsequent erosion 

(Deraniyagala, 1992a). Gunnell et al. (2007) suggest that during years with stronger 

SWM, NEM strength and storminess is also increased, providing more precipitation, 

but increasing erosion of the dry zone landscape. 

2.1.2 Palaeoenvironmental research 

Palaeoclimatic reconstructions for the dry zone are hampered by the lack of data and 

associated chronometric dating, and the fact that anthropogenic activity over millennia 

has altered natural vegetation and sedimentation, confounding interpretation of 

palaeoenvironmental proxies (Deraniyagala, 1992a). However, using a combination of 

chronometric and relative dating and a variety of proxies that include oxygen isotope 

data from marine, coral, and speleothem records, pollen, tree rings, and 

sedimentological data, researchers have been able to construct relative sequences of 

past environmental events in the Asian monsoon system6 and for Sri Lanka where 

possible. In the following overview, I focus primarily on the time period of interest (i.e. 

the later Holocene) within the context of the past 10, 000 years (i.e.10 k cal BP). Figure 

2-2 is a summary of select published interpretations of Holocene palaeoenvironmental 

fluctuations, interpreted from proxy evidence, as noted. 

                                                

6 The Asian monsoon system extends from the Arabian Sea to the western Pacific Ocean, and several 
researchers have observed that the region demonstrates broadly similar climatic changes throughout 
(Jung, et al., 2004, Mayewski, et al., 2004). 
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The climate in the Asian monsoonal region during the Holocene was variable, with 

dramatic climatic reversals occurring on the scale of decades or centuries (Jung, et al., 

2004). Changes on this time scale would have had a significant impact on the lives of 

the people who experienced them. In general, the early Holocene (ca. 10-8.7 k cal BP) 

was characterised by humid conditions, followed by overall increasing aridity, 

culminating in severely arid conditions at the end of the middle Holocene, ca. 5.4-3.6 k 

cal BP (Mayewski, et al., 2004, Premathilake, 2006). The late Holocene (ca. 3.6-0 k cal 

BP) marked the onset of more humid conditions in the central part of Sri Lanka, 

although fluctuating conditions continued to dominate with a trend toward aridity 

(Brohier, 1934, Mayewski, et al., 2004, Seager, et al., 2007). 

Jung, et al. (2004) employed AMS radiocarbon dating and oxygen isotope analysis on 

the calcareous tests of planktonic foraminifer Globigerina bulloides on Core 905 off the 

coast of Somalia in order to document changes in surface water conditions during the 

Holocene (Figure 2-1). The presence of this foraminifer is due to upwelling of cold, 

nutrient-rich water during the SWM, and changes in oxygen isotope composition 

(usually noted as δ18O‰) of the tests function as a proxy for changes in temperature, 

salinity, and nutrient levels (Peeters, et al., 2002). In general, the δ18O‰ is lower (i.e. 

higher SST) during a weaker SWM and higher (i.e. lower SST) during a stronger SWM. 

Jung, et al. (2004) were able to correlate SST changes in the western Pacific and Indian 

Oceans, and their data set compares well with independent climatic reconstructions in 

central Sri Lanka (Premathilake and Risberg, 2003), of the Asian monsoon region 

(Gunnell, et al., 2007, Seager, et al., 2007), and of low latitudes around the globe 

(Mayewski, et al., 2004). This data set is ideal for isolating climatic changes during the 
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past 2000 years in particular, as it is a high-resolution (i.e. on a decadal scale) record of 

fluctuations in the SWM that is independent of proxies that are directly influenced by 

human activity (i.e. pollen, sedimentation). 

The data from Core 905 demonstrate that the most dramatic and frequent changes in 

SST occurred during the early and later Holocene. Of particular interest to this thesis is 

a sustained period of relatively lower SST indicating a stronger SWM between ca. 3500 

and 2000 cal BP, after which the SWM weakened slightly and SST conditions were 

relatively stable. A dramatic decrease in SST at ca. 900 cal BP (i.e. AD 1100) indicates 

a stronger SWM (Jung, et al., 2004, Peeters, et al., 2002), followed by a period of 

fluctuating SST conditions, with particularly elevated SST values (i.e. weaker SWM) at 

ca. AD 1175 and again at AD 1350 (Figure 2-2).  

Interpreting the data from Jung, et al., (2004) with regard to the dry zone of Sri Lanka, 

the period between ca. 3500 and 2000 cal BP was likely dominated by drying 

conditions due the relatively strong SWM, which would have resulted in increased 

susceptibility to erosion of the landscape, especially during cyclonic storms taking place 

during the subsequent NEM. Beginning ca. 2000 cal BP, the region would likely have 

experienced overall less drying during the SWM and a more stabilised landscape; this 

period lasted ca. 1000 years. However, historical records document several periods of 

droughts and famine during this period7, underscoring the fluctuating and vulnerable 

nature of the hinterland environment (Gunawardana, 1971). A sudden climatic change 

                                                

7 For example, drought and famine are documented during the reigns of Vattagamani Abhaya (r. 103, 89-
77 BC), Kuncanaga (r. AD 187-189) and Sirisamghabodhi (r. AD 247-249; Gunawardana, 1971). 
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(i.e. within decades) ca. AD 1100 (i.e. 900 cal BP) featured a stronger SWM that may 

have lasted for several years, which would have resulted in severe drought conditions 

during the dry seasons. Again, the landscape would have been devegetated and more 

susceptible to erosion during the ensuing NEM cyclonic storms. This period was 

followed by three hundred years of fluctuating climatic conditions dominated by 

relatively weak SWM (i.e. less severe drying) and a correspondingly weak NEM (i.e. 

less precipitation) until ca. AD 1400. Following ca. AD 1600, the SWM was relatively 

weak but stabilsed, although two additional droughts are indicated by SWM 

strengthening between ca. AD 1700-1800. Regional climatic reconstructions 

demonstrate a similar pattern during this period, documenting alternating periods of 

drought and intensely wet conditions during the late fourteenth to the early fifteenth 

centuries AD at Angkor, Cambodia (Buckley and Schmidt, 2001). Additionally, the 

latter weak SWM period indicated by the data from Core 905 (i.e. AD 1350) 

corresponds to severe drought and famine documented in India during the Medieval 

Warm Period (Sinha, et al., 2007). 

2.1.3 Geology 

Geologically, Sri Lanka is an extension of the Indian peninsula that became an island 

about 12 million years ago, when the land between India and Sri Lanka subsided. The 

island has been its present shape and size for the past 7 million years, and may have 

been linked to India by a land bridge as late as 6000 BC (Coningham, 2005, p. 5). 

Although the Jaffna peninsula in the north is made up of Tertiary limestone deposits, 

most of the rest of the island’s geological formations are metamorphic rocks of 

Precambrian age.  
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Figure 2-2. Summary of palaeoclimate, Sri Lanka and monsoonal Asia. 

Time scale is in calendar years before present (i.e. AD 2000); note the expanded time scale for the late Holocene. Division of the Holocene is after Premathilake 
(2006).1. Premathilake and Risberg (2003), Premathilake (2006); 2. Seager (2007); 3. Jung (2004). SST: Sea surface temperature. Note that SST data increases in 
resolution but maintains the scale of the curve after 2000 cal y BP (indicated by short dashed line). The overall shape of the SST curve is representative for early and 
middle Holocene. Low SST indicates upwelling of cold, nutrient-rich water during strengthened SWM (Peeters, et al., 2002). 4. Mayewski, et al. (2004); 5. Climate 
for the dry zone as interpreted in this study. In the dry zone, drought conditions are inferred during strengthened SWM conditions (Deraniyagala, 1992a). 
Abbreviations as follows: H: humid; A: arid; SA: semi arid; S: strong; W: weak. SST: L: lower; H: higher. Shaded grey areas denote enhanced aridity. 
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The geology in the Anuradhapura region consists of the Highland Series to the east, and 

the Western Vijayan Complex to the west; both exhibit folds, shearing and faulting, 

indicating structural deformation, and contain some dolomite marbles (Figure 2-3). The 

Highland Series are metasedimentary rocks that are between 2000-3000 million years 

old, and are composed of quartzites, schists, granulites, and gneisses containing various 

combinations of quartz, garnet, hornblende, feldspar, biotite, commercially exploitable 

graphite, mica and carbonite. Charnockite bands may be interfingered with other rocks 

in the Highland Series. The Western Vijayan Complex is younger than the Highland 

Series at about 1100-1200 million years, and is composed of granite gneiss, quartzite, 

biotite gneiss, and granite (Cooray, 1984, Haggerty and Coningham, 1999). 

The Quaternary geology of the Anuradhapura region is dominated by the Red Earth 

formation, formed on weathered Precambrian bedrock or on colluvium derived from it. 

It is well-drained, red in colour, is characteristically clayey sand or loam in texture, and 

may reach up to 75 feet (22.9 m) thick (Cooray, 1984). The Red Earth deposits are 

dominantly composed of rounded quartz grains with minor amounts of ilmenite, 

magnetite, spinel, zircon, garnet and monazite, which are embedded in a matrix of clay 

(dominantly kaolinite) and fine iron oxide (Cooray, 1984, Panabokke, 1996). 

A common characteristic of Red Earth profiles is the presence of an underlying 

erosional surface, often indicated by a stone line, which separates upper and lower 

colluvia. The lower colluvium is described by Panabokke (1996) as reworked, residual, 

and ‘much older’ than the more recent upper colluvium. 
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Figure 2-3. Geology of the study area, Anuradhapura hinterland.  
Modified from Gunatilake (1987). 

 
Based on correlations of artefact typologies recovered from colluvial deposits, 

Deraniyagala (1992b, p. 689)  submits that the basal gravels of the Red Earth formation 

may date to as early as ca. 28, 000 BP. However, the single radiocarbon date on 

charcoal recovered from the basal gravels at the Anuradhapura Citadel during the 

Gedige (AG-85) excavations suggests a date of ca. 5850 cal BP (i.e. ca 3900 BC 
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[Deraniyagala, 1992b, p. 700]), which dates to a period of increasing aridity and 

strengthened SWM (see Figure 2-2). This date thus supports Deraniyagala’s (1992a) 

suggestion that these basal gravels were deposited during NEM convective storms 

during periods of increased global temperatures and strengthened SWM. 

2.1.4 Geomorphology and drainage 

Anuradhapura is located in the northern lowlands of Sri Lanka, an area characterized by 

low-relief undulating topography that varies between 50-400 m above sea level (asl), 

with occasional inselbergs of greater elevation (Gunatilake, 1987). The western part of 

the northern lowlands (including Anuradhapura) is below 100 m asl, with the core of 

the city sitting at about 87 m asl. Land rises east of Anuradhapura to between 100-500 

m asl; Ritigala is the highest point in the region, at 766 m asl (Figure 2-4). Drainage in 

the northern lowlands is towards the Gulf of Mannar on the west coast, and the major 

rivers include the Kala Oya, the Malwatu Oya ('River by the Flower Garden' 

[Disanayaka, 2000]) and the Modaragam Aru. These are seasonal rivers fed by rainfall 

runoff; the Mahaweli Ganga is the only perennial river in the region (Cooray, 1984, 

Haggerty and Coningham, 1999, p. 9). 

Natural water storage pits occur in gneiss outcrops or in naturally clay-lined 

depressions called villus; these are less than 2 acres in size and occur in the western part 

of the study area in limited numbers (Cooray, 1984, Haggerty and Coningham, 1999, p. 

9, Parker, 1909). Additionally, natural aquifers that store about ten percent of dry zone 

precipitation can be accessed through wells dug about 3-12 m deep. However, these are 

rare and of limited use, as they are relatively shallow, which promotes evaporation 
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during the dry season. Springs are another water source, but are more common south of 

the Anuradhapura study area (Haggerty and Coningham, 1999). 

 

Figure 2-4. Elevation and drainage, Anuradhapura hinterland.  
Elevation in metres above sea level. Map courtesy of M. Manuel. 

2.1.5 Soils  

Reddish Brown Earths (RBE; Luvisols, Lixisols; Chromic Luvisols [Food and 

Agriculture Organization of the United Nations, 1988]) are the most common soil great 

group in the dry zone (Table 2-1, Figure 2-5), and are developed on the colluvium that 

comprises the Red Earth formation. Surface horizons of RBE soils are reddish brown to 
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dark reddish brown sandy loams and sandy clay loams; subsurface horizons consist of 

redder sandy clay loams to sandy clays. Subangular quartz, angular feldspar gravel, and 

Fe-Mn nodules dominate the RBE. Illuviation is a dominant process in these soils, as 

evidenced by coatings on pores and ped surfaces, with kaolinite and lesser amounts of 

illite and smectite comprising the majority of the clay fraction (Panabokke, 1996). RBE 

soils occupy the highest points and mid-slopes on the landscape, and form a 

topographic catena with the dry zone’s second most common soil great group, the Low 

Humic Gleys (LHG). 

LHG soils (Gleysols, Eutric Gleysols [Food and Agriculture Organization of the United 

Nations, 1988]) are located topographic lows and are developed primarily on colluvium 

deposited from the slopes of low hills or on alluvial sediments around river valleys and 

channels. Their morphological characteristics are related to continuous or seasonal 

waterlogging due to elevated groundwater tables, and include mottling and gleying. 

LHGs usually have a B or agric horizon; surface textures range from sandy loams to 

sandy clay loams, with the subsurface horizons consisting of sandy clays to clays. Clay 

mineralogy in LHGs is dominated by kaolinite and smectite (Panabokke, 1996). Kankar 

formations (nodules and horizons dominated by calcium carbonate) are frequently 

observed. These typically form within the top few inches of the surface, but can reach 

depths of more than one metre. The source of the calcium is likely the weatherable 

minerals in the sediment, which are leached during moist periods and subsequently 

precipitated during dry periods (Cooray, 1984, Panabokke, 1996). 
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Figure 2-5. Soils and geomorphology in the study area, Anuradhapura hinterland.  
Modified from Subasinghe (1988). 

 
Alluvial soils are also common in flood plains and river valleys (Fluvisols, Eutric 

Fluvisols [Food and Agriculture Organization of the United Nations, 1988], Panabokke, 

1974). As many of the rivers in the Anuradhapura region are seasonal, the texture of 

alluvial soils can vary widely, depending on the flooding and depositional regime of the 

river. Repeated episodes of sediment deposition often produce thin layers of sediment 

in the profile, and these deposits may reach thicknesses of up to 20 feet (6.1 m; Cooray, 

1984). Alluvial soils typically have an A1 or Ap and C or Cg profile, but as with all soil 

types, the characteristics of the A horizon varies according to drainage and weathering 

regimes. 
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In well-drained areas, A horizon development is weak in alluvial soils, but in areas with 

poor drainage, the A horizon is characterized by an accumulation of organic material, 

and is better developed (Panabokke, 1996).  

Although less common in the Anuradhapura region, Immature Brown Loams 

(Inceptisols [Soil Survey Staff, 1975], or Cambisols [IUSS Working Group, 2006]) may 

underlie areas where RBE soils have eroded due to cultivation or deforestation.  These 

soils are developed on colluvium and residuum derived from gneisses containing micas, 

and are weakly developed, poorly weathered, dark brown to yellowish brown sandy 

loams (Panabokke, 1996).  

2.1.5.1 Agricultural Soils and Land Use 

Land use in the Anuradhapura region is primarily irrigated rice agriculture, with 

graphite mining operations to the southwest and northeast of the city (Central 

Intelligence Agency, n.d., Haggerty and Coningham, 1999, pp.7, 14). Rice is the staple 

food of modern-day Sri Lankans, and the island produces almost 86% of the amount 

required to feed the population; about 77% of this is produced in the dry zone (Bandara, 

2003, Chandrajith, et al., 2005, Ulluwishewa, 1991a). Although large-scale irrigation 

works meet a portion of the country’s demand, about 70% of the rice is produced in 

small paddy plots with areas of less than one hectare (Bandara, 2003, de Silva, et al., 

2007). Paddy cultivation takes place primarily on lower topographic positions in LHG 

and alluvial soils. In fact, there is a close relationship land use, soil type, and 

topography in the study area that also relates to the distribution of archaeological sites 

(Figure 2-6).  
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There are two agricultural seasons in Sri Lanka, which are closely related to the 

monsoonal climate (Table 2-2). In the dry zone, the major (maha) cropping season is 

between October and January, while the minor (yala) season runs between April and 

June (Panabokke, 1996, Seneviratne, et al., 1994). 

Swidden (locally called chena) cultivation is also an important mode of food 

production; it takes place primarily on the higher landscape positions in RBE soils. 

Chena crops commonly grown during the maha (primary) season include finger millet 

(‘kurakkan,’ Eleusine coracana), foxtail millet (‘tana,’ Setaria italica) maize (Zea 

mays), mustard (Brassica spp.), cowpea (Vigna unguiculata) and mungbean (‘Mun,’ 

Phaseolus aureus); in the yala season, sesame (‘gingelly,’ Sesamum indicum) is 

common (Dharmasena, 1994, Siriweera, 1990).  

Figure 2-6. Relationship of archaeological features, land use, and soil type with relation to the 
topography of the study area. 

Modified from Panabokke (1996).  
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Paddy 

Paddy soils undergo extensive anthropogenic modification through cultivation of wet 

soils, and are by definition anthrosols. Long-term wet cultivation of the soils results in 

the development of an anthraquic horizon overlying a hydragric horizon8 (IUSS 

Working Group, 2006). Prolonged submergence of soils creates strong reducing 

conditions, during which clays and major (i.e. iron, manganese) and trace elements (e.g. 

strontium, zinc) move laterally across the soil profile. When these soils are drained, 

nutrients and clay move vertically through the profile, and may be leached, precipitated, 

or redeposited. These processes contribute to the development of specific soil 

morphological features that are related to eluviation or illuviation, with losses or 

enrichment, respectively, primarily of Fe-Mn oxides or clays (Zhang and Gong 2003). 

Additionally, ploughing the field while it is flooded results in the destruction of soil 

structure and development of a subsoil hardpan, which ultimately reduce infiltration. 

Ultimately, the morphology of a paddy soil reflects the characteristics of the parent soil 

material and its management (Barnes, 1990, Chandrajith, et al., 2005, IUSS Working 

Group, 2006, Kawaguchi and Kyuma, 1977, Zhang and Gong, 2003) 

Chena 

During chena cultivation, vegetation is cut down, burnt, and fields are subsequently 

planted in preparation for the rainy season. In traditional practice, the land must be 

abandoned after two to three seasons, so that the vegetation can regenerate before chena 

                                                

8 Anthraquic horizons are characterised by reducing conditions that last for at least a few days. These 
have a ploughed surface layer and less permeable subsurface layer and are characterised by Fe depletions 
and/or enrichments. Hydragric horizons are associated with cultivation under wet conditions and have Fe 
and/or Mn accumulations, depletions, and/or coatings (Canarache, et al., 2006). 
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can be practiced again at the same location. At least eight to ten years (preferably 20) 

are required to allow scrub, grasses and plants to grow in order to limit erosion of chena 

soils. Chena soils have high fertility, but tend to become compacted as they are 

cultivated, resulting in low infiltration, contributing to high runoff. Due to the mode of 

cultivation, these soils are also often devegetated, which results in high erosion rates 

and contributes to landscape degradation and siltation of irrigation works within the 

catchment area (Dharmasena, 1994).  

2.1.6 Vegetation 

Sri Lanka has 11 natural vegetation zones. Anuradhapura sits in the transition zone 

between dry semi-deciduous mixed forest dominated by Manilkara-Chloroxylon to the 

west and moist semi-deciduous mixed forest dominated by Chloroxylon-Berrya-Vitex-

Schleichera to the east. Trees range in size, with an average of about 12 m in height, but 

may be as tall as 20-25 m. Extensive deforestation for agricultural purposes began in 

the fourth century BC, resulting in secondary growth forests that have dominated the 

region since the twelfth century AD. The distribution of present-day vegetation 

therefore reflects anthropogenic influences in addition to those of topography, soils and 

geology (Gaussen, et al., 1967, Haggerty and Coningham, 1999, pp. 10-11).  

2.1.7 Fauna 

Sri Lanka has many varied faunal resources, with over 600 land species and over 1000 

species of fresh and saltwater fish (Haggerty and Coningham, 1999, p. 11). In the 

Anuradhapura region, the main exploitable animals include monkey, pig, chevrotain, 

muntjac, spotted deer, sambhur, water buffalo, elephant, scaly anteater, giant squirrel, 

porcupine, bandicoot rat, black-naped hare, jackal, sloth bear, leopard, land monitor 
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lizard, water monitor lizard, soft-shelled terrapin, hard-shelled terrapin, star tortoise, 

Ceylon python and crocodile (Deraniyagala, 1992a, p. 508). Many of these species 

currently have limited distribution, but likely had wider distribution in the past 

(Haggerty and Coningham, 1999, p. 11). 

2.2 Cultural context: Water management in the dry zone 

Water resources in the dry zone are managed primarily through two means: first, by 

exploiting river valleys and naturally low-lying areas through damming, and second, 

through engineered irrigation structures, such as tanks, bunds, channels, and sluices 

(Brohier, 1934, Parker, 1909, p. 306, in Haggerty and Coningham, 1999). Large-scale 

tanks are frequently constructed in an interconnected, nested manner (called a ‘tank 

cascade system’ [Jayatilaka, et al., 2003]).  Therefore, if one tank is full, the water 

flows into another, so that water is used efficiently and none is wasted.  Sluices are the 

controlling mechanisms for water flow into paddy fields or through channels (Brohier, 

1934). Bunds, tanks and channels need are designed for flood control as well as for 

water storage (Ruth Young, pers. comm.). 

Although large-scale irrigation works are the focus of this thesis, small-scale irrigation 

likely has a longer history (Panabokke, et al., 2002), and as mentioned in 2.1.5.l above, 

these systems currently produce the majority of paddy for consumption on the island9. 

Small-scale water management is therefore demonstrated to be a long-lived and 

                                                

9 Dharmasena (1994) notes that there are about 9000 small-scale tanks currently operating in the dry 
zone. 
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effective mode of production. In fact, small-scale irrigation10 has been a critical element 

within integrated irrigation networks across East, South and West Asia over the long 

term, and still comprises one- to two-thirds of the total irrigated area of these regions 

(Ambler, 1994, p. 262). 

These traditional systems have been sustained for thousands of years, even in situations 

where larger-scale systems have been abandoned or neglected (Ananda, et al., 1991, 

Seneviratne, et al., 1994). Therefore, this discussion now turns to ethnographic accounts 

of how these traditional systems are managed, starting with an overview of traditional 

dry zone water management, followed by a consideration of large-scale irrigation 

presently operating in the dry zone. The ethnographic information is presented here as 

the basis for understanding the types of variables inherent in the management of an 

irrigated landscape, but it is recognised that different cultural and environmental 

processes likely operated in the past. In particular, descriptions of the social 

organisation of the traditional village tank systems and the modern relationship between 

local and state governments are likely recent artefacts due to rejuvenation of the 

irrigation system during the British colonial period and 1970s ‘green revolution,’ 

respectively. These descriptions are provided to illustrate the nature of the 

cultural/environmental system, and to demonstrate the importance of documenting these 

systems in order to understand the complexities of resource management. 

 

                                                

10 The definition of a small-scale irrigation system varies, depending on the country or management style 
involved.  In Sri Lanka, ‘minor irrigation’ works are those surface irrigation systems that irrigate less 
than 40 ha of land (Ambler, 1994, p. 264). 



 34 

Table 2-1. Common properties of dominant soil types in the Anuradhapura region. 
Based on Cooray (1984), Haggerty and Coningham (1999), Panabokke (1996). 

 Reddish Brown Earth 
(RBE) Low Humic Gley (LHG) Alluvial Soils 

FAO World Soil 
Resources Map Unit 

(1988) 

Luvisols, Lixisols 
Chromic Luvisols 

Gleysols 
Eutric Gleysols 

Fluvisols 
Eutric Fluvisols 

Soil Survey Staff 
(1975) Order, Great 

Group 

Alfisols 
Rhodustalfs, Haplustalfs 

Alfisols 
Tropaqualfs 

Entisols 
Tropaquents, 

Ustifluvents & 
Tropofluvents 

Distribution Upper- to mid-slopes Low areas 
Along rivers, streams, 

floodplains, 
backwater deposits 

Surface vegetation 
Dry mixed evergreen 
forest, may be stunted 

jungle 

Similar to RBE; poorer or 
richer due to waterlogging 

or increased moisture 

Varies, depending on 
drainage conditions 

Parent material 
Residual or colluvial 

sediments derived from 
Precambrian rock 

Colluvial or alluvial 
deposits 

Coarse to fine-
textured alluvium 

Typical profile A1, Bt1, Bt2, Bt3, C A1, A2, Btg, C A1 or Ap, C or Cg 

Dominant 
pedological process Clay illuviation Gleying, waterlogging and 

water table fluctuations 

Depends on organic 
accumulation, rates of 
sediment deposition, 

drainage 

Surface, subsurface 
colour 

Reddish-brown to red 
(dry) 

Dark greyish brown to 
dark brown/greyish-

yellowish brown + distinct 
mottles and gleying 

White to reddish-
brown, grey, + black, 

+ mottles if poor 
drainage 

Texture (surface, 
subsurface) 

Sandy loam, sandy clay 
loam, sandy clay 

Sandy clay loams or sandy 
clays, frequently + CaCO3 

concretions 
Coarse gravel to clay 

Structure Weak to moderate coarse 
subangular blocky 

Subangular blocky to 
massive Not available 

Consistency 
(dry/wet) Extremely hard/sticky Extremely hard/sticky Not available 

Base saturation 60-80% 90-100% 60-90% 

pH Slightly acid-neutral Moderately alkaline Slightly acid to 
slightly alkaline 

Clay minerals 
Mostly kaolinite, some 
illite, minor amounts of 

smectite 

Mostly kaolinite + 
smectite, minor mica, 
chlorite, vermiculite 

Kaolinite dominates + 
smectite, illite, mica 

Water-holding 
capacity Low Good, due to smectite 

clays Low to good 

Drainage Good to imperfect Poor Good to poor 

Documented uses 
Food crops other than 

rice 
Road/bund construction, 

mud huts 

Rice irrigation 
Depends on drainage 

Brick, tile 
manufacture 
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Table 2-2. Climate regime and associated agricultural activities. 
1. Smithsonian Ecology Project (1967); 2. Seneviratne et al. (1994); 3. Panabokke (1996); 4. Haggerty 
and Coningham (1999); 5. Wijesinghe (1979); 6. Mr. H. Premadasa, pers. comm.; 7. Kumarasiri and 
Sonnadara (2008). 



 36 

 

2.2.1 Traditional village tank systems in Sri Lanka 

A holistic approach to managing the traditional village-tank system is crucial for 

ensuring its sustainability, as stated by Dharmasena (1994, p. 205): 

“The tank-village farmer…attempts to balance the farming risks through 

the relative preference of the three farming components [i.e. chena 

cultivation, home gardens, and paddy].  The factors within the natural 

system (i.e. climate, water, soil and vegetation) are of significant 

importance to his decisions.  In addition, the economic, hydrological and 

social factors with respect to each farming component, are interrelated 

and interdependent.  Thus, in addressing a particular constraint, it is 

worthwhile to consider its interaction with all components in the three-

component system, and implement a holistic strategy to achieve the 

optimum economic sustenance of the family and total community.”  

2.2.1.1 Catchment description 

Traditionally, tanks are part of a “one village-one tank” system, in which the tank is an 

essential component of village life that provides water for domestic needs and irrigated 

paddy, and is a habitat for tank fish (Ulluwishewa, 1991b; Figure 2-4). Traditional 

agricultural activities in dry zone villages include paddy cultivation, chena, home 

gardening, animal husbandry, and aquaculture (Dharmasena, 1994, 1991b, c).  Chena 

accounts for about 40% of the household income, and women are the primary labour 
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source for their cultivation11 (Ulluwishewa, 1991a, p. 110). Home gardens are also 

traditionally the domain of women; these are located next to the village tank, and the 

relatively high groundwater levels in these areas promote cultivation of crops such as 

coconut, jak, lime, breadfruit, and plantain (Ulluwishewa, 1991a, p. 110).  

The tank’s water supply is derived from a combination of rainfall, runoff, or another 

tank via a connecting canal. Village tanks are often linked to larger tanks, but the area 

surrounding a smaller tank will be cultivated only if there is enough water in the larger 

tank. Paddy fields located downstream of tanks, the water in which is captured by a 

bund or dam. Water is released from tanks into the paddy fields through a canal system, 

which is regulated by a mechanism such as a sluice (Ambler, 1994, Ulluwishewa, 

1991b). The tank catchment area must be managed to maintain water levels.  For 

instance, in order to increase the amount of water in the tank, one needs to increase the 

amount of runoff in the catchment during the rainy season (i.e. decrease water-holding 

capacity of the surrounding soils).  One way to achieve this is through deforestation of 

selected portions of the catchment, through chena, for example.  However, erosion of 

the catchment also needs to be limited, both for the purposes of being able to maintain 

soil for farming, and water storage, but also to prevent excessive silting of the tank, 

which results in decreased storage capacity (Dharmasena, 1994).   

In the traditional system, trees planted within paddy fields and along irrigation channels 

provide shade for workers, their animals and children, and play an important role in 

maintaining soil fertility. The leguminous Mee tree (Maduca longifolia), for example, 

                                                

11 For example, women have traditionally cultivated finger millet as a chena crop.  After harvest, they 
may store the millet and sell it when needed (Ulluwishewa, 1991a). 
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aids in nitrogen fixation, and bats eating the fruit of the Mee tree leave their droppings, 

adding nutrients (Ulluwishewa, 1991b). A communal forested area (or Pillewa) is 

maintained adjacent to the paddy field for grazing cattle or water buffalo and is also a 

source of wild foods, such as fruit, edible leaves and yams (Ulluwishewa, 1991b). 

The lowest point of the paddy field usually contains some water throughout the year 

and serves as a buffalo wallow as well as a home for tank fish. These fish breed in the 

paddy fields at the beginning of the growing season when fields are flooded. As the 

water dissipates, they are trapped in small pools12, only to migrate back into the paddy 

field to establish colonies when the paddy is flooded again (Ambler, 1994, 

Ulluwishewa, 1991b). Tank fish help control algae and pests, while aerating the soil and 

adding to nutrient cycling.  In fact, aquaculture in traditional irrigation systems can 

increase paddy productivity by up to 15% (Ulluwishewa, 1991b, p. 103). 

2.2.1.2 Agricultural cycle and maintenance of soil fertility 

There is traditionally one paddy crop in the maha season, and if there is not enough 

water in the tank to irrigate paddy during the yala season, fields may be grazed, lie 

fallow, or be sown with cash crops such as cowpea and chili (Seneviratne, et al., 1994, 

Ulluwishewa, 1991b).  A fallow period of about seven to eight months allows nutrients 

to be returned to the soil through the growth of leguminous weeds13, manuring14, or the 

                                                

12 Several species of fish living in paddy fields have adapted to drought conditions by growing special 
air-breathing organs connected to their gills, including Anabas testudinius (Climbing perch; S 
[Sinhalese]: ‘Kavaiya’;T [Tamil]: ‘Kavaiyan’), Ophiocephalus spp. (Snakehead; S: ‘Lula’; T: ‘Viral’), 
Clarias teysmanni (Walking catfish; S: ‘Magura’), and Heteropneustes fossilis (S: ‘Hunga’) 
(Ulluwishewa, 1991b, p. 103). 
13 Leguminous weeds such as Cassia occidentalis (‘Tora’ or ‘Penitora’), Tephrosia purpurea (‘Pila’), and 
Mimosa pudica (‘Nidikumba’) add nitrogen to soil; the Pillewa was traditionally a seed source for these 
plants (Ulluwishewa, 1991b, p. 99).   
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spreading of silt onto the paddy field. The fallow period is also important for grazing, 

which controls annual weeds that can choke out rice plants, and adds nutrients to the 

soil through urine and faeces (Ananda, et al., 1991, Seneviratne, et al., 1994) 

Irrigation water and catchment runoff carry silt and soluble plant nutrients (e.g. 

potassium, calcium, magnesium, and silicon) into the paddy field. These nutrients may 

also be added during annual tank maintenance, when the bottom of the tank is de-silted 

and spread onto the field (Ambler, 1994, Ulluwishewa, 1991b), although ethnographic 

interviews in 2008 indicate this practice is not currently employed in the Anuradhapura 

hinterland (H. B. Premadasa, pers. comm.). 

Up until the 1970s, paddy fertility was maintained through traditional practice (Ambler, 

1994, Bandara, 2003, Droogers, 2004, Kawaguchi and Kyuma, 1977, p. 6, 

Samarasinghe, 2003, Ulluwishewa, 1991b). However, for the past 30-40 years, Sri 

Lanka has been making efforts to reduce reliance on imports of rice and become more 

self-sufficient (Bandara, 2003, Kawaguchi and Kyuma, 1977, p. 6, Samarasinghe, 

2003), resulting in intensified land use and mechanization and reduced traditional 

practice. 

Modern agricultural techniques involve reducing or eliminating the fallow period, 

deforestation, application of chemical fertilisers, insecticides and pesticides, and 

mechanical (i.e. tractor) tillage. Such practices can increase soil and nutrient loss, clog 

                                                

14 Manuring can take many forms.  Allowing cattle and buffalo to graze the paddy field will add urine 
and feces, but manure may also be spread on the fields manually.  Green manures may also be added, in 
the form of leaves, twigs and herbaceous plants, such as including Croton lacciferus (‘Keppititya’), 
Tephrosia purpurea, Cassia occidentalis, Aleurites triloba (‘Telkekuna’), Azadirachta indica 
(‘Margosa’), Sesbania sesban and Sesbania rostrata (Ananda, et al., 1991, p. 301, Ulluwishewa, 1991b, 
p. 101).   
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tanks, decrease soil fertility, and reduce the water-holding capacity of paddy soils 

through disruption of the underlying hard pan in the subsoil layer. These problems have 

manifested in some areas of Sri Lanka and resulted in several studies on traditional 

farming practices in the dry zone (e.g. Ananda, et al., 1991, Dharmasena, 1994, 

Seneviratne, et al., 1994, Ulluwishewa, 1991c), with the aim to increase sustainability. 

2.2.1.3 Social organization 

Although government departments and individuals can own and be responsible for 

different parts of the small-scale village tank catchment, government involvement tends 

to focus on initiating and maintaining large-scale systems, and local groups generally 

take responsibility for management of small-scale systems. That said, the operation of 

an integrated irrigation network requires the cooperation of individual farmers and 

larger governmental bodies, and local decision-making is often in tandem with 

governmental organisations (Ambler, 1994). Well-established mechanisms are in place 

to manage cultural and environmental aspects of modern-day irrigation systems in the 

dry zone. 

About fifty percent of the farmers in the Nachchaduwa area own their own land, while 

the others rent; each farmer is responsible for maintaining the fields that they cultivate. 

Water resources are managed through a communal organization, the farmers’ societies, 

which meet twice a year, in September (maha) and in April (yala). During these 

meetings, they establish maintenance and planting schedules, which are then the 

responsibility of their representative, the Well Vidana (WV), to implement. The WV is 

responsible for organizing meetings, calculating the amount and timing of water 

released to each field, and handling water disputes. The WV is a voluntary part-time 
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position, but farmers generally donate a portion of their annual yield to the WV. The 

WV is also the contact person between farmers and governmental representatives from 

organizations such as the Irrigation Department, which is responsible for fertilizer 

distribution. In years of poor water supply, the WV is in charge of approaching 

government and international agencies for assistance (e.g. the World Food Programme; 

Simpson, et al., 2008)15.   

2.2.1.4 Repairs and cleaning 

Local communities complete minor repairs and de-silting of tanks and channels, but if 

larger-scale maintenance is required, the WV is responsible for asking the government 

for money to do so. Channels and tanks are cleaned twice a year, when necessary. 

Bunds are reconstructed once every 10 years or so, paid for by the Irrigation 

Department. Soil salinisation is generally not a problem in the Nachchaduwa area, 

although the water tends to become brackish as the water in the tank diminishes in the 

dry season. This is handled through the application of fertilizer or with straw, leaves or 

grasses planted in the tank (Simpson, et al., 2008). 

 

                                                

15 Dr. Ruth Young (University of Leicester) collected this information during ethnographic interviews in 
the Nachchaduwa area during the summer of 2007. 
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Figure 2-7. Traditional dry zone village tank system. 
A: schematic from Ulluwishewa (1991b, p. 97). B: modern small-scale paddy cultivation in the Nachchaduwa wewa area.
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2.2.1.5 Religious importance of tanks 

Tanks and bunds have a central place in the life of villagers, and are the focus of 

festivals or offerings throughout the year, during which up to fifty percent of the harvest 

is donated to temples (Shaw, et al., 2007, Simpson, et al., 2008). For example, offerings 

of the first of the rice milk are usually made to Ayanayake (Ganesh; Lord of the Jungle) 

before April 14th, the Sinhalese New Year. At the end of the dry season, people from 

separate villages gather at a large tank (e.g. Nachchaduwa) and at Sri Maha Bodhi, the 

sacred bodhi tree in Anuradhapura, with special dishes and offerings of coconut and 

milk rice to ask for rain. 

2.3 Historical and archaeological context 

The previous two sections provided the physical and cultural setting of the study area. 

In this section, I review the historical and archaeological records for the dry zone, with 

a particular focus on Anuradhapura, to form a basis for contextualising the development 

of large-scale water management in the hinterland. 

2.3.1 History  

The early history of Sri Lanka is documented primarily in two Pali texts, the 

Mahavamsa (Geiger, 1912) and the Culavamsa (Geiger, 1929)16. The Mahavamsa 

(Mvs.) was compiled ca. the fifth or sixth centuries AD, and chronicles the history of 
                                                

16 The earliest surviving Sri Lankan historical chronicle, the Dipavamsa, is also in Pali, and dates to the 
fifth century AD. However, the (unknown) author of this work appears to have struggled with Pali, and it 
is considered clumsy and in some cases unreadable, as Oldenberg (1879, pp. 6-7) notes, “In fact, a great 
part of the Dipavamsa has the appearance not of an independent, continual work, but of a composition of 
such single stanzas extracted from a work or works like that Atthakatha; many of the repetitions and 
omissions which render some chapters of the Dipavamsa almost illegible, we may account for not by the 
inadvertence of copyists, but by this peculiar method of compilation.”  The Mahavamsa is based on the 
same sources as the Dipavamsa and covers the same time period, but the author is described as 
demonstrating “perfect literary mastership”(Oldenberg, 1879, p. 7). 
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Sri Lanka from mythological times to the fourth century AD (de Silva, 1981, Geiger, 

1912). The Culavamsa (Cvs.) is the continuation of the Mahavamsa up until AD 1815, 

the onset of the British colonial period (Geiger, 1929, pp. xv, xxxiv; Cvs. 101.18, v.19-

29 [Geiger, 1929, p. 302]). Both works lean strongly towards a Buddhist perspective on 

the history of the island (de Silva, 1981, p. 4). However, they are based on earlier 

sources, and because they are generally thought to be reasonably accurate chronologies, 

they form the basis of modern Sri Lankan histories (Coningham, et al., 1996, 2007, de 

Silva, 1981). An additional historical source is early Brahmi inscriptions on ceramics 

and rockshelters in the Anuradhapura region, which appear beginning in the fourth 

century BC (Paranavitana, 1970), and are used to corroborate and complement 

historical accounts from the Mahavamsa (Coningham, 2005, Deraniyagala, 1992c). 

According to the Mahavamsa, the history of Anuradhapura can be traced back to its 

foundation on the banks of the Malwatu Oya river by the minister Anuradha, who was 

in the service of King Vijaya (Mvs. VII, v. 43-44 [Geiger, 1912, p. 58]). Vijaya is said 

to have colonized Sri Lanka (which the Mahavamsa states was uninhabited) on the day 

the historical Buddha achieved nirvana (Mvs. VII, v.1-8 [Geiger, 1912, p. 55]). King 

Pandukabhaya (ca. fourth century BC) was the ruler that chose Anuradhapura as the 

island’s capital (Geiger, 1912, p. xxxvi; Mvs. X, v. 75-76 [Geiger, 1912, p. 73])17. 

Pandukabhaya’s grandson, King Devanampiya Tissa (reigned ca. 247-207 BC) 

converted to Buddhism upon meeting the monk Mahinda, son of Mauryan Emperor 

Aśoka, who was King Tissa’s contemporary in India (Geiger, 1912, p. xxxvi). 

Mahinda’s visit to Sri Lanka was followed by that of his sister, the nun Sanghamittā, 
                                                

17 de Silva’s list of rulers (1981, p. 565) does not mention dates for Pandukabhaya. 
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who subsequently established an order of Buddhist nuns in Sri Lanka (Mvs. XIX, v. 68-

84 [Geiger, 1912, pp. 133-5]). According to the chronicles, Mahinda arrived in Sri 

Lanka in 246 BC (Geiger, 1912, p. 1) and brought relics of the Buddha to 

Anuradhapura, including his right collarbone, his alms bowl, and a branch of the sacred 

bodhi tree, under which Buddha attained enlightenment (Mvs. XVII, v. 11-25 [Geiger, 

1912, pp. 117-118]; XIX, v. 36-53 [Geiger, 1912, pp. 131-2]).  

Shortly after his conversion, King Tissa began a program of royal patronage through the 

construction of Buddhist monasteries and monuments, a tradition that continued long 

after his death. King Tissa donated the royal garden, the Mahameghavana, to the 

monastic community, and built the Mahavihara (‘great monastery’) for ordained monks 

(Coningham, 1999, p. 2, Coningham, et al., 2007, p. 703, de Silva, 1981). Within the 

next 100 years, the monumental Ruyanvelisaya (106.5 m high) and Mirisavati stupas 

(58.5 m high) were added to the Mahaviharan monuments. Major monastic 

constructions continued at Anuradhapura, including the Abhayagiri in the first century 

BC, and the Jetavanarama monastery in the third century AD. Both monasteries were 

associated with huge stupas, the Abhayagiri with a stupa 71.5 m high, and the 

Jetavanarama with a stupa of 160 m high. Each of these monasteries housed several 

thousand monks, as noted by the many religious pilgrims who visited the area over the 

centuries (Coningham, et al., 2007, p. 703). 

King Tissa’s conversion to Buddhism was thus the beginning of a symbiotic 

relationship between Buddhism and ruling polities in Sri Lanka; this relationship played 

a key role in the spread of the religion throughout the island (de Silva, 1981, p. 12). In 

fact, the spread of monastic Buddhism east out of India was aided in large part by 
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secular rulers, high-ranking officials, merchants, and the like, who patronised the 

monastic community and received political support and prestige in return. The early 

spread of Buddhism was thus intimately linked to affairs of the state (Barnes, 1995, 

Chakrabarti, 1995, Coningham, 1995).  

The Mahavamsa (IX, v. 11 [Geiger, 1912, p. 65]) first makes mention of water storage 

near Anuradhapura during the time of Prince Anuradha, ca. the fifth century BC; he is 

said to have built the first of a series of tanks that were gradually constructed around the 

city. During the Early Historic period, Anuradhapura’s expanding population made 

increasing demands for water and an agricultural surplus, which were met through the 

construction of extensive irrigation networks and the initiation of surplus staple rice 

agriculture beyond the city and into the hinterland (Brohier, 1934, Gunawardana, 1971). 

Beginning ca. the third century BC, three tanks were built or expanded along the 

boundaries of Anuradhapura to meet the domestic and agricultural needs of the city, and 

were expanded again during later periods (Seneviratne, et al., 1994). The Basawak 

Kulam (earlier called the Abhayavapi) covers 91 hectares (ha) and is the earliest of the 

three tanks, possibly dating to the time of King Pandukabhaya, the founder of the 

capital city (Mvs. X, v. 88-89 [Geiger 1912, p. 74]). The Tissa Wewa covers 160 ha, 

and probably dates to the fourth or third century BC (Brohier, 1935, p. 16, map 8). This 

work may have originated as King Tissa’s enlargement of the Jayavapi (originally a 

natural pond that was deepened during King Pandukabhaya’s time), although this is not 

certain (Parker, 1909, p. 361). The Nuwara Wewa, which was constructed some time 
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between the first century BC and the first century AD,18 is the largest of the three city 

tanks, covering 1288 ha (Coningham, et al., 2007, p. 703).  

Several droughts and periods of famine are documented in the Mahavamsa between ca. 

103 BC and AD 253, and appear to have resulted in revolts and in two cases, deposition 

of the ruler. Gunawardana (1971) suggests that expansions of the integrated irrigation 

system during Mahasen’s reign ca. third century AD was intended to ease chronic water 

shortages and increase areas under cultivation. Another expansion is documented in the 

construction of the Jaya Ganga (channel) during the fifth century AD, to link the 

Kalavava in the south to the Tissa Wewa and the Basawak Kulam at Anuradhapura 

(Brohier, 1935, p. 16, map 8). Historical sources document the continued construction 

and expansion of major works to meet the needs of Anuradhapura’s urban and monastic 

populations including the Nachchaduwa Wewa, which may have been constructed 

during the late ninth century AD (Brohier, 1935, p. 16, map 8).   

Anuradhapura remained the cultural and religious capital of Sri Lanka until the eleventh 

century AD. According to the Culavamsa (LV, v. 16-22 [Geiger 1929, pp. 187-188), 

the city was abandoned in AD 1017 when the reigning King Mahinda V and his queen 

were captured and taken to South India by Cola invaders, who then moved the capital to 

Polonnaruva (de Silva, 1981, p. 26; Geiger, 1929, p. xxi). Later, during the colonial era, 

the British chose Anuradhapura as the administrative capital of the island’s North 

Central Province in 1873 AD (Coningham, 1999, p. 1). 

                                                

18 Brohier (1935, p. 16, map 8) states that the Nuwara Wewa was constructed in the first century BC, but 
Coningham et al. (2007, p. 703) mention that it was constructed in the first century AD. 
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Anuradhapura continued to be a sacred Buddhist city, even after it was abandoned, and 

it remains a holy city today (Coningham, 1999, p. 3). About 50,000 people live in 

modern-day Anuradhapura. The city is host to seven holy Buddhist places, including 

the Bodhi tree, the Thuparama stupa (built in the third century BC, and houses 

Buddha’s collarbone), and several stupas and monuments associated with monasteries 

dating back to the second or first centuries BC (Coningham, 1999, p. 1). The cultural, 

historical and archaeological importance of Anuradhapura has been recognized 

internationally by its designation as a UNESCO World Heritage Site since 1982 

(UNESCO World Heritage Centre, 2007). 

2.3.2 Archaeology and chronometric dating of Anuradhapura 

Early archaeological investigations (from ca. 1880-1957) at Anuradhapura focused on 

identifying and correlating ancient ruins with structures mentioned in the Mahavamsa 

and Culavamsa (Coningham, 1999, p. 15) The Citadel of Anuradhapura was first 

systematically excavated in 1957 (Deraniyagala, 1957, and Sestieri, 1958, in 

Coningham, 1999, p. 16), with further investigations in 1969 and 1984-1989 

(Codrington, 1969, in Coningham, 1999, p. 17, Deraniyagala, 1972b, 1992). In the early 

1990s, a Sri Lankan-British team undertook extensive excavations within the city. 

Under the direction of Professor Robin Coningham, the team excavated trench 

Anuradhapura Salgaha Watta 2 (ASW2), for the purposes of establishing the structural 

sequence of the city and to recover enough artifacts to ‘allow the construction of a 

periodised catalogue’ (Coningham, 1999, p. 71).   

Archaeological investigations at Anuradhapura and at trench ASW2 (Anuradhapura 

Salgaha Watta 2 [Coningham, 1999], Coningham, et al., 2006, Deraniyagala, 1972b, 
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1992a) revealed that, prior to its occupation from the Iron Age onward, the area now 

known as the city of Anuradhapura was occupied during the Mesolithic, radiocarbon 

dated (charcoal) to ca. 3900 BC19 (Deraniyagala, 1992, p. 718). An erosional surface 

separates Mesolithic deposits from the overlying protohistoric Iron Age occupation, 

which is radiocarbon dated to between 900-800 BC20  (Coningham, 1999, p. 133; 

Deraniyagala, 1992, p. 709).   

By the time of the protohistoric Iron Age, Anuradhapura was already a substantial 

village of more than 10 ha and the settlement rapidly expanded into a town covering at 

least 26 ha by 450 BC (Coningham, 2005, p. 546). It continued to expand into a major 

urban centre during the fourth century BC, and is the southernmost example of an early 

historic fortified city in South Asia (Coningham, 1999, p. 1, 2005, p. 550, Coningham, 

et al., 2007).  

Excavations of the ASW2 trench resulted in substantial recoveries of imported items 

such as lapis lazuli from Afghanistan, carnelian beads from Gujarat, Roman coins and 

Graeco-Roman-type pottery. These items indicate that the city was involved in Indian 

Ocean trade networks from at least 500 BC, continuing for about 2000 years into the 

Medieval period. Anuradhapura was also a centre of manufacture, as indicated by 

recoveries of metal and worked stone and shell (Coningham, 1999, 2006). In addition, 

the presence of items such as marine turtle carapaces and wood from mangrove swamps 

near the west coast of Sri Lanka indicate that considerable trade networks were 

operating within the island, as no rivers connect Anuradhapura to the coast, 60 km away 

                                                

19 The Mesolithic in Sri Lanka appears by at least 28,500 BP (Deraniyagala, 1992, p. 690). 
20 The early Iron Age in South Asia dates ca. 1200 BC (Deraniyagala, 1992, p. 709). 
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(Coningham, 1999, 2002). Early Brahmi inscriptions on potsherds also appear in the 

ASW2 sequence, beginning in the fourth century BC.  These inscriptions provide some 

of the earliest dated examples of the re-emergence of a written script in South Asia21, 

and mark the beginning of the Early Historic period in Sri Lanka (Coningham, et al., 

1996, Coningham, 1999).  

Coningham and Batt’s (1999) radiocarbon chronology for the ASW2 sequence indicates 

that Anuradhapura was continuously occupied beginning in the ninth century BC.  

Archaeological evidence of rice cultivation and water manipulation first appears in 

layers dated to 510-340 BC, and the ASW2 trench documents rapid urban growth 

between 360-190 BC, with the city reaching its maximum extent during the second 

century AD.  The archaeological record demonstrates a gradual contraction of the city 

boundaries following the eighth century AD, suggesting intermittent occupation and a 

transition to abandonment ca. the twelfth century AD.   

Anuradhapura was thus a major religious, cultural and trade centre in South Asia in the 

Early Historic period. The city’s florescence during this time corresponds to South 

Asia’s second wave of urbanization, after the Harappan urbanization, 2000 years earlier 

(Smith, 2006, p. 99). Although it has generally been thought that cultural developments 

such as writing and urbanization in Sri Lanka were the result of the southward 

expansion of the South Asian Mauryan kingdom (Coningham, 1999, p. 2), Coningham 

                                                

21 The still-undeciphered Indus (or Harappan) script, dating to over 1500 years before the early Brahmi 
finds at ASW2, represents the earliest known form of writing in South Asia (Coningham, et al., 1996, 
Coningham, 2005, p. 532). 
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et al. (1996, Coningham, 1999) submit that Sri Lanka, and Anuradhapura in particular, 

was a cultural centre in its own right. 

2.4 The Anuradhapura hinterland 

The integral role of the hinterland in maintaining Anuradhapura’s urban and monastic 

populations has been recognized beginning at least since the nineteenth century, during 

the British colonial period in Sri Lanka (then Ceylon): “…the problem of providing 

food for a superabundant population gave rise, no doubt, to the extraordinary works of 

irrigation, which gradually spread all over the low-lying areas of Ceylon” (Brohier, 

1934, p. 1). Of course, resident Sri Lankans and visitors to Anuradhapura have known 

of the large-scale irrigation systems since their construction, as some are still in use 

today, and others survive as visible ruins. The form and function of these works as 

water management structures has remained largely the same for over 2000 years. The 

discussion now turns to the socio-political role of large-scale irrigation during the Early 

Historic and Medieval periods. 

2.4.1 Hinterland organisation and administration 

Until recently, understanding the organisation and structure of Early Historic South 

Asian states has been based primarily on historical and archaeological evidence from 

India. The Arthasastra22 deals with Early Historic Indian administration and suggests a 

five-tiered secular hierarchical settlement structure consisting of (in descending order of 

size) a major capital supported by secondary centres, manufacturing centres, 

                                                

22 The Arthasastra is a political text written by Kautilya, the chief minister of the Mauryan king 
Chandragupta, who ruled in Early Historic India in the late fourth century to the early third century BC 
(Allchin, 1995, p. 188, Rangarajan, 1992, in Coningham, et al., 2007). 
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administrative centres, and villages (Allchin, 1995, pp. 196-7, Coningham, et al., 2007). 

Erdosy (1988) documented archaeological evidence of this hierarchy in Vatsa, northern 

India, and noted it in other areas of the subcontinent. In Sri Lanka, inscriptions 

recording donations to monasteries include titles such as senapati (army commander), 

bhandagarika (treasurer), mahamatra (administrator), and gamika (village headman or 

councillor), which suggest that a hierarchical model may apply here as well 

(Coningham, et al., 2007, Paranavitana, 1970).  

However, the results of archaeological surveys in the Anuradhapura hinterland 

conducted between 2005-2008 do not support a hierarchical administrative model. 

Apart from irrigation works, there are three primary site types documented in the 

Anuradhapura hinterland. These are: ceramic scatters, interpreted as small farming 

communities related to chena; monastic sites, and metalworking sites, which are often 

associated with pillars and roof tiles and may actually represent monastic sites 

(Coningham, et al., 2006, 2007). Only two possible secondary centres or towns are 

noted; these include site B062 and possibly F101/102. Manufacturing and 

administrative centres appear to be absent. 

Based on the data from the Anuradhapura hinterland, Coningham et al. (2007) suggest a 

heterarchical model, in which several hierarchies (i.e. religious, political) operate on the 

landscape at the same time. In particular, monasteries could have fulfilled the social, 

administrative, and economic roles that were otherwise filled by secondary, 

manufacturing, and administrative centres in the Indian model. Thus, although the 

hinterland’s monastic settlements did not necessarily cover large areas, they could still 
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have exerted considerable influence, reflecting what Coningham, et al. (2007) term a 

‘theocratic landscape.’ 

Primarily through his analysis of inscriptions and textural sources that reference 

irrigation works, Gunawardana (1971, 1979) provides support for a heterarchical model 

and theocratic view of the hinterland landscape. The multiple spheres of influence 

within Early Historic and early Medieval society consisted of individuals, groups of 

individuals (i.e. clans, craft specialists), villages, the elite, monasteries, and royalty. On 

the scale of the village, a  “vast multitude” of village tanks functioned alongside the 

large-scale irrigation system and functioned primarily to capture seasonal precipitation 

for domestic use, especially chena cultivation, which has been of considerable 

economic importance throughout millennia (Gunawardana, 1971, p. 15). Individuals, 

villages or groups could construct, own and profit from small- or large-scale tanks, 

which provided some opportunities for independence from the state. 

Larger-scale works were usually governmental endeavours, and most villages were 

required to pay taxes and donate labour for tank construction and maintenance. Almost 

all large tanks and/or associated revenues were donated to monasteries. In fact, entire 

village-tank systems could be donated to monasteries, in which case the monastery had 

rights to land, water, and the taxes and labour of the villagers. Monasteries could 

withhold irrigation water or withdraw the loan of cultivation implements if a tenant was 

not able to pay for rights to water held in the tank (Gunawardana, 1971, 1979). In return 

for donations of land, labour, revenue, and a portion of the harvest, the monastery 

provided access to water and land to farmer tenants and returned a portion of the 

proceeds to the landowner who made the original donation (Shaw, et al., 2007).  
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As monasteries were relatively stable and insulated from repeated challenges for 

political power, they were able to accumulate wealth without fragmentation (i.e. wealth 

was not split from generation to generation). Monasteries thus grew in power and 

economic importance over time, and eventually enjoyed administrative and judicial 

power similar to that of the king. In fact, by the ninth to the twelfth centuries AD, 

Gunawardana (1971) suggests that monasteries had sufficient power to revolt against 

and humiliate the king (e.g. during the reign of Udaya III, AD 935-8), and presents the 

following summary: 

“A multi-centred society with power devolving on the gentry and the 

monastic institutions in particular appears to be more true of the social 

structure of Ceylon than the concept of a centralized bureaucratic system 

of despotic rule. The development of the monastery as a focus for the 

accumulation of property as well as for the concentration of 

administrative authority was responsible in large measure for the 

introduction of feudal elements into the social structure of early medieval 

Celyon” (Gunawardana, 1971, p. 26). 

The archaeological and historical records thus support the hypothesis of Coningham et 

al. (2007) that the Anuradhapura hinterland was a theocratic landscape and upholds the 

idea that that the social, economic and political power relationships within the region 

are better described as a heterarchy, not a hierarchy. In a hierarchy, power is arranged 

with a top-down approach; goods flow from the lower levels of society to the top, and 

gifts or favors from the top levels flow to the bottom (Smith, 2006). In a heterarchy, 

power is more fluid and flexible, and can shift depending on the circumstances. Smith 
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(2006, p.106) notes that ‘one particularly dynamic form of heterarchy is found when a 

regional landscape is composed of small polities such as city-states.’ Although Smith 

refers to city-states as polities, one can easily imagine that monasteries were active in 

that role as focal points in the hinterland landscape.  

2.4.2 Hinterland occupation and abandonment 

Hinterland occupation and abandonment are undocumented, and it is generally assumed 

that the chronology of the hinterland matches that of Anuradhapura. Oral history 

documents small-scale irrigation as long preceding large-scale irrigation (Panabokke, et 

al., 2002). Although small-scale irrigation would have been disrupted and/or subsumed 

by the implementation and development of large-scale works (Gunawardana, 1971), it 

regained dominance ca. the thirteenth century AD, following abandonment of large-

scale irrigation (Gunawardana, 1971). 

British topographical surveys conducted during the colonial period (i.e. the mid- to late-

1800s AD) noted that the dry zone was severely depopulated, and that large tanks were 

in a state of disrepair and badly overgrown with jungle. These observations indicate that 

the hinterland had been abandoned for a lengthy period prior to the survey, assumed to 

date to Anuradhapura’s abandonment (Brohier, 1934, Parker, 1909). 

Brohier (1934, p. 2) mentions several possible causes of the abandonment of large-scale 

irrigation in the hinterland, including malarial plagues or famine, which may have 

wiped out most of the region’s population. Another theory is that there was a change in 

international trade routes, which deprived the residents of Anuradhapura of their long-

standing economic and political trade partners, contacts, and imported material wealth, 

ultimately resulting in abandonment (Brohier, 1934). Other possibilities focus on social 
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conflict as the cause of abandonment. Recurring battles for power in the region (i.e. as 

documented in the Mahavamsa) would have had a destabilizing effect on the economy 

as well as on the ability of rulers to maintain the organization required for the operation 

and maintenance of irrigation works. At Karnataka in India, for example, the war from 

AD 1636-1799 resulted in abandonment of irrigation networks, because local and 

governmental resources necessary for their operation and maintenance were redirected 

elsewhere (Ambler, 1994, p. 271). Baker (in Brohier, 1934, p. 2) suggests that invading 

forces could have cut off the region’s water supply to irrigation areas by changing the 

course of one of the main rivers or channels. Due to the integrated nature of the 

irrigation system, this could easily cause widespread famine in the region.  

Environmental destruction of bunds and tanks, caused by massive flooding, could also 

have led to their disuse. Massive flooding is rare in the Anuradhapura region 

(Ulluwishewa, 1991b), but Shaw and Sutcliffe (2003a, p. 99) note that extreme flood 

conditions with a 500-year return period would be devastating to the dry zone’s bunds 

and spillways, since these structures were engineered and constructed with expectations 

of a normal flood regime. Evidence of severe flooding causing damage is documented 

by Brohier (1965, [in Shaw and Sutcliffe, 2003a, p. 97]), who noted four large breaches 

the Nachchaduwa tank prior to its reconstruction in 1906. Extreme storms and 

precipitation were also recorded during December 24-26, 1957, which resulted in a 120 

m-wide breach in the Nachchaduwa bund, and caused damage to 35 large-scale works 

and 1300 village tanks in the Habarana region (Arumugam 1969, [in Shaw and 

Sutcliffe, 2003a, p. 97]). 
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2.4.3 Regional perspectives 

2.4.3.1 Polonnaruva, Sri Lanka 

Anuradhapura was one of two primary areas of large-scale irrigation in Sri Lanka’s dry 

zone during the Early Historic period; the other was near Polonnaruva, 60 miles to the 

southeast (Gunawardana, 1971). By the end of the eighth century AD, the 

Anuradhapura and Polonnaruva hinterlands were under large-scale irrigation and were 

being intensively cultivated. In fact, historical sources suggest that some tanks may 

have produced up to three harvests a year, although Gunawardana (1971) notes that this 

was likely not usual. Following Anuradhapura’s abandonment, the Polonnaruva 

kingdom lasted until ca. AD 1250, after which the majority of the population was 

concentrated in the southern wet zone and in the northern part of the island (de Silva, 

1981). 

2.4.3.2 Sigiriya region, Sri Lanka 

Myrdal-Runebjer (1994, 1996) conducted hydrological, sedimentological and 

geomorphological analyses of irrigation works at Sigiriya near Polonnaruva in order to 

investigate the settlement archaeology of the region. Her study documents the onset and 

abandonment of large-scale irrigation in the region ca. the late fifth and eighth centuries 

AD, respectively. Evidence of burning, possibly related to chena activity, takes place on 

the landscape ca. AD 1700. 

2.4.3.3 Sanchi, India 

Although it is under a different climatic regime, the history of development of large-

scale irrigation in Sri Lanka has many parallels with that in Early Historic Sanchi, 

central India. Based on spatial and hydrological analyses of ancient irrigation systems, 
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monastic sites, and settlements, Shaw and Sutcliffe (2001, 2003a, b) defined ‘early 

historic complexes,’ which emphasise the interconnectedness of irrigated rice 

agriculture, urbanism, centralised state formation, and the spread of sedentary monastic 

Buddhism (i.e. as a ‘cultural package’) throughout South Asia. These researchers 

suggest that large-scale water management arose as a result of increased demand for 

surplus food by the monastic and urban communities (Shaw and Sutcliffe, 2005). They 

also submit that large-scale water management associated with monasteries was an 

expression of Buddhist ideology, in that it alleviated suffering caused by drought, 

famine, and damaging floods (Shaw, et al., 2007). Optical dating at Sanchi (Shaw, et 

al., 2007) was problematic due to retention of residual signals and sampling errors, but 

these researchers suggest that the onset of large-scale irrigation in the area dates to ca. 

the third to second century BC (Shaw and Sutcliffe, 2003a), with most dams 

constructed between ca. first century BC and the fifth century AD23.  

2.5 Research objectives 

In this chapter, I have outlined the physical, temporal, cultural, and regional context of 

the development of large-scale irrigation in the Anuradhapura hinterland. This 

discussion has highlighted key issues regarding the respective roles of the environment 

and culture in the development and abandonment of these large-scale works. For 

example, did the prolonged period of aridity preceding and during Anuradhapura’s 

primary occupation (i.e. from ca. 3500 BP) increase the vulnerability of the dry zone to 

the point where it could not withstand the subsequently more intense and frequent 

                                                

23 Dating of the construction of the Sanchi dams is based on one OSL date and on the typologies of naga 
(serpent) statues on or near the dams (Shaw, et al., 2007). 
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environmental changes that followed (i.e. ca. AD 1100)? Additionally, if large-scale 

irrigation was part of a ‘cultural package’ as Shaw and Sutcliffe suggest, was there an 

environmental and/or cultural reason for the timing of the florescence and decline of 

this particular ‘cultural package’ in South Asia? Assuming the validity of this ‘cultural 

package,’ were there different processes operating that allowed Buddhism to continue 

to thrive in Sri Lanka but not in India following abandonment of the irrigated 

civilisation? If the abandonment of large-scale irrigation at Anuradhapura was due to 

cultural reasons such as invasion or destruction of the bunds, why didn’t it persist in the 

dry zone past ca. AD 1250 after the capital was moved to Polonnaruva? 

In order to address these issues, it is essential to construct a reliable, science-based 

chronology for the onset, development, and abandonment of irrigation works that is 

independent of textural sources and of Anuradhapura’s archaeological chronology, and 

to investigate questions regarding processes taking place in the hinterland before, 

during and after large-scale irrigation and urban abandonment. The key questions I am 

addressing in this thesis are: 

1. What is the timing of the onset, development, and abandonment of large-scale 

irrigation works in the Anuradhapura hinterland? 

Textural sources, oral histories, and comparable work at Sanchi, India suggest that the 

chronology of the large-scale irrigation in the Anuradhapura hinterland is roughly the 

same as that of the primary urban occupation, ca. 400 BC to AD 1017 (Coningham and 

Batt, 1999). 
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2. What cultural and environmental processes were operating on the landscape 

prior to construction of large-scale irrigation systems in the Anuradhapura 

hinterland? 

Based on Anuradhapura’s archaeological record and textural and ethnographic sources 

as well as the palaeoclimatic information I expect to find evidence of: 

• chena cultivation and small-scale irrigation using local water holes/ponds 

• lower population density due to lower carrying capacity of land 

• dry conditions with some seasonal moisture  

• unstable landscape and erosion  

 

3. How did integrated large-scale irrigation alter the hinterland environment?  

Due to the large scale of the irrigation works, extensive disturbance of the landscape is 

expected, including: 

• evidence of anthropogenic disturbance, compaction, transportation and 

redeposition of sediments during surface preparation, construction, and 

maintenance of irrigation works 

• increased compaction and disturbance at archaeological sites due to higher 

population density in the hinterland 

• disruption of existing settlement patterns, changes in land use 

• higher water tables, increased surface moisture, landscape stability due to 

increased moisture and vegetation cover due to irrigated cultivation 
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4. What was the process of hinterland abandonment?   

Textural sources suggest that the abandonment of Anuradhapura was sudden due to the 

sacking of the city and capture of the king, but the archaeological record suggests a 

more gradual transition (Coningham, 1999, Coningham and Batt, 1999). The 

environmental record is interpreted as indicating a rapid change in climatic at around 

the time that Anuradhapura was abandoned, but this change could have occurred over 

the course of a few decades, and people could have left the hinterland gradually. Given 

these uncertainties, the following possibilities are: 

• rapid abandonment  

• gradual abandonment 

• incomplete abandonment and land use change; people may have remained on the 

landscape but changed how they managed it (i.e. discontinued use of some or all 

large-scale works) 

 

5. What processes acted on the landscape during the post-abandonment period? 

It is assumed that there was a lower population density in the hinterland following the 

disuse of large-scale irrigation. As such, it is expected that there is evidence of: 

• sediment accumulation in tanks and channels as they were no longer maintained 

• the lower infill sediments in tanks may provide evidence for pre-abandonment 

processes operating on the landscape due to a delayed landscape response 

immediately following abandonment 

• reduced population density (i.e. at archaeological sites, less evidence for 

cultivation) 



 62 

• gradually less surface water in landscape, lowered water table as tanks infilled; 

however, modern irrigation activities may mask this evidence 

• people may have returned to the hinterland during a later period (i.e., as Myrdahl-

Runebjer [1996] has documented in Sigiriya)  

The next four chapters provide the landscape setting, methods, and data used to address 

these issues. In Chapter 7, I return to these questions following interpretation of the 

results. In Chapter 8, I discuss the broader implications of my work with reference to 

resource management techniques and the persistence of the dry zone 

cultural/environmental ecosystem. 
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Chapter 3: Research Design: 
Study Area and Methods 

In order to access the cultural and environmental records that form the basis for my 

interpretations of landscape change, I sampled sediments from a variety of 

archaeological contexts, including irrigation works and occupation sites. Samples were 

also collected from a number of modern contexts as controls for comparison with the 

archaeological samples. Soils from buried surfaces at the Anuradhapura citadel were 

recovered as an urban comparison with the hinterland soils. Optically-stimulated 

luminescence measurements in addition to bulk sediment analyses (i.e. particle size 

analysis, magnetic susceptibility, and total phosphorous) and soil micromorphology are 

used to document the chronology and processes acting on the hinterland sediments. In 

the following, I describe the process of site selection and introduce the control and 

archaeological sites, which establish the landscape framework for this study. The latter 

half of this chapter is dedicated to an overview of the methods employed in 

documenting sediment characteristics. 

3.1 Site selection 

Modern sediments from known contexts were sampled as controls and were selected as 

comparisons with the observed range of archaeological sites, and include a modern 

bund, cultivated soils (i.e. chena and paddy), and alluvial contexts. During the 2008 

field season, bulk soil samples collected during the ASW2 excavations at the 

Anuradhapura citadel during the 1990s (Coningham, 1999) were recovered; these 

samples were selected for analysis because they represent former surfaces that date to 

the Iron Age and Early Historic occupations at the Anuradhapura citadel (Coningham, 
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1999, Coningham and Batt, 1999), and thus provide an urban comparison to the 

hinterland soils (see stratigraphy and description in Chapter 4). 

Over one thousand sites were documented in the hinterland during three seasons of 

archaeological survey beginning in 2005 (Coningham, et al., 2007); of these, eleven 

were selected for geoarchaeological study. These include four abandoned bunds and 

two associated tanks, and the infills from one channel and two abandoned water 

features (i.e. a moat and channel).  Additionally, four archaeological sites located near 

irrigation works or water features are included in the study; these include low- and 

high-frequency ceramic scatters and two sites featuring pillars set into gravel-rich 

artificial platforms (Figure 2-4). Many of the bunds and tanks in the hinterland are still 

in use, and it was necessary to limit the sampled irrigation works to those that were 

abandoned. Occupation sites were chosen based on the opportunities for 

geoarchaeological sampling during archaeological excavations, and were selected 

because they are representative of the range of site types noted during the hinterland 

surveys. Table 3-1 is a list of the sampled landscape contexts, corresponding sites, and 

sedimentary record of interest. 

3.2 Control sites 

Micromorphological and bulk sediment samples were collected from known contexts 

during the July/August 2008 field season; these include a modern bund located 

southeast of Anuradhapura (Figure 3-1), recently abandoned and actively cultivated 

chena soils, an actively cultivated paddy soil, and alluvial sediment near Site B062 

north of Anuradhapura (Figure 3-4). 
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Table 3-1. Landscape contexts and corresponding sedimentary records referred to in this study. 
Site type/landscape 

context Sedimentary record Study sites 

Control sites 
• Current landscape 
processes as basis for comparison 
with archaeological sites 

• Modern bund 
• Paddy and chena 
soils  
• Alluvial controls 

Auger sediments 
underlying irrigation 
works 

• General view of processes 
operating in the more distant past 

• C009 
• E400 
• Z021 

Surfaces, interfaces 
underlying bunds, tanks, 
channel 

• Landscape prior to onset 
of irrigation activity, includes 
cultural and environmental 
records 

• C009 
• E400 
• Z021 
• Z021a 
• C018 

Bund construction 
materials 

• Source of materials used 
for construction 
• Process of construction 
• Post-construction period 

• C009 
• E400 
• Z021 
• Z021a 

Infill sediments 

• Pre-abandonment 
landscape characteristics 
• Abandonment 
• Post-abandonment period 

• Tank sediments: 
C009, E400, Z021 
• C018 
• C112 
• F517 

Occupation sites 

• Landscape prior to and 
during occupation 
• Process of abandonment 
• Post-abandonment period 

• B009 
• F101 
• F102 
• D399 
• B062 

 

Interviews with a local farmer revealed that artificial fertilizer has been applied to 

paddy soils in the area since the 1970s, and to the sampled chena sites since about 1999.  

In addition, pump irrigation and mechanisation of farming and bund construction has 

also occurred during the past 30 years.  Therefore, some features seen in the control 

samples may not be present in the archaeological thin sections, and some features in the 

archaeological samples may have no modern analogue. 
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Figure 3-1. Modern bund in landscape context. 
Oblique view. Bunds are indicated in yellow; tanks in blue. Uplands (inselbergs) are circled in white.  

Source: 8º 20.037’ N and 80º 30.814’ E. Google Earth, May 31, 2010. Accessed January 8, 2012.  

3.2.1 Modern bund 

During mapping of archaeological and landscape features in 2008, a roadcut through a 

modern bund was discovered at 8˚19.970’N and 80˚30.899’E (Figure 3-2). Nearby 

villagers estimate that the bund was originally constructed about 50 years ago, and it 

had recently undergone refurbishment to extend the bund laterally and vertically. 

According to this information, the upper three units (i.e. Units 1, 2, and 12, see 4.2.1.1 

below) were likely deposited no earlier than 2003 (i.e. five years prior to sampling).  In 

August 2008, bund construction was continuing using sediment obtained from a nearby 

open gravel pit (Figure 3-3). Field observations indicate that the pre-bund surface was 

truncated (by machine) prior to bund construction, resulting in the stripping off of the 

surface A horizon, and the pre-bund land surface in the modern bund profile may not 
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reflect pre-bund surfaces in the archaeological samples. The bund and nearby gravel pit 

appear to be located on RBE, but the truncated surface contrasts sharply with the bund 

construction sediments and demonstrates gley colours, suggesting dominantly reducing 

conditions. 

 
Figure 3-2.  Modern bund and roadcut. 

 

 
Figure 3-3.  Soil borrow pit near control bund. 
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Figure 3-4. Control soils in landscape context. 
Plan view. Triangles mark the control soils; Site B062 is noted with the star. 

Source: 8º 25.306’ N and 80º 23.559’ E. Google Earth, May 31, 2010. Accessed December 7, 2011. 

3.2.2 Cultivated control soils: chena, paddy 

3.2.2.1 Chena soils: B062-C1 to -C3 

All modern chena soils are located on reddish brown earth (RBE) soils  

(8°25.283-330 N and 80°23.534-576 E), and were excavated to approximately 30 cm 

depth.  Based on vegetation growth and information from local residents, it is estimated 

that Site B062-C1 was a recently abandoned chena site (i.e. within 25 years or less), and 

that Site B062-C2 had likely been abandoned for more than 25 years (Figures 3-5, 3-6). 

Site B062-C3 was actively being cultivated for banana at the time of sampling and was 

also undergoing pump irrigation and artificial fertilisation (Figure 3-7).  Since local 

information indicates that fertiliser has been applied to chena lands since about 1999, 
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B062-C2 has not likely been fertilised, but B062-C1 may have been; B062-C3 is being 

fertilised. 

 
Figure 3-5. Site B062-C1 looking towards C3. 

C1 (foreground, abandoned <25 years); C3 is cultivated, in area of banana palms across the road. 
 

 
Figure 3-6. Site B062-C2 vegetation (chena abandoned >25 years). 

 

3.2.2.2 Paddy soils: B062-P1 to -P3 

Located on low humic gley (LHG) soils, the modern paddy field had been flooded four 

days prior to sampling, and the farmer indicated that the paddy was about 2 weeks away 

from harvest. Three control sections with different field water contents were sampled 

C1 

C3 
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from the same paddy field at locations between 8°25.260-269 N and 80°23.661-672 E 

(Figure 3-8, 3-9). Sections B062-P1 and B062-P3 were saturated and soil water was 

above field capacity; they were under 2 cm and 1 mm of standing water, respectively.  

Section B062-P2 soil water was just below field capacity, being quite dry at the surface 

but with a moist to wet subsurface. 

3.2.3 B062 Alluvial sediment 

The alluvial control section is located near the Malwatu Oya annicut at 8˚25.331 N and 

80˚23.343 E (Figure 3-10). A 78 cm-long vertical section was scraped back from an 

exposure near the riverbank, and described and sampled as a control for alluvial 

sedimentation, one of the primary modes of sediment deposition within tanks and 

channels in the hinterland.  

3.3 Archaeological study sites 

3.3.1 Bunds and Tanks 

Four bunds were sampled in this study; two bunds had associated tanks that were also 

sampled, and one had an associated paddy. Samples from pre-bund surfaces allow 

reconstructions of what the landscape was like prior to implementation of a large-scale 

integrated irrigation system. The bund sediments themselves have characteristics that 

indicate where they originated, the process of bund construction, and what processes 

have acted at the site since the bund was constructed. Tank infill sediments document 

the onset of sedimentation within the tanks and what happened on the landscape 

following disuse of the integrated irrigation system.  

 



 71 

 
Figure 3-7. Site B062-C3 (chena cultivation of banana) 

 

 
Figure 3-8. Abandoned chena (foreground) overlooking sampled paddy field. 

 

 
Figure 3-9.  Paddy sampled for micromorphological description. 

Chena 

Paddy 
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Figure 3-10.  Annicut on the Malwatu Oya, near the Alluvial sample site. 

 

3.3.1.1 Site C009: Abandoned bund, tank, and paddy 

Site C009 (Ehalagamawewa, ‘dry tank’) is located on RBE at 8º 16.503 - 8º 16.519 N 

and 80º 30.287 - 80º 30.317 E (Figure 3-11). The large-scale abandoned bund, tank, and 

paddy were selected for geoarchaeological study because the site provides a contrast 

with the other large bund and tank systems in the study (i.e. E400, Z021), in that it has 

no apparent monastic association or links to an integrated irrigation network within the 

study region, despite its proximity to the Nachchaduwa tank (Figure 2-4). The bund is 

ca. 1.75 m in height and is currently covered in closed mature woodland; the associated 

tank is covered with open scrub woodland (Figure 3-12, 3-13). The paddy at C009 is 

the only abandoned paddy sampled in the study area (Figure 3-14). 
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Figure 3-11. Site C009 in landscape context. 
Oblique view. Bunds are in yellow; tanks in blue. The bund is located near an inselberg, outlined in 
white. 
Source: 8º 16.460’ N and 80º 30.453’ E. Google Earth, June 7, 2010. Accessed January 8, 2012. 
 

3.3.1.2 Site E400: Abandoned bund and tank 

Site E400 (Veheragala, 8°12.355 N, 80°34.921 E) is an abandoned bund and tank 

system located 25 km south of Anuradhapura, adjacent to the active Veheragala 

Buddhist monastery (i.e. Site A155), located on and around a large granite outcrop 

(Figures 3-15, 3-16). 
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Figure 3-12. The abandoned C009 bund, covered with closed mature woodland. 

 

 
Figure 3-13. Digging the stratigraphy at the abandoned C009 tank. 

 

 
Figure 3-14.  The abandoned C009 paddy. 
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Figure 3-15. Site E400 in landscape context. 
Oblique view. Yellow indicates bunds; blue indicates tank. Modern paddy fields are delineated in white. 
The modern Veheregala monastery is located on a granite outcrop and occupies the same site as the 
archaeological monastic site A155. 
Source: 8º 7.396’ N and 80º 21.061’ E. Google Earth, June 7, 2010. Accessed February 4, 2012. 
 
Local knowledge indicates that the area was sparsely populated until the introduction of 

the Mahaveli irrigation system in 1970s, after which the monastery became a 

community focus as a new population moved into the area. The Mahaveli irrigation 

system supplies water that is pumped into the paddy fields that currently occupy the 

abandoned tank associated with the E400 bund (Simpson, et al., 2008).  

Bund E400 features clear evidence of stone spillways cutting through it (Figure 3-17). 

The bund is just under ca. 2 m in height, is currently cultivated for banana, and has been 

severely eroded. It is unconnected to the Nachchaduwa system, and therefore contrasts 

with the Z021 bund (4.2.2.3 below). 
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Archaeological excavations at the Veheragala monastery (i.e. A155) took place near the 

modern temple in 2006, and produced three metres of cultural deposits (Figure 3-18). 

Ceramic recoveries at A155 include sherds of Black and Red Ware and Northern Black 

Polished Ware (NBPW), both of which were also recovered during the ASW2 

excavations at Anuradhapura. Typology and radiocarbon dates associated with the 

ASW2 material suggest that these sherd types date to 360 BC onwards and 350-250 

BC, respectively (Coningham, et al., 2007, Prickett-Fernando, 2003). Other sherds 

including diagnostic coarse ware was also recovered from Veheragala, including one 

sherd of type 30/A/A/2 and two sherds of type 38/A/B/1. These types were also 

recovered from levels dated to Periods G-K and Periods J and K at ASW2, respectively 

(i.e. ca. 500-100 BC [Coningham, 1999, 2006, Coningham and Batt, 1999]). These 

finds suggest that the monastery associated with the E400 bund and tank was first 

occupied during the Early Historic period, and the presence of fine ceramics, glass 

fragments, and a glass bead within the A155 sequence emphasizes the importance of the 

monastery and its links to Anuradhapura (Table 3-2). Archaeological recoveries at 

A155 document activities lasting until 1989, when the structure then standing at the site 

burned down.  
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Figure 3-16. Site A155, Veheragala monastery, near the E400 abandoned bund and tank. 

The monastery is currently active and located on and around a granite outcrop. 

 
Figure 3-17.  Banana plantation at the E400 bund and tank.  

The arrow indicates the ruins of stonework from a spillway, probably dating to the period when the bund 
and tank were in use. 

 
 

 
Figure 3-18. The 2006 excavations at Site A155, Veheragala monastery. 
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3.3.1.3 Site Z021: Abandoned bund and tank  

The Z021 bund and tank (Parthigala) is located at 8°13.521 N, 80°29.570 E, about 40 

m east of the Z021a bund and at the southern edge of Nachchaduwa tank (Figures 3-19 

to 3-22). Z021 is part of the integrated irrigation system that feeds into Nachchaduwa, 

which floods the Z021 area to a depth of up to 1.5 m during the rainy season (Simpson, 

et al., 2008). The Z021 bund is less than 4 m high, is currently covered with mature 

woodland and has eroded on both sides. A stratigraphic section was exposed at a partial 

cut in the Z021 bund, which is used as a trail for livestock and wild animals. Tank 

sediments were also exposed immediately beyond the bund. 

 

Figure 3-19. Site Z021 in landscape context. 
Plan view. The adjacent Z021a is not visible at the landscape scale. Yellow indicates the bund; blue 
indicates the tank. The nearby Parthigala archaeological monastic site (Z00) is indicated. 
Source: 8º 13.348’ N and 80º 29.583’ E. Google Earth, May 31, 2010. Accessed February 4, 2012. 
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The Z021 bund and tank are interpreted as part of a site complex that includes monastic 

Site Z00 (Parthigala), located about 500m away (Figure 3-21). Site Z00 is interpreted 

as a Pabbata Vihara (‘mountain monastery’), or Royal Monastery, and is dated on 

architectural grounds to between the mid-eight and twelfth centuries AD 

(Bandaranayake, 1974, Coningham, et al., 2007, Wijesuriya, 1998).  

3.3.1.4 Site Z021a: Abandoned bund   

The two-metre high Z021a bund (Parthigala) is discontinuous, eroded, and covered by 

mature woodland. It is located at 8°13.367 N, 80°29.525 E, approximately forty metres 

to the west of Z021 bund (Figure 3-23). As water from the Z021 tank submerges the 

Z021a bund during the wet season, it is inferred that Z021a construction preceded that 

of the Z021 bund.  

 
Figure 3-20. Nachchaduwa wewa as seen looking north from Z021 bund. 

The Z021 tank feeds into Nachchaduwa wewa, which can submerge the Z021 bund during the rainy 
season.  Note the tank is dry in the foreground, but water is present near the centre of the photograph. 
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Table 3-2. Study and control sites, Anuradhapura hinterland. 

1. Coningham et al. (2007); 2. Coningham (1999, 2006); 3. Coningham and Batt (1999); 4. Coningham et 
al. (2006); 5. Bandaranayake (1974); 6. Nanadeva (1990); 7. Deraniyagala (1972); 8. Mark Manuel, pers. 
comm.; 9. Prickett-Fernando (2003); 10. Christopher Davis, pers. comm. * see Chapter 4. 

 Site Type Location Historical association 

Modern bund Control bund East of Anuradhapura Local knowledge indicates bund 
section constructed ca. 50 years ago 

B062: Modern paddy 
and chena soils Agricultural soils 

Near Malwatu Oya 
annicut, north of 

Anuradhapura (i.e. 
B062 on site map) 

Paddy soils actively being cultivated; 
local knowledge indicates the 3 

sampled chena soils were under active 
cultivation, abandoned <25 years, and 

abandoned >25 years. C
on

tr
ol

s 

B062: Alluvial 
sediment Alluvial sediment 

Adjacent Malwatu Oya, 
near annicut, north of 

Anuradhapura (i.e. 
B062 on site map) 

Unknown age. 

C009 
(Ehalagamawewa) 

Tank and bund, 
paddy, 

isolated/rain-fed 

N.E. side of 
Nachchaduwa wewa None apparent 

E400 (Veheragala) Tank and bund 

Adjacent to active 
monastery (A155), ca. 

25 km S. of 
Anuradhapura 

At A155 (Veheragala): Black and Red 
ware, NBPW, diagnostic coarse ware: 

ca. 360 BC onwards.1, 2, 3, 8, 9 

Z021 (Parthigala) Tank and bund 

500 m from abandoned 
monastery (Z00; 

Parthigala), S. tip of 
Nachchaduwa wewa 

Architecture at Z00: mid-8th to 12th 
centuries AD.1  

T
an

ks
 a

nd
 b

un
ds

 

Z021a (Parthigala) Bund 40 m west of Z021 bund 

*Ceramics within bund suggest ca. 3rd 
century BC to 12th century AD. 

Z021a is submerged by water in Z021 
tank and assumed to be older.1, 2, 3 

C018 
(Ghalwaduwagama) Infilled channel Adjacent to an 

abandoned monastery 
Ceramics suggest affiliations with 

ASW2 Period F (ca. AD 300-600).3 

C112 
(Marathamadra) 

Infilled moat at 
monastic site 

Remote location 19.8 
km south of 

Anuradhapura 

Monastery is dated typologically to 
between the 8th and 10th centuries 

AD.1 

W
at

er
 fe

at
ur

es
 

F517 (Kirikulama) 
Infilled channel 

and monastic 
settlement 

Near Yoda Ela channel, 
which connects 

Nachchaduwa and 
Nuwara wewa tanks 

Channel stratigraphically below brick 
and stone pillared hall at site; 

moonstone at hall suggests 
construction ca. 6th-7th centuries AD 

or later.5 

B009 
(Siyabalagaswewa) 

Low-frequency 
ceramic scatter 

N.E. of Nachchaduwa 
wewa 

Possible Black and Red Ware (ca. 
1000-200 BC1 or affiliated with 

ASW2 Period I, ca. 340 BC.3 

F101/102 
(Rajaligama) 

High frequency 
ceramic scatter; 
site complex? 

ca. 25km S. of 
Anuradhapura; ca. 

2.5km  N.E. of bund 
E400 

Rouletted Ware at F101 suggests ca. 
200 BC-AD 200;1 0Fine wares at F102 

suggest ca. 200 BC-AD 1301, 2  

B062 (Siyabalawe) Pillared site; early 
market or town? 

N. of Anuradhapura, 
near Malwatu Oya 

annicut 

Early Brahmi inscription on pillar may 
date to ca. 1st century AD, links site to 

Abhayaghiri monastery at 
Anuradhapura8. A

rc
ha

eo
lo

gi
ca

l s
ite

s 

D339 (Nikawewa) Pillared site with 
terracottas 

ca. 4.5km E. of 
Nachchaduwa wewa, 

near bunds, tanks, stupa 
Terracottas of unknown age.2, 6, 7 
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Figure 3-21. . Site Z00, Parthigala, a Pabbata Vihara or Royal Monastery. 

 
 

 
Figure 3-22. Z021 bund and tank. 

Note the eroded nature of the bund (on the left) and the mature woodland vegetation that covers it. 
 

 
Figure 3-23. Exposing stratigraphy, Bund Z021a. 

Note the low and sloping nature of the bund that indicates erosion, and the mature woodland covering the 
bund (on the right). 
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3.3.2 Infilled water features: channels and moat 

As with the tank sediments, the infills from water features provide information about 

the onset of infill, in addition to processes operating on the landscape during the post-

abandonment period. 

3.3.2.1 Site C018: Infilled channel 

Site C018 (Ghalwaduwagama) is a monastic settlement on RBE soils, located on the 

eastern side of Nachchaduwa wewa at 8º 14.991 N, 80º 30.816 E (Figure 3-24).  The 

western edge of the monastic site is adjacent to a 3 m wide feature, interpreted in the 

field as an infilled channel with an unknown function (Figure 3-25).  Hand augering by 

the 2005 survey team suggests the field interpretation of the feature was correct.  

Ceramics found at the site are consistent with those found in levels associated with 

ASW2 Structural Period F, ca. AD 300-600 (Coningham and Batt, 1999, Simpson, et 

al., 2008). 

As the channel is located on well-drained RBE, a water infiltration experiment was 

conducted to determine whether it had reduced drainage compared to the surrounding 

landscape.  The experiment was conducted on Unit 8 of the channel (see 4.2.3.1) and on 

the subsoil from an RBE section ca. 30 m away.  A double-ring infiltration apparatus 

was used to give duplicate measurements of infiltration rates, which were measured to 

constant (Figure 3-26).  The results of the experiment confirmed that Unit 8 of the 

channel feature has a reduced mean infiltration rate (at 2.43 cm/cm2/day) relative to the 

RBE subsoil (at 5.93 cm/cm2/day). However, field notes indicate substantial water 

losses would still have occurred (Simpson, et al., 2008). 
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Figure 3-24. Channel C018 in landscape context. 
Plan view. Yellow indicates bunds, blue indicates tanks, and black indicates areas where chena is taking 
place. White outlines an upland (inselberg). The C009 tank is located at the top of the image. 
Source: 8º 15.733’ N and 80º 30.597’ E. Google Earth, February 18, 2005. Accessed January 8, 2012. 
 
   

 

Figure 3-25. Location of channel feature, Site C018. 
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Figure 3-26. Infiltration experiment on Unit 8 at the bottom of the channel, using double-ring 

apparatus. 
 

3.3.2.2 Site C112: Infilled moat 

Located about 19.8 km south of the Anuradhapura citadel at 8°11.735 N, 80°28.227 E, 

Site C112 (Marathamadara) is an abandoned monastic site consisting of several double 

platforms and bridges with associated rock-cut cisterns and moats ( Figure 3-27). This 

site is a Padhanaghara Parivena-type monastery, a well-known architectural style that 

dates to the 8th-10th centuries AD (Figure 3-28), frequently associated with an ascetic 

sect of reclusive forest-dwelling meditational monks, the Pamsukulika (Bandaranayake, 

1974, Coningham, et al., 2007, Wijesuriya, 1998).  Site C112 was unrecorded prior to 

the 2005-2006 field seasons, and it does not appear to be connected to any large-scale 

irrigation works (Figure 3-29). 
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 Figure 3-27. Site C112 during excavation in 2007.  

 

 
Figure 3-28. The ruins of a Padhanaghara Parivena-type monastery, Western Monasteries, 

Anuradhapura. 

3.3.2.3 Site F517: Infilled channel 

Site F517 (Kirikulama) is located at 8º 17.800 N, 80º 27.267 E, near an operational 

bund and tank and near the Yoda Ela channel that runs north from the Nachchaduwa 

tank, connecting it to the Nuwara wewa tank at Anuradhapura (Figures 3-30 to 3-32). 

Several functioning irrigation works are present in the vicinity of the site, including 

channels and a large-scale bund and tank. 
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Figure 3-29. Moat C112 in landscape context. 
Plan view. Yellow indicates bunds, blue indicates tanks. C112 is located in an area of jungle away from 
other irrigation works, which is consistent with the associated monastic architecture that suggests the 
monastery housed a reclusive community. 
Source: 8º 12.256 N and 80º 29.239 E. Google Earth, May 31, 2010. Accessed February 4, 2012. 
 

Site F517 is heavily looted and consists of the remains of a brick and stone pillared hall 

(including a decorated moonstone), which is interpreted as a robbed-out image house 

with evidence of settlement at the site prior to monastic activity. The pillared hall is a 

relatively long-lived architectural style that does not provide a useful date estimate for 

the site (Coningham, et al., 2006). The roof tiles for the structure were unique within 

the hinterland study sites, and resemble tiles from the Kandyan period (i.e. beginning 

ca. 15th century AD), rather than those from the Anuradhapura period (Mark Manuel, 

pers. comm.).  
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However, the moonstone can be correlated to Bandaranayake’s (1974) Shape Bii (plain 

and extended arc), suggesting a date of ca 6th/7th century AD or later.   

 
Figure 3-30. Channel F517 in landscape context. 

Yellow indicates bunds, blue indicates tanks. Thick black lines indicate areas of modern chena activity. 
Site F517 is indicated with the square.  
Source: 8º 18.204’ N and 80º 27.134’ E. Google Earth, July 22, 2006. Accessed January 8, 2012. 
 

 
Figure 3-31. Yoda Ela channel near Site F517. 
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Figure 3-32. Bund and tank near Site F517. 

The bund and tank are currently in operation, but are of unknown antiquity. 
 

Except for a few notable exceptions (i.e. B062 and F101/102), the majority of secular 

archaeological sites recorded within the hinterland are shallow ceramic scatters and are 

interpreted as ephemeral settlements related to chena activities (Coningham, et al., 

2007). The archaeological evidence for pre-monastic activity and the depth of the 

stratigraphy at Site F517 suggests that this site is unique among the study sites in that it 

may document relatively long-term human interest at this location.   

3.3.3 Associated archaeological sites 

Samples from archaeological sites associated with irrigation works provide information 

regarding timing and nature of hinterland occupation during the Anuradhapura period. 

The varieties of archaeological sites sampled include low- to high-frequency ceramic 

scatters and sites with artificial platforms; these characterise the range of hinterland 

occupation, as observed from archaeological surveys. Low-frequency ceramic scatter 

sites are the most numerous site types; they are typically located on RBE soils and are 

dominated by surface scatters of undiagnostic ceramics in low abundance and very few 
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charcoal fragments.  Fine wares, semi-precious stone, glass, and bone are typically 

absent at these sites, and they are not usually associated with structures.  Ceramic 

scatters are interpreted as temporary villages engaged in chena cultivation or livestock 

management (Coningham, et al., 2006, 2007). 

 

Figure 3-33. Site B009 in landscape context. 
Oblique view. The view of the site is obscured by clouds, but the star indicates the location of the site. 
Yellow indicates bunds, blue indicates tanks. Uplands (inselbergs) are outlined in white. 
Source: 8º 17.806’ N and 80º 30.597’ E. Google Earth, May 31, 2010. Accessed January 8, 2012. 
 

3.3.3.1 Site B009: Low-frequency ceramic scatter 

Site B009 (Siyabalagaswewa) is a ceramic scatter site located at 8º 17.770 N and 80º 

30.440 E, approximately 6.5 km southeast of the Anuradhapura citadel, and ca. 2-3 km 

north of the Nachchaduwa wewa (Figures 3-33 to 3-36). Excavations at Site B009 

resulted in the recovery of coarseware and a few sherds of possible Black and Red 

Ware; these have been typologically dated to ca. 1000-200 BC (Coningham, et al., 
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2007). Site B009 features shallow postholes, which supports the interpretation that the 

site was not occupied for a long period of time (Coningham, et al., 2007).  During the 

periods prior to and following the 2006 excavations, the area was cultivated for chena; 

however, these activities are assumed to have had a relatively low impact on the 

archaeological remains at the site. 

 
Figure 3-34. Site B009, with inselberg and stupa in background. 

Arrow indicates location of the stupa. 
 

 
Figure 3-35. Modern chena field adjacent Site B009. 

Abandoned chena (foreground) and actively cultivated chena (background), separated by modern 
irrigation hose (arrow). The temporary hut (circled) provides shelter for field workers. 
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Figure 3-36. Excavating Site B009. 

Note the typical reddish colour of Reddish Brown Earth soils. 

3.3.3.2 F101/102: High-frequency ceramic scatter, possible site complex 

Sites F101 and F102 are adjacent sites separated by a modern irrigation channel, located 

on RBE soils ca. 25 km south of Anuradhapura at 8º 08.498-690 N and  

80º 22.018-210 E, ca. 2.5 km northeast of the E400 bund (Coningham, et al., 2006). 

The two sites are currently interpreted as forming a site complex consisting of a 

monastic settlement (F101) and a related secular habitation or town (F102; Figure 

3-37); together they are known locally as Rajaligama, or ‘King’s Village’ (Coningham, 

et al., 2006, 2007). 

Site F101 

Site F101 is bounded by modern paddy fields to the south, an abandoned housing 

compound to the east, and a road to the west. Local villagers indicated that Site F101 

was an abandoned monastic site that had recently served as a soil quarry, the centre of 

which comprises the only intact remains of the site (Figure 3-38). 
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Figure 3-37. Sites F101 and F102 in landscape context. 
Oblique view. Yellow indicates bund, blue indicates tank. 

Source: 8º 8.698’ N and 80º 22.152’ E. Google Earth, June 7, 2010. Accessed January 8, 2012. 
 
 
Archaeological materials consist of randomly arranged stone blocks, standing and 

collapsed pillars, brickbats, and surface finds of ceramics, roof tile, slag, and a crucible. 

Excavated finds include slag, which, along with bone fragments and surface finds 

indicate that artefacts at the site are similar to those found at larger, prestigious sites. An 

undecorated moonstone was recovered at the edge of the central mound, and a damaged 

asana (lotus flower pedestal) was found ca. 200 m away, where villagers had moved it 

in recent times. A stupa and operational bund and tank are nearby. Site F101 is 

interpreted as a badly damaged monastic complex, based on local information and on 

the presence of the asana, moonstone, and roof tile. A 2 x 1 m trench was dug east to 

west across the highest part of the remaining central mound in order obtain an 
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understanding of the site’s chronological sequence (Coningham, et al. 2006; Figure 

3-39). 

 
Figure 3-38. Intact portion of Site F101, badly damaged due to soil borrowing. 

 

 
Figure 3-39. Trench at Site F101. 

 

Site F102 

Site F102 is located adjacent to the modern irrigation channel at the northern boundary 

of Site F101 (Figure 3-40). Small bunds at the surface of Site F102 indicate it has been 

under cultivation in more recent times (Figure 3-41).  The site consists of a high-
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frequency ceramic scatter that covers an area of 200 x 300 m and extends into a modern 

coconut plantation to the south. 

 
Figure 3-40. F102 as viewed from F101. 

Arrow indicates F102 
 

A number of rectilinear anomalies were recorded at F102 during geophysical survey in 

2005. A 2 x 1 m trench was dug north to south across one of these anomalies, in order 

to test the interpretation that the anomaly represented a burnt floor or kiln.  Surface 

finds include two ceramic sherds with red paint; excavated finds include slag, ore, glass 

beads and fragments, bone fragments, burnished and decorated ceramics (including fine 

ware with affinities with Rouletted Ware and Arikamedu Type 10), a roof tile fragment, 

a roof finial fragment, and the base of an oil lamp.  No evidence of a kiln was 

recovered.   Flotation was used to recover macobonanical remains, which included 

wood charcoal and charred and uncharred Oryza sativa husks, grains, and stalks.  

Coningham, et al. (2006) suggest that the presence of uncharred plant materials may 

indicate an intrusion, as it is unlikely that these would be preserved. 

Based on its extent and the presence of fine wares, glass, and bone, Site F102 is 

interpreted as a major secular habitation within the Anuradhapura hinterland.  The 
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artifact assemblage suggests it may be associated with Period G (i.e. 3rd century BC to 

1st century AD) at the Anuradhapura Citadel (Coningham and Batt, 1999).  

 

Figure 3-41. Small bunds at Site F102. 
Arrows indicate the bunds. 

 

3.3.3.3 Site B062: Early market or town with platform 

Site B062 (Siyabalawe, ‘Tamarind tree’) is located at 8º 25.304 N and 80º 23.587 E, 

north of the Anuradhapura citadel and within walking distance of the ancient (and 

modern) annicut of the Malwatu Oya (also known as Site 064, Figures 3-4 and 3-10).  

Site B062 is located on RBE soils, and is heavily damaged by robber pitting.  There are 

four concentrations of undressed granite pillars that may have been arranged to enclose 

a space measuring ca. 24 m x 8 m; some pillars are interpreted as possible capstones 

(Figure 3-42). One of the pillars is engraved with a previously unrecorded early Brahmi 

inscription that may date to the first century AD (Figure 3-43). The inscription links the 

site to Abhyaghiri, one of the large early monastic complexes at Anuradhapura (Mark 

Manuel, pers. comm.).  The site is interpreted as an early market or town, from which 
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pillars may have been subsequently taken for use in the construction of the annicut 

(Robin Coningham, pers. comm.).  

 

 
Figure 3-42. Site B062, Trench 2A. 

 

 
Figure 3-43. Pillar with early Brahmi inscription, Site B062. 
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3.3.3.4 Site D339: Undiagnostic pillared site with terracottas and platform 

Site D339 (Nikawewa) is located at 8° 14.342 N and 80° 34.022 E, southeast of the 

Anuradhapura citadel and ca. 4.5 km east of Nachchaduwa wewa.  The site consists of a 

ceramic scatter, an undiagnostic structure with stone pillars, a constructed gravel 

platform, and fragments of terracotta figurines (Figures 3-44 to 3-46). The site is 

located on a rocky outcrop close to active bunds, tanks and channels, and within a wider 

monastic complex that includes a village and a stupa (i.e. D340), ca. 150 m south of 

D339. However, the connection between D339, the stupa and the irrigation works is 

unclear (Mark Manuel, pers. comm.). 

 

Figure 3-44.  Site D339 in landscape context. 
Plan view. Yellow indicates bunds, blue indicates tanks. Uplands (inselbergs) are outlined in white. Star 
indicates Site D339. 
Source: 8º 14.357’ N and 80º 34.555’ E. Google Earth, June 7, 2010. Accessed January 8, 2012. 
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In Sri Lanka, over 20 sites with terracotta figurines have been recorded; these figurines 

are usually roughly made, fragmentary and typically consist of human and animal 

figures and phalli (Deraniyagala, 1972a, Nandadeva, 1990). Terracotta sites are 

predominantly located in the northern and eastern dry zone of Sri Lanka in association 

with village tanks or paddy fields. The function of terracottas is not well understood, 

but due to the dominance of female torso forms and phalli, they are thought to represent 

the objects of fertility rites related to humans, water management, and paddy fields. 

Jayatilleke (1983, in Nanadadeva, 1990) submits that the use of these types of objects in 

rituals may have originated in cults that pre-date the Buddhist period (i.e. prior to ca. 

3rd century BC), but that the use of terracottas was maintained throughout the Buddhist 

period. In support of this argument, Deraniyagala (1961, in Nanadadeva, 1990) notes 

that the present-day gammaduva ceremony may also have a connection to 

archaeological terracottas, as the ceremony involves terracotta figurines that are offered 

during requests for healing and fertility, and then ritually broken. 

The chronology of terracotta materials at archaeological sites within Sri Lanka’s dry 

zone is also poorly understood, largely due to the fact that they are usually recovered 

from poorly stratified sites or from poorly dated contexts (Coningham, et al., 2006, 

Coningham, et al., in press, Nandadeva, 1990). Terracottas have been assigned dates 

ranging from AD 300-1000 (Deraniyagala, 1972a) to the end of the thirteenth century 

AD (Deraniyagala, 1972a, Nandadeva, 1990). Nandadeva (1990) suggests that people 

who remained in the dry zone following the abandonment of large-scale irrigation in 

both the Anuradhapura and Polonnaruva regions (i.e. following the 13th century AD) 

may have become marginalised from mainstream society (including religious life) and 

were more reliant on pre-Buddhistic rituals. As such, some terracotta figurines could 
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represent relatively recent depositional events (i.e. since the 13th century AD). The 

terracotta material in stratigraphic layers at site D339 thus provides an opportunity to 

begin construction of a working chronology for these sites. 

 
Figure 3-45. Trench at Site D339. 

 

 
Figure 3-46. Trench, Site D339, showing pillar set into artificial platform. 
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3.4 Methods 

3.4.1 Field methods: stratigraphic description and sampling 

Vertical stratigraphies were obtained during archaeological excavations by cutting back 

and cleaning exposed sediments (i.e. modern bund and alluvial sediment), or by 

excavating a ca. 50 cm wide pit (i.e. chena and paddy control samples). Stratigraphic 

profiles were drawn, photographed and described according to standard methods, 

including estimates of texture, colour (using the Munsell system), and estimating 

abundances of stones, roots, and mottles. 

Undisturbed soil samples were collected for micromorphological analysis using 5 x 7 

cm Kubiëna tins. Bulk sediment samples for chemical and textural characterisation 

were taken from the horizon around the immediate area of the thin section sample. OSL 

samples were collected using copper tubes inserted into the vertical face of the 

stratigraphy. These were subsequently extracted and sealed with foil and tape, and the 

sampling holes in the profile were then enlarged for field gamma spectrometry (FGS) 

measurements, which were taken using an Ortec DigiBASE spectrometer pack with a 2 

x 2” NaI probe (see 3.4.2). Bulk sediment samples were retained for water content 

measurement used in OSL measurements. The middle of the OSL sample tubes were 

subsequently processed and analysed in the Scottish Universities Environmental 

Research Centre (SUERC) luminescence laboratory under safelight conditions 

(Burbidge, et al., 2008, Cresswell and Sanderson, 2009).  

3.4.2 Laboratory methods: Optically-stimulated luminescence measurement 

Optically-stimulated luminescence (OSL) dating has been successful in recording the 

sedimentological history of archaeological canal infills and documenting the onset and 
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cessation of prehistoric irrigated agriculture in Cambodia (Bishop, et al., 2004, 

Sanderson, et al., 2003), the American Southwest (Berger, et al., 2004, 2009) and with 

limited success in India, as mentioned in 2.4.3.3 above (Shaw, et al., 2007). The 

application of OSL dating to archaeological sediments in Sri Lanka has been relatively 

limited. However, Abeyratne and colleagues (1997) compared OSL dating to other 

dating techniques at Batadomba Cave in the southern part of the island and produced 

results consistent with radiocarbon dates obtained on bone and charcoal. 

Optically-stimulated luminescence dating was performed on the sand-sized quartz 

fraction using the single aliquot regeneration (SAR) sequence (Murray and Wintle, 

2000), employing Risø DA-15 automatic readers (Bøtter-Jensen, et al., 2000). In situ 

field gamma spectrometry (FGS) measurements (described in 3.4.1 above) were 

combined with laboratory measurements of standard high-resolution gamma 

spectrometry (HRGS) to produce gamma dose rates used in OSL measurement.  The 

SUERC Thick Source Beta Counting (TSBC) system determined beta dose rates 

(Sanderson, 1988) and cosmic dose rates were determined using Prescott and Stephan 

(1982) and Prescott and Hutton (1988). Sample preparation and water measurements 

were performed using standard methods (Cresswell and Sanderson, 2009). The 

equivalent dose (DE, i.e. the amount of laboratory irradiation required to produce a 

luminescence signal equivalent to the signal acquired by the mineral during burial) is 

divided by the dose rate (i.e. the sum of the alpha, beta, gamma, and cosmic radiation) 

to obtain a date for the last time the sediment’s luminescence signal was reset (Aitken 

and Smith, 1988, Huntley, et al., 1985). Problems may occur when the sampled 

sediments have not been adequately exposed to sunlight, resulting in partial or complete 
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retention of the OSL signal, producing an OSL date that does not necessarily reflect the 

event of interest (Aitken, 1998).   

Sixteen discs per sample were measured using 4 discs each at 4 different preheats. A 

slowly decaying component in the OSL signals appeared to come from traps producing 

TL in the 200-280°C range; differential effects such as variations in DE vs. time were 

reduced by matching the test and regenerative preheats. Regenerative doses of 0 to 15 

Gy were applied to all samples (plus repeats, etc.: cycles 1 to 9). During measurement 

of the 2008 samples (i.e. the modern bund and Site B062 Trench 2A), the data were 

briefly examined before they were removed from the Risø reader, to determine whether 

DE exceeded 15 Gy.  In two cases where this seemed possible (i.e. SUTL 2270 and 

2272 from the modern bund, see Table 4-2), additional 18 Gy and 21 Gy regenerative 

doses were applied (Burbidge, et al., 2008, Cresswell and Sanderson, 2009). 

Equivalent dose was determined using the Risø Analyst programme, which fitted 

individual dose response curves and estimated DE values for each of the measured 

disks. A saturating exponential curve was fitted to all measured points except the ‘IR 

Recycling’ point and second zero dose response.  Where the exponential fit was poorly 

constrained, a linear fit was used.  No consistent patterns of variation in DE with preheat 

were evident, and results from all measured disks were used in the estimation of central 

DE values.  

As the samples exhibited high OSL sensitivity and low IRSL sensitivity as well as low 

zero dose responses, any scatter in the data is likely to be due to the presence of a 

mixture of grains with different OSL signatures (Burbidge, et al., 2008, Cresswell and 

Sanderson, 2009). For all samples, a zero dose was measured following the largest dose 
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late in the measurement sequence in order to maximize any residual effect.  A zero dose 

point was also measured early in the sequence and yielded lower values; these early 

values were used to define the growth curve for DE determination (Burbidge, et al., 

2008, Cresswell and Sanderson, 2009). 

Weighted means are used in order to reduce the effect of outliers on the mean.  Using 

the Royal Society of Chemistry’s (2001) robust statistics toolkit for MS Excel (Ellison, 

2002), robust mean DE data were generated using Huber’s estimate 2 (H15).  The H15 

Robust Mean estimate is calculated iteratively by down-weighting data outwith 1.5 

standard deviations, but weighting data equally within this range. This yields a central 

estimate that is less sensitive to outliers than the arithmetic mean, and is still associated 

with a standard error estimate (Burbidge, et al., 2008).  

3.4.3 Laboratory methods: Bulk sediment analysis 

I performed bulk sediment analyses on air-dried or oven-dried (i.e. at 105°C) soil, as 

appropriate, following sieving to remove particles larger than 2 mm. I performed all 

bulk analyses in the Department of Biological and Environmental Sciences laboratories 

at the University of Stirling. Measurements were made on replicate and blank samples 

to monitor reproducibility and error.  

3.4.3.1 Particle size analysis 

Particle size analysis (PSA) measures the percentage of sand, silt, and clay-sized 

particles (i.e. particle size distribution [PSD]) within a sample, and is an important 

component in characterising soils and sediments for two primary reasons. First, the PSD 

reflects the energy required for sediment deposition; therefore, interpreting PSD 

provides key evidence for reconstructing the depositional environment. Second, PSD 
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may be used to identify soil horizons and pedogenic processes, as seen in illuviated 

horizons, which feature increased clay content (Courty, et al., 1989, Kroetsch and 

Wang, 2008). In this thesis, PSA was performed according to standard methods using 

the Beckman Coulter LS 230 Laser Diffraction Particle Counter (Coulter Corporation, 

1994, Lewis and McConchie, 1994).  

3.4.3.2 Soil pH 

Soil pH influences the outcome of many of the processes operating within the soil 

environment, such as the mobility of ions within the soil solution (including 

phosphates), the deflocculation of clays, and formation or breakdown of soil structure. 

It is therefore a standard property measured in the chemical characterisation of soils 

(Brady and Weil, 2002). In this study, soil pH was analysed using a solution extracted 

from a 1:2.5 ratio of soil to deionized water. Measurements were performed using the 

Hanna Instruments pH meter model pH 209, which was calibrated prior to measurement 

using standard pH 4 and 7 buffer solutions (Bascomb, 1987).   

3.4.3.3 Loss-on-ignition 

Loss-on-ignition (LOI) is a method that is commonly employed in palaeoenvironmental 

studies to estimate the organic content in soils (Beaudoin, 2003, Boyle, 2004, Heiri, et 

al., 2001). In this study, estimates of the soil organic content are used in combination 

with measurements of magnetic susceptibility and total phosphorus (below) as a means 

of aiding the identification of former surfaces and distinguishing them from subsurface 

sediments (Buol, et al., 2003). Loss-on-ignition was performed and calculated 

according to standard methods (Heiri, et al., 2001, School of Biological and 

Environmental Sciences, n.d.). 
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3.4.3.4 Magnetic susceptibility 

Magnetic susceptibility measures the response of minerals when they are exposed to a 

magnetic field. These measurements are of interest in archaeological studies because 

they allow interpretations regarding mineral formation or of post-depositional effects 

such as soil formation or burning (Dearing, 1999, Thompson and Oldfield, 1986), and 

are useful in identifying former land surfaces and sediments associated with 

anthropogenic activity (Dearing, 1999, Ketterings, et al., 2000). Burning, soil 

formation, and bacterial activity can produce grains that exhibit superparamagnetic (SP) 

behaviour, which can be measured using frequency dependent susceptibility. Frequency 

dependent susceptibility involves measuring the same sample at low and high 

magnetisation frequencies, and the difference between the two measurements indicates 

the abundance of SP grains in the sample.  

In this study, air-dried sediment was packed into plastic pots designed to hold 10 cm3 of 

soil, and magnetic susceptibility measurements were made at low and high frequencies 

using the Bartington MS2 Magnetic Susceptibility System (Dearing, 1999). 

Calculations of magnetic susceptibility and frequency dependent magnetic 

susceptibility were made according to the methods described in Dearing (1999). 

3.4.3.5 Total phosphorous 

The phosphorus (P) content of soils is a valuable tool in archaeology because it is 

generally found in low amounts in soils that have undergone minimal or no cultural 

amendments, and high P content can therefore be an indicator of human activity. 

Additionally, because it readily combines with soil cations such as Ca2+, Fe3+ and Al3+ 

to form insoluble compounds that resist leaching or vertical or horizontal movement in 
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solution, P tends to remain in the soil over a long period of time, and it does not migrate 

far from the area where it was deposited. Therefore, the distribution and concentration 

of P at archaeological sites generally reflects P deposited through human activities 

during site occupation (Eidt, 1977, Kuo, 1996, Parnell, et al., 2001). 

Many researchers (e.g. (Dormaar and Beaudoin, 1991, Eidt, 1977, Entwistle, et al., 

2000, Lima, et al., 2002, Parnell, et al., 2001, Parnell and Terry, 2002) have found 

strong correlations between areas of human activity and elevated P levels at 

archaeological sites, and higher P levels are generally interpreted as indicating longer-

term or higher intensity activity (Davidson, 1973, Linderholm, 2007). Soil P analysis 

may be used as a tool for identifying features and site boundaries prior to excavation 

(Parnell et al., 2001), for identifying activity areas where low artifact concentrations 

limit archaeological inferences (Parnell and Terry, 2002), and for documenting 

management of soil fertility (Adderley and Simpson, 2005, Simpson, 1997). 

Total P was measured in this thesis using the sodium hydroxide fusion method (Smith 

and Bain, 1982), followed by colourimetry using the Spectronic Helios Epsilon 

spectrophotometer (Thermo Electron Corporation), using a wavelength of 880 nm. 

3.4.4 Laboratory methods: Soil micromorphology 

Soil micromorphology, or thin section analysis, has been used since the 1930s to 

investigate soil formation and diagenesis, and is invaluable in pedological studies of 

soil classification and management (Stoops, 2003). In more recent years, 

micromorphology has been applied to archaeological questions, such as questions of 

land use and soil management (Adderley, et al., 2006, Macphail, et al., 1990, Simpson, 

et al., 1999, Wilson, et al., 2002), defining activity areas within occupational surfaces 
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(Matarazzo, et al., 2010), and documenting the effect of postdepositional processes on 

cultural sediments (Polo Díaz and Fernández Eraso, 2010). Micromorphology has also 

been used to demonstrate changes in the environment and management of irrigated 

landscapes. For example, Kemp and colleagues’ (2006) study of canal infill sediments 

in pre-Hispanic irrigated terraces in the Peruvian Andes, and Purdue and colleagues’ 

(2010) study of canal infills dating to the Hohokam occupation of the Gila River valley 

in Arizona. Hseu and Chen (1994) have also used soil micromorphology to document 

features associated with seasonal fluctuations in the hydrological regimes of paddy 

soils. In Sri Lanka, soil micromorphology has been employed to document site 

formation processes in cave sites in the southwestern part of the island (Kourampas, et 

al., 2008, 2009), but this study is the first to apply micromorphology to sites in the dry 

zone. 

Thin sections 30 µm thick were manufactured at the University of Stirling Thin Section 

Micromorphology Laboratory, following standard procedures of impregnation, curing, 

and slicing (http://www.thin.stir.ac.uk/methods.html). Thin sections were described 

using plane polarized (PPL), cross-polarized (XPL), and oblique incident light (OIL), 

using magnifications ranging from 10-400x (Courty, et al., 1989). Terminology is 

dominantly from Stoops (2003) and Bullock, et al. (1985). 

Common practice in micromorphology is to use visual charts to estimate the abundance 

of particular features, resulting in semi-quantitative data that is in most cases sufficient 

to address the questions driving the research (Bullock, et al., 1985, Courty, et al., 1989, 

Fitzpatrick, 1993, Stoops, 2003). Point-counting and image analysis are methods that 

produce quantitative results relating to the occurrence of specific micromorphological 
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features within samples (Adderley, et al., 2002, 2006). However, this approach is most 

helpful when it is determined that a particular feature or group of features is especially 

illuminating in addressing specific questions within a study. As there has been no 

previous micromorphological work conducted on irrigated landscapes in South Asia 

and very little elsewhere, it was unknown what features should be quantified prior to 

the onset of analysis. During sample description, it became clear that most of the 

micromorphological features in this study require interpretation in relation to other 

features within the samples, as well as within the broader contexts of the site and 

landscape. Quantitative description that focused on a small number of features would be 

inefficient, not particularly useful in addressing the questions posed at the beginning of 

this thesis, and would place an inappropriate amount of emphasis on those features. 

Therefore, in this thesis, a semi-quantitative approach is maintained in 

micromorphological descriptions.  
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Chapter 4: Results and Interpretation: 
Stratigraphy and Chronology 

An essential first step toward understanding human-environmental interactions in the 

hinterland is to construct the stratigraphic and chronological frameworks for each site, as 

these frameworks form the foundation for site-based and landscape-scale interpretations. In 

this chapter, I present the results of stratigraphic analysis and OSL measurement, followed 

by a description and interpretation of the field stratigraphy for each site. I conclude with a 

summary of these results within each of the landscape contexts of interest (i.e. pre-bund 

surfaces, infill sediments, etc.), a discussion of how these results relate to the chronology of 

Anuradhapura, and the implications these data have for the wider field of OSL dating. 

Unless noted otherwise, field stratigraphic units and soil horizons were identified based on 

colour and texture, and all profiles were sampled for bulk sediment analyses. 

Micromorphological sampling is indicated on stratigraphic drawings, and error ranges of 

OSL dates are at 2 sigma. 

4.1 Overview of stratigraphy and OSL measurement 

4.1.1 Overview of stratigraphic characteristics 

The modern bund control stratigraphy is heterogeneous and consists of varieties of 

yellowish brown, brown, and dark reddish brown sandy clays, sandy loams, and sandy clay 

loams. Mottles are present in the lower parts of the bund stratigraphy, and although buried 

branches are noted, ceramic fragments are absent. 
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Sediments from the chena control stratigraphies consist of dark reddish brown, dark brown, 

and yellowish red sandy clay loam, clay loam, and sandy clay. Ceramic and charcoal 

fragments were noted in one of the modern chena profiles. Paddy profiles document 

heterogeneous sediments consisting of dark grey, dark greyish brown, and brown clay 

loams, sandy clays, sandy silts, gravels, and various clay or silty loams. Mottling is present 

in the lower parts of all modern paddy sediments. No ceramics were noted in the paddy 

profiles, although charcoal was present in one profile; however, this may be due to the fact 

that an auger was used to document paddy stratigraphy, resulting in a sampling bias. 

Alluvial control sediments consist of yellowish brown sand, with no ceramics or charcoal 

were noted in the alluvial stratigraphy during stratigraphic description. 

Overall, the archaeological and modern bund stratigraphies display the most textural 

heterogeneity of all the sampled sites. Field textures range from clay to sand, although the 

dominant textures are variations of clay, silty, or sandy loams. Colours include light to dark 

yellowish brown to brownish yellow, brown, light brownish grey, and pale brown. Mottles 

are present throughout most of the archaeological bund stratigraphies, and ceramic 

fragments are present as inclusions in sediments from three of the four archaeological 

bunds. 

Infill sediments from tanks, channels, and the moat are typically more homogeneous than 

the bunds, with field textures consisting of clay and silty loams. Colours include dark 

greys, greys, and browns that are pale, yellowish, olive, or reddish. Mottling is documented 

within the tanks and the moat, and most infills contain charcoal and/or ceramic fragments. 
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The archaeological paddy sediments (i.e. from C009) contain ceramic fragments and 

consist of mottled dark brown to strong brown clay, sandy clay, and sandy clay loam. 

Stratigraphies from the ceramic scatter sites (e.g. B009 and F101/102) appear to be 

relatively heterogeneous, but less so than bund sediments. Stratigraphies from these sites 

predominantly consist of dark yellowish brown to reddish brown sandy clay and clay or 

sandy loams. On the other hand, sediments from artificial platform sites (e.g. B062 and 

D339) are relatively homogeneous, consisting of dark reddish brown, yellowish brown, 

brown, and yellowish red sandy loams and sandy clay loams. The artificial platforms are 

constructed with very coarse sandy clays or gravel. Ceramic fragments are present within 

all sediments of archaeological sites, but are not observed within the platform sediments. 

4.1.2 Overview of OSL measurement 

The water content and individual effective dose rates from all samples are shown in Table 

4-1. The water content of samples from the bund stratigraphies (including the modern 

control bund) ranged from 8-30%. Infill sediments had water contents of between 11-34%, 

while the water content of sediments from the archaeological sites was between 9-26% 

(Burbidge, et al., 2008, Cresswell and Sanderson, 2009). 

Table 4-2 presents the total dose rate, equivalent dose (DE), and apparent and calendar ages 

for each sample. The equivalent dose for the archaeological bunds ranged from 3.81-12.18 

Gy; the modern bund samples had equivalent doses of 0-20 Gy. Equivalent doses for 

samples from sediment infills were between 0.29-3.78 Gy, while those from archaeological 

sites were between 0-32.3 Gy.  
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Examination of the distribution of DE values of the individual aliquots for each sample 

indicates that a scatter in the data will affect the mean values of some samples (Figure 4-1). 

There are three primary categories of DE value distribution observed within the hinterland 

data set, as follows:  

1. Symmetrical distribution with low to moderate scatter; the sample is likely 

composed of grains that had their OSL signals reset at the same time (Figure 1A).  

2. Asymmetrical with one main grouping and a scatter to higher values (Figure 1B). 

For most samples, the use of the robust mean (see 3.4.2) appeared to account for this 

scatter, so that the main group was well described by the analysis. However, in 

some cases, a visual check indicated that the robust mean slightly overestimated the 

modal DE value of the main group: in these cases it is likely that the modal value 

lies between the robust mean and the lower limit of the range of uncertainties. For 

the samples indicated (Table 4-2), a dominant main group with limited degree of 

scatter to higher DE values indicates that the majority of mineral grains in the 

sediment had their OSL signals reset at the same time, but that a small portion of the 

grains contain residual OSL signatures. Therefore, the true calendar date of these 

samples is likely to lie within the more recent end of the error estimate (Burbidge, et 

al., 2008). 

3. Roughly symmetrical distribution with high levels of scatter, indicating that the 

sample is composed of a mixture of grains that had their OSL signals reset at 

different times (i.e. they retain residual OSL signals; Figure 1C). In this case, the 
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date produced may represent an original depositional event, but likely does not 

represent the timing of the most recent event of interest. 

 
Figure 4-1. Examples of types of distribution of DE values. 

A. Symmetrical with low to moderate scatter, Z021a-2. B. Asymmetrical with one main grouping and scatter 
to higher values, Z021a-3. C. Roughly symmetrical with high amounts of scatter, Z021a-4. From Burbidge, et 
al., 2008. 
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Table 4-1. Sample water content and effective dose rate 
Effective dose rate (mGy/a) 

SUTL 
no. Site 

Depth 
(cm) 

H20 
content 

(%)a Betab Gammac Cosmicd 
2091 C009 B c.5 110 15 ± 6 1.39 ± 0.02 0.71 ± 0.06 0.19 ± 0.01 
2093 C009 T c.3 36 11 ± 4 1.87 ± 0.18 0.83 ± 0.08 0.25 ± 0.04 
2094 C018 c.3 32 11 ± 3 2.28 ± 0.07 1.04 ± 0.09 0.25 ± 0.04 
2095 C018 c.5 69 15 ± 5 2.01 ± 0.05 0.89 ± 0.07 0.23 ± 0.04 
2097 E400 B c.7 164 21 ± 4 1.52 ± 0.06 0.73 ± 0.05 0.19 ± 0.03 
2098 E400 B c.8 173 20 ± 6 1.24 ± 0.15 0.68 ± 0.03 0.19 ± 0.03 
2099 F101 c.5 80 21 ± 8 0.96 ± 0.04 0.42 ± 0.04 0.22 ± 0.04 
2101 F102 c.3 80 26 ± 13 1.12 ± 0.03 0.50 ± 0.05 0.22 ± 0.04 
2102 Z021 B c.4 256 10 ± 3 1.18 ± 0.01 0.51 ± 0.03 0.16 ± 0.01 
2103 Z021 B c.5 298 30 ± 14 0.85 ± 0.07 0.43 ± 0.04 0.15 ± 0.01 
2104 Z021 B c.7 345 11 ± 3 1.22 ± 0.00 0.57 ± 0.05 0.14 ± 0.01 
2105 Z021 B c.9 384 14 ± 3 1.09 ± 0.06 0.54 ± 0.03 0.14 ± 0.01 
2106 Z021 T c.2 39 34 ± 16 0.55 ± 0.01 0.27 ± 0.03 0.25 ± 0.04 
2214 F517 c.108 75 13 ± 6 2.06 ± 0.19 1.18 ± 0.08 0.22 ± 0.04 
2215 F517 c.113 151 17 ± 6 1.78 ± 0.03 0.90 ± 0.08 0.20 ± 0.03 
2216 D339 c.203 31 14 ± 7 3.14 ± 0.37 1.56 ± 0.12 0.25 ± 0.03 
2217 D339 c.204 54 9 ± 5 2.04 ± 0.39 1.25 ± 0.06 0.23 ± 0.04 
2218e D339 c.205 73 11 ± 6 1.29 ± 0.07 0.94 ± 0.05 0.22 ± 0.04 
2219 C112 c.012 25 21 ± 6 1.19 ± 0.00 0.62 ± 0.06 0.26 ± 0.03 
2220 C112 c.012A 115 12 ± 6 1.01 ± 0.11 0.52 ± 0.02 0.21 ± 0.03 
2221 C112 c.013A 138 12 ± 5 1.23 ± 0.07 0.64 ± 0.06 0.20 ± 0.03 
2222 Z021a c.4 65 8 ± 4 2.23 ± 0.09 0.88 ± 0.08 0.20 ± 0.01 
2223 Z021a c.4 79 13 ± 6 2.37 ± 0.04 0.87 ± 0.09 0.20 ± 0.01 
2224 Z021a c.4 82 10 ± 4 2.42 ± 0.00 0.95 ± 0.12 0.19 ± 0.01 
2226 Z021a c.5 95 9 ± 4 2.27 ± 0.20 0.86 ± 0.05 0.19 ± 0.01 
2227 Z021a c.5 119 9 ± 5 1.94 ± 0.19 0.73 ± 0.03 0.18 ± 0.01 
2270 Modern bund c.8 170 23 ± 3 1.70 ± 0.08 0.947 ± 0.026 0.19 ± 0.08 
2271 Modern bund c.9 193 20 ± 3 1.84 ± 0.09 0.956 ± 0.026 0.19 ± 0.09 
2272 Modern bund c.3 49 10 ± 3 1.60 ± 0.08 0.849 ± 0.024 0.24 ± 0.04 
2273 B062 Tr.2A c.2 56 14 ± 3 0.85 ± 0.06 0.309 ± 0.009 0.23 ± 0.04 
2274 B062 Tr.2A c.3 65 16 ± 3 0.33 ± 0.04 0.173 ± 0.006 0.23 ± 0.05 

a.  Assumed water content = (Field + DUL)/2 ± (Assumed – Field)/21/2; values in bold italics were calculated 
using Saturated value instead of DUL. Values are presented as a percentage of the dry mass of the sample. 
b.  Calculated using the weighted mean of the effective beta dose rates measured using HRGS and TSBC; 
effective beta dose rate = 0.9*infinite beta dose rate/(1+1.25*water content); 0.9 is the average beta 
attenuation in a 100 µm silicate grain (Mejdahl, 1979). Bold: see note in e. 
c.  Calculated using the weighted mean of the gamma dose rates corrected for assumed water content, 
measured using HRGS and FGS; Effective gamma dose rate = gamma dose rate/(1+1.14*WCassumed-Wcas-
measured); Wcas-measured = Field for FGS, =0 for HGRS.  One FGS measurement was made for SUTL nos. 
2223 and 2224, given their relative proximity. Bold: see note in e. 
d.  Calculated from latitude, altitude, and estimated average depth during burial, using the data of Prescott and 
Stephan (1982) and Prescott and Hutton (1988). 
e.  For sample 2218, the HGRS determinations were not consistent with FGS and TSBC results, and when 
TSBC was measured again, it was different.  Evaluation of the HGRS sample characteristics resulted in the 
conclusion that it was a poor representative of the overall sample; therefore only TSBC was used in 
calculation of effective beta dose rate and FGS alone was used to calculate the effective gamma dose rate 
(Burbidge, et al., 2008, Cresswell and Sanderson, 2009) 
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Table 4-2. Dose rates, equivalent dose, apparent ages and calendar dates 

SUTL 
no. Site 

Total dose 
rate 

(mGy/a) 

Equivalent 
dose (Gy)a 

Apparent Age 
(ka)b 

Error 
(%) 

Calendar date 

(2σ) c, d Interpretation of date 

2091 C009 B c.5 2.29 ± 0.06 3.81 ± 0.09 1.66 ± 0.06 4 AD 340 ± 120★ pre-bund surface, maximum age of bund 
2093 C009 T c.3 2.95 ± 0.20 2.37 ± 0.06 0.80 ± 0.06 7 AD 1200 ± 120● onset of sedimentation: tank disuse 
2094 C018 c.3 3.56 ± 0.12 1.26 ± 0.06 0.35 ± 0.02 6 AD 1650 ± 40● ongoing channel sedimentation 
2095 C018 c.5 3.13 ± 0.10 2.76 ± 0.10 0.88 ± 0.04 5 AD 1120 ± 80● onset of sedimentation: channel disuse 
2097 E400 B c.7 2.44 ± 0.09 5.92 ± 0.21 2.43 ± 0.12 5 400 BC ± 200● pre-bund/bund interface; max. age of bund 
2098 E400 B c.8 2.11 ± 0.16 7.66 ± 0.18 3.62 ± 0.28 8 1600 BC ± 600● pre-bund surface/date of occupation/residual age? 
2099 F101 c.5 1.60 ± 0.06 1.64 ± 0.07 1.02 ± 0.06 6 AD 980 ± 120● age of surface just prior to burial 
2101 F102 c.3 1.84 ± 0.07 13.88 ± 0.53 7.56 ± 0.41 5 5600 BC ± 800★ residual age/erosional surface/subsurface? 
2102 Z021 B c.4 1.86 ± 0.03 12.18 ± 0.68 6.56 ± 0.38 6 4600 BC ± 800■ bund construction sediments (residual age) 
2103 Z021 B c.5 1.43 ± 0.08 9.05 ± 0.60 6.32 ± 0.55 9 4300 BC ± 1000■ bund construction sediments (residual age) 
2104 Z021 B c.7 1.93 ± 0.05 10.84 ± 0.39 5.60 ± 0.25 4 3600 BC ± 400★ bund sediments/pre-bund subsurface (residual age) 
2105 Z021 B c.9 1.77 ± 0.07 10.23 ± 0.36 5.78 ± 0.29 5 3800 BC ± 600★ bund sediments/pre-bund subsurface (residual age) 
2106 Z021 T c.2 1.07 ± 0.05 0.98 ± 0.07 0.92 ± 0.07 8 AD 1100 ± 140● onset of sedimentation: tank disuse 
2214 F517 c.108 3.46 ± 0.21 3.59 ± 0.05 1.04 ± 0.06 6 AD 970 ± 120● continued sedimentation, max. date for building  
2215 F517 c.113 2.89 ± 0.09 3.78 ± 0.10 1.31  ± 0.05 4 AD 700 ± 100● onset of sedimentation: channel disuse 
2216 D339 c.203 4.95 ± 0.39 4.67 ± 0.16 0.94 ± 0.08 9 AD 1060 ± 160★ age of artefact-bearing colluvium prior to burial 
2217 D339 c.204 3.52 ± 0.39 14.67 ± 0.63 4.16 ± 0.50 12 2200 BC ± 1000★ age of artefact-bearing colluvium; residual? 
2218 D339 c.205 2.45 ± 0.10 32.30 ± 2.76 13.20 ± 1.10 9 11000 BC ± 2000■ residual age of platform construction sediments 
2219 C112 c.012 2.07 ± 0.07 0.29 ± 0.04 0.14 ± 0.02 12 AD 1860 ± 40■ ongoing sediment accumulation, mixed sediment 
2220 C112 c.012A 1.74 ± 0.12 3.04 ± 0.20 1.75 ± 0.17 10 AD 300 ± 400■ mixed sediment; land surface/tile manufacture? 
2221 C112 c.013A 2.08 ± 0.09 1.91 ± 0.07 0.92 ± 0.05 6 AD 1090 ± 100★ onset of sedimentation; moat disuse 
2222 Z021a c.4 3.31 ± 0.12 7.29 ± 0.30 2.20 ± 0.12 6 200 BC ± 200■ bund construction sediments 
2223 Z021a c.4 3.44 ± 0.10 5.80± 0.24 1.68 ± 0.09 5 AD 320 ± 180● bund construction sediments 
2224 Z021a c.4 3.57 ± 0.12 5.05 ± 0.15 1.41 ± 0.06 5 AD 590 ± 120★ bund construction sediments/maximum bund age 
2226 Z021a c.5 3.32 ± 0.21 4.89 ± 0.26 1.47 ± 0.12 8 AD 500 ± 200● upper pre-bund land surface 
2227 Z021a c.5 2.85 ± 0.19 5.82 ± 0.36 2.04 ± 0.19 9 0 BC ± 400■ pre-bund subsurface 
2270 Modern bund c.8 2.83 ± 0.12 5-20 1.8 - 7.1   bund construction sediments (residual age) 
2271 Modern bund c.9 2.99 ± 0.13 0.43 ± 0.13 0.15 ± 0.04 30.3 AD 1865 ± 90★ truncated pre-bund land surface 
2272 Modern bund c.3 2.69 ± 0.10 4-10 1.5 - 3.7   bund construction sediments (residual age) 
2273 B062 Tr.2A c.2 1.39 ± 0.07 0.75 ± 0.09 0.54 ± 0.07 12.7 AD 1465 ± 140★ age of post-abandonment looting at site  
2274 B062 Tr.2A c.3 0.74 ± 0.07 0 - 3 0 – 4.1   platform construction sediments (residual age) 

11
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4.2 Field stratigraphy and chronology 

4.2.1 Control sites 

4.2.1.1 Modern bund 

Samples for OSL dating were collected from the modern bund as a control in order to 

determine whether the process of bund construction resulted in adequate resetting of the 

OSL signal of pre-bund and construction sediments. 

The roadcut through the bund exposed its entire height, about 2.5 m. Thirteen 

stratigraphic units were identified, all with sharp, clear lower boundaries, except for that 

of Unit 9, which is gradual and diffuse (Figure 4-2). The stratigraphy can be divided 

into three basic sections.   

Section III (depth to ca. 1.97 m) consists of Units 10 and 9, both sandy loam.  

 

Table 4-2 From Burbidge, et al. (2008) and Creswell and Sanderson (2009) 
a. H15 Robust Mean (Royal Society of Chemistry, 2001). 
b. Ages calculated as equivalent dose divided by total dose rate and presented in ka (thousands of years) 
before AD 2007/2008. Reported at 1 sigma. Results from SUTL 2270, 2272, and 2274 indicated 
significant sample heterogeneity; therefore, the ages produced are treated as ‘apparent’ but not 
archaeologically meaningful, and were not converted into calendar dates (Cresswell and Sanderson, 
2009). 
c.  Errors rounded to 1 significant figure, values rounded accordingly. 
d.  Italics indicates that the equivalent dose/dose rate appears to be representative or an overestimate 
(respectively) of the actual dose. 
★ Symmetrical distribution with low to moderate scatter of sample DE values, and identical values for the 
arithmetic and robust means of DE. 
■ Roughly symmetrical distribution with high levels of scatter and identical values for the arithmetic and 
robust means of DE.  Likely represents a mixture of sediments with different OSL ages. 
●Asymmetrical distribution with single main grouping and scatter to higher values indicating a small 
portion of grains with residual OSL ages.  Robust mean estimates are lower than arithmetic mean 
estimates, but the modal value of the DE data lies at the lower limit of the range of uncertainties; 
therefore, the actual calendar date of the sample may lie on to the more recent end of the error estimate.  
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Unit 10 is yellowish brown with distinct strong brown mottles and rare very fine roots; 

this grades into Unit 9, light brownish grey with faint reddish yellow mottles, rare 

manganese nodules and rare very fine roots. 

Section II (ca. 1.97-0.23 m) represents most of the bund construction sediments and 

consists of Units 8-3 and 13.  Textures range from sandy clay to sandy loam, and these 

are strong brown and dark red to dark yellowish brown.  Most units are very stony with 

manganese and iron-manganese nodules, except for Units 13 and 7, which are less 

stony.  Units 8, 7, and 3 contain buried branches and sticks.  Only Units 8 and 7 contain 

very few fine roots, and Unit 13 is characterised by distinct yellowish brown mottles 

that are more distinct at the bottom of the unit. 

Section I (ca. 0.23 m-surface) consists of Units 2, 1, and 12. These sediments range in 

texture from sandy loam to gravelly sandy clay loam and are red to dark yellowish 

brown in colour. Unit 2 contains rare fine to medium manganese nodules.  Unit 1 

contains very few roots with some buried sticks 1-2 cm in diameter. Unit 12 appears to 

cut into Unit 1 and contains very few very fine roots.   

Field interpretation of Section III (Units 10 and 9) is that it represents the parent 

materials for the pre-bund land surface, which was truncated in preparation for or 

during bund construction.  Gley colours, mottling and manganese concretions within 

these two units indicate prolonged saturation and periodic drying of the sediments 

(Lindbo, et al., 2010). OSL sample SUTL 2271 (collected from Unit 9) has a well-

defined date indicating construction of the bund ca. AD 1865 ± 90. This date is 

consistent with local information relating construction of the bund taking place some 

time within the past 50 years (i.e. during the late 1950s). Although surfaces below the 
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archaeological bunds are unlikely to have undergone mechanised truncation prior to 

bund construction, this date suggests that pre-bund land surfaces are likely to have 

enough sunlight exposure for the OSL clock to be reset.  

Each stratigraphic unit within Section II represents a sediment ‘package’ placed on the 

bund during construction. Here, the mottles and manganese nodules are probably 

redeposited along with other bund construction materials and do not represent in situ 

wet/dry episodes acting on the sediments within the bund.  Sediment colour and the 

relatively uniform extent of Unit 3 suggest that the unit may represent the surface of the 

bund prior to the most recent refurbishment activities (i.e. a soil). An alternative 

hypothesis is that the unit represents yet another sediment package that was more 

uniformly spread over the bund during construction. The OSL samples collected from 

Units 8 and 3 (SUTL 2270, and 2272) demonstrate considerable heterogeneity in the DE 

values, indicating the presence of mixed materials of different OSL ages and average 

apparent ages considerably older than the underlying land surface (Cresswell and 

Sanderson, 2009). These dates demonstrate that the process of bund construction 

provides little or no time for adequate sunlight to reset the OSL signal of the sediments, 

resulting in residual or partially bleached OSL signals.  

Based on local information, Section I sediments are interpreted as recent (i.e. modern) 

sediments placed on the bund, and are probably no more than 5 years old.    

4.2.1.2 Chena 

All three chena control sections were excavated to ca. 0.30 m deep, and have two 

stratigraphic units that range from dark reddish brown to dark brown (Figure 4-3). The 

lower stratigraphic units (i.e. Unit 2) of the profiles consist of gravelly sandy clay or 
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gravelly sandy clay loams, and are separated from the overlying horizons (i.e. Units 1) 

by a gradual, diffuse boundary. All of the surface horizons (Units 1) consist of sandy 

clay loams and represent the cultivated layer. Unit 1 of Profile C1 contains charcoal 

inclusions and illuvial clay on ped surfaces, while Unit 2 is compacted and contains 

ceramics.  Profile C3 features a surface crust between 1-2cm thick. Micromorphological 

samples were taken from Unit 1 of all three chena control soils. 

4.2.1.3 Paddy 

Due to the saturated nature of the sediments, auger cores were taken of each section and 

profiles were described from these. Each profile was divided into three or four 

stratigraphic units (Figure 4-4). Field textures range from sandy clay loam and gravelly 

clay in the lower units to sandy silt loam and sandy silt in the upper units. Sediments 

range in colour from brown to very dark grey, and mottles are present in most units, 

indicating frequent wet/dry cycles. Roots range from very few in the lower units to 

frequent in the upper units. Unit 1 of Profile P2 and Unit 2 of Profile P3 contain very 

few charcoal inclusions, and both Units 2 and 1 of Profile P2 contained very few 

earthworms.  Lower boundaries of the lower units are characterized by sharp and 

distinct to gradual and clear lower boundaries, and the lower boundaries of upper units 

range from gradual and distinct to abrupt and clear. Micromorphological samples were 

taken from a vertical face cut into the uppermost unit of each of the profiles, with the 

topmost edge of the tin placed ca. 3-4 cm below surface. 

4.2.1.4 Alluvial sediment 

A 0.78 m vertical section was scraped back from an exposure near the riverbank, and 

described and sampled as a control for alluvial sedimentation, which is presumed to be 
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one of the primary modes of sediment deposition within tanks and channels in the 

hinterland. The section has two stratigraphic units, both composed of sand, separated by 

a diffuse contact (Figure 4-3). Unit 2 (depth to 0.52 m) is dark yellowish brown and 

slightly more cemented than the overlying Unit 1 (ca. 0.52 m to surface), which is 

yellowish brown. One micromorphological sample was taken from Unit 1. 

4.2.1.5 ASW2 trench, Anuradhapura citadel 

Soil samples were recovered from five former surfaces within Anuradhapura’s ASW2 

trench stratigraphy (Coningham, 1999), as an urban comparison with the hinterland 

sediments. Figure 4-5 presents the stratigraphic and chronological contexts from which 

the ASW2 samples were collected. It is unknown whether the samples were collected 

from one profile or from many locations within the trench, so although the samples are 

in stratigraphic order, they should not be viewed as representing one single profile. The 

chronometric framework established for the ASW2 trench is based on AMS 

(accelerator mass spectrometry) and conventional radiocarbon dates (Coningham and 

Batt, 1999), and are at 2 sigma. 

Context 1616 is one of the earliest buried surfaces recorded at the site (Coningham, 

1999), and is within Structural Period K of the trench sequence, with a radiocarbon date 

of ca. 840-460 cal. BC. It consists of loam, and is interpreted as naturally deposited 

sediment during the Protohistoric Iron Age (Coningham, 1999, p. 72, Coningham and 

Batt, 1999, p. 127). Context 1496 is within Structural Period J, ca. 510-340 cal. BC; 

Coningham and Batt (1999, p. 127) suggest that this layer is within Sri Lanka’s basal 

Early Historic period. Context 1496 consists of sandy loam, and is interpreted as a 
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surface resulting from the degradation of wattle and daub structures (Coningham, 1999, 

p. 72).  

Contexts 1101 and 977 date to Structural Periods I (ca. 360-190 cal. BC) and H (ca. 200 

cal BC-AD 130), respectively; these date to the Early Historic period, during which 

Anuradhapura was rapidly expanding and reached its maximum extent. Context 1101 

consists of loam, and Coningham (1999, p.74) interprets this as a possible 

anthropogenic deposit as part of surface preparation for subsequent construction. 

Context 977 is a sandy loam that is also interpreted as anthropogenic (Coningham, 

1999, p. 75). Context 615 is a silty sand that dates to Structural Period G (ca. 3rd c. BC 

to 1st c. AD, also part of the Early Historic period). It is interpreted as an anthropogenic 

clay platform created as part of building construction (Coningham, 1999, p. 77). 

4.2.2 Archaeological bunds and tanks 

4.2.2.1 Site C009: Abandoned bund, tank, and paddy 

Bund 

A ca. 1.50 m stratigraphy was hand-dug through the bund on its mid-slope, and six 

stratigraphic units were described (Figure 4-6). The sediments are dominantly dark 

yellowish brown, brown, and dark brown, with mottling throughout.  Unit 6 (depth to 

ca. 1.20 m) is clay; Units 5 (ca. 1.20-0.95 m) and 3 (ca. 0.60-0.45 m) are composed of 

sandy clay loam, and Units 4 (ca. 0.90-0.60 m), 2 (ca. 0.95-0.30 m), and 1 (0.30 m-

surface) consist of sandy clay.  Unit 5 contained undiagnostic ceramic fragments. 
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Figure 4-2. Stratigraphy, Modern control bund. 
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Figure 4-3. Stratigraphy, Chena and Alluvial control sites.  
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Figure 4-4. Stratigraphy, Paddy control sites. 
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Figure 4-5. Stratigraphy, ASW2 southern section. 

Note that Context 615 is not represented on the stratigraphic diagram, but Coningham (1999) documents its stratigraphic position within the area indicated to the 
right. Stratigraphy and radiocarbon dates from Coningham (1999) and Coningham and Batt (1999). Sediment texture characterisation by K. Gilliland. 
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The field interpretation of the clay in Unit 6 is it represents deposition of fine material 

within a low-energy environment, and likely documents a period in which very slow-

moving or standing water covered the area (i.e. a pond or lake). There is a sharp textual 

discontinuity between Unit 6 and the overlying Unit 5, which is interpreted as a pre-bund 

land surface formed in colluvial parent materials. This surface was sampled for OSL dating 

(SUTL 2091) and produced a date of AD 340 ± 120, interpreted as the maximum age for 

bund construction. Units 2 and 1 are also colluvial in origin, but are interpreted as 

redeposited bund construction sediments (i.e. anthropogenic). Units 4 and 3 may represent 

bund repair sediments. 

Tank 

The hand-dug tank stratigraphy exposed ca. 0.80 m of sediments that were subdivided into 

5 units (Figure 4-6). The tank was augered a further 1.70 m, producing five units that range 

from gritty sandy clay (Unit 9), clay loam with charcoal (Unit 7), and clay (Unit 5). Within 

the hand-dug tank stratigraphy, Unit 5 (depth to ca. 0.70 m) consists of clay, and Unit 4 (ca. 

0.70-0.40 m) is sandy clay; both units are mottled yellowish brown and pale brown.  Units 

3 to 1 (ca. 0.40 m to surface) consist of sandy clay loams that are yellowish brown, pale 

brown, brown, or dark greyish brown.   

The lower tank auger stratigraphy (i.e. Units 9-7) is interpreted as documenting variations 

in alluvial and colluvial sedimentation. The clay layer (i.e. Unit 5, correlated to the clays 

underlying the bund) at the top of the auger stratigraphy marks a significant change in the 

mode of sedimentation, as it documents slow-moving or standing water.  
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Unit 4 in the hand-dug stratigraphy is composed of coarser sediment than Unit 5 and 

documents yet another major change in sedimentation that suggests colluvial or fluvial 

activity. Unit 3 is interpreted as the basal infill of the tank, and marks another lithological 

discontinuity at the site. This unit was sampled for OSL dating (SUTL 2093) and produced 

a date of AD 1200 ± 120, interpreted the onset of tank infill. Units 2-1 represent continued 

alluvial and colluvial sedimentation within the tank during the post-abandonment period, 

with soil formation taking place in Unit 1.  

Paddy 

The paddy profile was exposed to a depth of ca. 0.50 m, and consists of three sedimentary 

units that are dark brown, strong brown, or dark greyish brown (Figure 4-6).  Unit 3 (depth-

ca. 0.32 m) is mottled clay with rare small subrounded stones; Unit 2 (ca. 0.32-0.13 m) is 

sandy clay with ceramic inclusions, and Unit 1 (ca. 0.13 m-surface) is sandy clay loam with 

charcoal inclusions.   

The interpretation of the paddy stratigraphy is that Unit 3 (correlated in the field to bund 

Unit 6 and tank Unit 5) represents the relatively uniform clays that underlie the site, which 

are discussed above.  Unit 2 is a paddy soil composed of sedimentary materials from 

different sources (probably colluvium and alluvium) with some cultural inputs.  Unit 1 is a 

mixed paddy soil that is under the influence of surface processes and soil formation. 
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Figure 4-6. Stratigraphy, C009 bund, tank, and paddy 
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4.2.2.2 Site E400: Abandoned bund and tank 

Bund 

Bund stratigraphy was exposed to a depth of 1.90 m by cleaning back a recent cut made 

to conduct water to an adjacent paddy field; hand augering to 3.70 m provided further 

stratigraphic information. Fourteen stratigraphic units were identified in the field; these 

can be grouped into four sections (Figure 4-7). 

Section IV is comprised of the auger sediments (Units 14-10, depth to ca. 1.90 m), 

which are light brownish grey, light yellowish brown, and pale brown in colour and 

demonstrate frequent mottling.  Textures vary from sandy silt loam at the base of the 

stratigraphy to clay loam and sandy clay. Within the hand-dug stratigraphy, Section III 

(Units 9-7, ca. 1.90-1.55 m) represents a complex sequence of deposits composed of 

finely stratified greyish brown to light brownish grey sandy clay loam, clay loam and 

silty clay loam.  Unit 8 (ca. 0.1 m thick) contains frequent undiagnostic ceramic and 

brick inclusions. Section II (Units 7-3, ca. 1.55-0.75 m) consists of greyish brown gritty 

silty clay loam (Units 5-3) and sandy clay loams (Units 7 and 6) with frequent 

yellowish brown mottles. Section I of the stratigraphy (Units 2 and 1, ca. 0.75 m-

surface) is composed of dark greyish brown and yellowish brown silty clay loams.   

Section IV is interpreted as a sequence of colluvial deposits that fines upwards. Section 

III likely represents the interface between the pre-bund land surface and the onset of 

bund formation, which appears to have disturbed an already culturally active land 

surface as indicated by the ceramic scatter in Unit 8. 
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Figure 4-7. Stratigraphy, E400 bund and tank.
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Samples for OSL dating collected from Units 8 (SUTL 2098) and 7 (SUTL 2097) 

produced dates of 1600 BC ± 600 and 400 BC ± 200, respectively. The date for Unit 8 

is earlier than expected and may represent a residual age for the sediments. However, 

the sample’s DE distribution is asymmetrical, which suggests that most of the sampled 

grains were reset at the same time, and that the actual calendar date of the sediments 

falls on the more recent end of the error range (i.e. 1600-1000 BC). Although earlier 

than expected, a date of 1000 BC is within the date range given for Black and Red 

Ware (recovered at the nearby Veheragala monastery) at ASW2 (Table 3-2; Coningham 

and Batt, 1999). Therefore, it is possible that the date accurately represents the age of 

the pre-bund land surface as well as the associated occupation indicated by the cultural 

materials in the stratigraphic unit. However, as mentioned in Chapter 3, the ceramic 

assemblage at Veheragala is currently interpreted as indicating an Early Historic period, 

beginning ca. 360 BC (Mark Manuel, pers. comm.), and the age of the pre-bund surface 

could thus predate the Veheragala monastery or possibly reflect a residual date. 

The DE distribution of the Unit 7 sample is also asymmetrical, and the actual calendar 

date likely falls between 400-200 BC. This date is consistent with the current 

interpretation of the timing of the occupation at Veheragala, and is interpreted as a 

maximum date for the initial construction of the bund.  

Section II is interpreted as bund construction sediments. The upper boundary of Unit 6 

is flat, but sloping upper boundaries become evident in the upper units (i.e. Units 5-3), 

which suggest shaping of the bund during construction. Mottles and manganese 

concretions throughout the section appear to have formed in situ and indicate repeated 

cycles of wetting and drying of this profile. Section I is interpreted as being subject to 
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substantial bioturbation and disturbance resulting from modern cultivation of the 

banana plantation on the bund.  

Tank 

The abandoned tank is adjacent to the E400 bund and is currently undergoing paddy 

cultivation. A 2.10 m stratigraphic profile was documented by hand digging to the 

water-table at ca. 0.40 m, and then by hand augering to bedrock, encountered at ca. 2.10 

m.  Nine stratigraphic units were identified (Figure 4-7).   

Units 9-4 are composed of the auger sediments (depth to ca. 0.55 m), which fine 

upwards, and include sandy silt, sandy clay, sandy clay loam, sandy silt loam, and silt 

loam. Unit 3 (ca. 0.55-0.40 m) is waterlogged, mottled organic clay loam with very few 

fine charcoal fragments. Unit 2 (ca. 0.40-0.15 m) is within the hand-dug stratigraphy of 

the tank and is located above the modern water table. It is composed of olive brown 

sandy silt loams with light olive brown mottles. Unit 1 (ca. 0.15 m-surface) consists of 

black organic clay loam.  

Field interpretation of the stratigraphy is that Units 9-4 represent colluvial sediment 

deposited prior to cultural activity at the site. The organic nature of Unit 3 likely 

indicates accumulations of surface or near-surface vegetation within a dominantly 

waterlogged environment, as aerated conditions would result in oxidation of the organic 

material (Brady and Weil, 2002). The organic clays and charcoal inclusions within the 

sediment suggest that Unit 3 represents a moist surface may have undergone cultivation 

prior to the construction of the E400 bund and tank. Units 2 and 1 are sediments 

deposited by water and represent accumulations in the tank after its abandonment. Unit 

1 is also organic-rich, which documents its surface, waterlogged nature, and may reflect 
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the ongoing cultivation of paddy in the sediment. Due to extreme waterlogging during 

fielwork, the E400 tank was not sampled for micromorphology. 

 

Figure 4-8. Stratigraphy, Z021 bund and tank. 
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4.2.2.3 Site Z021: Abandoned bund and tank  

Bund 

The bund is currently just under 4 m high, and a stratigraphic profile was hand-dug to a 

depth of 3.9 m and further augered to a depth of 4.7 m.  Twelve stratigraphic units were 

identified in the field (Figure 4-8); these are divided into 4 sections, based on field 

interpretation of processes acting on the sediments. 

Section IV consists of the auger sediments (Units 12-10, depth to ca. 3.85 m), at the 

base of which was a stony horizon. The Section IV sediments are grey to dark grey 

sandy clay loams and sand with strong brown mottles and manganese concretions. 

Section III is the base of the hand-dug stratigraphy (Units 9-7, ca. 3.85-3.35 m), and is 

characterised by fine microstratigraphic units of grey to dark grey sandy clay loams and 

sands, frequent irregular boundary juxtapositions, frequent strong brown, pale brown, 

and yellowish brown mottles, and frequent manganese concretions. Section II (Units 6-

4, ca. 3.35-2.2 m) consists of heavily mottled grey, dark grey, and yellowish brown 

gritty clay loams and sandy clay loams with yellowish brown mottles and frequent 

manganese concretions. The upper boundaries of the stratigraphic units slope in a 

direction consistent with the slope of the current surface of the bund. Section I of the 

stratigraphy (Units 3-1, ca. 2.20 m-surface) consists of greyish brown, light brownish 

grey, and yellowish brown sandy silt loams and silty clays that have been heavily 

bioturbated, resulting in a loss of stratigraphic detail. Units 6, 4, and 2 are enriched in 

CaCO3.  

The stony horizon at the base of the auger stratigraphy (i.e. Section IV) may represent 

the stone line commonly encountered within the stratigraphy of RBE profiles 
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throughout the hinterland, which is thought to document erosion (Panabokke, 1996). 

Deraniyagala (1992a) suggests that the most recent erosional episode in the RBE region 

took place some time prior to 2.8 kya, after which the most recent period of colluviation 

took place. However, radiocarbon dating of charcoal recovered from the artefact-

bearing basal RBE gravels at the Anuradhapura citadel during the Gedige excavations 

suggests that these gravels (and therefore possibly the stone line at Z021) were exposed 

ca. 5850 cal. BP (Deraniyagala, 1992b). Section IV of the bund is thus interpreted as 

colluvial and/or alluvial sediments deposited after the erosional episode indicated by the 

stone line.  

The complex arrangement of the Section III deposits suggests that a complex range of 

processes are associated with their formation. They are interpreted as dominantly 

anthropogenic, and as representing the interface between the sediments underlying the 

bund, the pre-bund surface, and initial bund construction sediments. The colour of the 

sediments from Sections IV and III indicates that they are dominantly saturated. This is 

expected, as the Z021 bund is seasonally flooded by water filling the nearby 

Nachchaduwa wewa, and the presence of the adjacent Z021 tank is also likely a factor. 

The strong brown mottles and manganese concretions document subsequent episodes of 

sediment drying.  

Units 9 (SUTL 2105) and 7 (SUTL 2104) were sampled for OSL dating, which 

produced dates of 3800 BC ± 600 and 3600 BC ± 400, respectively. These dates are 

stratigraphically consistent, suggesting that they represent in situ sediments, and their 

DE distributions are asymmetrical with low levels of scatter, indicating that they are 

composed of grains with similar OSL ages; however, they are older than expected. 
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Given the cycles of colluviation and erosion mentioned above, it is likely that they 

represent in situ sediments whose OSL signal was reset during a past episode (or 

episodes) of colluviation, erosion, and/or soil development (Deraniyagala, 1992a, 

Panabokke, 1996). 

Section II is interpreted as bund construction materials that were redeposited from local 

sources. Units 5 (SUTL 2103) and 4 (SUTL 2102) were sampled for OSL dating and 

produced dates of 4300 BC ± 1000 and 4600 BC ± 800, respectively. Although these 

dates are statistically indistinguishable and are interpreted as residual, they suggest 

inverted stratigraphy, which would be expected when, during the process of bund 

construction, deeper (i.e. older) sediments are accessed and subsequently piled onto 

younger sediments.  

Section I sediments are also bund construction sediments that are undergoing active 

pedogenic processes that include leaching (Unit 1), CaCO3 enrichment (Unit 2), and 

moderately intensive wet-dry processes (Unit 3).  

Sections II and I also demonstrate gleying that decreases with the increased height of 

the bund, and it is likely that these sediments, being higher in the bund and better 

drained, are not saturated for as long a period as those in Sections IV and III. The 

horizons enriched in calcitic material (i.e. Units 6, 4, 2) document the wetting front, as 

CaCO3 tends to precipitate when the soil solution becomes supersaturated in carbonates 

and/or water flow ceases (Durand, et al., 2010). The CaCO3 in Units 6 and 4 may 

represent accumulations related to pedogenic processes acting on former surfaces of the 

bund and thus could document former wetting fronts related to hiatuses in bund 

construction. Alternatively, these accumulations could indicate lateral movement of 
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water and subsequent evaporation/precipitation at the sides of the bund, an 

interpretation supported by the change in shape of the lower boundary of Unit 6 and in 

the change in texture at Unit 4, both of which could influence lateral movement of soil 

solution. A final possibility is that these CaCO3 accumulations document a variable 

wetting front related to modern processes. The CaCO3 in Unit 2 likely documents 

accumulations related to modern processes acting at the current bund surface. 

Tank 

The 2.80 m of tank stratigraphy was exposed by hand-digging and augering. Five 

stratigraphic units were identified (Figure 4-8); these are mottled throughout and feature 

manganese concretions.   

Stony material was encountered at the base of the augered sediments, similar to that 

encountered at the base of the bund auger profile. Units 5-3 (depth to ca. 1.18 m) 

consist of pale red, light brownish grey, and grey silty clay and silty clay loam. Unit 4 is 

enriched in CaCO3, and Unit 3 features strong brown mottles. Unit 2 (ca. 1.18-0.45 m) 

is dark grey gritty silty clay loam with strong brown mottles. Unit 1 (ca. 0.45 m-

surface) consists of very dark grey silty clay with strong brown mottles; at the base of 

this unit is a discontinuous charcoal band.  

Units 5-2 were interpreted as sediment deposited prior to bund/tank construction. 

Despite their proximity, these sediments differ noticeably from those underlying the 

bund (i.e. bund Sections IV and III), and field observations indicate that the bund was 

located on a raised, slightly drier area relative to the area that became the tank 

(Simpson, et al., 2008).  It is logical and common practice when constructing bund/tank 

systems to select a lower area on the landscape for the tank relative to the bund, in order 
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to make use of the reduced drainage and higher groundwater table relative to the land 

surface. Unit I was interpreted in the field as sediment accumulations during the period 

following the tank’s disuse. 

The top of tank Unit 2 was sampled for OSL dating (SUTL 2106), which provided a 

date of AD 1100 ± 140 and is interpreted as the timing of the onset of tank infill. This 

date suggests that tank Unit 2 may represent infill sediments, not colluvial sediments 

deposited prior to bund/tank construction; therefore the OSL date provides a minimum 

date for the onset of tank infill. 

4.2.2.4 Site Z021a: Abandoned bund 

A ca. 1.30 m hand-dug stratigraphy was exposed in the side of the bund down to 

compact, massive loamy sands; attempts to auger through this material failed. Six 

stratigraphic units were identified during field recording (Figure 4-9). Unit 6 (depth to 

ca. 111 cm) is very compact brownish yellow loamy sand overlying bedrock and is 

concave in profile. Unit 5 (ca. 111-86 cm) is a yellowish brown to yellow mottled sandy 

loam.  

Units 4-2 (ca. 85-6 cm) are dark yellowish brown to yellowish brown mottled sandy 

clay loams with mottles decreasing with increasing bund height. Unit 1 (ca. 6 cm-

surface) is a thin brown sandy loam. 
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Figure 4-9. Stratigraphy, Z021a bund 
 

Fragments of red/brown coarse ware ceramics are present throughout Units 4-2, and 

include two rim sherds diagnostic of mutti or cooking/storage jars. The first matches 

form 15/B/A/1 in S. Deraniyagala’s (1972b) gedige reference typology and is found in 

periods I7, I3, I1, G5, and B4 of the ASW2 occupational sequence (Coningham, 1999). 

Radiocarbon dating of Period I and typological dating of Period B provide a date range 

of between 360-190 cal. BC and the seventh to twelfth centuries AD, respectively, for 

occurrence of this sherd type (Coningham, 1999, Coningham and Batt, 1999).  The 
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second sherd matches form 23/B/A/1 in Deraniyagala’s typology, which is only found 

in the later disturbed phases of the ASW2 sequence; that is, Periods D-A, typologically 

dating from the seventh to twentieth centuries (Coningham and Batt, 1999). In addition 

to vessel fragments, two ceramic disks with clear edges and no surface treatment were 

found in the Z021a bund. Disks similar to these were found in periods G5 to B1 in the 

ASW2 sequence; radiocarbon dates from Period G and typological dating of Period B 

provide a date range for the disks of the third century BC to the first century AD and 

the seventh to twelfth centuries AD, respectively (Coningham and Batt, 1999). 

Field interpretation of the Z021a bund stratigraphy is that Units 6 and 5 represent the 

pre-bund subsurface and surface sediments, respectively; both are interpreted as 

colluvium. Units 4 to 2 are interpreted as bund construction materials. Unit 1 is likely 

slopewash. Sediment mottling indicates cycles of wetting and drying. However, gley 

colours as seen in the Z021 bund are absent, suggesting less pronounced reducing 

conditions at the Z021a bund and indicating better drainage. 

Samples for OSL dating were taken from the lower and upper portions of Unit 5 (SUTL 

2227 and 2226), producing dates of 0 BC ± 400 and AD 500 ± 200, respectively. These 

date the pre-bund land surface and provide a maximum date for bund construction. 

Samples from Unit 4 were also collected (SUTL 2223, 2224, and 2222); these are from 

the lower and upper portions of the lower bund sediments. The samples produced dates 

of AD 320 ± 180, AD 590 ± 120, and 200 BC ± 200, respectively, and demonstrate 

inverted dates indicating incomplete bleaching of the OSL signal of some sediments 

during bund construction. However, the dates from these samples are stratigraphically 

consistent with those produced from Unit 5, and samples 2223, 2224 (both Unit 4), and 
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2226 (Unit 5) are statistically indistinguishable, which supports the interpretation that 

these samples date the same event. If so, the most likely date for bund construction is 

the most recent of these, from sample 2224 (i.e. Unit 4), AD 590 ± 120.  

4.2.3 Infilled channels and moat 

4.2.3.1 Site C018: Infilled channel 

Excavation during the 2006 field season exposed ca. 0.90 m of stratigraphy, consisting 

of eight stratigraphic units (Figure 4-10).  

Units 8 (reddish yellow fine sandy loam, depth to ca. 0.76 m) and 7 (reddish brown 

gritty clay loam, ca. 0.76-0.53 m) are at the base of the stratigraphy, and together with 

the overlying Unit 6 (reddish brown gritty clay loam, ca. 0.53-0.27 m), form a bank 

towards the edge of the infill material.  Unit 5 (0.76-0.73 m) is a yellowish red sandy 

silt loam overlying Unit 7.  Units 4 (ca. 0.73-0.5 m) and 3 (ca. 0.5-0.3 m) consist of 

yellowish red and reddish brown fine sandy silt loams containing calcitic material.  

Units 2 (ca. 0.3-0.13 m) and 1 (ca. 0.13 m-surface) are composed of dark brown fine 

sandy silt loams containing calcitic material, very few charcoal fragments, and 

undiagnostic ceramic inclusions. 

Field interpretations based on the stratigraphy is that Units 8-6 represent the constructed 

base of a channel that was cut into the underlying RBE soils. The channel base appears 

to have been compacted to reduce infiltration, but the field infiltration experiment 

(described in Chapter 3) demonstrates that significant water loss would still have 

occurred. 
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Figure 4-10. Stratigraphy, C018 channel 
 

This suggests that the channel was constructed to transport abundant, relatively fast-

moving water, as low-flow conditions would have resulted in water loss. Units 5-1 are 

infill sediments that were deposited following channel abandonment, and document 

active erosion of the surrounding catchment during the post-abandonment period. The 

presence of CaCO3 in Units 4-1 likely record seasonal fluctuations in the wetting front; 

these may have precipitated during sediment accumulation, or they could reflect modern 

pedogenic process superimposed on the infill sediments. 

Unit 5, the basal infill of the channel, was sampled for OSL dating (SUTL 2095), 

resulting in a date of AD 1120 ± 80 for channel disuse and the onset of sedimentation. 

Unit 3 (upper infill) was also sampled (SUTL 2094) and dates to AD 1650 ± 40, 

demonstrating that sedimentation continued (but was not necessarily continuous) at the 

site during the period of disuse. 
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4.2.3.2 Site C112: Infilled moat 

A ca. 1.5 m vertical stratigraphic section of the moat infill sediments was exposed down 

to bedrock, and six stratigraphic units were identified during field recording (Figure 

4-11).  

Unit 013B (depth to ca. 1.3 m) is a brownish yellow loamy sand; Unit 013A (depth to 

ca.1.26 m) is a mottled yellow to reddish yellow sandy clay. Unit 13 (depth to ca. 0.93 

m) consists of dark greyish brown coarse sandy clay loam with abundant tile fragments. 

Units 012A (ca. 1.26-0.93 m), 012 (ca. 0.93-0.1 m), and 008 (ca. 0.1 m-surface) are 

brownish yellow, yellowish brown, and yellow loamy sands and sandy clay loams with 

frequent brick and tile inclusions. Unit 011 is a discontinuous layer of brown sandy 

loam with frequent brick inclusions at the surface, and is approximately 0.06-0.23 m 

thick.  

Field interpretation of basal stratigraphic Units 013B and 013A is that they are sediment 

accumulations within the moat dating to the period following abandonment of the 

adjacent monastery but prior to collapse of the building, which is documented in Unit 

013. An OSL sample from Unit 013A (SUTL 2221) dates to AD 1090 ± 100, 

documenting the onset of sediment accumulation within the moat (i.e. site 

abandonment).  

The largely undifferentiated sediments in Units 012A-008 represent moat infill 

sediments that accumulated following building collapse. Mottling in the lower 45 cm of 

the profile indicates alternating wetting/drying has been an active process in the lower 

part of the profile, consistent with field notes suggesting that the original moat may 

have been ca. 50 cm deep (Simpson, et al., 2008). OSL sample SUTL 2220 from Unit 
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012A produced a date of AD 300 ± 400, which is not stratigraphically consistent with 

the date for the underlying Unit 013A. As mentioned, Unit 012A contains debris from 

the adjacent structure collapse; therefore, this date could provide an approximate age of 

tile manufacture. However, the large scatter of values in the DE distribution for this 

sample suggests it is composed of a mixture of grains with different OSL signals, and if 

the sample represented the period in which the tiles were fired, a more constrained 

group of DE values would be expected. Therefore, the date is interpreted as representing 

the predominantly residual ages of sediments from a variety of contexts (e.g. from the 

surface or subsurface beneath the adjacent building, grains from degraded tiles or 

mortar) that were redeposited into the moat during the building’s collapse. 

Unit 012 was also sampled for OSL dating (SUTL 2219), producing a date of AD 1860 

± 40. This date is interpreted as documenting continued infilling of the moat during the 

post-abandonment period. These sediments could have been deposited during the late 

19th century as a result of landscape disturbance during tank restoration and renewed 

irrigation activities in the Anuradhapura region during the early British colonial period.  

However, the DE distribution for this sample suggests it represents sediments with a 

mixture of OSL ages and could therefore be interpreted as documenting disturbance by 

near-surface bioturbation, which resulted in mixed OSL signals that produced an 

overall younger date (Burbidge, et al., 2008). 

4.2.3.3 Site F517: Infilled channel 

The ca. 2.0 m stratigraphy to bedrock contains seven discernable stratigraphic units, 

five of which predate a collapsed pillared hall (Figure 4-12). 
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Unit 110 (depth- ca. 1.34 m) consists of strong brown gravel on top of bedrock, forming 

a bench and thus the channel wall.  This gravel unit is overlain by Unit 113 (depth- ca. 

1.30 m), a strong brown fine sandy silt loam, which appears to contain a cut or channel 

feature that has been infilled with Unit 111 (ca. 1.43-1.30 m), a yellowish brown gritty 

loamy sand.  Units 109-107 (ca. 1.30-0.54 m) overlie Units 113 and 111, and are 

composed of brown to strong brown sandy silt loams.  Units 106 and 103 (ca. 0.54 m-

surface) consist of the collapsed monastic structure and brown to yellowish brown 

sandy silt loam.  Ceramic fragments were found throughout the stratigraphy, and a large 

complete vessel was found at the bottom of the profile in Unit 113.   

Field interpretation of the stratigraphy is that this was probably a natural channel 

constructed by a gravel bench (i.e. Unit 110) that people exploited until it went into 

disuse, after which it began to infill. Unit 113, the basal channel infill (SUTL 2215), 

produced a date of AD 700 ± 100, documenting the onset of sediment accumulation 

within the channel. 

A subsequent downcutting event took place within Unit 113, and a narrow, shallow (i.e. 

ca. 13 cm deep) channel was formed.  Following the downcutting event, the narrow 

channel was infilled (i.e. Unit 111), and sedimentation continued at the site until the 

image house was built, after which the building collapsed followed by continued 

sedimentation.
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Figure 4-11. Stratigraphy, C112 moat. 
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Figure 4-12. Stratigraphy, F517 channel.
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The morphology of the lower part of the stratigraphy suggests that alluvial processes 

dominated at the site during the initial channel infill, subsequent downcutting, and final 

infill of the channel (i.e. Units 110, 111, and 109). However, after channel infill, 

colluviation was likely the dominant sedimentary process (i.e. Units 108 and above). 

Sample SUTL 2214 was taken from the middle part of the stratigraphy (i.e. Unit 108), 

producing a date of AD 970 ± 120, which provides a maximum date for the subsequent 

construction of the pillared hall and documents continued sedimentation at the site 

following channel disuse. Ceramics recovered from Units 113 and 109-103 suggest 

cultural activity within the channel or near the site during the period following its 

disuse for irrigation purposes. 

4.2.4 Occupation sites 

4.2.4.1 Site B009: Low-frequency ceramic scatter 

Approximately 0.80 m of stratigraphy was exposed at Site B009, and four stratigraphic 

units were identified (Figure 4-13). 

The profile is dominantly composed of dark yellowish brown sandy clay loams and clay 

loams, with the addition of a gritty (i.e. coarser) component in the lower Units 4 (depth 

to ca. 0.45 m) and 3 (ca. 0.45-0.22 m).  During profile description, ceramics and rare 

very fine charcoal fragments were noted in Unit 1 only (ca. 0.12 m to surface).  Field 

interpretation of the stratigraphy is that Units 4-2 represent subsurface soil horizons, 

and Unit 1 is the surface horizon that has recently undergone chena cultivation. 
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Figure 4-13. Stratigraphy, B009 low-frequency ceramic scatter. 

4.2.4.2 F101/102: High-frequency ceramic scatter, possible site complex 

F101 

A ca. 1.40 m stratigraphic section was exposed at Site F101 and six distinct 

stratigraphic units were identified (Figure 4-14).  All are red, brown, or reddish brown 

sandy clay loams or clay loams. Basal Unit 6 (ca. depth to 1.25 m) and surface Unit 1 

(ca. 0.08 m to surface) contain many very small or small stones, respectively. 

Field interpretation of the F101 stratigraphy is that Units 6 (depth to ca. 1.25 m) and 5 

(ca. 1.25-1.10 m) are the lower and upper horizons of a former land surface, 

respectively. Unit 5 (SUTL 2099) produced an OSL date of AD 980 ± 120, interpreted 

as dating the end of the cultural phase associated with the surface and just prior to its 

burial. The DE distribution is asymmetrical, suggesting that the actual age of the 

sediments dates to AD 980-1100. This date also provides a maximum age for the 

overlying occupational dumps, represented by Units 4-1. Rouletted Ware sherds from 
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within Units 3 and 2 suggest an occupation associated with these units dating to some 

time between ca. 200 BC-AD 200 (Christopher Davis, pers. comm.) 

F102 

About 1.20 m of stratigraphy was exposed at Site F102, and four stratigraphic units 

were identified (Figure 4-14).  All units are reddish brown or light reddish brown sandy 

clay loams or sandy clays, with the exception of Unit 1 (ca. 0.20 m to surface), which is 

dark brown.  Unit 4 (depth to ca. 0.88 m) contains very many small stones with no 

associated special finds.  Unit 3 (ca. 0.88-0.50 m) contains slag, bone, ore, and frequent 

ceramic fragments.   

Unit 4 is interpreted as the subsurface horizon of a buried land surface, the surface 

horizon of which is likely represented by Unit 3, interpreted as a cultural layer. The 

lower part of Unit 3 (SUTL 2101) produced an OSL date of 5600 BC ± 800, which is 

older than expected. The distribution of DE values for the sample indicates that it is 

composed of grains whose OSL signals were reset at approximately the same time. 

Three possibilities account for this early date. First, although not identified in the field, 

the sample may be derived from a lens of sediment that retained a residual OSL signal. 

Second, given the cycles of erosion and colluvial deposition documented within the 

hinterland (discussed in 2.1.2 and 2.1.3 above), the OSL date may represent a relict soil 

or eroded surface. A final possibility is that, as the sample was collected from the lower 

portion of Unit 3 and appears to represent subsurface sediments, it would not 

necessarily have subsequently been exposed to sunlight. The date may thus accurately 

document the age of deposition of Unit 3. Unit 2 (ca. 0.50-0.20 m) appears to be a 
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cultivated paddy topsoil, and Unit 1 (ca. 0.20 m-surface) is the recently cultivated 

surface. 

4.2.4.3 Site B062: Early market or town with platform 

Archaeological and geoarchaeological investigations at Site B062 focused on Trench 

2A, of which approximately 1.35 m of stratigraphy was available for examination; eight 

stratigraphic units were identified (Figure 4-15).  Unit 8 (ca. 1.36-1.28 m) is a reddish 

brown coarse sandy clay loam with ceramic inclusions, similar in appearance to Unit 5.  

Unit 7 (ca. 0.90-0.66 m) is a dark reddish brown very coarse sandy clay loam that 

appears intrusive within Unit 3.  Unit 6 (ca. 1.28-1.14 m) is a brown sandy loam with an 

ash-like appearance and contains ceramics, including an intact pot.  Units 5 (ca. 1.15-

0.80 m) and 4 (ca. 0.99-0.56 m) are both brown to reddish brown very coarse sandy 

loams with ceramic inclusions.  Unit 5 features an area of abundant ceramic fragments; 

Unit 4 is coarser than Unit 5 and has a relatively uniform distribution of ceramics.  Both 

units intrude into Unit 3 (ca. 1.00-0.66 m), which is composed of relatively uniform 

dark reddish brown very coarse sandy clay. Units 2 and 1 are both dark reddish brown 

soils formed on sandy clay loam. Unit 2 (ca. 66-24 cm) contains frequent ceramics, and 

Unit 1 (ca. 24 cm to surface) contains few to no artifacts. 

Field interpretation of the B062 Trench 2A stratigraphy is that Units 8 and 6-4 represent 

fill from robber pits that were dug to obtain pillars for reuse in building projects 

elsewhere.  Unit 7 is likely root disturbance within Unit 3, which functioned as a 

platform and packing material for the pillars. An OSL date from sample SUTL 2274 at 

the top of Unit 3 (i.e. the artificial platform) spans from 4100 years ago to the present. 
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The distribution of DE values indicates that the sample is composed of grains with a 

mixture of OSL ages, and the date is interpreted as primarily residual. 

Unit 2 is interpreted as a deposit of material from one of the robber pits at the site, 

probably activity associated with looting following site abandonment (Mark Manuel, 

pers. comm.). Unit 2 (SUTL 2273) produced an OSL date of AD 1465 ± 140, 

interpreted as documenting the final looting episode at the site. Unit 1 is the modern 

topsoil. 

4.2.4.4 Site D339: Undiagnostic pillared site with terracotta and platform 

A 1.25 m stratigraphic section to bedrock was exposed at Site D339 around a stone 

pillar, with attention focused on the five stratigraphic units of Trench 2 (Figure 4-16).  

All contexts consist of gritty sandy loam; Units 206 (depth to ca. 0.97 m) and 205 (ca. 

0.97-0.48 m) are yellowish red.  Unit 204 (ca. 0.97-0.48 to 0.38 m) is strong brown, and 

Units 203 (ca. 0.38-0.18 m) and 202 (ca. 0.18 m to surface) are brown. Unit 204 

features inclusions of tile and ceramics, while Units 203 and 202 contain ceramics, tiles 

and terracotta material; terracotta artefacts are most abundant in Unit 203 (Mark 

Manuel, pers. comm.). 

Field interpretation for the lower part of the D339 stratigraphy (Unit 206) is that it 

represents colluvial RBE underlying the site. Cultural activity is evident in the 

overlying horizons, with Unit 205 interpreted as an artificial platform serving as 

packing material deposited around the stone pillar. Sample SUTL 2218, taken from 

near the top of the constructed platform (i.e. Unit 205), produced an OSL date of  

11, 000 BC ± 2000. As with the B062 platform, the distribution of DE values indicates 
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that the sample represents a mixture of grains with different OSL signatures, and the 

date is interpreted as primarily residual. 

Units 204-202 overlie the platform, and Unit 204 is interpreted as deliberate deposition 

of material (i.e. packing fill around pillars, leveling of land surface) prior to subsequent 

activity at the site. Sample SUTL 2217, collected from Unit 204, produced a date of 

2200 BC ± 1000. The distribution of DE values for this sample indicates it is composed 

of grains with similar OSL signals. As this date is earlier than expected, even when the 

youngest date in the range is considered (i.e. 1200 BC), the sample is interpreted as 

representing a lens of sediment with a residual OSL signature deposited during pillar 

placement and subsequent leveling of the site. A less likely possibility is that the sample 

dates the construction of the platform and leveling of the surface. 

Units 203 and 202 are interpreted as colluvial deposits containing cultural material. 

Sample SUTL 2216 from Unit 203 produced an OSL date of AD 1060 ± 160. The 

distribution of DE values for this sample indicates it is composed of grains with similar 

OSL signals, and the date is interpreted as documenting colluvial and/or anthropogenic 

deposition prior to burial by Unit 2. This date also provides a maximum date for 

deposition of the overlying sediments. The abundance of terracotta fragments recovered 

during excavation of Unit 203 suggests that activities associated with the terracottas 

were most intense at the site prior to this date.   
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Figure 4-14. Stratigraphy, F101/102, high-frequency ceramic scatter and possible site complex. 
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Figure 4-15. Stratigraphy, B062 Trench 2A, possible town or market with artificial platform 
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Figure 4-16. Stratigraphy, D339 monastic site with artificial platform  
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4.3 Summary and Discussion 

The stratigraphy and chronology of individual sites provide the baseline for 

constructing a spatial and temporal framework for hinterland landscape change. 

Therefore, in the following, I interpret field stratigraphy and OSL results with an eye to 

reconstructing the timing of cultural and environmental processes operating on the 

wider landscape, with particular attention to phases in the development and disuse of 

the hinterland’s large-scale irrigation works. Figure 4-17 is a visual summary of the 

results from OSL dating of the study sites. Table 4-3 is an interpretation of the timing of 

hinterland landscape changes in relation to the chronology of Anuradhapura. 

4.3.1 Onset and development of large-scale irrigation works 

4.3.1.1 Chronology 

The E400 surface/bund interface documents early occupation of the hinterland long 

before Anuradhapura became a prominent city. Although earlier than expected, the date 

for the pre-bund surface and associated occupation is plausible on typological grounds, 

as it only slightly pre-dates Structural Period K (i.e. ca. 840-460 cal. BC) from the 

ASW2 excavations, from which Black and Red Ware ceramics were recovered 

(Coningham and Batt, 1999, Coningham, 2006). However, Black and Red Ware sherds 

recovered from the adjacent Veheregala monastery (see Table 1, Chapter 3) have been 

interpreted as indicating a more recent date of ca. 360 BC onward, so it is possible the 

very early date for the pre-bund surface does not date the associated occupation (Mark 

Manuel, pers. comm.). The tank stratigraphy suggests that the pre-bund occupation at 

E400 may have been associated with cultivation activities on or near a wet substrate, 
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and therefore could have involved wet rice agriculture on a smaller scale prior to the 

onset of bund construction.  

The early date for bund construction at E400 (ca. 400-200 BC) indicates this bund 

could pre-date the arrival of monastic Buddhism on the island (i.e. ca. 246 B.C. 

[Geiger, 1912]) and links the bund to Structural Period I of Trench ASW2 at 

Anuradhapura (i.e. ca. 360-190 cal BC), during which the city became the official 

capital of the island and was growing rapidly (Coningham and Batt, 1999). The date for 

bund construction and the inferred date for the adjacent Veheragala monastery suggest 

not only that these sites are linked, but that they were constructed at the very beginning 

of the period of monastic Buddhism in Sri Lanka.  

The OSL dates for the C009 and Z021a bunds suggest that both bunds were constructed 

during the same time period, at least 400 years later than construction of the E400 bund 

(i.e. ca. AD 220-710). This time period correlates to Structural Period F of Trench 

ASW2 at Anuradhapura (Coningham and Batt, 1999) and to the historically 

documented expansion of large-scale irrigation works in what would later become the 

Nachchaduwa area, beginning in the fifth century AD (Brohier, 1935, Coningham, et 

al., 2007). 

The residual ages of the Z021 bund samples have limited use in discussions regarding 

the development of large-scale irrigation during the Anuradhapura period. However, a 

relative chronology may be constructed from field observations, as follows:  

1. The Z021 bund was constructed after bund Z021a. As described in Chapter 3, 

water in the tank associated with the Z021 bund submerges the Z021a bund 
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during the wet season. Therefore, the larger bund was likely constructed some 

time following construction of the smaller bund (ca. AD 470-710), probably 

around the same time as the establishment of the associated Z00 monastery 

(Parthigala, i.e. 8th-12th centuries AD).  

2. The Nachchaduwa wewa was constructed after bund Z021.  Water from the 

Nachchaduwa tank submerges the Z021 bund during the wet season, which 

suggests it was constructed some time following that of the Z021 bund. This 

relative chronology supports the later historical date for Nachchaduwa (Brohier, 

1935). 

4.3.1.2 Processes: Pre-bund surfaces, construction processes 

The brownish yellow colours of the C009 and Z021a bund sediments suggest that they 

are constructed on moderately- to well-drained RBE sediments, whereas the grey 

sediments that dominate the E400 and Z021 bunds indicate they have undergone 

significant reduction and represent the LHG soils. Mottling throughout all bunds 

documents fluctuating soil hydrological conditions. When these are present at the 

bottom of the stratigraphies, it is difficult to determine whether these conditions were 

dominant prior to the creation of the bunds, but when they have formed within the bund 

construction sediments themselves, they likely reflect fluctuations resulting from cycles 

of tanks infilling with water and drying. 

Observations of the field stratigraphy indicate that most of the bunds incorporate 

cultural materials (i.e. ceramics) either within the pre-bund surfaces or within bund 

construction sediments. 
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Figure 4-17. Graphic summary of OSL results from study sites. 

Dates interpreted as residual are not represented in the diagram. Thin lines mark those samples with a DE distribution that is symmetrical with high levels of scatter, 
indicating a mixture of sediments with different OSL signals. Dashed vertical lines mark samples with a DE distribution indicating that the majority of the mineral 
grains have similar OSL signals, but the dates are earlier than expected and may represent residual signals. Dates for Anuradhapura and Polonnaruva from 
Coningham and Batt (1999) and de Silva (2005) 
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Table 4-3. Summary of hinterland chronology in relation to that of Anuradhapura. 
1. Interpreted from chronological data in this study. 2. Documented in Coningham (1999, 2006), 
Deraniyagala (1972, 1992). 3. From Brohier (1935), Coningham, et al. (2007), de Silva (2005), Geiger 
(1912, 1929). 

Time period Hinterland chronology1 Anuradhapura 
(ASW2)2 Historical notes3 

prior to ca. 450 
BC 

Ongoing occupation, 
evidence for small-scale 

cultivation (E400, possibly 
B009) 

Protohistoric occupation; 
rapid expansion prior to 

ca. 450 BC 
 

ca. 
400-200 BC 

Onset of large-scale 
irrigation (E400) 

Major urban settlement; 
continued expansion  

Anuradhapura established 
as capital; introduction of 

monastic Buddhism; 
construction of city tanks 

200 BC to ca. 
AD 400 Undocumented Maximum extent 

reached  

ca. 
AD 220-710 

Expansion and 
reorganisation of large-scale 

irrigation (C009, Z021a, 
F517) 

Continued occupation 
Expansion of large-scale 
irrigation ca. 5th century 

AD 

ca. 
AD 700-1000 

Later irrigation and 
occupation activity (Z021, 

Nachchaduwa wewa, F517) 

Continued occupation; 
phases of temporary 

abandonment 

ca. 9th century AD 
construction of 

Nachchaduwa wewa 

AD 1100-1200 

Widespread disuse of large-
scale irrigation works and 

occupation sites; landscape 
devegetation and erosion  

AD 1017 abandonment 
of Anuradhapura as 

capital city 

Anuradhapura 
abandoned; capital moved 

to Polonnaruva 

Following ca. 
AD 1200 

Post-abandonment cultural 
activity; looting of sites and 

reuse of construction 
materials (B062) 

Little evidence of 
cultural activity  

Polonnaruva abandoned 
as capital ca. AD 1250; 
populations move north- 

and southward  
 

The bunds are therefore interpreted as having been constructed from local surface or 

subsurface sediments in areas that were already associated with anthropogenic activity. 

The exception is the Z021 bund, which does not appear to incorporate any cultural 

materials, but is associated on a landscape scale to the monastery at site Z00 

(Parthigala).  

The absence of ceramics at Z021 suggests that the former land surface and subsurface 

serving as the source of the Z021 bund sediments lacked cultural inputs, despite its 

proximity to Z021a, which demonstrates cultural inclusions. I can see four explanations 

for this. First, the cultural activity that preceded the construction of the Z021a bund may 
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have been restricted to the vicinity of that bund, and there were therefore no cultural 

inputs near the Z021 area to be redeposited. Second, the construction of the Z021a bund 

may have resulted in stripping off the surface sediments and associated ceramics from 

the area, leaving little or no cultural materials remaining when the Z021 bund was 

constructed at a later date. However, the OSL dates from the truncated land surface of 

the modern bund strongly suggest that any sediment stripped from the land surface 

during construction would have resulted in bleaching of the OSL signal of the 

underlying sediments. Therefore, it would be expected that at least some of the pre-

bund surface sediments from Z021 would date to the construction of Z021a. A third 

possibility is that a focus on cultivation or irrigation activities away from the immediate 

vicinity of the newly constructed Z021a bund and tank resulted in little cultural 

deposition at the site, which left little or no cultural materials available for redeposition 

within the Z021 bund. Finally, there may have been social, political, or economic 

factors involving control and access to the water captured by the Z021a bund that 

precluded non-irrigation cultural activities (such as occupation) in the area surrounding 

the Z021 bund prior to its construction. 

4.3.2 Disuse and infill of large-scale irrigation 

4.3.2.1 Chronology 

Except for the C112 moat infill, all of the sampled infill sediments have asymmetrical 

DE distributions, and the true dates for the onset of infilling of irrigation works in the 

hinterland probably lie within the younger end of the error range. Furthermore, dates for 

the infills of C009 and Z021 tanks and the C018 channel are all statistically 

indistinguishable from each other, as are the C112 moat, C018 channel, and Z021 tank 
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infills. When these factors are taken into account, the OSL dates indicate that all of the 

sampled irrigation works began to infill ca. AD 1100-1200, with the exception of the 

F517 channel. The C112 moat may have begin to infill slightly earlier but not before ca. 

AD 1000.  

Both of the F517 samples have an asymmetrical distribution of DE values, and their 

dates also likely fall within the upper error range. The onset of channel infill therefore 

likely dates to ca. AD 700-800, which documents channel disuse at least 200 years prior 

to the abandonment of Anuradhapura, and at least 300 years before the onset of infilling 

of the other sampled irrigation works in the hinterland. This date is also statistically 

indistinguishable from that for the construction of the Z021a bund (i.e. SUTL 2224, AD 

470-710), suggesting disuse of the channel for irrigation purposes at about the same 

time as, or just after the bund was constructed. 

The upper infill at F517 dates to ca. AD 970-1090, after which the image house was 

constructed. This date is statistically indistinguishable from the onset of the C112 moat 

infill, and may only slightly precede the onset of infill of the other sampled irrigation 

works. The sample therefore documents the construction of the image house during or 

just following the abandonment of Anuradhapura and of widespread disuse of the 

hinterland’s large-scale irrigation works. 

4.3.2.2 Processes acting on infill sediments 

The dominantly brown to yellowish brown colours of most of the infill sediments 

suggest that they are not permanently saturated or reduced, and they are subject to 

periodic drying. The Z021 tank infill sediments are dominantly grey with strong brown 

mottles, which indicate this particular irrigation structure may be more frequently 
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subject to reducing conditions (i.e. saturated) than the others. However, the mottles 

indicate oxidation conditions, documenting cycles of drying. 

The presence of cultural materials within most of the infill sediments could indicate 

continued human activity on the landscape surrounding irrigation works during the 

period following disuse. Alternatively, these materials may have been eroded and 

redeposited from the surrounding landscape during the post-abandonment period, in 

which case they are associated with cultural activity that preceded disuse. The only 

infilled structure without incorporated ceramics is the Z021 tank, which is consistent 

with the absence of incorporated cultural materials within the Z021 bund (discussed in 

4.3.1.2 above), and further documents the absence of cultural activity at the site. The 

charcoal band at the base of Z021 tank Unit 1 may indicate cultural activity, although it 

is not possible at this time to confirm an anthropogenic origin for this material. 

4.3.3 Hinterland occupation sites 

4.3.3.1 Chronology 

The OSL dates from the hinterland’s archaeological sites span a wide temporal range, 

and the distributions of DE values vary within each site, indicating that different 

depositional processes at each site resulted in variations in resetting of OSL signals. 

With this in mind, the OSL signals from the archaeological samples may be divided 

into three categories: heterogeneous (SUTL 2274 and 2218 [the artificial platform 

sediments at B062 and D339]), homogeneous and residual (SUTL 2101 and 2217 [F012 

Unit 3 and D339 Unit 204, respectively]), and homogeneous and representative of the 

time period of interest. Because they are the most meaningful archaeologically, it is the 

last of these that I will discuss below in detail. 
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The dates for the artefact-rich surface at Site F101 (AD 980 ± 120; SUTL 2099) and for 

the topmost artifact-bearing colluvium at D339 (AD 1060 ± 160; SUTL 2216) are 

statistically indistinguishable from each other and from the onset of infill of most of the 

hinterland’s irrigation works. When the asymmetrical DE distribution of sample SUTL 

2099 (F101) is taken into account, the actual calendar date of the sample likely falls 

between ca. AD 980-1100, almost exactly the same date as SUTL 2216 (D339, AD 

1060-1120). The dates from these sites indicate that these two artefact-bearing horizons 

were buried during the period of abandonment of Anuradhapura and slightly before the 

onset of infill of large-scale irrigation works.  

These are only two of the hinterland’s many occupation sites, but the fact that they are 

ca. 15 km apart and demonstrate similar dates that compare with the onset of tank and 

channel infills indicates three points. First, that widespread hinterland landscape 

changes occurred at around the time of Anuradhapura’s abandonment, and included 

changes at monasteries as well as irrigation sites. Second, that erosion, transportation, 

and redeposition of sediments were dominant processes on the landscape during the 

period immediately following Anuradhapura’s abandonment. Lastly, the abundance of 

available sediment across the study area supports the interpretation that many parts of 

the landscape were devegetated and eroded during the immediate post-abandonment 

period. 

The date from the ceramic-rich horizon (i.e. Unit 2) in Trench 2A at B062 (AD 1325-

1569, SUTL 2273) documents human activity in the hinterland following this major 

period of landscape change. The well-defined nature of the date (i.e. low scatter of DE 

values) suggests that the sediments accumulated gradually (i.e. that looting was a 
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relatively slow process), which allowed them to be exposed to adequate sunlight, and/or 

that they were exposed to the surface for an adequate period prior to burial. These 

sediments likely document the final cultural activity at the site prior to modern times. 

4.3.3.2 Processes acting on sediments at occupation sites 

As expected, the cultural inclusions and artificial platforms within the profiles of the 

archaeological sites indicate that human activity and cultural deposition are dominant 

processes at these sites, and the colour of the sediments demonstrates that they are well-

drained and situated on RBE. The field texture of most of the sediments is sandy loam 

or sandy clay loam, consistent with the dominant texture identified from infills and 

bunds, indicating similar non-cultural sedimentary processes operating throughout the 

study area. 

4.4 Implications for OSL dating 

The distribution of DE values is a valuable tool for assessing the date produced by the 

OSL measurement of the sample. However, as seen in samples collected from the Z021 

bund, F102 surface, and D339 packing fill, even DE distributions indicating that the 

majority of sampled grains have OSL signals that were reset at the same time (i.e. 

symmetrical with low amounts of scatter) may not date the event of interest, so all 

results must be assessed on an individual basis. 

In most cases, the pre-bund sediments demonstrate an asymmetrical distribution of DE 

values or a symmetrical distribution with low to moderate scatter, which indicates that 

the majority of the sampled grains from former surfaces were exposed to enough 

sunlight to reset the OSL signal. Anthropogenically-deposited materials such as bund 

construction sediments and those from artificial platforms are more likely to have DE 
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values that exhibit asymmetrical distributions or distributions with high amounts of 

scatter. These indicate that the process of bund and platform construction results in 

sediment mixing and partial resetting of the OSL signal, therefore it is less productive 

to sample these contexts. 

With the exception of the C112 moat, all of the infill sediments have asymmetrical 

distributions of DE values that indicate that the process of colluviation and/or 

alluviation results in most of the sediments receiving enough sunlight to reset the OSL 

signal, but that signals from some grains will be partially reset or not reset at all.   

Samples from archaeological sites exhibit variable DE distributions, but the results 

presented here further support the evidence from the sampled bund stratigraphies that 

suggest that former land surfaces are exposed to sufficient sunlight to reset the OSL 

signal for the majority of the grains. However, achieving a well-defined date is more 

likely if the sample is collected near the top of the buried surface. 
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Chapter 5: Results and Interpretation: 
 Bulk Sediment Analyses 

Because sediment and soil properties reflect their depositional energies and formation 

processes, the environmental records of these materials may be accessed through 

documentation of their characteristics (see Chapter 1). I am particularly interested in 

indicators of climatic fluctuations and human activity (as discussed in Chapter 3). To 

that end, in this chapter I focus on particle size analysis (PSA), loss-on-ignition (LOI), 

frequency-dependent magnetic susceptibility (χfd), and total phosphorous (total P); 

these are summarised in Table 5-2 and are discussed in more detail below. Generally 

speaking, the mean grain size and sorting of the sampled sediments describes the nature 

of their deposition, and higher LOI, χfd, and total P values are expected for former land 

surfaces and areas of human activity. In the following, I present a summary of the 

results of bulk sediment analyses, first in general, and then on a site-by-site basis; 

interpretations of these results are presented in Chapter 7. Chapter 5 concludes with a 

consideration of how these analyses contribute to further understanding processes 

operating within the different landscape contexts (i.e. pre-bund surfaces, infills, etc.) 

and on the hinterland landscape. 

5.1 Evaluation of reproducibility 

I chose samples for replicate measurement based on availability and their 

representativeness of the range of sediment textures. In general, five or six replicates 

were made per twenty or thirty samples analysed. Table 5-1 is a summary of the 

percentage of error observed in the replicate samples. These were calculated by 

dividing the standard deviation of each group of replicates by the mean and multiplying 
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by 100, then calculating the minimum, maximum, and mean values for each type of 

analysis. Observed errors for loss-on-ignition range from 1.3-19%, with a mean of 10%. 

Total P has a range of error between 1-10.2%, with a mean of 6.7%. The % χfd and 

mean grain size errors are much higher; the % χfd errors range from 3.9-66.8%, with a 

mean of 22%, and the mean grain size ranges from 16.2-72.2%, with a mean of 40.1%.  

Table 5-1. Percentage of error observed in replicate samples for sediment characterisation. 
  

%LOI %Xfd Total P Mean 
grain size 

Min.% error 1.3 3.8 1.0 16.2 
Max.% error 19.0 66.8 10.2 72.2 
Mean%  error 10.0 22.0 6.7 40.1 

5.2 Results summary 

5.2.1 Particle size analysis 

Particle size analysis (PSA) provides information regarding the energy required for 

sediment transport and deposition. In general, smaller grain sizes indicate lower-energy 

deposition, while larger grain sizes indicate higher energies. Well-sorted sediments 

record non-fluctuating, homogeneous depositional energies that range from low (i.e. in 

standing water) to high (i.e. river sediments). Poorly sorted sediments denote 

fluctuating, heterogeneous depositional energies (i.e. colluvial and/or alluvial and/or 

anthropogenic). 

Results of PSA are presented in Appendix 1. Particle size classes referred to in this text 

are listed Table 5-3; note that PSA of bunds E400, Z021 and channel C018 were 

performed using slightly different grain sizes as criteria for the major size classes, as 

noted in Appendix 1. 
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Table 5-2. Analyses used to characterise sediments and soils in this study. 
Bold indicates analyses that they form the basis for interpretation in this thesis. 1. Brady and Weil (2002); 
2. Dearing (1999); 3. See Chapter 3; 4. Vepraskas and Faulkner (2001); 5. Linderholm (2007). 

Dominant indicator type Analysis Cultural Environmental Information obtained Explanation 

PSA  X Depositional 
environment 

Mean grain size and sorting 
indicate the nature and energy of 

deposition3 

pH  X 
Postdepositional 
environment, soil 

processes 

Acid:1          <7 
Neutral:         7 
Alkaline:     >7 

% LOI X X 
Identify former 

surfaces, anthropogenic 
inputs 

Higher values indicate 
vegetation, organic inputs at 

surface;3 modern surfaces will 
also likely demonstrate elevated 

values due to organic inputs 

% χ fd X X 
Identify former 

surfaces, anthropogenic 
burning 

Low: <2%; Virtually no 
indication of surface or burning2, 
alteration of susceptibility due to 

waterlogging5 
 

Medium: 2-10%; mixture of 
grains; possible burning, soil 

formation 
 

High: 10-14%; Strong indicator 
of burning, surface processes 

χ lf  X Geological signal; fossil 
fuel combustion2  

Total P X  Anthropogenic inputs of 
organic material, urine 

Naturally low levels of P means 
that elevated P indicates human 
activity;3 enhanced values near 

modern surface are expected due 
to organic inputs; control soils 
may reflect artificial fertiliser 

application; higher pH may raise 
total P due to presence of Ca-

phoshpates4 
 

Particle size distribution (PSD) curves, skewness (i.e., non-symmetric distribution 

[Devore and Peck, 1990]), and kurtosis (i.e. flat peak, small tails vs. distinct peak, 

heavy tails [NIST/SEMATECH, 2010]) were used to evaluate sorting and error.  

Observations of the dominant grain sizes during field texture characterisation and 

subsequent preparation of the samples for PSA demonstrated that the samples consist of 
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a mixture of grain sizes, with noticeable clay and gravel components. During PSA using 

the Coulter Counter, I noticed that many PSD curves document a sharp drop in grain 

size occurring at 20, 200 or 400 µm (Figure 5-1); this drop is frequently coupled with 

abrupt changes in curve direction. Based on observations of the entire data set and on 

field textures, I determined that these curves represent sampling or procedural errors 

that result in underestimation or non-measurement of the coarser fraction. Although 

some errors were corrected on re-measurement, several were not, and in some cases, 

there was not enough sample to re-measure. Therefore, these data have been omitted, 

and discussions of texture for these samples are largely based on field determinations. 

Table 5-3. Particle size classes referred to in this chapter, except where noted. 
Modified from Stoops (2003). 

 

 

 

 

The mean grain size of the hinterland sediments is dominantly within the silt to medium 

sand-sized ranges. The majority of the samples are composed of moderately to poorly 

sorted clays, silts, sands, and gravels. Standard deviations are high and range from 100-

300 µm, although many exceed this range, and the large deviations from the mean 

suggest that mean and standard deviations are of limited interpretive value. Thus, 

laboratory results confirm field observations that a wide range of grain sizes are present 

in most samples. All samples demonstrate positive skewness (i.e. the upper tail of the 

histogram is the longer), but kurtosis is varied and includes platykurtic (i.e. flatter, 

Size class Size limits (µm) 
Clay  <2 
Silt 2-63 

Very fine sand 63-100 
Fine sand 100-212 

Medium sand 212-630 
Coarse sand 630-1000 

Very coarse sand 1000-2000 
Gravel >2000 
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small tails) and leptokurtic (more peaked, thicker tails) distributions, indicating 

variations in sorting. 

 
Figure 5-1. Example of particle size distribution curve demonstrating error. 

 Note the abrupt changes in direction for the C009 Paddy Unit 1 curve and the sharp drop in the PSD at 
between 200-400 µm, interpreted as sampling or procedural errors resulting in non-measurement of the 
coarse fraction. 
 
In Chapter 2, I discussed the dominant geological and climatic processes operating on 

the hinterland landscape. Of relevance here is the fact that colluviation and variable but 

generally high-energy sediment transportation due to landscape desiccation and 

subsequent flooding are dominant processes. Although these transportation mechanisms 

can be low energy and result in fine grain sizes or well-sorted material, my observations 

of the hinterland’s PSA data suggests they are more likely to result in moderately to 

poorly sorted sediment with a range of grain sizes. Observation of the mean grain sizes 

and large standard deviations (Appendix 1) demonstrates that this is the case for most 

of the sampled sediments. These depositional processes are cyclical, and have resulted 
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in repeated reworking, mixing, and redeposition of sediments over time within these 

energy regimes. Therefore, a clear grain size threshold that delineates colluvial, alluvial, 

and aeolian deposition is not feasible or practical. Additionally, since large- and small-

scale irrigation have been practiced in the hinterland for at least the past 2500 years, 

sediment sorting, reworking, and deposition through anthropogenic processes is another 

confounding factor in interpreting PSA. 

Therefore, in this study, moderately- to poorly-sorted material is interpreted as 

indicating colluviation, periodic flooding or alluviation, or a combination of 

depositional processes with different energy regimes, including anthropogenic 

deposition, depending on the context. Sediments with an increased ratio of clay and silt 

are interpreted as indicating low-energy deposition, probably in an alluvial or standing 

water setting. On the advice of Dr. Clare Wilson at the University of Stirling, I have 

calculated the ratio of sand to silts and clays in order to clarify the criterion for low vs. 

high-energy deposition; the values of this index are provided in Appendix 2. The mean 

ratio of this index is 2, and the standard deviation is 1.4. I have chosen this mean as the 

boundary between low and moderate to high-energy deposition because it is consistent 

with my own independent qualitative assessment of the PSD graphs (see graphs of 

individual sites, below). Also, this mean is near the upper quartile of the index values 

(Devore and Peck, 1990), which allows a more robust interpretation of values situated 

above this boundary as representing higher-energy deposition.  

5.2.2 Magnetic susceptibility 

The two measures of magnetic susceptibility presented in Appendix 3 are low 

frequency mass specific susceptibility (χlf), and the percentage of frequency dependent 
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magnetic susceptibility (%χfd). As mentioned in Chapter 3, frequency dependent 

measurements are taken to detect the presence of superparamagnetic (SP) mineral 

grains that can be interpreted as indicators of soil formation, bacterial activity, or 

burning (Dearing, 1999).  Graphing  χlf versus %χfd can provide information regarding 

sediment sources and the magnetic properties of the sample and are used in this thesis 

for interpretive purposes (e.g. Figure 5-2).  

 
Figure 5-2. Graph of χ lf vs %χ fd for B009 sediments.  

Note the low %χfd value for B009-4, indicating almost no SP grains in the sample (i.e. no evidence of 
burning or soil formation). All three upper samples have lower %χfd values than expected, given the 
assumed history of chena cultivation at the site. The %χfd data indicates they are composed of a mixture 
of SP and non-SP grains (Dearing, 1999). 
 
The χlf values of the hinterland samples range from 0.1 to 6.74 x 10-6 m3/kg, which is 

consistent with sediments derived primarily from sedimentary metamorphic and acid 

igneous rocks (Dearing, 1999). These results are expected, given that the underlying 

geology of the area consists of metasedimentary rocks such as quartzites, schists, 

granulites, and gneisses, commonly interfingered with charnockite bands (Cooray, 

1984). Because buried surfaces and anthropogenic burning are of particular interest in 

this thesis, the following discussion focuses primarily on the %χfd results. 
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Table 5-4. Guidelines for interpreting frequency dependent susceptibility values. 
(From Dearing, 1999). 

 
Low %χ fd < 2.0 Almost no SP grains (i.e. <10%) 

Medium %χ fd 2.0-10.0 A mixture of SP grains with non-SP grains or SP grains <0.005 µm 
High %χ fd 10.0-14.0 Almost all SP grains (i.e. >75%) 

Very high %χ fd >14.0 Rare; measurement error, weak sample, or contamination 
 

Values of %χfd for control sediments range from 1.3-7.0%, and the ASW2 samples 

produced values from 2.7 to 7.5%. The %χfd values of sediments from the 

archaeological samples range from 0.4 to 9.1%; the lowest and highest values are from 

the Z021a-1 and C009T-2 samples, respectively. Sediments from the archaeological 

bund stratigraphies have values of between 0.4 and 8.5%, while values for infill 

sediments range from 0.8 to 9.1%. Samples from the stratigraphies at occupation sites 

produced results from 0.6 to 9.1%.  

Most of the hinterland samples have medium %χfd values (Table 5-4), which indicate 

that the sediments are composed of a mixture of grains with different sedimentary 

histories that may include soil formation, burning, and bacterial processes (Dearing, 

1999). Because it is a relatively stable measure of the centre of the distribution of 

values (i.e. it is not as sensitive to extreme values as the mean and standard deviation 

[Devore and Peck, 1990]), I have used the lower and upper quartile range (i.e. 2.97-5.46 

%) to delineate the range of variability of %χfd for most of the samples. Values above 

this range are interpreted as having undergone more intense or prolonged soil 

formation, burning, or a combination of these. Conversely, values below this range are 

considered to be subsurface materials that underwent almost no burning or soil 
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formation, although an additional possibility is that they could consist of soils that have 

undergone erosion of the very fine fraction (Dearing, 1999). 

5.2.3 Chemistry 

A summary of the results of chemical analyses is presented in Appendix 3. As the pH of 

the sediment or soil has an influence on its other properties, these values are discussed 

where needed, primarily in relation to other data. Because organic content and total 

phosphorous are frequently employed in the identification of buried land surfaces, they 

are the focus of the following discussion. As with the %χfd values, I have employed the 

lower and upper quartile range as a descriptor for the centre of the distribution of values 

for organic content and total P. Observation of the total P data in particular 

demonstrates that most samples are in the moderate range. Moderate values are 

interpreted as reflecting a combination of human activity taking place at these sites, in 

addition to an inherited component, given the longevity of human activity and amount 

of sediment reworking within the hinterland. 

5.2.3.1 pH 

The modern control samples in the study demonstrate pH values from 5.4 to 9, but are 

dominantly in the neutral to alkaline range. Samples from the ASW2 trench have 

alkaline values between 8.3 and 9. Soil pH values in the archaeological samples range 

from acid to alkaline (Brady and Weil, 2002), with values from 3.6 to 9.3. Bund pH 

values vary most widely, from 4.4 to 9, while infill sediments are within the slightly 

acidic to slightly alkaline range, varying from 5 to 7.8. Values at occupation sites are 

from 3.6 to 7.8, but are also primarily within the slightly acidic to slightly alkaline 

range.  
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5.2.3.2 Estimated organic content (%LOI) 

Estimated organic content based on loss-on-ignition (%LOI) values range from 0.6 to 

8.8%; lowest and highest values are observed in the alluvial control and Z021T-1 

samples, respectively. The lower and upper quartiles for the %LOI of the samples is 2.3 

and 4.05%, respectively, which is relatively low, as expected, given the low abundance 

of preserved organic remains recovered during excavations in the study area 

(Coningham, et al., 2006). Modern control samples have values from 0.6 to 6.1%, while 

ASW2 samples were the least variable, with 3.2 to 5.2%. Bund and infill sediments had 

a wide range of values between 1 and 8.6%; occupation site samples varied less, with 

values of 1.8 to 5.4%.  

5.2.3.3 Total phosphorous 

Unless otherwise noted, the total P curve mirrors that of %LOI for most samples, 

suggesting that P levels are primarily influenced by inputs of organic content. Total P 

values of all sampled sediments ranged from 6.1 (C009B-3) to 170.5 mg/100g soil 

(ASW2-1616). Values for modern control sediments were between 47.2 and 113.6 

mg/100g; ASW2 sediments had values between 70.8 and 170.5 mg/100g. Sediments 

from bund stratigraphies had values between 6.1 and 49.8 mg/100g, while infill 

sediments had values between 11.2 and 79.5 mg/100g. Samples from occupation sites 

had values from 29.1 to 141.5 mg/100g.  

The lower and upper quartiles are 24.43 and 68.62 mg/100g, respectively. Most values 

falling within this range are interpreted as documenting a low to moderate P 

enrichment, some of which is due to an inherited anthropogenic signal. Values above 

this range are considered high and as documenting human activity. Values below this 
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range are interpreted as depleted in P (i.e. due to removal of vegetation from the surface 

during cultivation activity [Brady and Weil, 2002]) or as subsurface ‘natural’ materials 

not enriched in P. 

5.3 Results and interpretation 

This section is a summary of the results from bulk sediment analyses on a site-by-site 

basis, focusing on values or patterns that deviate from the norm. The concluding section 

of this chapter returns to a discussion of the patterns observed across the hinterland 

landscape.  

5.3.1 Control sites 

5.3.1.1 Modern bund 

PSA 

The mean grain size and sand/silt ratio for Unit 9 of the control bund (truncated pre-

bund surface) are 370 µm and 3, respectively, demonstrating both the coarse nature of 

the sample and the fact that it was likely deposited under a moderate energy regime 

(Figure 5-3). The upper three sampled sediments of the bund (i.e. bund construction 

materials) exhibit similarities, and have sand/silt ratios that demonstrate a low-energy 

setting (Appendix 2). The PSD curves indicate that the pre-bund surface sediments are 

moderately to well-sorted, and the bund construction sediments are poorly sorted.  

Magnetic susceptibility and chemistry 

The %LOI, %χfd and total P values are relatively constant throughout the sampled 

sediments, which suggest that the sources of the upper bund construction materials (i.e. 

Units 8, 6, and 3) are from similar contexts. Values of %χfd are between 5.1 and 6.6%, 
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which are slightly higher than the upper quartile for %χfd, with highest values in Unit 3 

and lowest values in Unit 8. The values of %LOI are between 2.7 and 4.8%, with 

highest values in Unit 6 and lowest values in Unit 9. Total P levels are in the moderate 

range, with the highest value in truncated surface Unit 9. 

5.3.1.2 Chena 

PSA 

The chena samples demonstrated considerable errors during PSA resulting in non-

measurement of the coarse fraction, even with repeated analyses. The one sample that 

was successfully analysed (i.e. C3-1) is poorly sorted and relatively coarse, with a mean 

grain size of 302.6 µm and a sand/silt ratio is 1.6. These results suggest variable, low-to 

moderate-energy deposition (Figure 5-4).  

Magnetic susceptibility and chemistry 

The %χfd results are in the low to medium range, from 1.3 to 3.5%, with highest values 

in C2 and the lowest in C3. The results from %LOI are between 3 and 6%, with the 

highest value in C2, and the lowest in C1. Total P levels are relatively high at 66.5 and 

113.5 mg/100g, with highest values in C2 and lowest in C3.  

5.3.1.3 Paddy 

PSA 

As with the chena samples, the coarse fraction of the paddy soils frequently went 

unmeasured during repeated PSA runs. However, one sample from P1 and three from 

P3 (Figure 5-5) demonstrate variable mean grain sizes from 117.4 to 363.6 µm (P1 5-15 

cm and P3 5-10 cm depth, respectively), and sand/silt ratios of 0.8 (P1) to 2.4 (P3). 

These ratios are interpreted as reflecting low to moderate depositional energies. 
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Magnetic susceptibility and chemistry 

The  %χfd results for the modern paddy samples are between 2.3 to 7% (i.e. low to 

medium), with the highest values observed in subsurface sediments of all profiles 

located between 25 and 55 cm (Figure 5-5). The %LOI is between 2.7 and 5.1%, with 

highest values near the surface. Total P levels are within the dominant range of most 

hinterland samples, between 47.8 and 72.5 mg/100g; highest values are at the surface, 

and P content generally decreases with depth. 

Figure 5-3. Summary of bulk sediment analyses, Modern bund and ASW2 samples. 

5.3.1.4 Alluvial 

PSA 

The alluvial control sample has a mean grain size of 211 µm, and consists of well-

sorted fine and medium sand (Figure 5-4). The relatively high sand/silt index (i.e. 5) 

indicates moderate to high-energy deposition. 
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Magnetic susceptibility and chemistry 

The %LOI value is 0.6%, which is low, as expected. The %χfd and total P values are 

within the moderate range, at 3% and 47 mg/100g  (Figure 5-4), respectively.  

 

Figure 5-4. Summary of bulk sediment analyses, Chena and Alluvial controls. 
Missing PSD values and asterisks indicate data missing due to errors in measurement. 

5.3.1.5 ASW2 

PSA 

The mean grain size for all samples is within the very fine to medium sand sizes, at 

64.73 (ASW2 1496) and 211.8 µm (ASW2 615), as seen in Figure 5-3. These sediments 

are moderately to poorly sorted and have low sand/silt ratios of between 0.7 and 2, 
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which suggests variable but dominantly low-energy deposition. Given their context (i.e. 

within the Anuradhapura citadel), it is likely that the PSD reflect some anthropogenic 

deposition. 

 

 

Figure 5-5. Summary of bulk sediment analyses, Paddy control  samples. 
Missing PSD values and asterisks indicate data missing due to errors in measurement. 

 
Magnetic susceptibility and chemistry 

The %LOI values are between 3.2 and 5.2%, (i.e. Contexts 615 and 1616, respectively). 

Values for %χfd are in the medium range, from 2.7 to 7.5%, with the lowest value in 

Context 1616 and the highest value in Context 615. Total P levels are lowest in the 

upper samples and increase with depth; they are high to very high, from 70.8 to 170.5 



 

 183 

mg/100g. These P values are interpreted as demonstrating the relatively intense human 

activity at the site, as documented by Coningham (1999). 

5.3.2 Hinterland study sites 

5.3.2.1 C009 

PSA 

The PSD curves indicate analytical errors for the bund subsurface sediments (Unit 6), 

lower bund construction materials and repair sediments (Units 2 and 3), the uppermost 

paddy sample, and the top portion of the tank auger sediments (Figure 5-6); for these, 

the following discussion will refer to field textures. 

The pre-bund surface sediments (Unit 5) have a mean grain size of 220.9 µm and are 

composed of moderately to poorly sorted fine to coarse sand. The sample has a sand/silt 

ratio of 1.8, which suggests low-energy deposition.  

Bund repair or construction sediments (Unit 4) have a mean grain size of 717 µm, and 

the PSD curve indicates that it is composed primarily of moderately to well-sorted 

coarse sand. The sand/silt ratio is 8.9, which indicates that the pre-bund context of the 

sediments underwent high-energy deposition. The mean grain size of the upper bund 

construction sediments (Unit 1) is 334.6 µm and is composed of moderately to well-

sorted fine to coarse sands. The sand/silt ratio is 3.2, which indicates moderate to high-

energy deposition prior to placement on the bund during construction. 

The lower tank auger sediments from depth to ca. 100-80 cm have mean grain sizes in 

the medium to coarse sand range, from 354 to 752 µm. These sediments are dominantly 

composed of moderately sorted coarse and medium sands. The sand/silt ratios range 
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from 1.7(140-120 cm depth) to 5.3 (120-100 cm), which document low and high-energy 

deposition at the site, respectively. Field textures of the tank auger samples between  

80-0 cm suggest finer mean grain sizes than the lower auger sediments, indicating a 

change to lower-energy deposition. 

Mean grain sizes for the tank stratigraphy samples are between 178 (Unit 3) and 386 

µm (Unit 1). The PSD for the tank samples indicates that sediments from Units 5-3 (i.e. 

pre-tank subsurface and surface, basal tank infill) are moderately sorted and 

demonstrate a fining-upward sequence. Sand/silt ratios for this section of the 

stratigraphy indicate low-energy deposition, between 2.2 and 1.3. Units 2 and 1 have 

means of 539 and 386 µm, respectively, and the PSD indicates they are composed of 

moderately sorted medium to coarse sands. The sand/silt ratios are moderate at 3.7 and 

3.1, and indicate increased depositional energy (i.e. moderate to high) relative to the 

basal tank stratigraphy.  

Sediments from paddy Unit 2 are poorly sorted and have a mean grain size of 229.5 

µm. The sand/silt ratio is 2, which is consistent with that of the paddy control samples 

(5.3.1.3 above) and indicates low-energy deposition. 

Magnetic susceptibility and chemistry 

The %χfd values are moderate to high in the bund, tank and paddy sediments (i.e. 4.4-

9.1%), but the tank auger sediments between 80-0 cm have values that are generally 

below the lower quartile. The highest %χfd values are for the tank Unit 2 and paddy 

samples. Values for %LOI are near the lower quartile for the hinterland sediments in 

the bund, tank, and paddy samples, but are moderately high (i.e. 5.1-6.6%) in the tank 

auger sediments between 80-0 cm. Total P levels range from very low (i.e. 6.1 mg/100g 
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in bund Unit 3) to moderate (65.5 mg/100g in bund Unit 1 and tank auger sediments 

between 80-0 cm). 

5.3.2.2 E400 

PSA 

The PSA data for E400 indicates analytical errors for bund Units 9 and 7 to 4, and 

samples from tank Units 5 to 3 and 1. 

Samples from the pre-bund sedimentary sequence (i.e. Units 14 to 11; Figure 5-7) are 

composed of moderately sorted silts to coarse sands with mean grain sizes from 319.7 

to 177.3 µm and low sand/silt indexes of 2.2 to 1.4, indicating low-energy deposition. 

Both characteristics demonstrate a fining upward sequence documenting decreasing 

depositional energy.  

Unit 8 of the hand-dug bund stratigraphy (i.e. within the pre-bund/bund interface) is 

composed primarily of moderately to poorly sorted sediment with a mean grain size of 

253.1 µm, and a low sand/silt ratio that demonstrates low-energy deposition. The bund 

construction sediments (Units 3-1) are composed of moderately to poorly sorted silts to 

coarse sands, have mean grain sizes of 272.2 to 174.5 µm, and low sand/silt ratios 

indicating low-energy deposition. 

The mean grain size of the pre-tank sedimentary sequence samples (Units 8-6) is 93 to 

181.3 µm. These sediments are dominantly composed of moderately sorted silts and 

fine sands and have low sand/silt ratios.  The basal tank infill sediments (Unit 2) have a 

mean grain size of 139.8 µm and a low sand/silt ratio that suggests low-energy 

deposition. 
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Magnetic susceptibility and chemistry 

Values of %χfd values for the bund samples are between 0.9 and 8.5%; %LOI values 

range from 1.7 to 4.1%, and total P values are between 12.7 and 49.8 mg/100g. Most of 

these values are low to moderate with respect to the lower and upper quartiles for 

hinterland samples, and generally remain the same throughout the bund stratigraphy. 

However, Unit 8 (i.e. the pre-bund/bund interface) demonstrates a slight increase in 

organic material, a moderate total P value (31.7 mg/100g), and a high %χfd (8.5%), all 

of which suggest an anthropogenic signal for this sample, as expected.  

Values for %LOI in the tank samples are low, between 1.4 and 3.3% for most of the 

samples, with a high value (8.6%) for the tank surface (Unit 1), as expected. The %χfd 

values are low to moderate, between 1.5 and 4.7% (Units 7 and 3, respectively). Total P 

levels are low to high, at 24.5 and 79.5 mg/100g (Units 2 and 8, respectively). 

5.3.2.3 Z021 

PSA 

The PSA results suggest analytical errors in bund Units 7, 3, and 2, and tank Unit 1. For 

most Z021 samples, sorting is poor to moderate and the sand/silt ratio is low, indicating 

variable but dominantly low-energy sediment deposition. 

Units 12 and 10 of the pre-bund sedimentary sequence have mean grain sizes of 291 

and 300 µm, respectively (Figure 5-8). The intervening Unit 11 consists of relatively 

well-sorted sediment with a mean grain size of 92 µm, suggesting depositional energies 

were lower for this unit than the other pre-bund units. Units 9 and 8, the pre-bund/bund 

interface sediments, have mean grain sizes between 145 and 253 µm, respectively. The 
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mean grain size of the bund construction sediments (Units 6, 4, and 1) is between 276 

(Unit 6) and 109 (Unit 1) µm. 

Units 4 and 3, the pre-tank sedimentary sequence, have mean grain sizes of 89 and 93 

µm, respectively. The basal tank infill, Unit 2, has a mean of 222 µm, which indicates a 

higher depositional energy than the pre-tank sediments. 

Magnetic susceptibility and chemistry 

The %χfd values for all bund sediments are moderate, ranging from 4.5 (Unit 12) to 

6.6% (Unit 5). These values are similar enough that they likely reflect variations in 

laboratory measurement (i.e. Table 5-1). Values of %LOI for all Z021 samples are low, 

between 1.7 and 3.1%.  
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Figure 5-6. Summary of bulk sediment analyses, Site C009. 
Missing PSD values and asterisks indicate data missing due to errors in measurement.

18
8 
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Figure 5-7. Summary of bulk sediment analyses, Site E400.  
Missing PSD values and asterisks indicate data missing due to errors in measurement 

 

Total P levels for the pre-bund, interface, and bund construction sediments (i.e. Units 

12-4) are also low, between 10 and 16 mg/100g soil; the bioturbated Units 3-1 near the 

top of the bund have slightly higher total P values, between 18.5-19.5 mg/100g that 

likely reflect surface inputs. 

The pre-tank sediments (Units 4 and 3) and basal tank infill sediments have moderate 

%χfd values between 3.9 and 5.1% and low total P levels between 11.2 and 25.3 

mg/100g.  
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5.3.2.4 Z021a 

PSA 

The pre-bund subsurface and surface sediments (i.e. Units 6 and 5) are moderately to 

well-sorted, with mean grain sizes of 226 and 281 µm, respectively (Figure 5-9). The 

sand/silt ratios are moderate to high and indicate increasing depositional energy prior to 

bund construction, from 2.8 (Unit 6) to 4.4 (Unit 5). 

Bund construction sediments (Units 4-1) are dominantly moderately- to well-sorted 

(with the exception of Unit 4, which is poorly- to moderately-sorted), and have mean 

grain sizes from 146 (Unit 4) to 343 µm (Unit 2). Units 4 and 3 have low sand/silt ratios 

indicating that they represent sediments originally deposited in a low-energy 

environment. Units 2 and 1 have high sand/silt ratios indicating higher-energy 

deposition prior to their placement on the bund. 

Magnetic susceptibility and chemistry 

The %χfd values for all of the Z021a samples are low, between 0.4 (Unit 6) and 2% 

(Unit 4). Values for %LOI are low to moderate and range from 1.6 (Unit 6) to 4.6% 

(Units 4 and 3). Total P levels are moderate, between 34.3 (Unit 4) and 48.8 mg/100g 

(Units 5 and 1).  

5.3.2.5 C018 

PSA 

The PSA results for channel C018 indicate analytical errors for Units 7-4 and 1. The 

base of the pre-channel/channel interface (Unit 8) consists of moderately to well-sorted 

fine and medium sands with a mean grain size of 185 µm (Figure 5-9), and a sand/silt 

ratio of 2.4, which indicates low to moderate depositional energy. The two channel 
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infill samples (Units 3 and 2) are moderately to poorly sorted, with mean grain sizes of 

147 and 153 µm and sand/silt ratios of 1.2, suggesting low depositional energy.  

Magnetic susceptibility and chemistry 

The %χfd results are lowest in Unit 8 (0.8%) but are moderate throughout the infill 

sediments (Units 5-2), at 4%. Values of %LOI are low to moderate and relatively 

consistent throughout the profile, at 2.8 to 3.8%. Total P levels are also relatively 

constant throughout the profile, with values ranging from moderate at 53 mg/100g (Unit 

6) to moderately high at 74 mg/100g (Unit 2). The upper infills near the surface (Units 

3-1) have slightly elevated total P values, as expected.  

5.3.2.6 C112 

PSA 

PSD curves for Units 013A, 012A, and 012 indicate that the samples are well sorted; 

Unit 008 is moderately to well sorted. The mean grain size fluctuates throughout the 

infill profile; for Units 013A and 012 they are 272 and 259 µm, respectively, and for 

Unit 012A it is 438 µm (Figure 5-10). The mean grain size for Unit 008 is lower, at 154 

µm. The sand/silt ratios also differ throughout the profile. The basal infill (Unit 013A) 

has a ratio of 2.8, which suggests a moderate energy of deposition. Units 012A and 012 

have high sand/silt ratios (i.e. 5.2 and 5.8, respectively), indicating high-energy 

deposition, and Unit 008 has a low ratio indicating a low-energy depositional regime.  

Magnetic susceptibility and chemistry 

Values of %LOI are low to moderate and range from 1.4% (Unit 012A) to 4% (Unit 

008). The %χfd values are moderate, between 4% (Unit 013A) and 6.2% (Unit 008). 
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Total P results range from moderate to high, ranging from 30 mg/100g in Unit 013A to 

80 mg/100g in Unit 008. 

The dominant P and %χfd values are within the lower and upper quartiles for the 

hinterland samples, and indicates that the sediments reflect a low to moderate 

anthropogenic signal. The higher values of %LOI, %χfd, and total P in Unit 008 are 

expected, due to the fact that it is a near-surface horizon. 

5.3.2.7 F517 

PSA 

The lower channel infills Units 113 and 109 consist primarily of poorly to moderately 

sorted silts and fine sands, have the lowest mean grain sizes of the F517 profile (at 114 

and 129 µm, respectively), and low sand/silt ratios of 1 and 1.4, which demonstrates 

fluctuating, dominantly low-energy deposition (Figure 5-10).  

Units 111 (infill of a small channel incised into Unit 113), 108, and 107 consist of 

moderately to well-sorted fine to medium sands. These sediments have mean grain sizes 

between 206 µm (Unit 111) and 245 µm (Unit 107), and moderately high to high 

sand/silt ratios between 3.2 (Unit 107) and 4 (Unit 108), indicating relatively high-

energy deposition. 

Magnetic susceptibility and chemistry 

Results of the bulk sediment analyses are relatively constant throughout the 

stratigraphy, suggesting a similarity of processes acting on the sediments prior to and 

following deposition. Values of %χfd are low to moderate, between 2.6 and 3.6%, and 

% LOI values are low, between 1-2.5%. Total P levels are moderate, at 38 mg/100g 
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(Unit 111) and 51 mg/100g (Unit 113), which suggests that the sediments retain an 

anthropogenic signature that either originated in the surrounding landscape or as a 

result of activities taking place within the sediments themselves. 

5.3.2.8 B009 

PSA  

The PSDs for the B009 samples indicate they are all composed of poorly sorted 

sediments with low to moderate sand/silt ratios (i.e. 1.2-2.2), which suggest relatively 

low-energy deposition. 

Mean grain sizes vary throughout the profile, indicating that depositional energies 

varied throughout the history of the site. Units 4 and 2 have mean grain sizes of 245 and 

317 µm, respectively (Figure 5-11), and have PSD curves that indicate a bimodal size 

distribution, with peaks in the medium and very coarse sand ranges. Units 3 and 1 are 

finer, with mean grain sizes of 122 and 149 µm, respectively. 

Magnetic susceptibility and chemistry 

The %LOI is moderate to high and fairly constant throughout the profile, at between 4.5 

and 5.2%. The %χfd values are low to moderate, ranging from 0.59% (Unit 4) to 4.42 % 

(Units 3 and 2). Total P levels are low to moderate, at 29 to 60 mg/100g. 
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Figure 5-8. Summary of bulk sediment analyses, Site Z021.  

 
Missing PSD values and asterisks indicae data missing due to errors in measurement. 
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Figure 5-9. Summary of bulk sediment analyses, Sites Z021a and C018.  
Missing PSD values and asterisks indicate data missing due to errors in measurement. 

 

5.3.2.9 F101 

PSA 

The mean grain size for the F101 samples is between 186 µm (Unit 3) and 263 µm 

(Unit 5), and the sand/silt ratio for all samples is low (1.2 to 2), suggesting low-energy 

deposition (Figure 5-11). The PSD curves indicate poor sorting and a unimodal size 

distribution, unlike the bimodal distribution observed in most PSD curves for the other 

hinterland samples.  
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Figure 5-10. Summary of bulk sediment analyses, Sites C112 and F517. 

 

Magnetic susceptibility and chemistry 

The %LOI is low to moderate (i.e. 2.3 to 4%), and relatively consistent throughout the 

profile. The %χfd values (3 to 5.3%) and total P levels (115 and 141 mg/100g) are also 

relatively constant throughout the profile. The %χfd values are low to moderate, but the 

total P levels are high to very high, and likely reflect an anthropogenic signature. 

5.3.2.10 F102 

PSA 

The PSD for Unit 4 indicates an analytical error and underestimation of the coarse 

fraction. The mean grain size for the other F102 samples is between 112 µm (Unit 3) 

and 296 µm (Unit 2). Unit 3 is poorly sorted and has a low sand/silt ratio, indicating 
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low-energy deposition. Units 2 and 1 are moderately sorted and have moderate sand/silt 

ratios that indicate low to moderate depositional energies (Figure 5-11). 

Figure 5-11. Summary of bulk sediment analyses, Sites B009, F101, and F102. 
Missing PSD values and asterisks indicate data missing due to errors in measurement. 

 

Magnetic susceptibility and chemistry 

Values for %LOI are low to moderate and relatively constant throughout the profile, 

from 1.8% (Unit 4) to 3.1% (Unit 2). Unit 4 has the highest %χfd value at 6.8%, but the 

%χfd values are dominantly between 2 and 3% for the upper three units. Total P levels 
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are relatively constant at 100-103 mg/100g soil in all units except Unit 3, which has a 

value of 86 mg/100g. 

Although the higher %χfd value for Unit 4 may reflect variations or errors in laboratory 

measurement, it is interpreted here as ‘real’, given the relatively high total P value. The 

%χfd and total P data suggest that Unit 4 documents an anthropogenic signal and may 

have been a surface or near-surface horizon. Alternatively, Unit 4 may represent 

redeposited sediments that retain an anthropogenic signal that accumulated prior to 

erosion and subsequent deposition. 

The lower total P level in Unit 3 is unexpected, because it is interpreted as a cultural 

layer. This relative decrease in P may reflect an erosional event, less intense or different 

activities taking place in this part of the site, or could simply reflect variations in 

laboratory sampling and analysis. Given the archaeological evidence for intense 

occupation at F101 and F102, the elevated levels of P at these sites are not unexpected. 

However, it is worth noting that F101, interpreted as a monastic complex, has higher 

total P levels than the associated F102, interpreted as a major secular habitation. This 

suggests that human activity at the monastic site was of higher intensity and/or longer 

duration than at the secular site. 

5.3.2.11 B062 Trench 2A 

PSA 

The PSD curve for Unit 3 of site B062 Trench 2A indicates analytical errors, even after 

repeated measurement. This is likely due to the fact that the stratigraphic unit has a 

significant coarse component that was not able to remain in suspension during analysis 

using the Coulter system. The mean grain sizes for the remaining units are in the very 
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fine to fine sand ranges, between 76 µm (Units 6 and 2) and 106 µm (Unit 4). The PSD 

curves indicate that the samples are poorly sorted, and the sand/silt ratios are low (i.e. 

0.7 to 0.9), suggesting low depositional energies for the sediments prior to 

anthropogenic depsosition.  

Magnetic susceptibility and chemistry 

The %LOI, %χfd, and total P values remain relatively constant throughout the 

stratigraphy; %χfd ranges are moderate to high, from 5.5 to 6.8% (Figure 5-12) and 

%LOI values are moderate, between 4.5 and 5.3%. Total P values are high (i.e. 118 to 

122 mg/100g), indicating a strong anthropogenic signal.  

5.3.2.12 D339 

PSA 

The PSD curve for Unit 205 indicates analytical errors, even after repeated 

measurements; this is likely due to the fact that Unit 205 has a coarse component, 

resulting in similar analytical problems to the platform at B062 Trench 2A. The PSD 

curves of all D339 samples indicate that they are dominantly moderately to poorly 

sorted. Mean grain sizes are between 182 µm  (Units 206, 204) and 253 µm (Units 203, 

202 (Figure 5-12). The sand/silt ratio is low in Unit 206 (1.8), but moderate in Units 

204 and 203 (i.e. 2.4, 2.3) and moderate to high in Unit 202 (3.6); these ratios suggest 

that the original (i.e. non-anthropogenic) depositional energy of the sediments increased 

over time. 

Magnetic susceptibility and chemistry 

The %χfd values range from moderately high at 6.5% (Unit 202) to high and with 

relatively strong evidence for burning, at 9.1% (Unit 204; Dearing, 1999). Values for 
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%LOI are low to moderately high, between 2.1% (Units 204 to 202) and 5.4% (Unit 

205). Total P levels are moderate at between 40 mg/100g (Units 204 and 203) to 64 

mg/100g (Unit 202), and indicate a medium anthropogenic signal. 

The lower %LOI and total P values in Units 204 and 203 are relatively unexpected, 

given that they are artefact-bearing sediments. However, these sediments were 

interpreted in the field as culture-bearing colluvium, and the process of redeposition 

may have resulted in homogenisation and dilution of the anthropogenic signal. 

Alternatively, the values may reflect lower-intensity human activity at the site. The 

slightly higher %χfd results for Units 204 and 203 relative to the values for other units 

appear to contradict the lower total P values for the samples, but could actually reflect 

fired grains from terracotta and ceramic inclusions. Another possibility is that these 

values could indicate soil formation and/or burning taking place on the sediments prior 

to or following deposition. The higher total P and %LOI values in Unit 202 are 

expected, given the near-surface nature of the unit. 

5.4 Results summary 

The preceding discussion of the bulk sediment analyses indicates several patterns of 

depositional and postdepositional processes that have operated on the hinterland 

landscape. One of the primary findings relates to the pattern of P enrichment, and in the 

following discussion, I interpret the total P results and present an overview of the 

dominant themes to emerge from this analysis in each of the hinterland landscape 

contexts. 
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5.4.1 Phosphorous accumulation in hinterland sediments 

Linderholm (2007) points out that anthropogenic soil P levels provide a record of the 

cumulative effect of human inputs over time. Therefore, soils in previously unoccupied 

areas will have relatively low P content even after anthropogenic enrichment, and 

human activity taking place on previously occupied surfaces will result in an increase in 

the already elevated P content of those soils. 

Given that oral histories and the archaeological, historical, and ethnographic records 

document long-term occupation and cultivation of Sri Lanka’s dry zone (see Chapter 2), 

it is assumed that most of the hinterland sediments retain an anthropogenic signature24. 

This phenomenon is observed even in the alluvial control sample, which has total P 

levels that compare with those at several occupation sites (e.g. D339, B009, F517). 

The lowest P levels of all samples are observed in the E400 (except for Unit 8) and 

Z021 bund sediments, and I suggest that these values are most representative of the 

hinterland’s ‘natural’ signal. Table 5-5 presents a summary and interpretation of the 

total P results in qualitative terms, based on my observations of the data, and using the 

lower and upper quartiles for the hinterland samples (i.e. 24 and 69 mg/100g), as 

described in 5.2.3.3 above. 

 

                                                

24 However, harvesting plant material without replenishing the P that would normally be returned to 
cultivated soil during plant decay at the surface can result in P depletion (Brady and Weil, 2002). 



 

 202 

 

 
Figure 5-12. Summary of bulk sediment analyses, Sites B062 Trench 2A and D339. 
Missing PSD values and asterisks indicate data missing due to errors in measurement. 
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Table 5-5 demonstrates a clear pattern of P accumulation within the hinterland samples 

over time. (ASW2 samples have a different pattern of accumulation, as discussed in 

5.3.1.5 above). Tanks and bunds demonstrate low to medium levels of P. Infills of 

irrigation works demonstrate medium P levels, and as they are composed of redeposited 

sediments, I am interpreting the P content of infills as largely inherited. Occupation 

sites and the ASW2 trench samples demonstrate medium to very high levels of P that 

likely record human activity of moderate to high intensity or duration, but may also 

reflect a partially inherited signal. 

5.4.2 Overview of hinterland landscape processes 

5.4.2.1 Control samples 

The dominant depositional energies for the cultivated chena and paddy soils are low to 

moderate and, as these are managed soils, the primary mode of deposition is assumed to 

be a combination of colluvial, alluvial, and anthropogenic sedimentation (Table 5-6). 

Sediments from the pre-bund surface of the control bund were deposited in a moderate-

energy setting, and given the landscape context (see 4.2.1.1), they are assumed to be 

alluvial in nature. The upper bund construction sediments demonstrate low-energy 

deposition prior to bund construction that may be alluvial or colluvial. The total P levels 

of all control samples are medium to high, and are interpreted as reflecting a 

combination of ongoing anthropogenic inputs and an inherited signal. In the case of the 

cultivated soils, P levels likely reflect anthropogenic inputs of artificial fertiliser. In 

addition, the magnetic susceptibility data suggest erosion of the surface chena soils. 
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Table 5-5. Qualitative summary of total P results. 
Categories of P content are based on the lower and upper quartiles for hinterland samples, and are 
presented here for interpretive purposes only. Note that, although ASW2 data is included as a 
comparison, the pattern of P accumulation for the urban samples over time is different than that for the 
hinterland sediments, as discussed in 5.3.1.5 above. 

P content Low Low/Medium Medium High Very High 
Range 

(mg/100g soil) <24 24-39 40-69 70-120 >120 

Interpretation 

Minimal 
anthropogenic 
signal 
 
Little or no 
human 
activity 

Low 
anthropogenic 
signal 
 
Onset of 
relatively low-
intensity/short 
duration of 
human 
activity in 
area  

Moderate 
anthropogenic 
signal 
 
Moderate 
intensity/moderate 
duration of human 
activity 
 
May record a 
residual signal 

High 
anthropogenic 
signal 
 
Moderate to 
high 
intensity/long 
duration of 
human 
activity 
 
May record a 
high residual 
signal  

Very high 
anthropogenic 
signal 
 
High 
intensity/long 
duration of 
human 
activity 
 
May record a 
high residual 
signal 

Sites E400B 
Z021B, T 

B009 
C009 B, T 
E400B-8 
E400T 

Z021aB 
 

C018 
C112 
D339 
F517 

Modern bund 
Paddy control 

soils 
Alluvial control 

B062 
F102 

ASW2 upper 
surfaces 

Chena control 
soils 

F101 
ASW2 lower 

surfaces 

 

5.4.2.2 ASW2 

The PSA results suggest that the dominant depositional processes are fluctuating, low-

energy alluviation, colluviation, and/or anthropogenic deposition (Table 5-9). As 

mentioned in 5.3.1.5 above, total P levels at ASW2 are highest in the lower buried 

surfaces and lower in the upper buried surfaces, likely reflecting structural changes 

taking place in the city in the early urban period. 
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Table 5-6. Summary of sediment characteristics from control sites and their interpretation.  
L: low; M: moderate; H: high. 

Site Depositional energy Total P Interpretation 

Modern 
bund 

M (pre-bund surface) 
 

L (bund sediments) 
M 

Lower surface of moderate-to high-
energy alluvial (?) origin. Upper 
sediments were originally alluvial and/or 
colluvial(?) Most of anthropogenic P 
signal likely reflects modern inputs and 
inherited signal from long-term land use. 

Chena 
controls L-M H 

Dominantly colluvial and anthropogenic 
sedimentation. %χfd results may indicate 
erosion. Anthropogenic P may represent 
cultivation including artificial fertiliser 
and inherited signal. 

Paddy 
controls L-M M-H 

Alluvial and anthropogenic deposition 
assumed. Anthropogenic P may represent 
cultivation including artificial fertiliser, 
and inherited signal. 

Alluvial M-H M 

Moderate to high-energy alluvial 
sedimentation. P levels likely reflect 
anthropogenic activity prior to 
alluviation. 

 

5.4.2.3 Conditions preceding the onset of large-scale irrigation 

Characteristics of sediments from the auger profiles and lower units of the tank, bund, 

and C018 channel stratigraphies provide information regarding the environmental 

conditions that preceded construction of large-scale irrigation works, and are 

summarised in Table 5-7. In general, these stratigraphies document fluctuating 

hydrological conditions consisting of cycles of relatively low-energy sedimentation, 

interpreted as predominantly alluvial and colluvial, occasionally interrupted by non-

deposition and pedogenesis. C009 and E400 also demonstrate evidence for episodes of 

standing water at the sites. Total P levels are low to moderate, and as mentioned, 

indicate little or no human activity at some sites (e.g. Z021), but in most cases indicate 

occupation or cultivation activities of low to moderate intensity or duration prior to 

bund construction. 
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5.4.2.4 Disuse of large-scale irrigation works 

Characteristics of the redeposited sediments that comprise the infills of irrigation works 

record depositional and post-depositional processes operating in the hinterland during 

the post-abandonment period, and are summarised in Table 5-8. 

The infill stratigraphies document fluctuating depositional energies that are interpreted 

as predominantly alluvial at first but may have transitioned to include colluvial and in 

some cases aeolian sedimentation (i.e. finer, well sorted sediments). The infill 

sediments record low to moderate depositional energies at the onset of infill (i.e. during 

the early post-abandonment period), which become progressively higher energy (i.e. 

channel F517) or lower energy (i.e. C009, moat C112).  

Total P levels in the tank infill sediments are primarily interpreted as indicating the 

relative intensity and/or duration of human activities taking place on the landscape prior 

to erosion and redeposition as infill sediments. Total P levels are generally lower in the 

basal infill sediments than in the upper infill sediments. It was expected that the infills’ 

P levels would diminish as erosion of the nearby surface sediments progressed, which 

would leave subsurface sediments with relatively lower P levels. Instead, the observed 

pattern of P in the infill sediments indicates that P levels were maintained or even 

increased compared to pre-abandonment values. Some of these increases were likely 

due to anthropogenic activity taking place near or within the infill sediments 

themselves, such as at F517 and C018. In other cases, P levels may represent an 

inherited signal reflecting continued anthropogenic activity in the hinterland following 

disuse of irrigation works. 
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5.4.2.5 Hinterland occupation 

The dominant depositional processes at most of the hinterland’s occupation sites are 

interpreted as dominantly colluvial and anthropogenic, although F102 also appears to 

exhibit alluvial deposition (Figure 5-9). The PSA results indicate that depositional 

energies at most occupation sites are low to moderate, and remain relatively the same 

through time, suggesting less variability compared to bund, tank, and channel sites, 

presumably due to the low frequency of water movement in these areas. 

Values of total P are interpreted as largely reflecting the cumulative signal of 

anthropogenic activities at each of the sites, although a portion of the sediments may 

have accumulated a P signal prior to deposition at the sites. Total P varies between the 

occupation sites, but in general, the sites that were interpreted as the highest intensity 

during archaeological survey and excavations (e.g. F101 and B062 [Coningham, et al., 

2006, Coningham, et al., 2007]) also demonstrate the highest P levels. Note that sites 

F101, F102, and B062 all have P levels that compare with or are higher than those from 

the ASW2 samples at Anuradhapura. 

Table 5-7. Summary of characteristics of sediments that precede large-scale irrigation works.  
L: low; M: moderate; H: high; P: poor; W: well. 

Conditions preceding irrigation activity Early total P levels 
Site Depositional 

energy Sorting %χ fd Level Interpretation of P signal 

C009 L P-M M-H L-M Low intensity or duration of 
occupation 

E400 L, fining 
upward P-M L-M L-M Clear early anthropogenic signal in 

pre-bund interface.  

Z021 L P-M M L No clear anthropogenic signal, 
suggests no pre-bund activity 

Z021a 
M-H, increases 
prior to bund 
construction 

M-W L M 
No clear anthropogenic signal on 
pre-bund surface. Observed level 

may be largely inherited.  

C018 L-M M-W L M 
No clear anthropogenic signal. 

Observed P signal may be partly or 
wholly inherited. 
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Table 5-8. Summary of characteristics of infill sediments.  
L: low; M: moderate; H: high 

Depositional energy Total P Site Initial Dominant Terminal Initial Dominant Terminal Interpretation 

C009T L M-H M L-M L-M M 

Initial low-energy energy alluvial (?) infill, 
decreasing energy may indicate change to 
dominantly colluvial deposition. Inherited 

anthropogenic P signal. 

E400T L L ? L-M L-M M Low-energy alluvial deposition dominates. 
Inherited anthropogenic P signal. 

Z021T L L ? L L ? Low-energy alluvial deposition. 
Anthropogenic P signal likely inherited. 

C018 ? L ? M M-H H 

Low-energy alluvial or colluvial deposition. 
Anthropogenic P signal largely inherited, but 

terminal signal possibly due to renewed 
cultural activities in area. 

C112 M H L L-M M H 

Moderate-energy alluvial (?) deposition, 
increases then decreases in energy; fluctuating 
energy conditions. Inherited anthropogenic P 

signal. 

 
 

F517 
 

L M M-H M M M 

Low-energy alluvial sedimentation followed 
by higher-energy alluvial and/or colluvial (?) 
deposition. Anthropogenic P signal partially 

inherited but also as result of activities in area 
during early infill. 

 

20
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Table 5-9. Summary of characteristics of sediments at occupation sites. 
Although ASW2 soils are included in this study as an Early Historic urban controls, they are included in this table for comparison with hinterland occupation 
sediments. L: low; M: moderate; H: high 

Depositional energy Total P Site Initial Dominant Terminal Initial Dominant Terminal Site interpretation 

B009 L L L L-M L-M L-M 

Low-energy colluviation dominant, with some 
possible alluvial and aeolian deposition. 

Anthropogenic P signal increased with time, is 
combination of activities at the site and inherited from 

surrounding landscape 

F101 L L L H H VH 
Low-energy colluviation dominant. Anthropogenic P 
signal high due to activities at site, but may have an 

inherited portion. 

F102 ? L L-M H H H 

Low-energy alluvial and/or colluvial deposition 
followed by increased energy, possibly colluvial? 

Anthropogenic P signal high due to activities at site; 
may have an inherited portion 

B062 ? L L H H H 
Low-energy deposition, dominantly colluvial and 

anthropogenic?. Anthropogenic P signal high due to 
activities at site; may have an inherited portion. 

D339 L M M-H M M M 

Low-energy deposition (alluvial) increases in energy, 
possibly giving way to colluvial and anthropogenic 

deposition. Anthropogenic P signal; may have 
inherited portion. 

ASW2 L L L VH H H 
Low-energy deposition (alluvial?) More intense 

anthropogenic activity indicated in earlier surfaces 
than later ones, may reflect urban reorganisation. 

20
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Chapter 6: Results and Interpretation: 
Soil Micromorphology 

The micromorphological samples in this study are the key artefacts that form the basis 

for my interpretations of landscape processes operating in the hinterland through time. 

Soils and sediments are intimately associated with human activity in the dry zone 

landscape, as they are the materials that people manipulate in order to manage their 

water resources, and they also comprise the substrate on which people conduct their 

daily lives. Soil micromorphological characteristics thus document the actions and 

decision-making of individuals, providing a “bottom-up” view (Scarborough, 2003) of 

hinterland culture and environment.  

To begin this chapter, I describe and interpret the predominant micromorphological 

features observed in the study samples. I follow with a discussion of the 

micromorphology of the control and study sites with respect to each of the landscape 

contexts of interest (i.e. occupation surfaces, bund sediments, infills), rather than on a 

site-by-site basis (see Appendix 5 for site-based micromorphological summaries). This 

approach facilitates a context-specific discussion of processes operating on the 

landscape scale (i.e. habitation activities, bund construction, sediment accumulation). 

The chronometric results (see Chapter 4) suggest that a landscape-scale approach is 

appropriate, as different contexts from the same site (e.g. the pre-bund surface versus 

basal tank infill at Site C009) differ in age more than 600 years, suggesting that they 

may have undergone dissimilar processes. In Chapter 7, I incorporate the 

micromorphological data with the results of chronometric dating and bulk sediment 

analyses into interpretations of landscape change through time. In Chapter 8, 
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micromorphological features have a key role in my consideration of the persistence of 

the dry zone’s cultural/environmental system. 

6.1 Description of features 

The distinction between coarse and fine material was placed at 20 µm because particles 

in the samples above this diameter (i.e. coarse material) have a similar distribution and 

arrangement relative to finer material.  

6.1.1 Coarse mineral content 

In all samples, the coarse mineral fraction consists primarily of moderately to poorly 

sorted, subrounded to angular, fine to medium sand-sized grains that are predominantly 

quartz. Other minerals include an opaque black mineral with metallic lustre in OIL 

(possibly ilmenite), plagioclase feldspar, and amphibole; these comprise up to 15% of 

all samples. Biotite, microcline, quartz aggregate, and cryptocrystalline quartz may also 

be present, but usually only in trace amounts. Up to 5% of all samples consist of 

unidentified isotropic and anisotropic minerals.  

All samples feature very few to few minerals that demonstrate weathering and/or 

dissolution. The most common weathering product consists of limpid to opaque 

material ranging in colour from yellow to dark red, and likely represents goethite or 

amorphous limpid iron-rich fine material (‘runiquartz,’ Eswaran 1976, in Marcelino et 

al., 2010). Weathering products consisting of crystallitic material with crystals ranging 

in diameter from 10-20 µm likely represent a gibbsite-type coating (Eswaran, et al., 

1977, Mulyanto and Stoops, 2003); these are observed at very few of the study sites. 

When present, these products appear predominantly within the irregular fractures of 

quartz or feldspar grains.  
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Very few to few intact and fractured silica microfossils are usually present and are 

dominated by phytoliths and occasional sponge spicules. Phytolith morphologies are 

varied and are dominantly short cell phytoliths indicating grasses (Piperno, 2006); 

observed forms include elongate smooth, elongate echinate, rectangular, and 

rectangular or ovate with central hole or depression (Madella, et al., 2005). Globular 

echinate and cuneiform bulliform (Madella, et al., 2005) phytoliths are commonly 

present. Double-peaked and possibly single-peaked glume phytoliths are observed 

occasionally (Table 6-1, Figure 6-1). A trace of vesicular isotropic material is 

occasionally present in the study samples; these features resemble published depictions 

of melted phytoliths (Canti, 2003, Macphail and Goldberg, 2010). 

Rounded to angular anorthic nodules or nodule or coating fragments are very few in 

most samples, and consist primarily of iron oxides or clay, although anorthic nodules 

consisting of calcium carbonate or possible silicaceous material are also occasionally 

present. When present, anorthic coatings around mineral grains are composed of a thin 

layer of sediment or of illuviated clays; these coatings are discordant with the dominant 

groundmass and are frequently present within the study sites. Anorthic sediment and 

soil fragments are present in up to 5% of most samples (Figure 6-2).  

Ceramic fragments are commonly, but not always, present, and may be rounded to 

angular. These appear to be dominantly pottery, although this has yet to be confirmed 

with ceramic thin section studies. 

A trace to very few fragments of bone are occasionally present in the study samples, 

and shell fragments are occasionally present in trace amounts (Figure 6-15). 
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6.1.2 Fine mineral content 

The fine mineral fraction consists primarily of speckled and dotted clays, although 

impure clays are also common. Groundmass colours include light greenish grey, pale 

yellow, yellow, brownish yellow, reddish yellow, red, and strong brown. Stipple-

speckled b-fabric is dominant throughout the sampled sites. Samples also feature very 

few to frequent poro-, grano-, mono-, and parallel striations, and occasionally exhibit 

calcitic crystallitic and undifferentiated b-fabric.  

6.1.3 Organic material 

The organic fraction of the micromorphological samples is relatively consistent in 

content and abundance throughout the hinterland. The coarse organic fraction consists 

dominantly of very few roots, up to 50% of which exhibit grey or pale yellow 

interference colours, indicating they are relatively fresh.  Very few very pale brown to 

black (OIL) indeterminate plant tissues are also present in most samples. Parenchymatic 

material is present in trace amounts in very few samples, as are spores or cellular 

residues, which are observed as individuals in the groundmass or in clusters.  

A trace to few fragments of charred plant material and charcoal are usually present in 

the study sites, and in rare cases, the internal structure of the charcoal suggests it is 

wood charcoal. Occasionally, the charred material appears similar to published 

accounts of charred rice husks (Reedy, 2008), although they may represent other cereal 

grains (Figure 6-3). 
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Table 6-1. Summary of phytoliths identified in micromorphological samples. 
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Figure 6-1. Silica microfossils. 

A: Globular echinate phytolith, probable palm-type (Campos et al., 2001, pp. 138; Vrydaghs et al., 2001, pp. 244), moat infill C112-2, 400x magnification, PPL. B: 
Cuneiform bulliform phytolith bund Z021-8c, PPL, 400x. C: A silica skeleton, possibly from a rice husk  (Rosen, 2001, pp. 195, Alison Weisskopf, pers. comm.), 
moat infill C112-2, 400x, PPL. D: Examples of double-peaked glume phytoliths, diagnostic of Oryza (circled), taken from ash sample 1404, Anuradhapura Citadel 
(ASW2). Circle A shows intact (arrow) and worn double-peaked glume; Circle B shows worn peaks (Alison Weisskopf, pers. comm.). E: Vesicular isotropic 
material, probably melted phytoliths, channel infill F517-2, PPL, 100x. 
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Figure 6-2. Anorthic materials. 
A: Angular anorthic clay fragments (arrows) and ceramic fragment (P) within the groundmass, moat infill C112-3, PPL. B: same as A but in XPL, note granostriated 
b-fabric (S).  C: Anorthic sediment lens (arrows). The high-order interference colours in the photo and pale yellow to light grey colours in OIL (not shown) suggest 
the lenses are from an eluviated or gleyed horizon, ceramic scatter B009-3A. All: 100x magnification. 
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Figure 6-3. Charred material. 

A: Charcoal from a possible rice or cereal grain husk, channel infill C018-3; PPL, 100x magnification. B: 
Wood charcoal, moat infill C112-2; 40x magnification, PPL. 

 
The fine organic fraction consists dominantly of silt-sized brown, dark reddish brown 

and black (OIL) humified material and yellow, reddish yellow or dark brown (PPL) 

amorphous material, both of which are usually present in samples in trace to very few 

amounts.  

6.1.4 Microstructure 

Most samples have a dominantly vughy microstructure, and in some cases the vughs are 

highly interconnected, resulting in correspondingly high porosity. Because it is 

distinctively more porous than vughy structure, I term this structure ‘highly vughy’ 

(Figure 6-4). Crumb, channel, and angular to subangular blocky microstructures are 

also common. The porosity of the sediments varies throughout the study area, ranging 

from 5% to 40%, with most samples having between 10-20% porosity. Irregularly 

shaped, star-shaped and mammillated vughs are dominant and are commonly 

interconnected. The c/f20µm ratio is dominantly between 3:2 and 3:1, and the c/f related 

distribution is predominantly single-spaced porphyric, although chito-enaulic and 

enaulic related distributions are common. Mineral grains and anorthic soil and sediment 
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lenses are predominantly randomly oriented, but grains and lenses with parallel, 

vertical, oblique, or concentric preferred referred orientation are frequently observed.  

 

Figure 6-4. Highly vughy microstructure, bund C009 2-1, 
PPL, 40x. 

6.1.5 Pedofeatures 

Pedofeatures record the influence of soil-forming processes acting on the hinterland 

sediments. Observed pedofeatures in hinterland samples include textural, impregnation, 

depletion, excremental, and fabric varieties. 

6.1.5.1 Textural pedofeatures 

Limpid to dusty illuviated clay pedofeatures are common and are frequently laminated. 

Very dusty clays, silty clays, and coarse silty coatings and infills are occasionally 

present, as are clay pedofeatures with reduced anisotropy (Figure 6-5, Figure 6-6, 

Figure 6-7). 

Pedofeatures consisting of calcitic material are occasionally present; these are 

dominantly micritic, but frequent compound coatings and nodules of juxtaposed 
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micritic and sparitic material are also observed (Figure 6-8). Acicular calcitic crystals 

are rare (Figure 6-9). 

Several pedofeatures were present that could not be identified. These include limpid to 

dusty pale yellow to yellow (PPL) isotropic material that is rarely present as 

hypocoatings and infills at certain sites. Other unidentified, apparently illuvial materials 

include dusty pale yellow to grey isotropic or partially isotropic infills or nodules. Rare 

dusty black coatings and intercalations are also rarely present at some sites.  

 
Figure 6-5. Clay coatings, Channel C018. 

A: Laminated well-oriented limpid and dusty clay coatings on voids and gravel-sized mineral grains in 
channel C018-7/8B.  B: Very dusty clay coatings in channel C018-7/8A.   Both: PPL, 100x 
magnification. 

6.1.5.2 Impregnation and depletion pedofeatures 

Iron and organic-rich coatings and nodules are usually present in up to 5% of most of 

the study samples. Iron impregnation of the groundmass is frequently observed at most 

sites; depletion features are also frequently observed but are less abundant than 

impregnations at some sites (Figure 6-11, Figure 6-12). 
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6.1.5.3 Excremental pedofeatures 

Excremental pedofeatures are very few to common in most samples, and are 

dominantly organomineral in composition. A few sites feature a trace of silt-sized 

spheroidal and ellipsoidal organic excrements.   

6.1.5.4 Fabric pedofeatures 

Features consisting of compacted sediments and/or a striated groundmass with a U-

shape or parallel to oblique referred orientation are very few to few and present in most 

of the study sites.   

6.2 Interpretation of features 

In this section, I present my interpretations of the micromorphological features 

described above on a general level. I then discuss these interpretations within the 

specific sites and landscape contexts of interest (i.e. occupation surfaces, infills, etc.) in 

this study. 

6.2.1 Coarse mineral content 

The angularity and sorting of the coarse mineral fraction is interpreted as representing 

colluviation, the dominant sedimentary process operating in the hinterland landscape 

(Cooray, 1984, Deraniyagala, 1992a). Alluvial sedimentation and reworking of mineral 

grains through anthropogenic or colluvial processes are likely responsible for 

subrounded sediments. The dominance of resistant minerals (i.e. quartz and possible 

ilmenite) in the samples suggests that the landscape has undergone substantial 

weathering, but could also reflect the dominant geology of the area, given the similarity 

of these minerals to the underlying geology (see 2.1.3). 
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Figure 6-6. Clay illuviation and juxtaposed iron and clay coatings, channel C018-5/7. 

 A: Juxtaposed limpid (L) and dusty (D) clay coatings, C018-5/7A.  The dusty coatings have been deposited after the limpid clays, which indicate landscape 
stability, followed by an episode of disturbance, possibly cultivation activity, PPL, 400x.  B, C: Juxtaposed iron and clay coatings, C018-5/7B, C.  B: XPL, C: OIL, 
both at 100x. 
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Figure 6-7. Silty pedofeatures. 

Arrows indicate features of interest. A, B: Clayey silt infills, Z021-4B; 100x, A: PPL, B: XPL. C: Clayey silt infill/capping, E400-9, 100x, XPL. D: Clayey silt 
infill, Paddy control P1, PPL, 40x. E, F: Isotropic clay infills with silt and phytolith inclusions, ceramic scatter F101 c.5, 100x; E: PPL, F: XPL. G, H: Similar to E, 
F, in E400-9, 100x, G: PPL, H: XPL. 
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Anorthic nodules and nodule or coating fragments and anorthic coatings around mineral 

grains are interpreted as inherited features that have been reworked or transported from 

their original contexts and subsequently deposited by sedimentary processes (Mücher, 

et al., 2010). Anorthic fragments of limpid well-oriented clay coatings indicate 

landscape stability and illuviation prior to fracture, and are interpreted as being 

fragmented during anthropogenic (i.e. cultivation, occupation) or non-anthropogenic 

(i.e. severe erosion) disturbance of the landscape. Angular fragments of anorthic 

nodules and coatings indicate minimal reworking prior to deposition, while rounded 

fragments suggest reworking during transport and possibly within the sampled profile 

(i.e. during trampling or cultivation). 

Anorthic sediment and soil fragments may be colluvial in origin (Mücher, et al., 2010) 

but are commonly interpreted in this study as anthropogenic in nature, as landscape 

disturbance is likely to have involved human activity such as cultivation or occupation 

(Adderley, et al., 2010). Rounded fragments of soil or sediment may have been 

deposited during colluvial or alluvial sedimentation, during bioturbation, or during 

manipulation of sediments during wet rice cultivation or tilling.  

The mineral alteration products with properties consistent with goethite and gibbsite are 

indicative of intense or prolonged weathering and are common characteristics of 

tropical soils and oxic horizons (Marcelino, et al., 2010, Stoops, 1989). Goethite is a 

yellowish-brown iron oxide mineral forming cryptocrystalline or microcrystalline 

coatings or nodules in the soil. Coarser, occasionally fibrous goethite is formed in 

gleyed soils, as bog iron ore (Kaczorek and Sommer, 2003, Kaczorek, et al., 2004) or in 

acid sulfate soils (Brady and Weil, 2002). Several researchers have noted that some 
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fibrous nodules and coatings resembling goethite may instead document calcium-iron-

phosphate features recrystallised from translocated colloids derived from bone 

hydroxyapatite (Adderley, et al., 2004a, Jenkins, 1994, Simpson, et al., 2000) Calcium-

iron-phosphate features are present in trace amounts in very few of the study sites 

(Figure 6-13). 

Gibbsite is an aluminium hydroxide mineral that is an important component of bauxites, 

laterites, and oxisols (Birkeland, 1999, Brady and Weil, 2002). Although it is common 

for gibbsite to crystallize within the fractures of quartz grains, Eswaran, et al. (1977) 

note that as quartz is inert, this appears to be a ‘purely physical’ phenomenon, not a 

chemical one involving quartz transformation. Gibbsite is thought to have two primary 

mechanisms of formation. In the first, alumina is transported in the soil solution and 

subsequently precipitated; this is commonly observed in the formation of laterites 

(Eswaran, et al., 1977). 

Mobilization of alumina may occur as a result of desilicification of secondary alumino-

silicate clay minerals such as kaolinite, or as complexes with organic acids. Alumina is 

mobilised within a relatively narrow pH range and silica concentration; therefore, 

formation of gibbsite may indicate short-term or local conditions within the soil 

environment (Birkeland, 1999, Eswaran, et al., 1977). The second mechanism for 

gibbsite formation is as an alteration product of feldspar, possibly first as an amorphous 

Al-gel (Figure 6-14).  
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Figure 6-8.  Ca pedofeatures, bund Z021. 
A: Micritic coatings, bund Z021-8c. B: Subrounded  to subangular anorthic calcitic nodules, bund Z021-8d.  C: Compound calcitic nodule formation around striated 
b-fabric surrounding voids, bund Z021-5. The calcite near the voids is sparitic. Note the coarser nature of the calcite compared to that in A. All: XPL, 100x 
magnification. 
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Figure 6-9. Clay, organic, and calcitic pedofeatures. 
A: Compound juxtaposed clay coating.  The lighter yellow coating (1) is slightly speckled and dotted and has reduced anisotropy. The brownish yellow clay coating 
(2) features a greater abundance of speckles and dots and is anisotropic, moat infill C112-1, PPL, 40x. B: Organic coating superimposed on clay coating on a planar 
void, moat infill C112-2, PPL, 40x. C: Acicular calcitic crystals (AC), bund E400-2, XPL, 100x. 
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Figure 6-10. Unidentified micromorphological features.  

A, B: Dusty isotropic partial infill (arrows), bund E400-9; A: PPL, B: OIL, 100x. C: Isotropic pale yellow dusty feature (circled), moat infill C112-2; PPL, 40x. D, 
E: Dusty black (PPL) coating, which often appears strong brown or reddish yellow in OIL (arrows), bund Z021-5; D: PPL, E: OIL, 100x. 
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Figure 6-11. Iron enrichment and depletion features, bund C009 2-4.  
En=enrichment; De=depletion; All images show the same view, 100x. A: PPL, B: XPL, C: OIL.  
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Figure 6-12. Redoximorphic pedofeatures. 

A, B: Compound coating of Fe (outermost layer) and clay (innermost layer), bund Z021a-2, A: XPL, B: 
OIL, 100x. C, D: Iron enrichment (En) and depletion (De) in the groundmass, tank C009 3-3, C: PPL, D: 
XPL, 40x. Note the striated b-fabric (in D). 
 
The presence of goethite in similar abundances throughout the study area and in forms 

that are relatively consistent in appearance indicates that the hinterland study sites have 

undergone similar intensities of weathering, as expected. Because the coarse 

groundmass characteristics are similar throughout the Anuradhapura hinterland, it is 

difficult to determine if the weathered minerals are in situ or have been redeposited, but 

it is assumed that both processes are documented. Gibbsite is less common, and is 

interpreted as indicating more intense or prolonged weathering of an in situ soil or of 

minerals prior to redeposition (see relict features, below).   
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Figure 6-13. Possible Ca-Fe-P features. 
A: Isotropic material with fibrous internal structure, bund E400-9, PPL. B: Partial lens of isotropic 
material from which photo A was taken (arrows), bund E400-9, PPL. C: Isotropic material as a pendent 
with partially fibrous internal structure (i.e. in dark area), bund Z021-9b, PPL, 100x. D: Same view as C, 
in OIL. 
 
Although formal phytolith analysis is necessary prior to making any definitive 

identification, Devos, et al. (2009) have determined that silica microfossils observed in 

soil thin sections are usually representative of the morphologies that dominate the 

assemblage. Therefore, the discernable morphologies of silica microfossils in the 

hinterland are interpreted in this study as hinting at specific cultural and environmental 

processes that require further investigation to confirm. 
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Figure 6-14. Gibbsite and amorphous gel.  
A: Gibbsite-type coating on quartz, bund Z021a-3 (arrows). XPL, 100x. B: Completely altered mineral to 
isotropic alteration product, ceramic scatter B009-1. AG: amorphous gel; IC: illuviated coating; PPL, 
100x. C: Close-up of B showing amorphous nature of the product, which may represent an Al-gel, a 
precursor to gibbsite; PPL, 400x. D: Coating or infill of gibbsite (arrow), ceramic scatter B009-1; PPL, 
100x.  E, F: Close-up of feature, same view, demonstrating gibbsite (Gi) is superimposed with iron (PPL, 
XPL, 400x). The coating likely documents mobilization of alumina in solution, which would happen 
under very specific soil environmental conditions (see main text; Eswaran, et al., 1977). 
 
For instance, cuneiform bulliform phytoliths are present in many samples; these form in 

the bulliform or motor cells in the surface of leaves of the Poaceae (grass) family, 

including Oryza (rice [Piperno, 2006, Sangster and Parry, 1969]). In southern Asia, 

closely related plant families produce similar morphologies of bulliform phytoliths, and 

they cannot be used to identify rice in the archaeological record in this area of the world 

(Piperno, 2006). However, bulliform phytoliths are still useful palaeoenvironmental 

indicators, a their formation is primarily dependent on the growth environment. Several 
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studies have demonstrated that the highest abundance of bulliform phytoliths is 

produced when plants are grown in a saturated substrate under a high rate of 

evapotranspiration, but that the same grasses grown under dry conditions do not 

produce bulliform phytoliths (Parry and Smithson, 1964, Sangster and Parry, 1969). 

Bremond, et al. (2005) suggest that bulliform phytoliths be used as a indicators of water 

stress and/or high evapotranspiration, such as in local wet areas in an otherwise arid 

environment. In this study, bulliform phytoliths are interpreted as documenting irrigated 

areas or natural low areas on the landscape in which water accumulates seasonally 

(Figure 6-1). 

As expected, other phytolith morphologies observed in the hinterland samples indicate 

the importance of cereal grains at the sites. In particular, double-peaked glume 

phytoliths produced in the cells of rice husks have been demonstrated to be reliable 

markers for Oryza (Pearsall, et al., 1995, Piperno, 2006, Zhao, et al., 1998). Together 

with cuneiform bulliform phytoliths, these silica microfossils are interpreted as 

indicating the presence of rice (Figure 6-1). 

Although more difficult to discern than double-peaked glume phytoliths, single-peaked 

glume phytoliths may be present, and if so, may indicate Setaria italica (foxtail millet; 

Pearsall, et al., 1995), which has a long history of cultivation in China and India. It is a 

rapidly growing, drought tolerant plant that cannot thrive in waterlogged conditions 

(Food and Agriculture Organization of the United Nations, 2011). Ethnographic 

interviews in the Anuradhapura hinterland document finger millet (Eleusine coracana) 

and foxtail millet (tana; Siriweera, 1990) as two of the primary chena crops sown at the 

beginning of the Maha (primary rainy) season. Eleusine coracana is also drought 
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tolerant and cannot tolerate waterlogging (Hoare, et al., 2011). Therefore, it is 

reasonable to conclude that the possible single-peaked glume phytoliths could indicate 

the presence of millet at some study sites. However, taphonomic processes acting on 

double-peaked glume phytoliths may result in wearing of one or both of the peaks 

(Alison Weisskopf, pers. comm.), in which case rice would be the only grain 

documented. Globular echinate phytoliths probably indicate the Arecaceae (palm) 

family (Campos, et al., 2001, Piperno, 2006, Vrydaghs, et al., 2001). 

Vesicular isotropic material likely represents melted phytoliths or ‘glassy slag’ (Canti, 

2003), which is formed when alkalai salts in the ashes where heating is taking place 

lowers the melting point of silica (Drees, et al., 1989). These are common features in 

ash layers and in soils where heating has taken place, such as during occupation, 

metalworking, or ceramic production (Figure 6-1). 

Shell fragments likely indicate the presence of land snails. These were noted at the 

modern surface of the Z021 tank infill sediments during geoarchaeological fieldwork, 

and the presence of minute amounts in the study samples probably represents an 

incidental accumulation of the material. 

Preferred referred orientation of mineral grains and sediment lenses are interpreted as 

the result of shrink/swell activity (Brewer, 1964), bioturbation (e.g. grains arranged 

along channels of roots or soil fauna), or anthropogenic disturbance (i.e. trampling, 

sediment packing during bund construction, cultivation activity).  
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6.2.2 Fine mineral content 

The speckled and dotted clay micromass observed in the majority of the samples likely 

incorporates fine organic material and charcoal dust. Although some of these fine 

materials may have a natural origin, many of these impurities are interpreted here as 

resulting from the thousands of years of chena activity and occupation that 

ethnographic sources and oral histories have documented as taking place on the 

landscape. The impure clays are interpreted as indicating surface soil horizons and/or 

anthropogenic activities such as occupation or cultivation. 

In this study, groundmass colours are interpreted as reflecting a combination of parent 

material, hydrological regime (i.e. poorly drained gleyed LHG versus better drained 

RBE soils), and the abundance of fine iron oxides and organic material in the sample 

(Stoops, 2003). 

The striated b-fabric is interpreted as reflecting shrink-swell forces acting on the 

sediments, due to the clayey fine fraction (Brewer, 1964, Kovda and Mermut, 2010). 

Calcitic crystallitic b-fabric is common in clay-rich calcareous soils in arid and semi-

arid regions, and can form when calcitic crystals precipitate in the micromass (Durand, 

et al., 2010, Kovda and Mermut, 2010). Undifferentiated b-fabric is likely an expression 

of the movement and deposition of fine organic material, including charcoal dust or 

iron oxide content in the sample (Mallol, et al., 2007), but can also indicate the presence 

of phosphates (Karkanas and Goldberg, 2010). Undifferentiated or weakly expressed 

stipple-speckled or striated b-fabric is also characteristic of oxic horizons (Marcelino, et 

al., 2010). 
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6.2.3 Organic material 

The relatively low abundances of organic material and bone present in the study 

samples is not surprising, as organic preservation was noted as rare during 

archaeological excavation (Coningham, et al., 2006). Given the anthropogenic nature of 

the study landscape and the long history of chena and irrigated rice cultivation, charcoal 

fragments in the samples are assumed to be dominantly anthropogenic, but it is noted 

here that they may have been produced by naturally-induced fires. 

6.2.4 Microstructure 

In this study, the organomineral material associated with vughy and highly vughy 

microstructure resembles fused aggregates of excremental material is interpreted as 

indicating bioturbated sediment (Brewer, 1964). As anthropogenic cleaning and 

stacking of stabling deposits have been documented as resulting in well-aerated 

sediments (Polo Díaz and Fernández Eraso, 2010), the stacking of sediments during 

bund construction may also have contributed to sediment aeration, encouraging 

biological activity, which likely also accounts for the paucity of organic material 

observed in the bund sediments. Vughy microstructures combined with low porosity 

could represent sediments with originally granular or crumb microstructure that have 

since been compacted due to occupation or cultivation activities (Marcelino, et al., 

2010, Stoops and Marcelino, 2010). Crumb and channel microstructure are also 

interpreted as reflecting the activities of soil fauna, although these microstructures 

could result from churning of the sediments by shrink/swell activity (Van Vliet-Lanoë, 

2010). Blocky microstructures also document the effects of shrink-swell action in clays 

due to wetting and drying (Brewer, 1964, Van Vliet-Lanoë, 2010) although Adderley, 

et al. (2010) note that blocky or prismatic structure can also be produced by ploughing. 
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6.2.5 Pedofeatures 

6.2.5.1 Textural pedofeatures 

Background 

Clay illuviation documents clay dispersion and vertical translocation within the soil 

profile during episodes of landscape stability when pedogenic processes are acting on 

the sediments. Clay deposition takes place when soil moisture has been depleted, when 

the macroporosity of the sediments is reduced, and/or when electrolyte content in the 

soil is high and positively-charged colloids such as iron and aluminium hydroxides are 

present (Birkeland, 1999, Kühn, et al., 2010). Repeated wetting and drying promote the 

development of thick illuviated clay coatings. As the soil dries out, the soil solution is 

filtered through suction and clays form a coating on voids. During this process, coarser 

or impure clays are deposited first, with limpid, finer clays deposited last. Gradual 

evaporation of the soil solution in coarser-grained sediments also promotes clay coating 

development (Kühn, et al., 2010). Birkeland (1999) suggests that soils with a high clay 

content dominated by shrink/swell activity in areas that undergo distinct environmental 

shifts between wet and dry periods (such as those in the Anuradhapura hinterland) may 

only undergo illuviation at the beginning of the wet season, when cracks in the soil 

allow clay movement in solution. 

Clay coatings can form through other means, however. Sullivan (1994) demonstrated 

that clay coatings can form on previously wet soil materials during saturation, and that 

dry soils are not required for clay coating development. In addition, Dalrymple and 

Theocharopoulos (1987) have demonstrated that existing illuviated clay coatings can 

remobilize and be redeposited under repeated leaching or wetting and drying. Kühn, et 
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al. (2010) have also found that movement of clays can take place laterally within the 

same horizon.  

In general, limpid clay coatings and infills are interpreted here as indicators of 

relatively little landscape disturbance occurring during clay translocation and 

deposition. However, dusty and very dusty coatings document fine particle deposition 

in the soil solution during illuviation, and are commonly interpreted as indicating 

landscape disturbance such as cultivation and deforestation (Kühn, et al., 2010)25. 

Based on the principles of grain size transportation and depositional processes, silt and 

coarse to impure clay coatings are generally interpreted here as reflecting higher-energy 

deposition, whether it be through percolation through the profile or suction through 

voids during drying (as mentioned above). Because they are relatively larger, coarer, 

and therefore require more energy for transportation, silty coatings and infills are 

interpreted as indicating near-surface aeolian or fluvial deposition of fine loose 

sediments disturbed during occupation (e.g. construction activities and cultivation), 

with subsequent transportation by water percolating downward through the profile 

through the void network or by wind (Birkeland, 1999, Gerasimova and Lebedeva-

Verba, 2010). However, voids can also accumulate silty infills during disturbance 

caused by shrinking and swelling (Kovda and Mermut, 2010). 

Interpretation of textural pedofeatures 

In this study, clay coatings are largely interpreted as being deposited during illuviation, 

with limpid and dusty coatings documenting relatively less or more disturbance during 

                                                

25 However, Macphail, et al. (1990) caution that dusty clay coatings should be used as an indicator of 
cultivation in combination with other soil characteristics, such as structure and texture. 
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deposition, respectively. However, as noted, some contexts with clay coating 

development also demonstrate evidence of wet/dry processes (e.g. bund Z021a), and 

clay movement may have taken place in saturated conditions, with clay deposition 

taking place during drying. Intact illuviated coatings demonstrate that there was no 

significant disturbance of the sediments following clay deposition, but in some slides, 

disturbance in the form of cracking and subsequent shifting of clay fragments was 

noted. These are termed ‘disorthic’ in this study (Stoops, 2003), and may be the result 

of bioturbation, anthropogenic disturbance, or argilloturbation. Laminated clays are 

interpreted here as documenting successive phases of clay deposition during cycles of 

pedogenesis.  

Although voids can accumulate silty infills during shrink/swell processes, these infills 

are largely interpreted here as due to construction, occupation or cultivation activity, 

because they have the appearance being deposited in solution (Figure 6-7). As none of 

the infill sediments have silty pedofeatures, despite the fact that some (e.g. Z021 tank) 

are clay-rich and have abundant evidence for shrink/swell processes, suggesting that 

construction and occupation activities result in these features. 

Calcitic pedofeatures 

Calcitic pedofeatures document the movement of CaCO3 through the sediments 

vertically or laterally in the soil solution. Calcitic features precipitate when the soil 

solution becomes saturated with CaCO3, usually at the boundary of the wetting front, or 

due to evaporation during dry periods (Birkeland, 1999, Brady and Weil, 2002, Durand, 

et al., 2010, Shankar and Achyuthan, 2007). Micritic crystals are <5 µm in diameter and 

indicate relatively rapid precipitation from solution; these are more common in fine- or 
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medium-grained soils. Sparitic crystals are >5 µm in diameter and indicate relatively 

slow precipitation from solution and are more common in coarser-grained sediment. 

Sparite may also indicate precipitation from groundwater (Durand, et al., 2010). 

Acicular crystals form in pores in which both water and air are present (Durand, et al., 

2010), and their origins are still unclear but they may be pedological or related to the 

activities of fungal hyphae (Ould Mohamed and Bruand, 1994). Calcitic material also 

impregnates roots and may be present in samples due biological processes (Durand, et 

al., 2010). Within the study sites, most calcitic coatings appear to be pedogenic and 

related to evaporation rather than biological processes (Figure 6-8), and some coatings 

and nodules appear to be undergoing dissolution. 

Several pedofeatures are occasionally present in the study samples and require further 

investigation before they can be identified. Although they are noted in the descriptions 

(see Appendix 5), their interpretation is minimal, pending further work. For instance, 

limpid to dusty yellow isotropic coatings and infills may represent illuviated clays rich 

in allophane, calcioferrite, or phosphatic material (Jenkins, 1994, Stoops, 2003, 

Vepraskas, et al., 1994). Additionally, dusty pale yellow to grey isotropic or slightly 

anisotropic infills and nodules may represent pedogenic or biogenic silica (Watteau, et 

al., 2001). Finally, the origins of the rare dusty black coatings present at some sites are 

unclear, but many of them are associated with excrements, organic material, or channel 

features, which suggests a biological origin. However, some appear to be composed of 

fine charcoal dust, in which case they could be the products of colluvial, alluvial, or 

aeolian sedimentation.  
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6.2.5.2 Redox concentration and depletion pedofeatures 

Vepraskas, et al. (1994) discuss the production of redoximorphic features, summarised 

here. Concentrations and depletions of iron (Fe) and manganese (Mn) in the 

groundmass are redoximorphic pedofeatures that indicate oxidised and reduced soil 

conditions, respectively. In the study samples, redox concentrations include void 

coatings and nodules or masses. These coatings form when reduced Fe and Mn migrate 

towards voids and precipitate as oxides or are biologically produced along aerated root 

channels. Nodules and masses form when a saturated soil dries out; the form of the 

nodule depends on whether drying is slow or rapid, respectively. Redox depletions 

occur in the soil when Fe or Mn content is lowered relative to the dominant groundmass 

as reduced Fe and Mn migrates towards an aerated zone. Depletions in Fe may also 

promote mobility and depletion of clays, although evidence for this process was not 

observed in the Anuradhapura hinterland samples.    

Lindbo, et al. (2010) submit that the duration of sediment saturation results in 

differences in the expression of redoximorphic features. Their seven stages of 

redoximorphic pedofeatures in order of increasing saturation and reduction is 

summarised in Table 6-2. 

Table 6-2. Redoximorphic pedofeatures and associated groundmass expression. 
Presented in order of increasing duration of saturation and reduction (from Lindbo, et al., 2010). 

 
Redox pedofeature Groundmass Redox pedofeature Groundmass 

1. Mn nodule No reduction 5. Fe quasicoatings + Fe and 
clay depletions along voids 

Reduction indicated by 
colour change 

2. Fe nodule No reduction 6. Fe hypocoatings and 
coatings 

Reduction indicated by 
colour change, clay 

depletion 

3. Fe hypocoating on 
voids No reduction 7. Fe/Mn hypocoating, Mn 

coatings 

Reduction indicated by 
colour change, clay 

depletion 
4. Fe quasicoatings + Fe 
depletions along voids No reduction   
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6.2.5.3 Excremental pedofeatures 

Excremental features are assumed to have formed in situ; however, given the 

dominance of colluvial sedimentation in the Anuradhapura hinterland, some excrements 

may have been reworked and redeposited (Mücher, et al., 1972). Organomineral 

excrements are dominant and likely indicate earthworm activity taking place near the 

soil surface prior to burial (Fedoroff, et al., 2010, Kooistra and Pulleman, 2010). Rare 

ellipsoidal and spheroidal organic excrements in the samples are interpreted as 

indicating the activities of orobatid mites (Kooistra and Pulleman, 2010). 

6.2.5.4 Fabric pedofeatures 

Fabric pedofeatures such as compaction and a striated groundmass may be due to 

pedoturbation, predominantly during shrinking and swelling of the clay fraction but 

also due to bioturbation (Adderley, et al., 2010). Anthropogenic activity may also have 

resulted in compaction, striations, or infills of sediment finer than the surrounding 

groundmass, creating tool marks. Channel infill features document biological reworking 

of the sediments (Stoops, 2003). 

6.2.6 Summary 

Certain micromorphological features observed in the Anuradhapura hinterland samples 

indicate cultural or environmental processes, some of which appear to represent relict 

features (Figure 6-15). Relict features are a constituent of modern soil or sediments, but 

have characteristics that have formed under environmental conditions that were 

different to those operating at present (Catt, 1990, Fedoroff, et al., 2010).  
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In this thesis, highly weathered quartz grains, gibbsitic coatings, and anorthic redox 

enrichment nodules whose morphology suggests they were formed under multiple 

episodes of pedogenesis are considered to be relict (Figure 6-15). Additionally, soil or 

sediment fragments with characteristics that resemble oxic-type material (discussed in 

6.2.6.1 below) are rarely present but are distinct from anorthic sediment fragments 

observed in the majority of the study samples, and are also considered as relict.   

6.2.6.1 Relict features 

The presence of relict features in this study is explained by three possible mechanisms, 

of which a combination is likely. First, the features are an expression of in situ 

polycyclic pedogenic and weathering processes acting on the sediments, which may 

also have undergone significant cycles of erosion; in this case, the relict features are 

inherited. A second possibility is that the relict features have been deposited through 

sedimentation and are anorthic. Finally, the features may have developed in situ but 

were later disturbed, in which case they are considered disorthic (Stoops, 2003). 

Oxisols, or Ferralsols (IUSS Working Group, 2006, Soil Survey Staff, 1975), are highly 

weathered soils with low fertility in the humid tropical and subtropical regions and are 

red to yellow in colour. Oxic characteristics document intense or prolonged weathering 

of sediments and often feature iron oxide nodules or mineral weathering products with 

features that suggest they have formed during multiple episodes of pedogenesis (i.e. the 

soils are polygenetic [Stoops, 1989]).  

Oxic layers often comprise the upper horizons of lateritic profiles (Birkeland, 1999). 

Laterites are also the products of intense, prolonged weathering and leaching of stable 

landscapes and can develop over millions of years. They demonstrate high 
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concentrations of iron and/or aluminium hydroxides, and may or may not be cemented. 

The depth of the water table influences the movement of Fe and Al and thus the 

expression of laterite characteristics. A water table within the zone of weathering will 

likely result in enrichment of both Fe and Al in the profile above the water table; some 

of the oxidised Fe in the profile will have migrated up from the saturated zone. As 

reducing conditions result in the removal of Fe but retention of Al, laterites devoid of 

Fe (i.e. lateritic bauxite) may indicate shallow groundwater depths (Birkeland, 1999). 

Micromorphological characteristics of oxic and lateritic horizons commonly include the 

presence of goethite, gibbsite, and runiquartz coatings on mineral grains (see 6.2.1 

above). B-fabric is undifferentiated in both types of horizons or may be weakly stipple-

speckled in oxic materials, or striated in laterites. The micromass of oxic horizons 

commonly consists of limpid to speckled or cloudy clays, which reflect the presence of 

fine iron oxides (Marcelino, et al., 2010). 

Pedofeatures are generally limited in oxic horizons because prolonged or intense 

weathering has resulted in the dominance of resistant, essentially inert minerals such as 

quartz. However, nodules and coatings consisting of iron oxides may be present in 

poorly drained oxic soils, and gibbsitic coatings are present as precipitates out of soil 

solution (Marcelino, et al., 2010). Although Marcelino and colleagues (2010) note that 

clay illuviation is generally minimal in oxic horizons, illuviated yellowish red clays 

low-order interference colours typical of kaolinite may be present (Stoops, 1989). 

Bronger and Bruhn (1989) caution that the presence of kaolinite is not necessarily a 

relict property as it can also reflect present pedogenic conditions. 
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In hard lateritic nodules, kaolinite-goethite coatings (reddish yellow to brownish yellow 

[PPL]; yellow [OIL]) are common; these coatings do not exhibit extinction lines or go 

into extinction. Stoops and Marcelino (2010) note that the optical properties of these 

coatings are inconsistent with those expected from illuviated coatings, and that their 

origins are unclear. 

6.3 Results from control samples: Bund, chena, paddy, and alluvial sediments 

Features within the pre-bund land surface of the modern bund sample demonstrate that 

the surface is relatively undisturbed and reduced nature of the surface. In contrast, the 

pre-bund/lower bund interface and bund construction sediments are characteristically 

disturbed, heterogeneous and demonstrate a more oxidised hydrological regime than the 

pre-bund sediments.  

The chena and paddy control samples feature anorthic sediment lenses, charcoal, and 

illuviated pedofeatures. Chena samples have a greater abundance and variety of silica 

microfossils, excrements, and limpid to dusty clay coatings. Paddy samples have a 

higher abundance of anorthic sediment lenses, organic material, silty coatings, redox 

enrichments, and include the presence of charred rice husks. 



 

 245 

 

 

Figure 6-15. Relict features, B009-3B. 
A-C (100x; A: PPL): same view of features consistent with oxic characteristics, including limpid 
yellowish red clay coatings (arrows) and undifferentiated b-fabric (B: XPL). Note also the weathered 
quartz grain in the bottom left corner of the photos; the fissures in the grain are filled with dominantly 
nonbirefringent yellow to yellowish brown material that is likely goethite, which is another oxic 
characteristic (Marcelino, et al., 2010). Above the dotted line is an area with slightly higher organic 
matter in the micromass (C: OIL).  D: Weathered quartz grain with embayments infilled with gibbsite-
type material (arrows), indicating mineral alteration or mobilization of Al in soil solution. XPL, 100x. E: 
Layered and partially dissolved iron oxide nodule, demonstrating weathered, polygenetic nature of the 
soil ((Marcelino, et al., 2010). Arrow points to an earlier nodule that has since been incorporated into the 
larger nodule; Red coatings that may represent haematite (H) are present within the nodule and on the 
outside; voids (V) in the nodule indicate dissolution, documenting the relict nature of the nodule. OIL 
40x. F: An infill with high-order interference colours (arrow) may be gibbsite, clay, a silt-rich infill, or 
anorthic sediment lens. Probable shell (circled) in groundmass is likely an incidental occurrence. 
PPL,100x. 
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Table 6-3.List of micromorphological indicators for anthropogenic and environmental processes, 
Anuradhapura hinterland. 

1. Macphail and Goldberg (2010); 2. Kühn, et al. (2010); 3. Bremond, et al. (2005),  Piperno (2006), 
Sangster and Parry (1969), Parry and Smithson (1964); 4. Piperno (2006); 5. Lindbo, et al. (2010); 6. 
Durand, et al.(2010), Panabokke (1996); 7. Bertoldi de Pomar, (1970), in Zucol, et al. (2005); 8. Courty, 
et al. (1989); 9. Stoops (2003); 10. Bronger and Bruhn (1989), Marcelino et al (2010), Stoops (1989),  
Stoops and Marcelino (2010). 

Micromorphological indicator Type Process 

• Charcoal, charred material 
• Anorthic sediment fragments1 
• Angular anorthic clay fragments1 
• Brown to strong brown (OIL) micromass + 

frequently masked or undifferentiated b-
fabric 

• Possible tool marks, compaction 
• Very dusty to impure clay pedofeatures2 
• Silty pedofeatures2 

Landscape disturbance, 
cultivation, bund 

construction 

• Well-sorted layered sediments 
• Cuneiform bulliform phytoliths3 Irrigation 

• Bone fragments 
• Ceramics 
• Limpid isotropic vesicular material4 
• Compaction 

Occupation 

Anthropogenic 

• Illuviation of limpid to dusty clays, Fe 
• Increased organic content 
• Increased phytoliths4 

Landscape stability, 
pedogenesis 

• Fe enrichment/depletion5 
• Fe coatings 
• CaCO3 pedofeatures6 
• Cuneiform bulliform phytoliths3 

Wet/dry cycles 

• Sponge spicules7 
• Globular echinate phytoliths (Arecaceae) 4 
• Gley colours5 

Saturated conditions, 
abundant water, moist 

environment 
• Striated b-fabric8 
• Disorthic or fractured coatings 
• Silty pedofeatures 

Shrink/swell of 
micromass clays 

• Excrements 
• Microstructure: highly vughy, crumb, 

channel 
• Disorthic or fractured coatings 
• Biological channel infills 
• Crescentic b-fabric9 
• Compaction, striation 
• Intact and/or fresh roots 

Bioturbation 

• Gibbsite, goethite, runiquartz 
• Sediments with red opaque groundmass and 

faint or undifferentiated b-fabric, few 
pedofeatures 

Relict characteristics10 

Environmental 
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The alluvial sample is moderately to well-sorted and includes no cultural features apart 

from charcoal. Pale groundmass colours and single grain microstructure is dominant; 

pedofeatures are almost absent. 

6.3.1 Pre-bund land surface: Control Bund-4 c.9B 

Compared to the overlying bund construction sediments, the truncated pre-bund land 

surface demonstrates the lowest porosity and lowest abundances of striated b-fabric and 

lenses with preferred referred orientation. Silica microfossils are more abundant than in 

the bund construction sediments, and consist of a variety of morphologies that include 

cuneiform bulliform and globular echinate types (Table 6-1). Fine organic material, and 

spores or cell residues are also more abundant in this sample. Cultural features are 

present in trace amounts, including bone, wood charcoal, and anorthic soil or sediment 

fragments. Relict features are absent (Table 6-4).  

The pre-bund groundmass is also distinguished from the bund construction sediments 

by a very pale brown impure clay micromass. Redox enrichment features are expressed 

primarily as compound void coatings of Fe superimposed and juxtaposed with clays 

and/or organic matter. Combined with the dominant colour of the groundmass, these 

features correspond to stage 6 of Lindbo, et al.’s (2010) redoximorphic pedofeatures 

listed in Table 6-2. The remainder of observed textural pedofeatures consist of impure 

clay coatings. Excremental pedofeatures are almost absent, as are fabric pedofeatures, 

with the exception of occasional channel infills, interpreted as biological. 
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Table 6-4. Summary of micromorphological characteristics of control samples. 
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 Pre-bund 

surface
!!

Relatively 

homogeneous

!15% roots, 

tissues 

! M-P R-A
Speckled and 

dotted, impure

Stipple speckled + 

striated
Vughy, channel 3% X X X X X X X X

Bund 

sediments
! Heterogeneous

Absent 

to !
P R-A Impure clay

 Stipple-speckled + 

striated
Complex

Variable,  

!50%
X X X X XX X X X X

Chena !!!

!15% anorthic 

limpid clay 

fragments

! M R-SA Impure clay

Stipple-speckled + 

striated ± 

undifferentiated

Vughy, highly 

vughy, blocky
 7-20% X X X XX X X X

Paddy !
!15% roots, 

tissues
! M R-SR Impure clay

Stipple-speckled + 

striated ± calcitic 

crystallitic

Vughy, blocky ± 

massive, platy
 !7% X X X X X X X X X

Alluvial t
Random 

arrangment
Absent W R-SR

Speckled and 

dotted, pale 

colours
Granostriated

Single grain, 

highly vughy
"10 X X

!=1-5%; !!=5-15%; !!!=15-50%; !!!!= >50%; t=trace; X=feature is present; XX=feature is abundant; R=rounded; A=angular; SA=subangular; SR=subrounded; 

M=moderate; W=well; P=poor. Pedofeatures are noted only if they are considered to be in situ accumulations

COARSE MATERIAL MICROMASS AND STRUCTURE PEDOFEATURES CULTURAL 24
8 
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6.3.2 Pre-bund/bund interface, Control Bund-4 c.9 A/B, A 

The pre-bund/bund interface is characterised by a heterogeneous groundmass, increased 

porosity, and complex vughy and crumb microstructures. Cultural features are almost 

absent and limited to the increased abundance of anorthic soil and sediment fragments. 

Relict features are absent. The most prominent pedofeatures are coatings and void 

infillings of silty clay, silt, or very fine sand.  

6.3.3 Bund construction sediments, Control Bund-2 c.8 to -3 c.3 

Bund construction sediments are heterogeneous with complex microstructures and 

variable porosity that is generally increased compared to that of the pre-bund surface. 

The construction sediments also demonstrate increased abundances of striated b-fabric 

and sediment lenses or mineral grains with preferred orientation. Silica microfossils are 

less abundant than in pre-bund sediments and predominantly consist of phytoliths with 

varied morphologies that include globular echinate types. Cultural features are 

dominantly anorthic lenses of soil or sediment. Relict features are absent. The 

micromass consists primarily of reddish yellow speckled and dotted clays.  

Some textural pedofeatures in the samples appear intact; however, others appear 

anorthic and are within anorthic sediment lenses. Intact textural pedofeatures include 

limpid to dusty clay coatings in Bund-2 c8 and Bund-1 c6. Excremental pedofeatures 

are common to dominant in most samples. Fabric pedofeatures include compaction and 

U-shaped features. The redox pedofeatures within the lower bund sample (i.e.Bund-2 

c8) are predominantly iron masses formed in the groundmass, and correspond to stage 2 

of the redoximorphic pedofeatures listed in Table 6-2.  
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6.3.4 Cultivated control soils: Chena, paddy 

Cultivated control soils include chena and paddy samples; these share many 

micromorphological characteristics, such as the absence of relict features, a brown 

impure clay micromass, vughy and blocky microstructure, and dusty clay pedofeatures. 

These two types of cultivated soils exhibit differences in the abundance and 

morphology of certain features, such as silica microfossils, anorthic sediment lenses, 

organic material, and textural, redoximorphic, and excremental pedofeatures (Table 

6-4). Charcoal is the primary cultural feature observed in the cultivated soil samples. 

In comparison with paddy samples, the chena control samples generally contain higher 

abundances of phytoliths and in a wider variety of morphologies, including globular 

echinate and cuneiform bulliform types. The globular echinate phytoliths are 

particularly abundant (i.e. comprise about 30% of all observed silica microfossils) at 

site B062-C3, which is currently under cultivation for banana (Musa), but no phytoliths 

diagnostic of banana (Ball, et al., 2006) were observed in the sample. Site B062-C2, 

which has been abandoned for more than 25 years, yielded the highest abundance of 

phytoliths of all cultivated control soils.  

Silica microfossils indicating irrigation or rice cultivation such as cuneiform bulliform 

or double-peaked glume phytoliths were not noted in the paddy samples. However, 

fragments of charred rice husks were present in all three paddy samples, and wood 

charcoal was observed in at least one sample.  

Although all cultivated soils have a similar dominant microstructure, chena soils also 

demonstrate crumb microstructure, and paddy soils B062-P2 and P3 exhibit areas of 

platy and massive microstructures, respectively. 
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Each cultivated soil type demonstrates pedofeatures not observed in the other. Chena 

samples feature well-oriented limpid clay coatings, which comprise less than 1% of 

B062-C1 and C3, but are present in up to 5% of the total area of the B062-C2 slide. 

Chena soils are also distinguished from paddy by the presence of rare to occasional 

limpid to dusty isotropic yellow material. As mentioned (6.1.5.1 above), more work is 

needed to determine the nature of this material, which may represent Al-rich or 

phosphatic clays. Paddy soils have rare to occasional calcitic (micritic) pedofeatures. 

Infills or coatings of silt, clay, or fine sand are present only in trace amounts in B062-

C2, but are present in up to 5% of the paddy samples.  

Redox enrichment features in both chena and paddy samples consist primarily of 

weakly to strongly impregnated Fe hypocoatings and nodules, but these features are 

most abundant in the paddy samples. The pattern of redox features in the cultivated 

soils corresponds to stage 2 or 3 in Table 6-2. Rare redox depletion features are 

observed in the bottom of chena sample B062-C3 only, and may correspond to stage 5 

or 6. Fabric pedofeatures are present in both types of cultivated soils, primarily as 

compaction features or U-shaped infills of clayey silt; some of these appear to represent 

toolmarks. 

6.3.5 Alluvial control 

The alluvial control sample is dominated by rounded to subrounded, moderately to 

well-sorted, randomly arranged mineral grains, and low organic content. A trace of 

silica microfossils (dominantly sponge spicules) is present. Cultural and relict features 

are absent. The micromass is very pale brown to pale yellow speckled and dotted clays, 

and microstructure is dominantly single grain. The only intact textural pedofeatures 
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consist of dusty black to pale yellow isotropic to partly anisotropic coatings and lenses. 

Excremental pedofeatures are primarily located within the top third of the slide. 

6.4 Results from archaeological samples 

Micromorphological results from tanks, bunds and channels indicate that some of the 

field interpretations require revising. Firstly, the micromorphological results from 

Contexts 9-7 in both the E400 and Z021 bunds demonstrate that pre-bund surfaces at 

these sites cannot be clearly identified, and it is more appropriate to interpret these 

samples as interfaces between the pre-bund surface and bund construction sediments. 

Secondly, although not noted in the field, sample C018-7/8 appears to document 

sediments that precede channel construction.  

Therefore, the following discussion begins with results from sediments underlying 

irrigation features, including pre-bund surfaces (bunds C009, Z021a), pre-bund 

surface/bund interfaces (bunds E400, Z021), and sediments that precede tank infills or 

channel construction (C009 tank, C018 channel). I then present results from bund 

construction and infill sediments from tanks and channel infills, followed by a 

discussion of the micromorphology from sampled occupation sites. I place an emphasis 

on features that are characteristic of or unique to specific sites or contexts (i.e. bund 

sediments, infill sediments). Features that are present in similar abundances throughout 

the study sites (i.e. charcoal, goethite, or runiquartz infills) are not discussed unless they 

meaningfully contribute to the interpretation of the sites. Summary tables of features 

from each of the contexts are presented within the text; Appendix 5 presents site-based 

summaries of micromorphological features.  
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6.4.1 Sediments underlying irrigation features  

Sediments underlying irrigation features are dominantly subrounded to angular 

moderately to poorly sorted mineral grains. The coarse fraction of the groundmass is 

dominantly randomly oriented, but preferred orientation of mineral grains and anorthic 

sediment lenses is common. Silica microfossils are very few to few in most samples; 

globular echinate and cuneiform bulliform phytoliths and sponge spicules are 

occasionally observed. Cultural materials are present in all sediments that underlie 

irrigation works, except for those underlying the C018 channel. Relict features are 

frequently absent, but are present at Sites E400 and Z021a.  

The micromass is dominantly speckled and dotted with stipple-speckled and striated b-

fabric. Microstructures are dominantly complex and porosity is variable, remaining 

between 10-20% at some sites but up to 50% at others. Pedofeatures are predominantly 

redoximorphic, comprising primarily of Fe enrichment and depletion of the groundmass 

and of Fe nodules and coatings. Clay coatings and compound pedofeatures are also 

common at most sites. Silty infills were observed in all sediments underlying bunds 

except for bund C009. Calcitic pedofeatures were observed at bunds E400 and Z021. 

Table 6-5 is a site-based summary of micromorphological characteristics of the 

sediments underlying irrigation works from individual sites.  

6.4.1.1 Pre-bund subsurface and surface: C009 2-4 and 2-3 

The C009 pre-bund subsurface (C009 2-4) and surface sediments (C009 2-3) share 

several features. These include a speckled, dotted micromass and stipple-speckled, 

striated b-fabric, vughy microstructure, 10-20% porosity, and similar abundances of 

anorthic nodule or coating fragments, charcoal, and excremental pedofeatures. Cultural 
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indicators are present in up to 5% of the samples, but vary in their expression. Relict 

features are absent. Textural pedofeatures include well-oriented limpid clay coatings, 

dusty unoriented coatings, and very dusty coatings. Compound coatings of Fe and clay 

are also present. Laminated slightly dusty, dusty, and impure clay pedofeatures with 

diffuse, prominent boundaries have accumulated in both samples. In C009 2-3, one of 

the features is fractured and undulating. Redoximorphic pedofeatures are abundant and 

consist of iron coatings and nodules or masses in addition to areas of iron depletion in 

the groundmass; these correspond to redoximorphic stage 6 (Table 6-2). Fabric 

pedofeatures are primarily compaction features. 

The pre-bund subsurface sample (C009 2-4) is distinguished from the pre-bund surface 

sample (C009 2-3) by a more complex microstructure, the presence of bone and 

ceramics, and slightly higher abundances of silica microfossils, roots and tissues, 

redoximorphic and fabric pedofeatures.  

The pre-bund surface sample (C009 2-3) is distinguished by the presence of vesicular 

isotropic material, globular echinate phytoliths and sponge spicules, charred cereal 

husks, and increased abundances of anorthic sediment lenses and areas of preferred 

referred orientation of mineral grains and sediment lenses.  

6.4.1.2 Pre-tank surface or subsurface: C009 3-3 

The pre-tank sediments (C009 3-3) were interpreted in the field as representing former 

surface or subsurface sediments. The sample is characterised by very few silica 

microfossils; observed morphologies include globular echinate phytoliths and sponge 

spicules. Spores or cell residues are very few, which is a slightly higher abundance than 
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in most of the hinterland samples. Cultural material is limited to charcoal fragments. 

Relict features are absent. 

The micromass consists of stipple-speckled clays with pale colours and striated and 

undifferentiated b-fabric. Microstructure is vughy and blocky, and the sample has 10% 

porosity. Preferred orientation of mineral grains and sediment lenses is frequent. 

Textural pedofeatures are abundant and dominated by limpid to slightly dusty well-

oriented and dusty unoriented clay coatings. Redoximorphic pedofeatures consist of 

iron coatings around voids, and abundant, strongly expressed iron enrichments and 

depletions of the groundmass; these correspond to redox stage 6 in Table 6-2. Fabric 

pedofeatures are absent. 

6.4.1.3 Pre-channel surface/channel interface: C018-7/8 

Micromorphological examination of the lowest sample of the C018 channel (C018-7/8) 

resulted in the delineation of three microstratigraphic layers. The lowest layer, C018-

7/8C, is a compacted layer with a micromass composed of speckled, dotted, and impure 

clays containing very few phytoliths, a trace of charcoal, and undifferentiated and 

striated b-fabric. This layer has the highest abundance of fine organic material in the 

entire stratigraphic profile and relatively low porosity, and is interpreted as consisting 

of sediments that pre-date channel construction. 
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Table 6-5. Summary of micromorphological features of sediments underlying irrigation works. 

 

 

Site

Sampled 

sediment S
il

ic
a 

m
ic

ro
fo

ss
il

s

Arrangement F
in

e 
o

rg
an

ic
 m

at
er

ia
l

R
el

ic
t 

fe
at

u
re

s

S
o

rt
in

g

A
n

g
u

la
ri

ty

Micromass b-fabric Structure Porosity C
o

m
p

o
u

n
d

C
la

y

F
e

C
a

O
rg

an
ic

S
il

ty
 i

n
fi

ll
s

E
x

cr
em

en
ta

l

In
h

er
it

ed
 p

ed
o

fe
at

u
re

s

C
h

ar
re

d
 g

ra
in

s

C
h

ar
co

al

T
o

o
l 

m
ar

k
s,

 c
o

m
p

ac
ti

o
n

A
n

o
rt

h
ic

 l
en

se
s

V
es

ic
u

la
r 

is
o

tr
o

p
ic

 m
at

er
ia

l

C
er

am
ic

s

B
o

n
e

C009

Pre-bund 

subsurface, 

surface

!
Random + 

preferred (!!)
! M SA-A

Speckled, 

dotted

Stipple-speckled, 

striated
Complex 10-20% X XX XX X XX X X X X X X X

C009

Pre-tank 

subsurface or 

surface

!

Random + 

preferred 

(!!!)

! P-M SA-A
Speckled, 

dotted

Striated, 

undifferentiated
Vughy, blocky 10% XX XX X X X X

E400

Pre-bund 

surface/bund 

interface

!!
Random or 

preferred
! ! M-P SR-SA Heterogeneous

Stipple-speckled, 

striated, calcitic 

crystallitic

Complex 5-10% X X XX X X X X X X XX XX

Z021

Pre-bund 

surface/bund 

interface

t

Random + 

preferred 

(!!!)

! M-P SR-SA
Speckled, 

dotted

Stipple-speckled, 

striated
Complex

Variable 

up to 

40%

X X XX X X X X X X X

Z021a
Pre-bund 

surface
! Random ! !!! P SR-SA

Speckled, 

dotted

Stipple-speckled, 

striated
Complex

Variable 

up to 

50%

X X XX X X X X X X

C018
Pre-channel 

sediments
! Random !! M R-SA

Speckled, 

dotted, impure

Undifferentiated, 

striated
Massive, vughy 3-10% X

!=1-5%; !!=5-15%; !!!=15-50%; !!!!= >50%; t=trace; X=feature is present; XX=feature is abundant; R=rounded; A=angular; SA=subangular; SR=subrounded; M=moderate; W=well; P=poor. Pedofeatures 

are noted only if they are considered to be in situ accumulations
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Microstratigraphic layer C018-7/8B consists predominantly of a massive layer of well 

sorted gravel-sized subangular to angular quartz aggregate with a speckled, dotted, 

striated micromass and a trace of phytoliths. Anorthic lenses are very few and consist of 

well sorted subangular to angular material. Inherited relict features are abundant but are 

limited to the presence of goethite-like coatings on mineral grains. Textural 

pedofeatures are dominantly well oriented limpid to dusty unoriented clays and 

compound pedofeatures of iron and clay. Iron coatings and nodules are also present.  

Section C018-7/8A consists of moderately sorted fine to medium sand-sized mineral 

grains in a reddish yellow speckled, dotted micromass. Very few phytoliths are present 

and consist of various morphologies that include globular echinate phytoliths. Relict 

features are absent, apart from very few mineral grains with a goethite-like coating or 

infill. A trace of charcoal is present, and anorthic lenses consist of sediments enriched 

in sands, feature high-order interference colours, or include illuviated pedofeatures. 

Textural pedofeatures are dominantly dusty to impure unoriented clays and occasional 

compound pedofeatures of iron and clay. Iron coatings are rare, and iron 

enrichment/depletion features are occasionally observed. C018-7/8A has properties that 

are more consistent with the rest of the C018 samples than with C018-7/8 B and C, and 

is interpreted as the basal channel infill sediments. 

6.4.1.4 Pre-bund surface/lower bund interface: E400-9 to -7 

The coarse groundmass of the pre-bund/lower bund interface sediments is dominantly 

composed of moderately to poorly sorted subrounded to subangular mineral grains. 

Minerals and anorthic sediment lenses commonly demonstrate parallel or concave-up 

preferred referred orientation. Very few to few silica microfossils of various 
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morphologies are present, but globular echinate morphologies and sponge spicules are 

observed in every sample, as are sponge spicules (Table 6-1). Cuneiform bulliform 

phytoliths are present in E400-8B and 7.  

Anorthic lenses of soil or sediment and/or anorthic coatings of sediment around mineral 

grains are dominant in E400-8A and -9 and consist of fine sand or sediment enriched in 

dusty clay. Additionally, very few anorthic calcitic nodules are present in E400-8B, 8A, 

and 7. These nodules demonstrate inclusions of clay fragments or a mineral with high-

order interference colours in addition to illuviated iron, manganese or clay pedofeatures 

and may represent relict pedofeatures. Cultural inclusions in the E400 pre-bund/bund 

interface sediments consist of ceramics, which are very few to dominant in E400-8A 

and -8B, and charcoal (Table 6-5). 

The micromass of sample E400-9 is particularly heterogeneous and is summarized in 

Table 6-6. The remainder of the pre-bund/lower bund interface sediments from the 

E400 samples consist of pale yellow speckled, dotted, and impure clays with stipple-

speckled, striated, and calcitic crystallitic b-fabric, complex microstructure, and 

porosity up to 10%.  

Limpid to dusty well-oriented clay coatings and compound iron/clay coatings on 

minerals appear to be dominantly anorthic, although some may represent in situ 

accumulations. Textural pedofeatures consist of partial to complete infills of clays or 

silty clays that frequently contain calcitic crystals and/or phytoliths.  
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Table 6-6. Summary of groundmass characteristics for Slide E400-9 
Slide area, 
sediment 

type 

Structure, porosity, 
infills 

C/f ratio, 
related 

distribution 
Sorting, orientation 

Micromass colour, 
character, b-

fabric 

A(i) 
Channel, angular 

blocky; 3-5% 
porosity, 5% infilled 

3:1, single-
spaced porphyric 

Moderately to poorly 
sorted, preferred 

orientation dominant 

Pale yellow impure 
clay; stipple-

speckled + few 
calcitic crystallitic 

A(ii) Vughy; 3% porosity, 
10% infilled 

≤10:1, close to 
single-spaced 
porphyric + 

chito-porphyric 

Well sorted, 
preferred orientation 

dominant 

Pale yellow impure 
clay; stipple-

speckled, 
granostriated 

B(i) 

Angular blocky, 
vughy + very few 

crumb; 3% porosity, 
5% infilled 

3:2-3:1, single-
spaced porphyric 

Moderately sorted, 
preferred orientation 

common 

Pale yellow impure 
clays; stipple 

speckled, calcitic 
crystallitic + few 

striated 

B(ii) 
Channel, angular 

blocky; 7% porosity, 
10% infilled 

1:2, double-
spaced to open 

porphyric 

Poorly sorted, 
preferred orientation 

common 

Pale yellow impure 
clays; striated 

B(iii) Channel; 5% porosity, 
20% infilled 

3:1, single-
spaced porphyric 

Unsorted, preferred 
orientation common 

Pale yellow impure 
clays; striated 

B(iv) 
Vughy, angular 

blocky; 3% porosity, 
5% infilled 

3:1, single- and 
double-spaced 

porphyric 

Moderately sorted, 
preferred orientation 

common 

Light grey speckled 
and dotted clays; 

calcitic crystallitic 
+ frequent 

granostriations 
 

Calcitic nodules and hypocoatings are the dominant pedofeatures, and are usually 

compound in nature. They include micritic and sparitic calcite with frequent internal 

hypocoatings of organic matter, manganese, and/or iron. Other pedofeatures include 

compound coatings or nodules of iron, clay, organics and/or calcite. E400-9B may also 

contain a Ca-Fe-P pedofeature. 

Redoximorphic pedofeatures consist primarily of occasional iron nodules and coatings, 

which correspond to stage 2 and 3 on the redoximorphic pedofeatures table (Table 6-2). 

Iron enrichments and depletions in the groundmass are difficult to discern and may 
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represent inherited pedofeatures. Fabric pedofeatures consist primarily of compacted 

and striated U- or V-shaped features.  

6.4.1.5 Pre-bund/lower bund interface: Z021-9 to -7 

The coarse groundmass of the pre-bund/lower bund interface sediments is dominantly 

composed of moderately to poorly sorted subrounded to subangular mineral grains. 

Minerals and anorthic sediment lenses commonly demonstrate parallel, vertical, or 

oblique preferred referred orientation. A trace of silica microfossils is present; observed 

morphologies include cuneiform bulliform phytoliths and sponge spicules (Table 6-1). 

Anorthic lenses of soil or sediment consist of dusty and silty clays, clayey silt, and well-

sorted silt and fine sand; these are in greatest abundance in Z021-7/8. Cultural materials 

are limited to a trace of charred material, including one fragment of wood charcoal 

observed in Z021-8. Relict features are absent. 

Most of the pre-bund/lower bund interface sediments consist of light greenish grey to 

pale yellow speckled and dotted clays with stipple-speckled and striated b-fabric, 

complex microstructure, and variable porosity that averages between 10-30%.  

The dominant pedofeatures are redoximorphic and consist of iron nodules and coatings 

and abundant iron enrichments and depletions of the groundmass. These correspond to 

redoximorphic stage 6 in Table 6-2.  

Compound coatings or nodules of iron, clay, organics and/or calcitic material are rare to 

occasional. Calcitic nodules and hypocoatings are rarely to occasionally present and are 

usually compound in nature. They include micritic and sparitic calcite with frequent 

internal hypocoatings of organic matter, manganese, and/or iron. Many infillings of silts 
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and clays are observed in Z021-7/8B. Dusty black coatings are abundant in Z021-9 

only, and this sample also contains the only possible Ca-Fe-P pedofeature. Excremental 

pedofeatures are very few to few, and occasional ellipsoidal organic excrements were 

observed in Z021-7/8. Fabric pedofeatures are limited to compaction features, which 

occur primarily in sample Z021-7/8.   

6.4.1.6 Pre-bund surface: Z021a-3 

The coarse groundmass of the pre-bund surface sediments is dominantly composed of 

poorly sorted subrounded to subangular mineral grains with random orientation. Very 

few silica microfossils are present;, and observed morphologies include cuneiform 

bulliform phytoliths and sponge spicules (Table 6-1). Few anorthic lenses of soil or 

sediment are present. Cultural materials consist of a trace of bone and charred material. 

Relict features are frequent. These consist of fragments of rocks or minerals that 

demonstrate any combination of partial dissolution, goethite- and gibbsite-type 

materials in fractures and contact voids, or anorthic dusty to limpid reddish clay 

coatings with faint anisotropy that resembles oxic characteristics.  

Most of the pre-bund/lower bund interface sediments consist of pink to light brown 

speckled and dotted clays with stipple-speckled and striated b-fabric, highly vughy and 

crumb microstructure, and variable but relatively high porosity that averages about 

30%. 

Illuviated pedofeatures dominantly consist of limpid to dusty well-oriented clay 

coatings and isotropic to faintly anisotropic limpid to dusty clays. Compound coatings 

of iron, clay, and organic material are rare, and juxtaposed isotropic and anisotropic 



 

 262 

coatings of iron and clay are occasional. A trace of silty clay and fine sand infills with 

phytolith inclusions are present. Redoximorphic pedofeatures are abundant and consist 

of iron enrichments and depletions of the groundmass, which corresponds to redox 

stage 5 or 6 in Table 6-2. Excremental pedofeatures are common, and fabric 

pedofeatures are absent. 

6.4.2 Bund construction sediments 

The primary trends emerging from micromorphological analyses of bund construction 

sediments are summarised below and in Table 6-7, followed by a summary of sediment 

characteristics from these contexts at individual sites.  

Bund construction sediments are dominantly poorly sorted subrounded to angular 

mineral grains with random orientation and common areas of preferred referred 

orientation of mineral grains and anorthic sediment lenses. Silica microfossils are 

present in a trace to very few amounts; globular echinate and cuneiform bulliform 

phytoliths and sponge spicules are observed at selected sites (Table 6-1). Cultural 

materials are present within all sediments, but usually only in trace amounts. Relict 

features are present in samples from bunds E400 and Z021a. 

The micromass is dominantly speckled and dotted with stipple-speckled and striated b-

fabric, although impure clays and undifferentiated or calcitic crystallitic b-fabric are 

prominent characteristics at some sites. Microstructures are dominantly complex or 

vughy to highly vughy. Porosity in most samples varies between 5-30%. Pedofeatures 

are dominantly redoximorphic, comprising primarily of Fe enrichment and depletion of 

the groundmass and of Fe nodules and coatings. Clay coatings, compound illuviated 
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pedofeatures, and organic coatings are also common at most sites. Calcitic pedofeatures 

and silty infills were observed in bunds E400 and Z021.  

6.4.2.1 Bund sediments: C009 2-2, 2-1 

Sample C009 2-1 is divided into two sections based on macroscopic and 

micromorphological features, which suggest C009 2-1B (see Appendix 4) is an infilled 

channel, interpreted as bioturbation taking place after bund construction. The summary 

below thus focuses on the characteristics of the C009 2-2 and 2-1A sediments. 

The coarse mineral fraction consists of moderately sorted subangular to angular grains. 

A trace to very few anorthic lenses of soil or sediment are present. Silica microfossils 

include globular echinate and sponge spicules (Table 6-1), and cultural features consist 

of charcoal and a trace of bone and ceramics.  Relict features are absent.   

The micromass is dominantly reddish yellow speckled and dotted clays with stipple-

speckled, striated, and undifferentiated b-fabric. Channel and vughy microstructure are 

dominant, and porosity is between 5-20%.  

Textural pedofeatures are dominantly dusty unoriented striated clays, although rare 

limpid clay coatings are also present. Very dusty clay coatings are present in trace 

amounts, as are compound illuvial pedofeatures. Redoximorphic pedofeatures are 

abundant but of a different pattern than those observed in the pre-bund surfaces. In 

C009 2-2 and 2-1, these features consist primarily of Fe coatings and hypocoatings 

around mineral grains and voids that are more abundant as bund height increases. Iron 

enrichment and depletion features are frequent at the bottom of the bund in C009 2-2, 

but are less abundant as bund height increases. The redox pedofeatures in the C009 2-2 
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and 2-1 sediments correspond to stage 6 and 3 (respectively) in Table 6-2. Excremental 

pedofeatures are few and are dominantly organomineral in composition. Very few 

fabric pedofeatures are present and consist of compaction and U-shaped features that 

likely represent tool marks. 

6.4.2.2 Bund construction sediments: E400-6 to E400-2 

The coarse groundmass of the E400 bund sediments is dominantly composed of poorly 

sorted subrounded to subangular mineral grains. Minerals and sediment lenses in the 

lower bund sediments (i.e. E400-6 and -5) commonly demonstrate parallel or concave-

up preferred referred orientation; these areas decrease in abundance to very few and few 

in the upper bund construction sediments. Very few silica microfossils are present, and 

globular echinate morphologies are observed in most samples (Table 6-1). Sponge 

spicules were observed only in the lower bund sediments (i.e. E400-6, -5).  

Most samples demonstrate very few anorthic lenses of soil or sediment or anorthic 

coatings of sediment around mineral grains, but these features are dominant in E400-

6B. Cultural indicators include these anorthic lenses and a trace of charcoal. Relict 

features may be represented by anorthic calcitic nodules with clay or mineral inclusions 

and illuviated pedofeatures, which are dominant in the upper bund samples (i.e. E400-3 

and -2).  
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Table 6-7. Summary of micromorphological features of bund sediments. 
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C009
Bund 

sediments
t

Random + 

preferred 

(!!!)

! M SA-A
Speckled, 

dotted

Stipple-speckled, 

striated, 

undifferentiated

Vughy, channel 5-20% X X XX X X X X X X X

E400   

4-2

Upper bund 

sediments
!

Random + 

preferred (!)
! !!!! M-P SR-SA

Speckled, 

dotted, impure

Calcitic crystallitic, 

striated, stipple-

speckled

Complex 5-30% X X X XX X X XX X X X X

E400   

5-6

Lower bund 

sediments
!

Random + 

preferred 

(!!!)

! t P SR-SA Impure

Stipple-speckled, 

striated, calcitic 

crystallitic

Complex 5-10% X X X X X X X X X

Z021
Bund 

sediments
t

Random + 

preferred (!!)
! P SR-SA

Speckled, 

dotted

Stipple-speckled, 

striated
Complex

Variable, 

5-60%
X X XX X X X X X X X

Z021a
Bund 

sediments
! Random ! !! P SA-A

Speckled, 

dotted

Stipple-speckled, 

striated

Vughy, highly 

vughy
10-30% XX XX XX X X X X X X

!=1-5%; !!=5-15%; !!!=15-50%; !!!!= >50%; t=trace; X=feature is present; XX=feature is abundant; R=rounded; A=angular; SA=subangular; SR=subrounded; M=moderate; W=well; P=poor. Pedofeatures 

are noted only if they are considered to be in situ accumulations
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Most of the bund construction sediments consist of speckled, dotted, and impure clays 

with pale colours, stipple-speckled, striated, and calcitic crystallitic b-fabric, vughy to 

highly vughy microstructure, and porosity between 5-15%.  

Limpid, dusty and impure clay pedofeatures are rarely to occasionally present, and 

some of these may be anorthic. Compound illuviated pedofeatures of iron, organic or 

calcitic material, and dusty clays are rare to occasionally present in all samples but 

E400-3. Partial to complete infills consisting of clays or silty clays that frequently 

contain calcitic crystals and/or phytoliths are present in all of the bund construction 

sediments, although their expression is separated by stratigraphy: clay-rich infills are 

present only in E400-6, and silty clay infills are present in E400-5 to -2.    

Redoximorphic pedofeatures consist primarily of rare to occasional iron nodules and 

coatings. Iron enrichments and depletions of the groundmass are difficult to discern and 

may represent anorthic pedofeatures. The redox pedofeatures of the E400 bund 

sediments correspond to redox stage 2 or 3 in Table 6-2. 

Other pedofeatures include occasionally dusty dark greyish brown coatings in the 

planar voids of E400-4, and rare isotropic dusty material associated with calcitic 

features in E400-3 and -2. Excremental pedofeatures are most abundant in E400-2. 

The dominant pedofeature in the E400 bund sediments consists of calcitic nodules and 

hypocoatings, composed of both micritic and sparitic crystals. These are rare in the 

lower bund sediments (i.e. E400-6) but increase to dominant in the upper bund samples. 

Acicular calcite is rarely present in E400-4 and -2 only. Organic pedofeatures are 

occasional in E400-6 but decrease in abundance to rare in the upper bund sediments. 
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Excremental pedofeatures are very few in most samples but are dominant in E400-2. 

Fabric pedofeatures consist of compaction features that may represent tool marks, in 

addition to a channel infill. 

6.4.2.3 Bund sediments: Z021-6 to Z021-4 

The coarse groundmass of the bund construction sediments is dominantly composed of 

poorly sorted, subrounded to subangular mineral grains. Mineral grains and anorthic 

lenses are dominantly randomly oriented. A trace of silica microfossils is present. 

Anorthic lenses of soil or sediment are very few to common. Other than a trace of 

charcoal, cultural materials are not observed. Relict features are absent. 

As with the pre-bund surface/bund interface, the bund construction sediments 

dominantly consist of pale speckled and dotted clays with stipple-speckled and striated 

b-fabric, complex microstructure, and porosity between 5-20%.  

Textural pedofeatures are almost absent; however rare to occasional compound 

pedofeatures of iron, clay, organics, and/or calcitic material are observed. Clay and silt 

infills are present in Z021-4 only. Redoximorphic pedofeatures are dominant, and 

consist primarily of iron enrichment and depletion of the groundmass and few Fe 

coatings and nodules, which correspond to redox stage 6 in Table 6-2. Compound 

micritic and sparitic nodules and hypocoatings are present throughout the bund 

sediments. Very few excrements and compaction features are present in most samples. 

6.4.2.4 Bund sediments: Z021a-2 and 1 

Z021a-1B is an oblique feature on the right hand side of the sample (see Appendix 4) 

that appears to be intrusive. Micromorphological characteristics for this microstratum 
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document significant differences between this feature and the dominant groundmass of 

the sample. These differences include a dotted brown micromass, increased abundances 

of humified and amorphous organic material, and an almost complete absence of 

pedofeatures. The summary below therefore focuses on the characteristics of Z021a-2 

and Z021a-1A only. 

The coarse groundmass is dominantly poorly sorted and randomly oriented. Silica 

microfossils are very few, and observed morphologies include cuneiform bulliform 

phytoliths and sponge spicules. Very few to few anorthic lenses of soil or sediment are 

present in the lower bund sediments (Z021a-2). Cultural materials consist of bone 

fragments and charcoal. Relict features are very few to few, and as with the Z021a pre-

bund sediments, they consist of fragments of rocks or minerals that demonstrate 

dissolution, goethite-type coatings, or anorthic reddish clay coatings that are consistent 

with oxic characteristics. 

The micromass dominantly consists of pale speckled and dotted clays with stipple-

speckled and striated b-fabric. Microstructures are dominantly vughy and highly vughy, 

and porosity is between 10-30%.  

The dominant textural pedofeatures are limpid to dusty well-oriented clays, compound 

coatings of iron, organic material, and dusty clays, and compound isotropic and 

anisotropic coatings of juxtaposed iron and clay. Isotropic to faintly anisotropic limpid 

to slightly dusty clays are rare. Redoximorphic pedofeatures are abundant and consist 

primarily Fe impregnations and depletions with occasional Fe nodules and coatings, 

corresponding to redox stage 6 in Table 6-2. Excremental pedofeatures are very few to 
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common. Fabric pedofeatures consist of compaction features and are present in Z021a-

1B only. 

6.4.3 Infill sediments 

The primary trends emerging from micromorphological analyses of infill sediments are 

summarised below in Table 6-8, followed by a summary of sediment characteristics 

from these contexts at individual sites.  

Infill sediments consist of poorly to moderately sorted, dominantly subrounded to 

subangular mineral grains. Very few silica microfossils are present in most samples; 

globular echinate and cuneiform bulliform phytoliths and sponge spicules are observed 

(Table 6-1). Relict features are absent except for a higher abundance of mineral grains 

with goethite-type coatings in some sites and a trace of gibbsite-type coatings in moat 

infill C112. Cultural indicators are present at all sites but vary in abundance and 

content. 

The micromass of the samples are dominantly speckled and dotted with stipple-

speckled and striated b-fabric, although impure clays and undifferentiated b-fabric are 

prominent characteristics at some sites. Microstructures are predominantly complex, 

and the porosity in most samples varies between 3-20%. Pedofeatures are dominantly 

illuvial clays or are redoximorphic, although compound illuviated pedofeatures and 

organic coatings are also common at most sites.  

The Z021 tank infill is distinguished from the other sampled infills by a lower c/f ratio 

and an almost complete lack of cultural indicators. Although the C009 tank upper infill 

documents a higher abundance of cultural indicators than the Z021 tank, the cultural 
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indicators at C009 are of lower abundance than at channels C018 and F517 and at moat 

C112. Moat C112 and channel F517 are further distinguished by the presence of a silica 

skeleton and double- and/or single-peaked glume phytoliths, respectively, within their 

silica microfossil assemblages. 

6.4.3.1 Tank infill: C009 3-2, 3-1 

Tank infill sediments consist of poorly to moderately sorted subangular to angular 

grains. Mineral grains and sediment lenses are dominantly randomly oriented with very 

few to frequent areas of preferred orientation. Silica microfossils are very few; observed 

morphologies include globular echinate and cuneiform bulliform phytoliths and sponge 

spicules. Anorthic lenses of soil or sediment are very few, and include sand-rich lenses 

that frequently have very fine silt- or coarse clay-sized speckles that are light red to 

reddish yellow (OIL), which may represent finely dispersed haematite. As with most of 

the study samples, very few mineral grains with goethite-type coatings represent the 

only relict features at the site. However, these features are present in higher abundances 

in sample C009 3-2 than elsewhere in the hinterland. Cultural indicators include 

charcoal and vesicular isotropic material.  

An inherited compound feature is present in the bottom right corner of lower tank infill 

C009 3-2 (see 7.2.3.2 below). The feature consists of 30 µm-wide intercalations and 

linked void coatings of limpid yellow (PPL; olive [OIL]), well-oriented striated clays.  

The clays commonly underlie or overlie lenses (up to 600 µm thick) of well-sorted silt 

to fine sand-sized mineral grains in a dusty matrix of clay and very fine silt-sized 

isotropic opaque particles that are light reddish brown (OIL).  These layers have 

parallel basic distribution and referred orientation, as does the feature in general. 
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In general, the micromass of infills at C009 consists of pale yellow to reddish yellow 

speckled and dotted clays with stipple-speckled and striated b-fabric. Microstructure is 

primarily vughy, crumb and channel, and porosity is between 10-30% in most of the 

sediment. 

Illuvial pedofeatures are abundant in the lower tank infill sediments (C009 3-2), and are 

dominantly limpid well oriented to dusty unoriented clay coatings and compound 

coatings of clay and Fe. These clay pedofeatures are also present in the upper tank infill 

sample (C009 3-1), but in lower abundances.  

Redoximorphic pedofeatures are also abundant in all C009 infill samples; these consist 

primarily of Fe impregnations and depletions in the groundmass and few Fe nodules 

and coatings, which corresponds to redox stage 6 in Table 6-2. Excremental 

pedofeatures are primarily organomineral in composition, although a trace of organic 

excrements is present in all samples. Fabric pedofeatures consist of a compaction 

feature that may represent a tool mark; it is present in C009 3-1 only. 

6.4.3.2 Paddy: C009 1-1 

The paddy sample is subdivided into four areas based on macromorphological 

appearance (Appendix 4). Areas B-D are interpreted as channel or bioturbated features; 

therefore, C009-1-1A is the dominant portion of the sample. 
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Table 6-8. Summary of micromorphological features of infills. 
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C009
Upper tank 

infill
! Random ! P-M SA-A

Speckled, 

dotted

Stipple-speckled, 

striated
Complex

Varies 10-

70%
X X X X X X X X

C009
Lower tank 

infill
!

Random + 

preferred 

(!!!)

! P-M SA-A
Speckled, 

dotted

Stipple-speckled, 

striated
Vughy, channel 10-20% X XX XX X X X X

Z021 Tank infill ! Random ! M R-A
Speckled, 

dotted

Stipple-speckled, 

striated
Blocky, crumb 3% X X XX X X

C018
Upper 

channel infill
!

Random + 

preferred 

(!!!)

P-M SR-SA
Speckled, 

dotted, impure

Stipple-speckled, 

striated, 

undifferentiated

Complex 3-20% X XX X X X X X X X

C018
Lower 

channel infill
!

Random + 

preferred (!!)
! M SR-SA

Speckled, 

dotted, impure

Stipple-speckled, 

striated
Complex 1-15% X X X X X X X X X

C112 Moat infill t Random ! P R-A
Speckled, 

dotted

Stipple-speckled, 

striated

Highly vughy, 

vughy, crumb
10-30% X X X X X X X

F517 Channel infill !!!
Random + 

preferred (!)
! M SA

Speckled, 

dotted, impure

Stipple-speckled, 

striated

Vughy, highly 

vughy
10-20% X X X X X X X X X X X X

!=1-5%; !!=5-15%; !!!=15-50%; !!!!= >50%; t=trace; X=feature is present; XX=feature is abundant; R=rounded; A=angular; SA=subangular; SR=subrounded; M=moderate; W=well; P=poor. Pedofeatures 

are noted only if they are considered to be in situ accumulations

COARSE MATERIAL MICROMASS AND STRUCTURE PEDOFEATURES CULTURAL
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The C009 paddy sediments are heterogeneous and consist of poorly to moderately 

sorted subangular to angular mineral grains. Mineral grains and sediment lenses are 

randomly arranged with frequent areas of preferred referred orientation. Silica 

microfossils are very few and include cuneiform bulliform phytoliths. Anorthic 

sediment lenses are frequent and consisting of clay- or sand-rich lenses that 

occasionally contain organic inclusions and silica microfossils (Table 6-1). Cultural 

indicators consist of charcoal and very few ceramics. Relict features are absent. 

The micromass is composed primarily of speckled and dotted clays with stipple-

speckled and striated b-fabric.  

The dominant pedofeatures are dusty unoriented clay coatings. Compound pedofeatures 

of dusty clay and iron are also occasionally present. Redoximorphic features are 

occasional and consist of iron coatings and nodules, corresponding to redox stage 2 on 

Table 6-2. Organic pedofeatures are rare. Fabric pedofeatures include compaction 

features (possible tool marks) as well as a pan-type feature consisting of moderately to 

well-oriented clays and Fe. 

6.4.3.3 Tank infill: Z021 

The micromorphological sample for the Z021 tank was taken at the interface of Units 2 

and 1, but no change in grain size is observed, suggesting that only Unit 1 was sampled, 

or that Units 2 and 1 share very similar characteristics. 

The coarse mineral content consists predominantly of moderately sorted, randomly 

arranged rounded to angular minerals. Very few silica microfossils are present, but 

sponge spicules comprise about 50% of the total microfossils. Anorthic lenses of soil or 
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sediment are present in trace amounts. Cultural indicators are limited to a trace of 

charred plant material. Relict features are absent. 

The micromass is composed of light greenish grey speckled and dotted clays with 

stipple-speckled and striated b-fabric; crescentic striations are common. Tank 

microstructure is dominantly subangular blocky with very few areas of crumb structure.  

Porosity is about 3%. 

Textural pedofeatures include rare limpid to dusty well-oriented laminated clay 

coatings and compound coatings of iron and dusty clays. Iron enrichment and depletion 

features dominate the sample, and iron coatings or nodules are very few to few, 

corresponding to redox stage 6 in Table 6-2. A channel feature enriched in organic 

matter is located in the upper left hand corner of the slide and comprises the sole fabric 

pedofeature. Very few excrements are present. 

6.4.3.4 Channel infill: C018 

The C018 channel infill sediments consist predominantly of moderately sorted 

subrounded to subangular minerals. Mineral grains and sediment lenses are randomly 

oriented, with common areas of linear or banded basic distribution and parallel, 

concentric, or oblique preferred referred orientation. Silica microfossils are very few to 

few; observed morphologies include cuneiform bulliform and globular echinate 

phytoliths. Anorthic lenses of soil or sediment are very few in most samples, and 

consist predominantly of lenses of fine to medium sands embedded in a dusty clay 

micromass. 

The dominant micromass of infill sediments is composed of reddish yellow to strong 
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brown speckled, dotted and impure clays with stipple-speckled and striated b-fabric. 

Microstructures are commonly complex, but are dominantly vughy and highly vughy. 

Porosity is between 10-15% for most samples. Relict features are absent. Cultural 

features consist of charcoal and ceramic fragments. 

Illuviated clay coatings are the dominant pedofeatures in the samples; these consist of 

limpid to dusty well-oriented clays and dusty to impure unoriented clays. Compound 

coatings consisting of a combination of iron, organic material or clays are also present.  

Redoximorphic pedofeatures are occasional; these include iron coatings and nodules 

and iron depletion and enrichment features that correspond to redox stage 5 of Table 

6-2. Very few areas of compaction comprise the fabric pedofeatures in most samples. 

Organomineral excrements are very few to few. 

The upper two infill samples, C018-3 and -2 have increased abundances of anorthic 

lenses of soil or sediment, charred plant material and fabric pedofeatures that appear to 

be tool marks. They also feature areas of faint or undifferentiated b-fabric and increased 

complexity of microstructure. 

6.4.3.5 Moat infill: C112  

Coarse mineral content of the C112 moat infill consists predominantly of poorly sorted, 

randomly arranged rounded to angular minerals. Silica microfossils are present in trace 

amounts; sponge spicules are observed in all samples, and globular echinate forms are 

also noted. A silica skeleton resembling a rice husk is present in C112-2 (Alison 

Weisskopf, pers. comm.). All samples contain very few anorthic nodules or nodule and 

coating fragments; however, angular anorthic limpid clay coatings are present in 
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noticeably higher abundances in C112-3 than in other samples in the study region. 

Anorthic lenses of soil or sediment are present in trace amounts, and few anorthic 

coatings of limpid to slightly dusty clays and iron around mineral grains can be 

observed in most samples. Goethite-type coatings and a trace of gibbsite-type coatings 

on mineral grains are the only relict features observed in the infill. Ceramic materials 

and charcoal comprise the observed cultural indicators; an angular fragment of wood 

charcoal is noted in C112-2. 

The micromass is composed of light greenish grey speckled and dotted clays with 

stipple-speckled and striated b-fabric. Microstructures are dominantly vughy, highly 

vughy, and crumb, and porosity is between 20-30% in most samples. 

The dominant pedofeatures are illuviated limpid to dusty clay coatings. Every sample 

features isotropic to faintly isotropic clay coatings, but a portion of these appear to be 

anorthic, as do the compound illuviated coatings. Iron enrichment and depletion 

features are common in most samples, and very few iron nodules or coatings are 

present; these correspond to redox stage 5 or 6 of Table 6-2. Organomineral excrements 

are common, although a trace of organic excrements is also present. Fabric 

pedofeatures are present in the lower moat infill only (C112-3) and consist of 

compaction features. 

6.4.3.6 Channel infill: F517 

Moderately sorted, randomly arranged subangular minerals dominate the coarse mineral 

fraction. Silica microfossils are common; observed morphologies include cuneiform 

bulliform and globular echinate types, with double- or single-peaked glume phytoliths 

in F517-2. Anorthic nodules and nodule and coating fragments are very few to few; 
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anorthic lenses of soil or sediment are also present in all samples. Goethite-type 

coatings on mineral grains comprise the only relict features; these are present in slightly 

higher abundances than in many of the study sites. Cultural indicators include ceramics, 

bone fragments, vesicular isotropic material, and charcoal, including charred cereal 

husks.  

The micromass is dominated by yellow speckled and dotted to impure clays with 

stipple-speckled and striated b-fabric. Microstructures are predominantly vughy and 

highly vughy, and porosity is between 10-20%. 

Textural pedofeatures are primarily limpid to dusty or impure clay coatings; however, 

these appear fractured and disorthic. Impregnative coatings of micrite also appear 

disorthic. Redoximorphic pedofeatures include rare iron coatings, which correspond to 

redox stage 2 in Table 6-2. Organomineral excrements are common. Fabric 

pedofeatures occur in every sample and consist of compaction features, with some 

probable tool marks observed in F517-3 and -1. F517-1 may also contain a Ca-Fe-

phosphate pedofeature.  

6.4.4 Occupation sites 

The primary trends emerging from micromorphological analyses of occupation 

sediments are summarised below in Table 6-9, followed by a summary of sediment 

characteristics at individual sites.  

Sediments at occupation sites are generally heterogeneous and consist of poorly to 

moderately sorted and dominantly subrounded to angular mineral grains. Silica 

microfossils are present in varying amounts, from a trace to frequent; of these, double- 
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and/or single-peaked glume phytoliths are frequently observed within the F101/102 

dense ceramic scatter and B062 platform sites (Table 6-1). Relict features are few to 

abundant at most sites and include lenses of sediment that appear to have oxic 

characteristics. As expected, cultural indicators are present at all sites but are most 

abundant and varied at ceramic scatter sites F101 and 102 and artificial platform site 

B062. 

The micromass consists of impure to speckled and dotted clays with predominantly 

undifferentiated b-fabric and lesser amounts of faint stipple-speckled and striated b-

fabric. Microstructures are dominantly vughy and highly vughy, and porosity varies 

between 5-20% in most samples. Inherited pedofeatures are common; intact 

pedofeatures are dominantly illuvial clays and compound coatings or are 

redoximorphic. Intact very dusty clay coatings are present at F101/102 and B009. Silty 

infills are observed at all sites except B009.  

Platform sediments are randomly oriented, poorly sorted, and characterised by very few 

cultural indicators and rare intact illuviated pedofeatures. The two sampled 

anthropogenic platforms differ in that B062 demonstrates higher abundances of relict 

and anthropogenic features than the D339 platform. 

6.4.4.1 Low-density ceramic scatter site: B009 

The coarse mineral material consists primarily of moderately sorted subrounded to 

subangular grains; preferred orientation of mineral grains and sediment lenses is 

common to dominant. A trace of silica microfossils is present and observed 

morphologies include sponge spicules (Table 6-1). Anorthic soil or sediment lenses are 

very few, and dominantly consist of pale yellow sediment with high-order interference 
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colours or lenses with increased abundances of organic material. Relict features are 

comprised of quartz grains featuring gibbsite-type alteration products and lenses of 

sediment with oxic-type characteristics, both of which are in their highest abundance at 

B009 than in any of the other study sites except B062 (below). Other than charcoal, 

cultural indicators such as bone and ceramics are occasionally observed in B009-1 only. 

The dominant sediments in the B009 samples feature an impure to opaque yellowish 

red micromass with undifferentiated and striated b-fabric, which appears consistent 

with characteristics of oxic horizons. Microstructure is vughy and blocky, and porosity 

is 5-15%. 

Limpid to dusty well-oriented clay coatings are the most abundant textural pedofeature, 

but many impure clays and isotropic dusty clay coatings are also observed. Compound 

illuviated pedofeatures are rare in most samples. B009-2 also features a possible Ca-Fe-

phosphate feature. Redoximorphic pedofeatures include rare iron nodules and coatings, 

which correspond to redox stage 2 in Table 6-2. Spheroidal organomineral excrements 

are very few to frequent. Fabric pedofeatures consist of U-shaped striated features and 

one possible tool mark. 

6.4.4.2 High density ceramic scatter sites: F101/102 

The coarse mineral fraction of F101 and F102 consists of moderately to poorly sorted 

subrounded to angular minerals. Mineral grains and sediment lenses demonstrate areas 

of random distribution and of preferred referred orientation. Silica microfossils include 

sponge spicules and cuneiform bulliform, globular echinate, and double- and/or single-

peaked glume phytoliths (Table 6-1). 
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Table 6-9. Summary of micromorphological characteristics of occupation sites. 
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B009 Archaeological t
Preferred + 

random
! !!!! M SR-SA Impure clays

Undifferentiated, faint 

stipple-speckled, 

striated 

Vughy, blocky 5-15% X XX X X X X X X X X

F101 Archaeological !!!
Random + 

preferred (!!!)
!! !!! M SR-A Impure

Stipple-speckled, 

striated, 

undifferentiated

Vughy, highly 

vughy, crumb
5-10% X X X X X X X X X X X X X X

F102
Surface, 

archaeological
!!

Random + 

preferred (!!!)
! t M-P SR-A Speckled, dotted

Undifferentiated, 

stipple-speckled, 

striated

Vughy, channel, 

blocky
5-15% X XX X X X X X X X X X X X X

F102
Subsurface, 

archaeological
!

Random + 

preferred
! P SR-A Speckled, dotted

Undifferentiated, 

stipple-speckled, 

striated

Vughy, highly 

vughy, blocky
5-15% X XX XX X X X X X X X X X

B062 Fill sediments !!!
Random + 

preferred (!!)
! !! M-P R-SA Impure

Undifferentiated, faint 

stipple-speckled, 

striated, calcitic 

crystallitic 

Vughy, highly 

vughy, crumb
5-20% X X X X X X X X X X X X X

B062 Platform sediments ! Random ! !!!! P SR-A
Speckled, dotted, 

impure

Undifferentiated, faint 

stipple-speckled, 

striated 

Blocky, crumb, 

highly vughy
20-30% X X X XX X XX X X X

D339
Culture-bearing 

colluvium
! Random t !!! P SA-A

Speckled, dotted, 

limpid

Stipple-speckled, 

striated, 

undifferentiated

Crumb, highly 

vughy
20-40% X X XX X X XX X

D339 Packing fill ! Random t ! W-P SR-A Speckled, dotted
Stipple-speckled, 

striated

Highly vughy, 

vughy, crumb
10-50% X X X X X X X

D339 Platform sediments t
Preferred + 

random
! ! M-P SA-A

Speckled, dotted, 

limpid

Stipple-speckled, 

striated

Vughy, highly 

vughy, massive, 

crumb

5-30% X X X X X XX X

!=1-5%; !!=5-15%; !!!=15-50%; !!!!= >50%; t=trace; X=feature is present; XX=feature is abundant; R=rounded; A=angular; SA=subangular; SR=subrounded; M=moderate; W=well; P=poor; U=unsorted. Pedofeatures are noted only if they are considered to be in situ accumulations.

COARSE MATERIAL MICROMASS AND STRUCTURE PEDOFEATURES CULTURAL
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Anorthic lenses of soil or sediment consist of a wide variety of sediment types. Cultural 

indicators are present in most samples, including charcoal and fragments of ceramics, 

bone, and vesicular isotropic material. Other than very few minerals with goethite-like 

coatings or infills, relict features consist of lenses of sediment with characteristics 

consistent with oxic horizons similar to the dominant groundmass at B009, but with 

increased fine organic material. These lenses are frequent in F101 c5 and present in 

trace amounts in F102 c3-1. 

The fine mineral fraction consists predominantly of reddish yellow and yellowish red 

speckled and dotted clays with stipple speckled, striated, and undifferentiated b-fabric. 

Vughy microstructure is dominant, with frequent highly vughy and angular blocky 

microstructures. Porosity varies between 5-15%.  

The most abundant textural pedofeatures are limpid to dusty well-oriented clay 

coatings, which are present in all samples, but appear anorthic in F101 c5. Very dusty 

clay coatings are present in all samples, as are isotropic to faintly anisotropic dusty 

clays. Silty clay infills are rare but are observed in most samples. Compound illuviated 

coatings are occasional, but appear to be anorthic in samples F101 c5 and F102 c3-2. 

Redoximorphic features consist of rare to occasional Fe coatings and nodules 

(corresponding to redox stage 2 in Table 6-2); however, these appear to be anorthic in 

samples F102 c4 and F102 c3-2. Fabric pedofeatures are very few and are dominantly 

striated or compacted with a U-shape or parallel referred orientation, although 

biological channel infill features are also observed. Excrements are dominantly 

organomineral in composition. 

The F101 c5 sample is distinguished from the F102 samples primarily by increased 
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abundances of silica microfossils, excrements, and cultural indicators, including 

anorthic sediment lenses, bone, vesicular isotropic material, and excrements. Also 

observed is a rubified Ca-rich lens of sediment that may represent ash. Sample F101 c5 

features an impure micromass, a trace of gibbsite-type coatings on mineral grains, and 

rare calcitic pedofeatures.  Additionally, the sample is distinct from the F102 samples 

also because limpid clay coatings are anorthic at F101, despite their resemblance to the 

intact limpid clay coatings at F102.  

The F102 surface sediments (i.e. F102 c3-2, c3-1) are similar to those at F101 c5, but 

distinguished by the presence of intact, abundant limpid to dusty clay coatings and 

lower abundances of cultural materials. The subsurface sample at F102 (i.e. F102 c4) is 

distinct from all other F101/102 sediments in that it has low abundances of cultural 

indicators, no silty infillings, rare calcitic features, and abundant, strongly expressed Fe 

enrichment and depletion features (corresponding to redox stage 6 in Table 6-2). 

6.4.4.3 Artificial platform site: B062 Trench 2A, Possible town or market 

Silica microfossils observed in the B062 samples include sponge spicules as well as 

cuneiform bulliform and globular echinate phytoliths, but more frequently constitute 

double- and/or single-peaked glume phytoliths (Table 6-1). Anorthic nodules and 

fragments of nodules or coatings are very few. Anorthic lenses of soil or sediment are 

common to dominant in all samples and consist of a wide variety of sediment types. 

Relict features include minerals with goethite- or gibbsite-like coatings or infills and 

sediment lenses with oxic-type characteristics, and are particularly abundant in the 

platform sediments. Very few roots and plant tissues are present in all of the samples; 

however, plant material and calcium oxalate crystals dominate the top of sample B062-
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4 c6. Cultural indicators include ceramic, charcoal, and bone fragments, and vesicular 

isotropic material that may represent melted phytoliths. B062 Trench 2A is the only 

sampled site in which ceramics displayed areas coloured white to pale yellow or light 

grey in OIL. 

The fine mineral material of the B062 samples consists predominantly of impure and 

dotted clays of various colours that include very pale brown, yellowish red, and strong 

brown. B-fabric is undifferentiated with faint stipple-speckles and striations. Vughy, 

highly vughy, and crumb microstructures are dominant. The c/f20µm ratio of all samples 

varies between 3:1-6:1, with the highest ratio in the lower infill and platform sediments 

(B062 T2A-4 c.6 and B062 T2A-3 c.3), and the lowest in the upper infills (B062 T2A-2 

c.4 and B062 T2A-1 c.2)s. Porphyric, chitonic, and enaulic related distributions (or a 

mixture thereof) are common in all slides. 

Platform sediments: B062 T2A-3 c.3 

The platform sample is divided into three sections (see Appendix 4) and features the 

addition of blocky microstructure to those listed above. The coarse mineral fraction 

consists of poorly sorted, randomly arranged subrounded to angular minerals. The 

groundmass is heterogeneous and is dominated by two main types of soil or sediment 

fragments. Silica microfossils are very few. Porosity is between 20-30%, with the 

lowest porosity in Area B. 

Anorthic limpid to dusty clay coatings are the dominant pedofeatures in the platform 

sample, but clay coatings in Area A appear intact. Likewise, silty clay coatings with 

inclusions of fine organic material and/or silica microfossils appear intact in Area A 

only.  
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Fill sediments: B062 T2A-4 c.6, -2 c.4, and -1 c.2 

The fill sediments consist of moderately to poorly sorted rounded to subangular 

minerals with few to common areas of preferred referred orientation. Silica microfossils 

are few to common. The groundmass of all fill sediments is heterogeneous, with 

common anorthic lenses of soils and sediments. In B062 T2A 4 c. 6 and B062 T2A 1 c. 

2, very few of the anorthic soil and sediment lenses appear reddened under OIL, 

suggesting they have been burnt. In B062-1 c.2, ceramic fragments demonstrate 

illuviated clay pedofeatures. Porosity is 5-10% in the lowest fill (B062 T2A-4 c. 6) and 

10-20% in the upper two fills (B062 T2A-2 c.4 and B062 T2A-1 c.2).  

All fill sediments demonstrate very few intact impregnative Fe nodules and coatings 

and organic pedofeatures. The dominant textural pedofeatures in B062-4 c.6 are rare 

silty clay coatings and infills. A trace of the organomineral excrements in this sample 

contain ceramic or soil fragments. B062-T2A-2 c.4 is the only sample is dominated by 

intact pedofeatures that include many limpid to dusty clay coatings and silty coatings 

with black to strong brown dusty clay punctuations. Compound coatings composed of 

any combination of Fe, organics, or dusty clays are also occasionally present. Intact 

textural pedofeatures in sample B062-T2A-1 c.2 consist of rare dusty clay coatings and 

dusty coatings or infills with phytolith inclusions. 

6.4.4.4 Artificial platform site: D339, terracotta site 

A trace to very few silica microfossils are present in all samples; these are commonly 

fragmented and abraded or weathered, making it difficult to discern specific types, but 

observed morphologies include sponge spicules in addition to cuneiform bulliform, 

globular echinate, rectangular, and smooth elongate phytoliths. Relict features include 
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polygenetic Fe nodules that frequently demonstrate they are undergoing dissolution, 

minerals with runiquartz or goethite-like coatings, and anorthic coatings and sediment 

lenses with oxic-type characteristics. Relict features are particularly abundant in the 

sediments interpreted as culture-bearing colluvium (D339-1). Cultural indicators are 

limited to charcoal and ceramic fragments, both of which are present in trace to very 

few amounts. The platform sample (D339-3) has the highest abundance of ceramic 

fragments.  

The fine mineral material consists predominantly of reddish yellow to yellow speckled 

and dotted clays with stipple-speckled and striated b-fabric. The microstructures for all 

samples are dominantly vughy, crumb, and highly vughy, and the c/f20µm ratios vary 

between 6:1-10:1, with the highest ratio in the sediments interpreted as culture-bearing 

colluvium (D339-1), and the lowest ratio in the upper platform sediments (D339-3B). 

Porphyric related distribution is dominant throughout; the platform sediments (D339-3) 

also feature chito-gefuric related distribution, and the sediments interpreted as packing 

fill and culture-bearing colluvium (D339-2 and -1, respectively) also feature a 

combination of chitonic, enaulic, gefuric related distribution. Although all samples 

demonstrate evidence for bioturbation, the highest abundance is in D339-2 and -1. 

Excremental pedofeatures are the most common pedofeature in all samples; these are 

very few to few in the platform sediments (D339-3), but are common to dominant in the 

packing fill and culture-bearing colluvium. The other pedofeatures common to all 

samples are dusty clay coatings that appear predominantly on voids. These are rare to 

occasional and poorly to moderately oriented in D339-3, but are moderately to well-

oriented in D339-2 and 1. 
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Platform sediments: D339-3 

Sample D339-3 is divided into three sections (see Appendix 4), the topmost of which is 

interpreted as representing the packing fill (Context 204). The top of the platform 

(D339-3B) features massive microstructure in addition to microstructures listed above. 

Porosity varies between 5-30%, with the lowest porosity at the top of the platform. 

The coarse mineral fraction consists of poorly to moderately sorted subangular to 

angular minerals. Mineral grains and anorthic soils and sediments at the bottom of the 

sample (D339-3C) are predominantly randomly oriented, but the top of the sample 

(D339-3A) demonstrates common areas of parallel, oblique, or vertical preferred 

referred orientation.  

Anorthic sediment lenses and the long axes of mineral grains at the top of the platform 

(D339-3B) demonstrate parallel or oblique preferred referred orientation and comprise 

a compaction pedofeature ca. 3-4 cm long. Anorthic lenses at the top of the platform 

consist of sediment with either reddish yellow limpid to dusty clay micromass, or pale 

yellow dusty clay micromass. This compaction pedofeature consists of three horizontal 

subdivisions (each ca. 3.5 mm thick) that include a top compacted area, an intervening 

region of more loosely packed material, and a lower compacted area.  

Packing fill: D339-2 

The packing fill sediments consist of poorly to well-sorted, dominantly randomly 

arranged, subrounded to angular minerals. Porosity is dominantly between 10-50%, 

with the lowest porosity in D339-2B and the highest in D339-2A. 
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Very few anorthic lenses of sediment or soil and anorthic coatings of soil material 

around mineral grains are present, and consist primarily of sediment with a limpid and 

dotted yellow clay micromass. Anorthic fragments of nodules or coatings range in 

abundance from frequent (Section D), decreasing up the profile to very few (B, A). 

These nodules consist predominantly of rounded to subrounded silt to very fine sand-

sized limpid yellow clay fragments, although angular fine to coarse sand-sized 

fragments of Fe nodules are also present. 

Pedofeatures within the packing fill sediments include rare to many limpid yellow clay 

coatings and infills that appear to be well oriented but exhibit evidence of disturbance 

following illuviation. Only Section B exhibits intact limpid clay features. Iron 

movement is documented in the depletion hypocoating around a void and in the 

yellowish red to dark brown Fe coatings around mineral grains; however, some of these 

impregnations appear to be anorthic. A compaction pedofeature is also present in 

Section B, and is characterised by a concentric sediment lens resembling the reddish 

yellow limpid to dusty clays in D339-3B (Figure 7-11). 

Culture-bearing colluvium: D339-1 

The sediments interpreted as culture-bearing colluvium consist of poorly sorted 

subangular to angular minerals, ca. 30-50% of which are in the very coarse sand to 

gravel-sized range. 

Angular anorthic lenses of sediment or soil and anorthic coatings of soil material 

around mineral grains are common (in A) to dominant (in B), and consist of two 

primary types of juxtaposed soil or sediment fragments, described in Table 6-10. 

Minerals, sediment lenses, and pedofeatures are dominantly randomly oriented. 
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Similar to D339-2, sample D339-1 features occasional intact, moderately to well-

oriented limpid and dusty yellow to reddish yellow clay coatings, as well as very few 

Fe impregnations, a portion of which may be anorthic. D339-1A features a 100-200 

µm-thick compaction pedofeature that is characterised by moderately to well-sorted 

silt-sized minerals with parallel referred orientation of long axes. 
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Table 6-10. Micromorphological characteristics of anorthic sediment fragments and ceramics in sample D339-1. 

Feature Microstructure and 
porosity 

C/f ratio, related 
distribution, coarse 

groundmass 

Micromass colour 
(OIL), character; b-

fabric 
Pedofeatures Comment 

Sediment 1 Vughy and channel, 
20-30%  

8:1, close to single-spaced 
porphyric; moderately to 
poorly sorted subangular to 
angular si-cs; rounded si-cs 
lenses of sediment 2 (), 
silica microfossils () 

Reddish yellow 
speckled and dotted 
clays, stipple-speckled 
+ weak striated 

Well to moderately 
oriented limpid to dusty 
clays () 

This is the dominant 
sediment throughout sample 
D339-1 

Sediment 2 Angular blocky, 3% 

1:2-1:3, single-spaced to 
open porphyric; moderately 
sorted subangular to angular 
si-ms; subrounded to angular 
fragments of reddish yellow 
limpid clays (); silica 
microfossils (t) 

Reddish yellow to 
yellow limpid and 
dotted clays, stipple-
speckled + striated 

Well-oriented limpid clays 
(), Fe coatings () 

Oxic-type sediment, is in 
larger fragments in D339-
1B; more integrated with 
Sediment 1 and smaller in 
D339-1A but dominant 
portion of these fragments 
are with sharp prominent 
boundaries and are 
subangular to angular 
throughout the slide; this is 
similar to clay rich lens 1 in 
D339-3 

Note: in Pedofeatures, the abundances are for the rare pedofeatures (i.e.  is abundant [>10%]); in all other columns, abundances are for coarse minerals, etc 
(i.e.  is dominant [>50%]). 
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Chapter 7: Discussion: 
Dynamics of the Anuradhapura Hinterland 

7.1 Introduction 

The chronometric results from Chapter 4 demonstrate that, broadly speaking, the timing 

of the onset and disuse of large-scale irrigation in the hinterland parallels the urban 

chronology and conforms to the expectations set out by the archaeological and 

historical records. However, a closer look at the hinterland’s sediment record 

demonstrates the landscape’s dynamic nature and variability, providing a new 

perspective on the hinterland as an entity in its own right. In the following, I discuss and 

interpret the results of sedimentary analyses presented in the preceding chapters within 

each of the landscape contexts under consideration, highlighting the similarities and 

bringing out the differences between each site. The foundations for my interpretations 

are presented in the preceding chapters, and are based on comparisons of the hinterland 

data with published work in applicable areas (i.e. micromorphology, South Asia), as 

well as on knowledge gleaned during fieldwork regarding cultural and environmental 

processes operating on the modern hinterland landscape. Additionally, I draw on my 

numerous observations made during analyses of the hinterland data, and my 

experiences during previous geoarchaeological work.  

To orient the reader toward current landscape processes and to provide a basis for 

interpretation of sediments from the archaeological sites, the sedimentary records of 

control sites are presented first, followed by a consideration of the sedimentary record 

from each of the landscape contexts. The chapter concludes with an overview of 

hinterland landscape changes through time and in regional context.  
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7.2 Discussion: The sedimentary record of the Anuradhapura hinterland 

7.2.1 Control sites: Current landscape processes 

The Anuradhapura hinterland has a long history of intensive management that continues 

up to the present day. As such, most of the processes documented in the control 

sediments represent anthropogenic modifications of environmental signals. The 

exception is the truncated surface underlying the control bund, which retains an 

anthropogenic signature but also documents environmental processes. 

The total P values for all control samples (including the alluvial sample) are elevated 

compared to the majority of the archaeological bund and infill sediments in the study, 

and it is likely that they reflect the cumulative signatures of surface processes and 

anthropogenic activity taking place on the landscape up until the present. Additionally, 

as mentioned in Chapter 3, applications of artificial fertiliser have likely affected the 

total P content of the cultivated control soils. 

Generally speaking, the pre-bund surface of the Control Bund demonstrates little 

evidence of disturbance, whereas disturbance is a dominant feature of the bund 

construction materials. An impure micromass, high abundance of incorporated organic 

material, and anorthic soil fragments distinguish the cultivated control soils. The 

alluvial sediment is relatively homogeneous and well sorted, and contains almost no 

organic material. A summary of the dominant characteristics in the control samples and 

their interpretation is presented in Table 7-1. 
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7.2.1.1 Modern bund 

Pre-bund surface and pre-bund/bund interface: Modern bund Unit 9 

The particle size distribution for Unit 9 (i.e. truncated pre-bund surface) suggests that it 

represents alluvium deposited under a moderate- to high-energy regime. The relatively 

low %LOI value is expected, as the unit is interpreted as a subsurface sample and would 

not have received abundant organic matter from the surface. The slightly elevated P 

value for this unit may reflect inputs related to processes operating at the former 

surface.  

Micromorphological results demonstrate that, compared to the bund construction 

sediments, the truncated pre-bund surface (Control Bund 4 c.9B, see Appendix 5) is 

more compact and less disturbed. The relatively higher abundance of P, organic 

material and silica microfossils, in addition to the presence of cultural indicators 

demonstrate that subsurface sediments can retain a surface signature.  

The gley colours record dominantly reduced conditions at the site prior to bund 

construction, but the bulliform phytoliths indicate shallow surface water conditions. 

Iron enrichment pedofeatures are expressed primarily as compound void coatings, 

which suggest that cycles of iron oxidation (i.e. drying, aeration) are limited to the void 

system.  

The presence of bone and wood charcoal in thin section demonstrate occupation and/or 

cultivation activities taking place on the landscape prior to bund construction, and 

provides a modern example of a large-scale irrigation work that is constructed over a 

previously occupied site. However, anthropogenic indicators and incorporated fine 

organic material are in low abundance, suggesting that pre-bund human activities were 
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of low intensity or short duration, although evidence for high-intensity activities may 

have been removed along with the A horizon. 

The truncated pre-bund surface also features abundant compound pedofeatures that 

document multiple episodes of illuviation and wet/dry cycles. These features indicate 

that the pre-bund land surface was stable for long enough to allow pedogenesis to act on 

the sediments. However, the clays within these compound features are dominantly 

dusty to impure, which indicates disturbance in the area surrounding the bund during 

illuviation.  

As expected, the groundmass characteristics of the interface between the truncated pre-

bund surface and the lower bund sediments (Control Bund 4 c.9A/B) are dominated by 

evidence of disturbance, such as heterogeneity, increased porosity, and complex vughy 

and crumb microstructures. Coarse textural pedofeatures observed near the top of 

Control Bund 4 c.9B and at the pre-bund/bund interface consist of silts and fine sands 

with phytolith inclusions, and were likely deposited during the early stages of bund 

construction, during or after surface truncation. Given their resemblance to the silty 

pedofeatures observed in the paddy control samples (see 7.2.1.2 below), these features 

were likely deposited by water moving along the surface and into the sediments.  

Bund construction sediments: Modern Bund Units 8, 6, and 3 

The particle size distribution results indicate similar mean grain sizes for all of the 

Control Bund construction sediments. These results suggest deposition within a 

fluctuating, lower-energy setting than the pre-bund sample, and are interpreted here as 

alluvial and/or colluvial. The relatively constant values for %LOI, %χfd, and total P of 

the bund construction sediments are consistent with the pre-bund sediments, and 
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suggest that the sources of the bund materials are from similar, local contexts. This is 

confirmed by the observation that a borrow pit for bund construction sediments is 

immediately adjacent to the bund (see Figure 3-3). 

However, the micromorphological samples for the bund construction materials 

document their heterogeneous nature, and indicate that these sediments represent a 

wider range of landscape types than the truncated pre-bund surface. This heterogeneity 

reflects the process of bund construction, whereby sediment ‘packages’ are excavated 

from various landscape positions and placed onto the bund. Occasionally, anorthic soil 

fragments retain illuviated pedofeatures, which demonstrates that the excavated 

sediment ‘packages’ can remain largely intact during redeposition. 

Other than charcoal, the anorthic lenses are the only anthropogenic inclusions in the 

bund sediments, which suggest minimal human activity at the site prior to bund 

construction. Anorthic lenses increase in abundance and diversity in the upper bund 

sediments (i.e. Control Bund 1 c.6 and 3 c.3). These lenses indicate that the lower bund 

sediments were deposited from more local materials, and as construction progressed, a 

wider variety of landscape contexts were accessed as sediment sources. However, the 

bulk sediment characteristics for the Control Bund sediments are comparable and 

suggest a similar history of human activity in a variety of contexts within the source 

area. Note that modern transportation and excavation methods (i.e. using vehicles and 

heavy equipment) allow access to a wider range of sediment types than traditional 

excavation techniques using a hoe or mammoty and basket (Myrdal, 1990); therefore, 

archaeological bund sediments may not demonstrate anorthic lenses that contrast as 

greatly as the modern control bund sediments. 
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The bund sediment characteristics demonstrate that disturbance during construction 

increases porosity, which in turn provides an aerated habitat for soil fauna (Brady and 

Weil, 2002), as evidenced by the abundant excrements in the thin sections. Construction 

processes also tend to produce increased abundances of striated b-fabric, sediment 

lenses or mineral grains with preferred orientation, and compaction and/or U-shaped 

features that are interpreted as anthropogenic shaping and tool marks. 

Stages of bund construction are documented within the Control Bund-2 c.8 sample, 

which is divided into two sections (Control Bund-2 c.8A and c.8B, see Appendix 4) 

based on macromorphological features. The contact between the two areas of the 

sample is sharp to diffuse and prominent to distinct, and excrements document 

biological mixing along the boundary. Section 8B is compacted and contains a possible 

tool mark near the contact with 8A; both features indicate construction activities and 

preparation of the bund surface. A subsequent pause in construction is inferred from 

excrements and the abundance of roots, charcoal fragments, and silt-sized humified 

organics in Section A at the contact with B. The charcoal may document chena 

cultivation nearby or within the bund sediments prior to deposition of sediment 8A. The 

presence of buried roots and sticks within Context 8 (noted in the field, see Chapter 4) 

supports the interpretation of a depositional hiatus within this sedimentary unit. 

Silty infills similar to those observed in the pre-bund sediments are also present in bund 

Units 8 (Control bund 2 c.8) and 6 (Control bund 1 c.6), and support the interpretation 

that bund construction was characterised by brief depositional hiatuses, during which 

disturbed sediments were transported into the bund profile by water. This explanation is 

consistent with Myrdal-Runebjer’s (1994) observation that modern large bunds can take 
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several years to construct, due to work being interrupted by the rainy season, which can 

result in a hiatus of up to five months.  

The intact illuviated clay pedofeatures in the Control bund 2 c.8 and 1 c.6 thin section 

demonstrate that pedogenesis acted on these sediments, and supports the inference that 

pauses in bund construction followed the deposition of each of Units 8 and 6. The clays 

range from limpid to impure, and document more or less stability in the surrounding 

area (respectively) during illuviation. 

The relative absence of illuviated clay pedofeatures in Control bund 3 c.3 indicates that 

there has not been adequate bund stability since deposition of Unit 3 to allow these 

pedofeatures to develop. Field interpretation of Unit 3 was that it could represent either 

soil development or a sediment package that was spread relatively uniformly over the 

bund (see 4.2.1.1). The low abundance of in situ illuviated pedofeatures indicates that 

Unit 3 is a sediment on which soil forming processes have begun to act. 

7.2.1.2 Cultivated control soils: Chena, paddy 

The chena and paddy control sediments share several characteristics, which is expected, 

given that they are both cultivated soils. In the following, shared characteristics are 

discussed first, followed by a description of distinct characteristics and how they reflect 

differences in soil management.  

One of the primary micromorphological characteristics of the cultivated control soils is 

an impure micromass, which documents the incorporation of charcoal and organic 

material into the soils, during the activities of humans and/or of soil fauna. In chena 

soils, deposition of fine iron oxides, organic material, and charcoal dust is expressed as 
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undifferentiated b-fabric (Mallol, et al., 2007). Paddy soils are distinguished by the fact 

that much of the charcoal resembles cereal husks, probably rice. Note that although 

burning is documented on the landscape during both chena and paddy cultivation, none 

of the samples from the cultivated control soils feature vesicular isotropic material, 

indicating that burning during cultivation does not generate enough heat to melt 

phytoliths. 

As expected, the cultivated control soils record anthropogenic working of sediments, as 

evidenced by tool marks and compaction features. Paddy sample B062-P2 has a 

compaction pedofeature that may be the result of compression during trampling by 

humans or animals, or of working the soil during cultivation. The same sample 

demonstrates a wedge-shaped lens of silty clay with parallel referred orientation and a 

distinct, diffuse boundary, probably the fine infill of a tool mark. A V-shaped compact 

lens of clayey silt in chena control B062-C2 likely also records a toolmark, possibly 

from a mammoty (large hoe). 

The porosity of chena samples in thin section is higher than paddy samples, likely due 

to differences in the methods of cultivation of both soils. Chena is prepared using 

burning of organic material at the surface, with subsequent incorporation of the material 

into the soil using a mammoty. This process would aerate the soil regularly; however, 

ethnographic sources document that, as soils become overworked over time, chena soils 

become compacted (see 2.1.5.1; Dharmasena, 1994).  Paddy soils are regularly 

saturated, and the saturated soils are worked in preparation for planting. This process 

homogenizes sediments, destroys microstructure, and reduces porosity (Courty, et al., 

1989).  
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The different methods of cultivation are also reflected in the expression of anorthic soil 

fragments or sediment lenses incorporated into each of the cultivated soils. In chena 

soils, anorthic fragments are rounded to angular and are easily identified by their sharp 

to clear boundaries. These anorthic fragments differ from the primary groundmass in 

that they contain fewer impurities, and likely represent more deeply buried sediment 

fragments that are brought up from below and mixed with the primary cultivated layer. 

In paddy soils, anorthic lenses are rounded, have diffuse boundaries, are well 

incorporated into the dominant groundmass, and are almost indiscernible (Figure 7-1). 

Chena 

Although limited in scope (see 5.3.1.2) the particle size analysis results suggest that 

chena sediments are deposited under low to moderate energy regimes. Based on the 

landscape position of the sampled chena sites (i.e. medium- to well-drained), the 

original sediments are interpreted as primarily colluvial, but anthropogenic processes 

such as cultivation and modern pump irrigation observed in the field have resulted in 

extensive reworking of the original sediments and are primary factors influencing the 

particle size distribution. 

The low %χfd values for the chena samples are unexpected, given that cultivation and 

burning is known to have taken place on these surfaces. These low values are 

interpreted as documenting erosion during cultivation. The total P values do not 

demonstrate similar decreases, and it is possible that only very fine dust, including the 

ultrafine SP fraction (i.e. <0.03 µm), is affected by erosion (Dearing, 1999). However, 

the application of artificial fertiliser to B062-C3 and C1 and the inherited P content 
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resulting from long-term human activity on the landscape could have buffered the loss 

of P through erosion at these sites.  

Soil B062-C2 (abandoned >25 years) has the highest levels of LOI, %χfd, and total P. 

These results are interpreted as documenting surface processes such as soil formation 

and organic inputs operating within the sediments since the abandonment of the site for 

chena.   

Phytoliths observed in thin section are generally more abundant and demonstrate a 

larger variety of morphological types in chena soils and bund sediments than in paddy 

samples. This likely reflects the practice of shifting cultivation, in which chena soils are 

cultivated for a time and then let to lie fallow. During the fallow period, vegetation is 

re-established at the surface and is not harvested, which allows restoration of the 

nutrient capacity of the soils and an increased variety and abundance of phytolith 

inputs. The chena soil abandoned for >25 years (B062-C2) supports this explanation, as 

it has the highest abundance of phytoliths and total P value of all the cultivated soils. 

Micromorphology also demonstrates that limpid clay coatings are more abundant in the 

B062-C2 sample (i.e. abandoned >25 years), demonstrating that limpid clay 

pedofeatures are both good indicators of stability and pedogenesis in the hinterland 

landscape, and that clay pedofeatures can accumulate within ca. 10-15 cm of an 

exposed surface. 
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Figure 7-1. Well-incorporated anorthic lens of silty clay, Paddy control sample P2. 

Dotted line delineates the boundary of the lens; the arrow points to striated and compacted groundmass 
sediments with oblique preferred orientation. The characteristics of these lenses likely reflect 
incorporation into the groundmass during cultivation of the wet soil. A, B: PPL, XPL. 40x magnification. 
 

The nature of shifting cultivation is also documented in the abundance of anorthic clay 

and/or iron nodule and coating fragments, which is higher in chena samples than in the 

paddy and some of the bund samples. In the chena samples, these fragments are 

commonly composed of well oriented, laminated, or isotropic limpid to slightly dusty 

clays, indicating that they originated in relatively stable landscapes (i.e. developed 

during fallow periods, such as those observed in the B062-C2 sample) that subsequently 

underwent disturbance (i.e. during cultivation or erosion after severe drought), followed 

by redeposition of the fragments. 

Paddy 

Results from particle size analysis of the paddy soils indicate low to medium-energy 

deposition. Observations of modern practices of paddy management demonstrate that 
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anthropogenic processes such as irrigation and cultivation have resulted in extensive 

reworking of the original sediments (which are likely alluvial and/or colluvial, based on 

landscape position and dominant processes operating in the hinterland), and are primary 

factors influencing the particle size distribution of paddy soils. 

The distribution of %χfd values (i.e. higher in subsurface samples) is unexpected, 

because waterlogged conditions (as in paddy soils) tends to lower magnetic 

susceptibility (Linderholm, 2007). The most likely explanation for the higher 

subsurface values of %χfd is that they document the depth of the oxic/anoxic interface 

when the paddy soils are drained. Magnetite-producing bacteria are most active at or 

just above this transition zone, which may increase %χfd values (Bazylinski and 

Moskowitz, 1997, in Flies, et al., 2005, Lin and Pan, 2010). However, Muxworthy and 

Williams (2009) have found that magnetic interactions can lower the superparamagnetic 

behaviour of fine magnetite produced by these bacteria; therefore, another explanation 

for %χfd values may be required. Another possibility is that, since the paddy samples 

were all from different areas of the same field, the %χfd values document burning or 

soil formation taking place on a former land surface prior to sedimentation and/or 

buildup of the present paddy. 

Given the fact that cuneiform bulliform phytoliths are recorded in thin section at other 

sites, it is surprising that none were observed in the paddy samples. This may be 

explained as the result of the removal of most of the rice from the field during harvest, 

and the phytoliths present in the paddy samples thus may represent weeds or vegetation 

growing on the paddy fields between planting seasons.   
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The paddy soils demonstrate silty infills that are likely a result of sediment disturbance 

during cultivation. Flooding, likely provided sufficient energy to move these relatively 

coarser materials through the profiles.  

Iron and clay illuviation and/or movement in solution are indicated by the development 

of pedofeatures, particularly around voids. Particulate coatings of iron and/or clay may 

indicate complexes formed prior to or during illuviation or during sediment saturation, 

with deposition or precipitation taking place during drying. Calcitic pedofeatures do not 

appear to be cemented as well as in the Z021 bund sediments  (i.e. the crystals appear 

more loosely “packed”); this could reflect cycles of remobilisation and re-precipitation 

of calcitic material in the paddy.  

7.2.1.3 Alluvial 

The particle size analysis indicates that the alluvial control sample has been deposited 

under a medium- to high-energy regime, which is consistent with observations of the 

location of the sampled profile near the banks of the Malwatu Oya (see Chapter 2). 

Given that the river is seasonal, a more variable particle size distribution was expected. 

The sediments may thus have been deposited during a period of increased moisture (i.e. 

it was perennial) relative to today. Alternatively, the sediments may reflect rapid 

deposition during the wet season. 

As the alluvial control sample is uncultivated, it was expected that %χfd and total P 

values would be low, but they are higher than some of the archaeological bunds and 

infills (e.g. Z021a and E400 bunds). The alluvial sample is therefore interpreted as 

representing redeposited sediments that retain a residual signature documenting 

anthropogenic activity and soil-forming processes prior to erosion and deposition at the 
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current location. The fact that the %χfd and total P signals are higher than at some of the 

archaeological bunds and infills suggests that the source(s) of the alluvial sediments 

were areas of low to medium intensity human activity. 

The rounded, well-sorted alluvial control sediments also feature low organic content. 

These characteristics demonstrate that the sediment was reworked over time, 

transported a considerable distance, and was deposited relatively quickly, which 

precluded soil formation and establishment of vegetation. However, excremental 

pedofeatures near the top of the slide may document near-surface processes that suggest 

that the sediment at one time contained higher abundances of organic material, and may 

indicate a depositional hiatus. 

The pale colours of the micromass demonstrate depletion of iron and organic material, 

and along with the redeposited sponge spicules, document the dominantly saturated 

nature of the sediment. 

7.2.1.4 Soils from Trench ASW2, Anuradhapura Citadel  

It was expected that data from the older land surfaces at the Anuradhapura citadel (i.e. 

ASW2 Contexts 1616 and 1496) would demonstrate less intense and/or prolonged 

human activity than data from the younger land surfaces (i.e. ASW2 Contexts 1101, 

977, 615), but the opposite pattern is observed. The most likely explanation for the 

profile’s P distribution is that the values reflect fluctuations in the type, intensity, 

duration, and/or location of human activity within these sediments. The %χfd values 

also likely reflect these fluctuations. 
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Although the data are merely suggestive at this point, it is interesting to note that the 

change in P values from >150 mg/100g to ≤95 mg/100g occurs between ASW2 

Structural Period J (ca. 540-340 cal. BC) and Structural Period I, (ca. 360-190 cal. BC), 

as defined by Coningham and Batt (1999). These researchers note that Period I marks a 

major structural change at ASW2, in which square to oblong, cardinally oriented 

structures replace round ones. This transition also marks the beginning of 

Anuradhapura’s tenure as the island’s capital, and a 60% increase in settlement size 

(Coningham and Batt, 1999). The total P levels in ASW2 Contexts 1616 and 1496 are 

thus interpreted as demonstrating intense and/or prolonged human activity at the ASW2 

trench locality by at least ca. 840-460 cal. BC, continuing until ca. 340 cal. BC. 

Subsequent structural changes and the reorganisation of activity areas may be reflected 

in relatively lower total P levels of ASW2 Contexts 1101, 977, and 615. 

An alternative or complementary explanation is that the two lower surfaces (interpreted 

as natural deposition [1616] and as degraded wattle and daub [1486]) may have been 

exposed for longer than the upper surfaces, which are interpreted as deposited in 

preparation for building construction, and may have been exposed to human activity for 

a shorter period. 

7.2.2 The landscape preceding large-scale irrigation: underlying sediments 

Results of stratigraphic and sedimentological analyses from auger sediments at bunds 

C009, E400, and Z021 provide a record of processes operating within the pre-irrigated 

hinterland in the more distant past. These results document sediment deposition within 

fluctuating energy regimes that include alluvial, colluvial, and standing water phases, 
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but also record episodes of landscape stability, soil formation, and possible human 

activity. 

Stratigraphic and bulk sediment analyses and soil micromorphology of the hand-dug 

stratigraphies support interpretations that sampling captured surfaces immediately 

underlying channel C018 and all of the sampled bunds. With the exception of bund 

Z021, surfaces or interfaces below irrigation works record elevated levels of total P and 

in some cases (e.g. E400) elevated %LOI and/or %χfd values. Together with the 

micromorphological results, these sediment characteristics demonstrate occupation 

and/or cultivation activities already taking place on the landscape prior to the onset of 

large-scale irrigation. Below, I discuss the characteristics of the sediments recovered 

from the auger profiles and hand-dug stratigraphies underlying irrigation works, which 

provide insight into the pre-irrigated hinterland landscape. 

7.2.2.1 C009 

Auger profile: Pre-tank sedimentary sequence 

Sediments from the lower tank auger Units 9-8 (depth to ca. 100-80 cm below the hand-

dug stratigraphy) are interpreted as either colluvial or alluvial deposition within variable 

low- to high-energy regimes. These sediments feature some of the lowest total P values 

observed in the hinterland samples, and may represent a ‘natural’ P signal. Auger Unit 7 

(100-80 cm) was noted in the field as containing charcoal, and the increase in %LOI, 

%χfd, and total P in this unit is interpreted as documenting a former surface and 

possibly human activity in this area of the site. 

Field textures for auger Units 6-5 (80-0 cm below the hand-dug stratigraphy) 

demonstrate an increase in finer material, indicating a change in deposition that is 
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interpreted as low-energy alluviation or sedimentation in standing water. The increased 

organic content of these units is likely due to the fine-grained nature of the sediment, 

which would decrease drainage and reduce oxidation of organic material deposited at or 

near the surface of a moist substrate or shallow body of water. The increase in total P in 

these sediments appears closely related to the increased organic content, although it 

may also reflect the fine-grained nature of the material (Crowther, 1997). Waterlogging 

is likely responsible for the overall low %χfd values in this part of the auger stratigraphy 

(Linderholm, 2007); however, at 40-20 cm, the sediments demonstrate slightly elevated 

LOI, %χfd, and total P that could indicate a depositional hiatus, drier conditions, and 

subsequent soil formation prior to a return to moist conditions and continued deposition 

at the site.  

Hand-dug stratigraphy: Pre-tank, pre-bund sediments  

The results of particle size analysis of samples from tank Unit 5 and bund Unit 5 

indicate fluctuating, low-energy alluvial and/or colluvial deposition. In the field, the 

subsurface sediment of tank Unit 5 was correlated to bund Unit 6 and paddy Unit 3. The 

%χfd and total P values for these units are roughly concordant and support this 

interpretation. Micromorphological samples for the pre-bund and pre-tank sediments 

(C009 2-3, 3-3 respectively) document sponge spicules, which support the 

interpretation that moist to wet conditions dominated at the site and preceded 

construction of the bund and tank, and are consistent with the interpretation of the 

hydrological history of the site as documented in the particle size analysis. These finer 

sediments underlying site C009 likely provided a natural barrier that slowed drainage 

and allowed water storage in the area. Water availability at this site appears to have 
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been favorable for cultivation and nearby occupation, at least on a seasonal basis, and 

likely contributed to the selection of the site for bund construction.  

With the exception of the tank auger samples, the pre-bund and pre-tank sediments 

(bund Unit 5, tank Unit 4) demonstrate the lowest values of %χfd in the whole site, and 

may document soil erosion due to disturbance during human activities prior to or during 

bund construction, which suggests a return to drier conditions prior to bund 

construction. However, micromorphological evidence for erosion is absent; therefore, 

erosion was either limited to the very fine superparamagnetic fraction (Dearing, 1999), 

or did not take place. In this case, waterlogging may have resulted in lowering the 

magnetic signature of the sediments (Linderholm, 2007). 

Despite the sedimentological evidence for episodes of waterlogged conditions in the 

past, field description of the colour of stratigraphic units at site C009 are consistent with 

RBE (i.e. yellow reddish or brownish yellow), rather than LHG (i.e. pale yellow and 

brown, white, and light greenish grey), and suggest a moderately to well-drained 

hydrological regime.  Micromorphological support for this interpretation comes from 

the strongly expressed iron enrichment and depletion features within the pre-tank and 

pre-bund sediments (C009 3-3 and 2-4 to 2-3), indicating that the site frequently 

experiences cycles of saturation and complete or near-complete drying. This is true 

even of the pre-tank sediments, which are closer to the groundwater table. The striated 

b-fabric observed in most of the bund and tank samples is interpreted as shrink/swell 

activity in the clay fraction, documenting these wet/dry cycles.  

The sediments underlying site C009 demonstrate evidence of human activity on the 

landscape prior to construction of the tank and bund; this evidence includes a slightly 
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elevated total P value in the pre-bund surface sediments (bund Unit 5), and 

micromorphological indicators of human activity (see Table 6-3). However, overall, 

these sediments demonstrate some of the lowest P levels observed in any of the 

hinterland samples, and anthropogenic indicators are also present in relatively low 

abundance, demonstrating low intensity and/or short duration of human activity. The 

pre-bund and tank samples also incorporate low abundances of fine organic material, 

which supports this inference (i.e. the pre-irrigated surface was not intensively 

cultivated or occupied). 

Micromorphological indicators of cultural activity include charcoal, anorthic soil and 

sediment fragments, vesicular isotropic material, ceramic and bone fragments, and 

charcoal that includes material resembling husks of rice or other cereals similar to those 

observed in the paddy control samples. The bone, ceramics and vesicular material 

suggest activities related to habitation at the site rather than cultivation, as these 

artefacts are not present in the modern chena or paddy samples. The cereal husks may 

thus indicate burning during cooking or other activities, rather than cultivation. 

Illuvial pedofeatures document a relatively stable landscape prior to the onset of bund 

construction; these include limpid to slightly dusty clay coatings. Additionally, very 

dusty clay coatings and distinctly laminated dusty and slightly dusty clay features in the 

pre-bund samples (C009 2-4, 2-3) also document other cycles of more or less landscape 

disturbance (respectively) during the pre-bund period. These features dominantly 

consist purely of clays with no coarse inclusions or increase in fine charcoal fragments, 

supporting the interpretation that activities at the site were predominantly related to 

habitation. 
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Table 7-1. Summary and interpretation of processes inferred from control sediments.  
Original signal: I: intact; R: redeposited; M: modified; Drainage: P: poor; M: medium; W: well 

Original environmental signal Anthropogenic processes 
Context/sample 

Nature Intensity 
Drainage  

Indicator Interpretation 

Trace of anthropogenic indicators Minimal pre-bund human activity 
Pre-bund surface Medium to high-

energy alluvial I P 
Silty pedofeatures Disturbance during early bund 

construction activity 
Silty pedofeatures 

Illuviated pedofeatures 
Pauses in bund construction, 

pedogenesis 

Increased porosity Disturbance, aeration during 
sediment deposition 

Bund 
construction 

sediments 

Low-energy 
alluvial/colluvial R W 

Increasingly abundant and diverse anorthic lenses Wider range of sediments accessed 
with progression of construction 

Impure micromass, charcoal Incorporation of organics to 
increase soil fertility 

Increased porosity, vughy/blocky structure 
Lower %χfd values at surface 
Identifiable anorthic lenses  

Incorporation of subsurface material 

Chena cultivation 
Management of dry soils Chena Low to medium-

energy colluvial M M-W 

Higher diversity, abundance of phytoliths 
Higher total P, %LOI, %χfd values 

Illuviated pedofeatures 

Fallow period of shifting 
cultivation 

Impure micromass, charcoal Incorporation of organics to 
increase soil fertility 

Decreased porosity 
Vughy, blocky, massive, platy structure 

Rounded, almost indiscernible anorthic lenses 
Silty pedofeatures 

Paddy cultivation 
Management of wet soils 

Paddy 
Low to medium-
energy alluvial, 

colluvial 
M P-M 

Low abundance of phytoliths Harvest of surface vegetation 

Alluvial Medium/high-
energy alluvial R W Moderate inherited P signal Low/moderate intensity activity 

prior to alluvial redeposition 

30
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This hypothesis is supported further by the presence of very dusty clay coatings in 

samples from the occupation sites in the study area (i.e. 7.2.5.2 below). 

7.2.2.2 E400 

Auger profile: Pre-bund sedimentary sequence  

The particle size analysis for the pre-bund auger sedimentary sequence (i.e. Units 14 to 

11) indicates that the sediments were likely deposited in a fluctuating but dominantly 

low-energy alluvial environment. The fining-upward sedimentary sequence suggests 

decreasing depositional energies over time and is interpreted as indicating a trend 

towards increased landscape stability. The relatively constant %LOI, %χfd, and total P 

values for these samples demonstrate that similar processes acted on these sediments, 

and the low total P levels are interpreted as reflecting a ‘natural’ P signal with minimal 

to no human impact.  

Auger profile: Pre-tank sedimentary sequence  

The particle size analysis and field texture data from the pre-tank sedimentary sequence 

(Units 8-6) are interpreted primarily as alluvial sediments deposited in fluctuating, 

dominantly low-energy conditions. Unit 6 demonstrates the largest mean grain size and 

a coarser texture, documenting an episode of higher-energy deposition during increased 

alluviation and/or colluviation at the site, which may represent higher rates of landscape 

erosion during that period. 

The total P values in Units 8 and 7 do not appear to be correlated solely with %LOI 

values, and likely reflect the presence of calcium phosphates, which are common in 

soils with pH >7 (Vepraskas and Faulkner, 2001). This interpretation is supported by 

the fact that P values mirror the %LOI curve throughout the rest of the profile, which 
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suggests that, for those samples, organic material (whether natural or anthropogenic) is 

the dominant influence on P levels. P levels in the tank auger sediments are higher than 

those in the bund auger sediments, and it is currently unknown whether this represents 

increased organic inputs or reflects the fact that the tank auger sediments are finer than 

the bund auger sediments (Crowther, 1997). 

The pre-tank surface (auger Unit 3) features slightly elevated levels of %LOI, %χfd, and 

total P, which corroborate the stratigraphic interpretation that this unit represents a wet 

substrate that supported plant life and may have been cultivated or underwent burning 

prior to construction of the irrigation work (see Chapter 4).  

7.2.2.3 Pre-bund surface/lower bund interface: E400-9 to -7 

Hand-dug stratigraphy: Pre-bund sediments  

The particle size analysis for Unit 8 suggests low-energy alluvial or colluvial deposition 

of the pre-bund/bund interface sediments. Total P and  %χfd levels are elevated in Units 

9 and 8, which suggest increased anthropogenic activity in these units compared to the 

underlying bund auger sediments. In fact, the elevated %LOI, %χfd, and total P values 

very clearly support field interpretations that Unit 8 represents sediments from a 

formerly occupied surface. As such, the water table must have been low enough at the 

time to permit habitation, despite the fact that sedimentological and 

micromorphological analysis demonstrates that the site has a history dominated by 

standing water or a high water table. In the following, I discuss the complex 

micromorphology of the E400 pre-bund/bund interface (samples E400 9, 8A, 8B, and 

7), which further enhances interpretations of the pre-bund occupation. 
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The micromorphology of the lowest unit in the bund (E400-9) demonstrates its 

heterogeneity (Table 6-6). The discrete juxtaposed sediment lenses at the bottom of 

E400-9 indicate disturbance or multiple episodes of sediment deposition. This was 

followed by stability, indicated by an intact-looking micromass that features a lens of 

isotropic material with parallel orientation that could represent clay or Ca-Fe-P (Figure 

6-13). Similar-looking pedofeatures are observed further up the slide, but these are 

fractured, recording another episode of disturbance.  The upper part of the sample 

features discrete layers of sediment with parallel referred orientation that suggest 

preparation of the land surface. 

Unit 8 is documented in thin sections E400-8A and 8B, which feature abundant 

ceramics that vary in the expression of their clay coatings. Type 1 ceramics feature 

dusty clay coatings, very few of which demonstrate laminations, and vughs within these 

sherds are coated with slightly dusty clays. None of these coatings were observed in an 

intact context within any of the interface sediments in samples E400-8A or 9B, 

suggesting that the sherds are redeposited. Additionally, a few of the coatings on the 

sherds appear truncated or fractured, further supporting the hypothesis that suggests that 

they were deposited on the ceramics during illuviation prior to deposition at the base of 

the bund. At least two other ceramic types are represented in the Unit 8 sediments; 

however, they demonstrate coatings that differ from those on the Type 1 ceramics, 

suggesting that at least two occupations or illuvial episodes are documented in the 

samples prior to deposition of Unit 8 (Figure 7-2).   

This hints at the possibility that Unit 8 represents disturbed or redeposited material 

rather than an intact surface. This inference is further supported by evidence for 
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sediment compaction, groups of mineral grains with V- or U-shaped basic distribution 

that may constitute toolmarks, and anorthic fragments of clay and iron coatings and 

lenses. Disturbance is also recorded in the silty infills with inclusions of calcitic 

crystals, organics, and/or phytoliths that are documented in E400-9, 8A, and 8B.  

Sponge spicules and cuneiform bulliform phytoliths observed in the pre-bund/bund 

interface sediments indicate moist conditions at the site during the pre-bund period, and 

corroborate evidence from the tank stratigraphy.  

Sample E400-7 also demonstrates evidence for disturbance, such as compaction and 

mineral lenses with V- or U-shaped basic distribution; these features are consistent with 

those in samples E400-8A and 8B, and likely indicate anthropogenic sediment 

deposition. However, the sample documents landscape stability following deposition of 

Unit 7, as the sample is relatively abundant in phytoliths and features intact illuviated 

calcitic, clay, and iron pedofeatures. In fact, intact illuviated pedofeatures are present in 

similar abundances in Units 9-7, indicating that soil-forming processes were acting on 

Unit 7 prior to bund construction, and Unit 7 is interpreted as constituting the 

immediate pre-bund surface. The relatively abundant charcoal fragments in the sample 

suggest an increased human presence and/or burning of surface vegetation prior to bund 

construction. 

7.2.2.4 Z021 

Auger profiles: Pre-bund and pre-tank sedimentary sequences  

The particle size analysis for the pre-bund sedimentary sequence (bund auger Units 12 

to 10) demonstrates deposition within a variable but low-energy setting, interpreted as 

dominantly colluvial and/or alluvial. The moderately- to well-sorted nature of Unit 11 is 
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interpreted as documenting an intervening period dominated by alluviation. This 

alluvial period also appears to be documented in the comparable particle size analysis 

results for the pre-tank sedimentary sequence (tank auger Units 4 and 3). 

Total P levels from the Z021 bund auger samples are all relatively low, indicating 

minimal cultural inputs prior to bund construction. There appears to be little correlation 

between the total P and LOI curves, which suggests that Ca-phosphates, not 

anthropogenic activity, are the dominant contributors to the total P signals.  

7.2.2.5 Pre-bund/lower bund interface: Z021-9 to -7 

Hand-dug stratigraphy: Pre-bund sediments  

The pre-bund/bund interface sediments (bund Units 9-8) are interpreted as colluvium 

and/or alluvium of variable but dominantly low depositional energies, demonstrating 

processes consistent with bund auger sediments. Sediment colours as documented in the 

field are consistent with LHG soils, which indicate the dominance of reduced 

conditions at the site. 

Apart from a trace of charcoal, some compaction features, and anorthic soil lenses, 

there are almost no micromorphological indicators of human activity within the 

interface sediments, setting the Z021 bund apart from the others sampled in the study. 

Highly vughy and crumb microstructures similar to those observed in the modern bund 

construction sediments (7.2.1.1 above) document biological disturbance throughout the 

interface sediments, and suggest that most of the stratigraphic units in the pre-

bund/bund interface have been redeposited. The interface samples demonstrate parallel, 

oblique, and vertical preferred orientations of sediment lenses and long axes of the 
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coarse groundmass, documenting construction of the base of the bund as more 

haphazard than in the overlying samples (i.e. Z021 6-4), which demonstrate parallel 

preferred orientation (7.2.3.4 below).  

At the bottom of the bund, micromorphological sample Z021-9C has fewer areas of 

disturbance and may represent a more intact portion of the pre-bund land surface (see 

Appendix 4).  Sample Z021-9B features one possible Ca-Fe-P feature that may 

document human activities on the landscape prior to or during bund construction, but 

this feature may be redeposited, and requires more research for positive identification.  

Areas Z021-9B and A within the Z021-9 thin section also feature many to abundant 

dusty brown to black coatings and lenses. These may represent accumulations of dust or 

fine charcoal due to burning of vegetation on the landscape, either for cultivation 

purposes or to clear vegetation for bund construction. Although only a trace of charcoal 

material was observed in the interface sediments (i.e. in Z021-8), the %χfd values for 

the sediments could support this interpretation, as they are moderate, and suggest they 

are composed of a mixture of superparamagnetic and non-superparamagnetic grains. 

Since the Z021a bund is interpreted as preceding construction of Z021, wet rice 

agriculture was probably already taking place in the area prior to construction of the 

Z021 bund. The construction of the Z021 bund thus likely incorporated the early tank or 

paddy sediments. In fact, it is possible that the surface beneath the Z021 bund 

represents the paddy or tank associated with the Z021a bund. The geometry and height 

(ca. 50 cm) of Z021 Unit 7 (Figure 7-3) suggests that during its early phase, the Z021 

bund may have functioned as a niyara, or small bund up to 60 cm high that contains 

water in paddy fields (Mr. H.B. Premadasa, pers. comm.). Micromorphological support 
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for this hypothesis is found in Sample Z021-7/8B, which documents slight compaction 

(interpreted as anthropogenic) and silty pedofeatures in the upper boundary of Unit 8. 

These silty features are consistent with those observed in the paddy and modern bund 

control samples and at the bottom of the E400 bund (see 7.2.1.1, 7.2.3.3), and are 

interpreted as accumulations due to landscape disturbance related to cultivation 

activities or bund construction. The relative lack of illuviated pedofeatures within the 

interface sediments is also consistent with paddy control samples and supports this 

hypothesis. However, thin sections from the cultivated control soils demonstrate an 

impure micromass indicating the incorporation of abundant fine charred and organic 

material, and these features are not observed in the Z021 interface samples. 

Therefore, although the micromorphology of the Z021 pre-bund/bund interface 

suggests that it had an earlier function as paddy/niyara to the adjacent Z021a bund it 

does not provide conclusive proof. 

7.2.2.6 Pre-bund subsurface and surface: Z021a Units 6 and 5 

The particle size analysis for the Z021a pre-bund subsurface and surface sediments is 

interpreted as dominantly high-energy alluvium. Sediment colours as documented in the 

field are consistent with RBE soils, and the gley colours observed at Z021 are absent, 

suggesting Z021a is better drained.   
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Figure 7-2. Ceramics in Unit 8, E400 pre-bund interface sediments.  
A. Ceramic 1. Note the truncated clay coating (arrow) indicating pedogenesis followed by disturbance that was likely due to anthropogenic redeposition of Unit 8. 
E400-8A, PPL, 100x. B: Ceramic 1: Note the clay coatings on the fragments (arrow). These coatings indicate that they were deposited on the fragments while on a 
stable land surface prior to deposition within Unit 8. E400-8A, XPL, 40x. C: Ceramic 2, with no clay coatings, suggesting Unit 8 consists of redeposited sediments 
from multiple former surfaces. E400-8A, XPL, 40x. D: Ceramic 3 features a dustier clay coating than Ceramics 1 and 2, highlighting the heterogeneity of Unit 8 
sediments. E400-8B, XPL, 40x. 
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The low %χfd values for all samples indicate the near absence of superparamagnetic 

grains (Dearing, 1999). Given the presence of ceramics within the bund construction 

sediments (Units 4-2, see 4.2.2.4), moderate %χfd values indicating burning or soil 

formation was expected. Three possibilities may explain these %χfd values. First, 

analytical or sampling error may be responsible. Second, the sediments may all 

represent subsurface materials; if this is the case, Units 6 and 5 would represent intact 

subsurface sediments, and Units 4-1 would represent redeposited subsurface sediments. 

However, this seems unlikely, because Unit 1 at the top of the bund is undergoing soil 

formation, which would be reflected in higher %χfd values. A third and more likely 

possibility is that, since the bund is regularly submerged by water in the Z021 tank (see 

3.3.1.4), the magnetic susceptibility has been lowered due to production of less 

magnetic forms of Fe under submerged conditions (Linderholm, 2007).  

Total P levels in the Z021a bund sediments are noticeably higher than in the nearby 

Z021 sediments, and likely indicate an anthropogenic signal, as expected, given the 

ceramic inclusions in the bund indicating relatively increased cultural activity. The total 

P levels therefore document localised human activity in the area surrounding the Z021a 

bund prior to bund construction that did not extend to the nearby Z021 bund. 

Micromorphological sample Z021a-3 documents stratigraphic Unit 5. and the 

micromorphological properties of this sample indicate a division of the sample into two 

sections (Appendix 4). Relict features are frequently observed throughout Unit 5, and 

appear disorthic or anorthic, suggesting that they represent disturbed or reworked 

sediments. The lower part of the sample (Z021a-3B) demonstrates noticeably higher 

abundances of relict features than the upper part (Z021a-3A). 
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Figure 7-3. Pre-bund surface/bund interface, bund Z021, as possible niyara. 

On the left, the geometry and height of Unit 7 (circled) as well as micromorphological evidence for a 
depositional hiatus suggests that bund Z021 may have functioned as a niyara in the paddy field 
associated with the adjacent bund Z021a. Right: Niyara (arrows) in a modern paddy field during the dry 
season. 
 

The bottom of Z021a-3B also features a crumb structure composed of very coarse sand- 

and gravel-sized rounded nodules and aggregates, which may represent spheroidal and 

ellipsoidal excrements, sediments reworked by colluviation, or an eroded surface. 

Additionally, fine sandy and silty pedofeatures similar to those seen in the modern bund 

sediments are observed only in Z021a-3B, indicating disturbance. Z021a-3A is thus 

interpreted as the surface related to human activity that contributed to disturbance of 

Area B and directly preceded bund construction. 

The cuneiform bulliform phytoliths and sponge spicules in the pre-bund samples 

indicate the presence of moist conditions in the area prior to bund construction. 

However, given that the Z021a sediments demonstrate properties consistent with 
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moderate to good drainage of the site, near-surface water availability was likely on a 

seasonal basis. Although not diagnostic of rice in South Asia (Piperno, 2006), the 

bulliform phytoliths suggest people may have been exploiting the available water for 

domestic needs and small-scale rice cultivation prior to bund construction. Very dusty 

clay coatings similar to those in the paddy control samples or at C009 were not 

observed at Z021a, suggesting that cultivation activities were not intense or prolonged 

(7.2.2.1). 

Cultural indicators in the pre-bund surface sediments (Z021a-3) consist of a trace of 

bone and charred material, indicating that pre-bund activities at the site were limited. 

However, the pre-bund total P values and the fragments of mutti (cooking or storage 

jars, see 4.2.2.4) within the bund construction sediments (i.e. Units 4-2) suggest an 

occupation at or near Z021a during the pre-bund period. 

Limpid and dusty clay pedofeatures in thin section indicate their deposition during 

landscape stability and instability, respectively. Redoximorphic pedofeatures are 

present, documenting wet/dry episodes; however, these are present throughout the 

entire bund, and it is difficult to determine whether the pre-bund surface developed 

these prior to bund construction.   

7.2.2.7 Pre-channel surface/channel interface: C018 Units 8 and 7 

The particle size analysis for the lowermost unit of the channel (Unit 8) is interpreted as 

colluvium or alluvium deposited within a low- to moderate-energy regime. The low 

%χfd value in Unit 8 may indicate a subsurface signature or soil erosion. 
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Micromorphological sample C018-7/8 documents the contact between the Units 8 and 

7, and demonstrates that these sediments have a complex history; the sample is thus 

divided into three sections (see Appendix 4). 

The massive to vughy microstructure at the very bottom of the sample (C018-7/8C) 

indicates compaction or layering of sediments that demonstrate undifferentiated and 

striated b-fabric, a relative abundance of incorporated organic material, and an absence 

of intact illuvial pedofeatures (Figure 7-4). These features are consistent with those 

observed in the cultivated control soils (see 7.2.1.2) and, given the well-drained nature 

of the site, are interpreted as indicating relatively intense or prolonged chena activities 

taking place prior to channel construction, an inference supported by the moderate total 

P values. 

Area C018-7/8B is dominantly composed of a layer of gravel-sized quartz aggregates 

that are not abundant in the groundmass of any other sampled stratigraphic unit within 

the entire study area, and were likely imported into the site specifically to line the 

channel. This layer may have functioned to protect the channel from erosion during 

transportation of water through the channel, as suggested by the stone linings on the 

bund of a large tank observed by Myrdahl (1990) during field work in the Sigiriya 

region. This interpretation is consistent with the field-based evidence that suggests that 

channel C018 was designed to transport abundant, relatively fast-moving water (see 

3.3.2.1 and 4.2.3.1). Water flow through the channel was therefore likely regulated, and 

may have acted as a conduit between a large tank and smaller tanks or paddy fields. 
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Figure 7-4. Channel C018; Thin section C018-7/8. 
Microstratum C: Redeposited chena soils underlying channel. Dotted lines demonstrate the layering of 
sediment during surface preparation prior to channel construction. Dashed line delineates the C/B 
boundary. Microstratum B: The redeposited gravels imported to the site specifically to line the channel, 
probably to protect it from rapid water flow. Figure is a composite of four photographs. PPL, 40x. 
 
The microstructure, sorting, and textural discontinuities that characterise C018-7/8A are 

consistent with the overlying sediments (i.e. channel infill sediments), and this section 

of sample C018-7/8 probably represents the onset of channel sedimentation following 

its disuse as a conduit for water.   

The gravel layer represented by area C018-7/8B differs from C018 7/8A or C in that it 

features many moderately to well oriented limpid to dusty clay coatings that are 

occasionally laminated. If these features had accumulated as a result of pedogenesis 

following channel disuse, one would also expect to see them also at the top of the 



 

 323 

sample (C018-7/8A). There are three explanations for the clay coatings in C018-7/8B. 

First, as these coatings appear truncated at the bottom and top of C018-7/8B, they may 

represent anorthic coatings that developed on the gravels prior to redeposition during 

channel construction. However, apart from these truncations, the coatings appear intact, 

making this explanation unlikely, given that they were transported from outside the site 

specifically for channel construction. Second, the coatings may represent pedogenic 

clays that accumulated during episodes of channel disuse or as pedogenesis acted on 

slowly accumulating infill sediments. In this case, the truncated coatings could 

document disturbances related to channel maintenance (i.e. de-silting) down to the base 

gravel layer prior to re-use. This is plausible, but does not account for the truncated 

coatings at the base of C018-7/8B, although bioturbation may be responsible. Third, as 

mentioned in Section 6.2.5, dry soils are not required for clay coating development 

(Dalrymple and Theocharopoulos, 1987, Sullivan, 1994). Therefore, it is possible that 

the features observed in C018-7/8B resulted from cycles of mobilisation and deposition 

of pedogenic and/or sedimentary clays during repeated wetting and drying of sediments. 

In this case, the source of the clays could even have been a clay-rich layer originally 

deposited on top of C018-7/8B (i.e. gravels) to reduce infiltration, and the observed 

truncations could reflect the same processes as the second possibility. However, 

although this third option is plausible, I would expect to see more homogeneous clay 

coatings that exhibit that a different pattern of accumulation than the illuviated clay 

coatings observed throughout the hinterland samples. The second or third options seem 

the most likely. 
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7.2.2.8 Summary of sediments underlying irrigation works 

The sediments underlying the hinterland’s irrigation works document fluctuating 

hydrological conditions during the period prior to the onset of large-scale irrigation, 

with low- to medium-energy alluvial and colluvial processes as the dominant 

depositional forces. Episodes of non-deposition and pedogenesis periodically 

interrupted sediment deposition, and it was primarily during these periods that people 

inhabited the landscape. Habitation, chena cultivation, and small-scale irrigation were 

in place prior to large-scale irrigation, consistent with the oral histories of the island 

(Panabokke, et al., 2002). Table 7-2 is a summary of the interpretation of dominant 

processes operating on the landscape prior to large-scale irrigation. 

7.2.3 Bund construction materials 

Bund construction materials provide information about the source of the sediments used 

in construction, the methods of construction, and post-depositional processes. In the 

following, it is assumed that bund construction sediments have been redeposited and 

that many of their characteristics are inherited from former surfaces or subsurfaces. 

The abundance of excrements, dominantly vughy and highly vughy microstructures, 

and mammillated vugh morphologies in thin section indicate significant disturbance and 

bioturbation of bund construction samples. Anorthic soil or sediment fragments attest to 

the processes of bund construction, in which ‘packages’ of sediment are placed on the 

bunds. Redoximorphic features document the wetting and drying of sediments that 

likely reflect processes occurring since the bunds were constructed. 
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7.2.3.1 C009 Units 4 to 1: Bund construction sediments 

The particle size analysis suggests that stratigraphic Units 4 (construction or repair 

sediments) and 1 (upper bund construction sediments) were originally deposited under 

medium- to high-energy conditions, and their relatively well-sorted nature suggests they 

constitute redeposited alluvium.  

The relatively uniform values of %χfd and %LOI throughout all sampled bund 

sediments points to a similar sediment source, but the total P is noticeably lower in 

Units 4 and 3, which suggests that they represent subsurface sediments. Additionally, 

Unit 4 is dominantly composed of well-sorted very coarse sand, and likely represents 

coarse-grained alluvium. Unit 1 has relatively higher levels of total P, which is 

consistent with surface inputs of organic material.  

Anorthic soil fragments within the micromorphological samples of the bund include 

well- to poorly-sorted sands and clay- or organic-rich sediments indicating that 

lacustrine sediments and surface soil horizons were materials for bund construction. 

The increased abundance and expression of these fragments near the top of the sampled 

bund is consistent with observations of the Control Bund sediments that indicate that a 

wider range of sediment sources were accessed as bund construction progressed, 

possibly while digging deeper into the existing pre-bund substrate.   

The very dusty clay coating in thin section C009 2-2 is similar to those noted in the pre-

bund surface sample (7.2.2.1), but given the context, the coating likely documents 

disturbance related to the nearby operation of the tank during paddy or chena 

cultivation, rather than habitation. This feature is somewhat puzzling, because these 

coarser clays would have been deposited in a near-surface environment during a period 
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of landscape disturbance, and if the bund was initially constructed to its present height, 

this feature would likely not have developed where it did. Two explanations are 

proposed here; first, the process of bund construction or repair (i.e. Units 4 and 3) may 

have produced the coatings. This is unlikely, as none of the other archaeological or 

modern bund sediments demonstrate very dusty clay coatings that suggest they 

developed under construction or repair. A second possibility is that Unit 2 (from which 

thin section C009 2-2 was taken) represents a hiatus in deposition. The bund may thus 

have initially functioned as a niyara, as discussed in 7.2.2.5, which would have allowed 

illuvial deposition of the coarser dusty clays in a near-surface environment. Evidence to 

support this hypothesis is that the top of Unit 2 is ca. 60-65 cm above the pre-bund 

surface, and compares to the height of modern niyara. Additionally, charred cereal 

husks (possibly rice) are observed in the pre-bund sample C009 2-3 and sponge spicules 

are present in all C009 bund sediments, documenting water or saturated sediment in the 

area, which would support rice cultivation. However, the geometry of bund Unit 2 does 

not resemble either Z021-7 or niyara, and an impure micromass indicating a cultivated 

soil is absent, so this possibility is suggestive but not confirmed. 

Compaction features indicating tool marks or shaping of bund sediments during 

construction are only occasionally present in thin section, suggesting that toolmarks 

have been obscured due to bioturbation, or that there was minimal shaping of the bund. 

The second interpretation is consistent with interpretations of the lower portion of the 

other bunds in the study. 

Iron coatings and hypocoatings around mineral grains and voids are most abundant in 

the upper bund sediments (thin section C009 2-1) and decrease with depth.  Considering 



 

 327 

the low abundance of iron enrichment and depletion features in this sample and the 

relatively high position of the bund on the landscape, these coatings likely indicate 

localised iron deposition within the bund due to relatively temporary saturation and 

water movement through voids.  An alternative possibility is that they may be the result 

of iron oxidation due to biological activity and the (former) presence of organic 

material.   

7.2.3.2 C009: Micromorphological feature in tank Unit 3 and interpretation of paddy: 

post-construction, pre-abandonment processes 

Feature in C009 3-2: Remnant of sediment accumulation during tank use 

Micromorphological sample C009 3-2 (i.e. Unit 3) documents an inherited compound 

layered feature that that differs from all other sediments within the entire study area and 

is interpreted as a remnant of a sediment sequence that accumulated while the tank was 

in use (Figure 7-5, Figure 7-6; also see location in slide in Appendix 4). This feature is 

observed near the lower boundary of the basal tank infill near the pre-tank surface (thin 

section C009 3-3, Unit 4), and consists of well-sorted silts and fine sands (i.e. 

microstratigraphic horizons B1, B2), which suggest alluvial deposition. These silts and 

fine sands are embedded in a matrix of dusty clays with light reddish brown (OIL) very 

fine silt-sized particles that may represent finely dispersed haematite formed during soil 

burning prior to deposition in the tank. Clays (i.e. A1-3) have linear basic distribution 

with parallel orientation, and contrast with the pedogenic clays documented in the study 

area, suggesting they settled uniformly out of solution or were deposited during drying 

phases. In its entirety, this feature documents at least three cycles of alluviation and clay 

deposition, and may be interpreted as accumulating during controlled influxes of water 

into the tank, such as through a channel.  
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However, three features cast doubt on the ‘controlled water’ hypothesis. First, the 

lenses of well-sorted silts and fine sands (B1-2) are miniscule and discontinuous, which 

is contrary to what would be expected if they settled out of standing water. Second, 

horizons within the microstratigraphy of the feature do not recur in a regular sequence, 

which would also be expected with cycles of controlled and standing water. Finally, a 

similar feature is observed in thin section C009 3-1 (Figure 7-7), in which one layer of 

well-sorted silts and fine sands sits directly on top of one layer of reddish brown, 

isotropic material of similar thickness to the linear clays in thin section C009 3-2, but 

which appears to be organic material. Although the similar appearance of these features 

may be coincidental, it is enough to prompt exploration of an alternative hypothesis for 

the formation of the feature in C009 3-2.   

In this alternative hypothesis, microstratigraphic horizons C1-3 represent uncontrolled 

influxes of sediment from the surrounding landscape (i.e. when the tank was not in use). 

The linear, parallel clay layers (horizons A1-3) were deposited as a result of settlement 

within standing water and when the tank dried out. The discontinuous well-sorted silt 

and fine sand lenses (horizons B1-2) could be aeolian deposits that blew into the tank 

from the immediate area during the dry season, when vegetation cover was sparse, or 

when chena activities disturbed the landscape. Alternatively, these silts and sands could 

be alluvial in nature, deposited during brief, low-energy influxes of small amounts of 

water, and do not represent controlled influxes of sediment into the tank. Table 7-3 

summarises the microstratigraphy of this feature and the two interpretations discussed 

here. 
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C009 Paddy Units 3-1 

The paddy sample is interpreted as documenting deposition within a slow-moving 

alluvial environment, with subsequent anthropogenic modification and reworking 

during cultivation. There is a lack of chronological control on the paddy sediments, and 

although it is assumed that it was in use during operation of the tank and bund and 

abandoned at the same time, it is unknown whether this is in fact true. 

As documented in the micromorphological samples for the C009 tank, bund, and paddy, 

ceramic fragments are in relatively low abundance throughout the site, but are in 

greatest abundance in the paddy sample (i.e. thin section C009 1-1, paddy Unit 2). 

These fragments suggest that paddy cultivation took place on a former occupation 

surface, or that household waste was added to the paddy field to increase soil fertility, 

although there is no regional ethnographic evidence supporting this inference. 

Anorthic sediment lenses are commonly observed in the C009 paddy sample, and 

indicate anthropogenic or biological disturbance of the sediments, likely during 

cultivation. However, the sample demonstrates relatively few fragments of soils with an 

impure micromass compared to the paddy control soils, and anorthic lenses are poorly 

integrated into the sediments, suggesting relatively low-intensity paddy cultivation at 

C009.  
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Table 7-2. Summary and interpretation of processes inferred from sediments underlying irrigation works.  
Drainage: P: poor; M: medium: W: well; Stage: D:distant past; R: recent past; Depositional energy: L: low; M: medium; H: high. Numbers delineate the relative 

order of events. 

 

Environmental signal Anthropogenic signal 

Site 

Drainage Process Stage Process Onset 

Site interpretation 
Hinterland 

interpretation 

P-M 

1. Variable L-H energy 
colluvial ± alluvial 

2. L-M energy, deposition in 
standing water (?) 

D 

C009 

M-W 

L energy colluvial ± alluvial 

Periods of non-deposition 
Erosion (?) 

R 

Human activity in more 
distant past during dry 

periods (?) 
Habitation in recent past 

More recent 
habitation 

dates to before 
ca. AD 340 

Variable hydrological conditions 
Intermittent, low intensity/short 

duration episodes of human 
activity prior to bund 
construction 

Erosion due to habitation (?) 

E400 P 

Variable L energy alluvial ± 
colluvial w/trend to decreasing 

depositional energies 
Periods of nondeposition, 
pedogenesis 

D to R 

1. Habitation, cultivation, 
sediment redeposition 

2. Abandonment, 
pedogenesis 

3. Preparation for cultivation, 

construction?  

1, 2. ca. 
1000 BC or 

after 
 

3. ca. 400 BC 

Overall waterlogged conditions 
interrupted by drier episodes  

Intermittent low to high 
intensity/duration of habitation 
and/or small-scale irrigated 

cultivation 

Variable L energy colluvial ± 

alluvial 
D 

Z021 P 
Variable L energy colluvial ± 
alluvial 

R 

No signal prior to bund 

construction 

Construction 

some time 
following 

Z021a bund 

Minimal human activity 

First stage of bund construction 
may have been as niyara in 

paddy 

Z021a M-W 
H alluvial 
Non-deposition, weathering 

Erosion (?) 

R 
Habitation 
Small-scale cultivation 

Prior to ca. AD 
500 

Accumulated P signal indicates 
relatively prolonged moderate 

intensity human activity 

C018 M-W L-M alluvial ± colluvial R Cultivation ? 
Intense/prolonged chena  
Gravels to line channel 

Overall fluctuating 
hydrological conditions, 

with L-H energy colluvial 
and alluvial processes 

dominant 

 
Some evidence for trend 

toward decreasing 
depositional energies 

(E400, C009) or 

pedogenesis/stability 
(Z021a) prior to large-

scale irrigation, suggests 

weaker monsoons 
 

Habitation, small-scale 

cultivation, +/or 
exploitation of water 

resources documented at 

all sites but Z021 prior to 
onset of large-scale 

irrigation 
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The lack of well-oriented clay pedofeatures compared to those observed in the tank 

infill samples suggests that the sampled paddy sediments underwent disturbance during 

the post-abandonment period. Clay pedofeatures documenting post-abandonment 

pedogenesis may be present in the overlying paddy Unit 1, which was not sampled for 

micromorphology. 

Although they demonstrate compound iron and/or clay pedofeatures that indicate iron 

movement (Figure 7-8), the paddy sediments do not document iron enrichment or 

depletion features similar to the tank and bund sediments. This suggests that the paddy 

did not undergo the same hydrological regime during the pre- and post-abandonment 

period. The absence of these features may be due to homogenisation of the sediments 

during cultivation, but the poorly incorporated anorthic sediment lenses suggest this is 

unlikely. Alternatively, since humans controlled the flow of water into and out of the 

paddy, less water may have saturated the paddy during use and after abandonment than 

in the tank and lower bund, resulting in dominantly non-saturated conditions and lower 

abundances of redoximorphic pedofeatures. 

7.2.3.3 E400 Units 6 to 1: Bund construction sediments 

The particle size analyses of the upper bund construction materials (i.e. Units 3-1) 

suggest that these sediments represent colluvium and/or alluvium originally deposited 

in a variable but dominantly low-energy setting. The relatively constant %LOI, %χfd, 

and total P data points to similar processes acting on most of the sediments prior to and 

following deposition on the bund. The total P levels are relatively low throughout the 

bund and are interpreted as reflecting a ‘natural,’ inherited P signal. As the sediments 

within the pre-bund surface/bund interface demonstrate elevated P levels (i.e. Unit 8), 

the lower P levels for the bund construction sediments suggests they were composed of 
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subsurface materials. Unit 1 demonstrates elevated %LOI, %χfd, and total P levels that 

are interpreted as the result of surface processes (i.e. soil formation, organic inputs). 

Table 7-3. Interpretations of layered feature, C009 tank 3-2. 
(Figure 7-5, Figure 7-6) 

Microstratigraphic 
horizon Description Interpretation 

C3 Dominant groundmass of sample 
Moderately to poorly sorted infill deposited 
during tank infill, possibly post-abandonment 
sediment 

Stratigraphic discontinuity: uncontrolled influx of sediment into tank 

B2 
Silts and fine sands embedded in 
dusty clays with light reddish brown 
(OIL) very fine silt-sized particles 

Lens of burnt soil transported from the 
surrounding landscape into tank via unknown 
channel, by aeolian processes, or by weak 
influx of water, indicated by better sorting of 
coarse fraction compared to C1 

Stratigraphic discontinuity:  microlens of B2 suggests a brief pulse of sediment into tank, or 
that a cleaning or erosional event leaves a discontinuous remnant following wider deposition 
of B2 

A3 Anisotropic clay with linear basic 
distribution and parallel orientation 

Sedimentary clays deposited in standing water 
in tank or clays retained at surface from 
suspension when tank dried out (i.e. in dry 
season) 

Stratigraphic discontinuity: sedimentation from within tank indicated by A3 

C2 
Dominant groundmass of sample, 
with slight increase in c/f related 
distribution near top of horizon 

Moderately to poorly sorted infill deposited 
during tank infill; top has increased abundance 
of coarse material due to landscape 
disturbance, devegetation 

Stratigraphic discontinuity: influx of sediment into tank from surrounding landscape (C2) 

A2 Anisotropic clay with linear basic 
distribution and parallel orientation 

Sedimentary clays deposited in standing water 
in tank or clays retained at surface from 
suspension when tank dried out (i.e. in dry 
season) 

Stratigraphic discontinuity:  microlens of B1 suggests a brief pulse of sediment into tank, or a 
cleaning or erosional event, leaving a discontinuous remnant  

B1 
Silts and fine sands embedded in 
dusty clays with light reddish brown 
(OIL) very fine silt-sized particles 

Lens of burnt soil transported from the 
surrounding landscape into tank via unknown 
channel, by aeolian processes, or by weak 
influx of water, indicated by better sorting of 
coarse fraction compared to C1 

Stratigraphic discontinuity: cleaning or erosional event leaves a discontinuous remnant of A1 

A1 Anisotropic clay with linear basic 
distribution and parallel orientation 

Sedimentary clays deposited in standing water 
in tank or clays retained at surface from 
suspension when tank dried out (i.e. in dry 
season) 

Stratigraphic discontinuity: sedimentation from within tank indicated by A1, rather than 
from surrounding landscape 

St
ra

tig
ra

ph
ic

 o
rd

er
 

C1 Dominant groundmass of sample 

Moderately to poorly sorted infill deposited 
during uncontrolled influx of water into tank, 
or represents basal alluvial/colluvial material 
similar to C009 3-3 
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Figure 7-5. Inherited layered feature, C009 tank 3-2. 
Feature may document sedimentation within the tank during use; see Table 7-3 for interpretation.  For detail of box (centre), see Figure 7-6.  40x, PPL.  Figure is a 
photomosaic. 
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Figure 7-6. Detail of inherited layered feature, C009 tank 3-2.  
100x. A: PPL, B: XPL, C: OIL. See Table 7-3 for interpretation. 
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Figure 7-7 Micromorphological feature, C009 tank 3-1. 
Well-sorted dusty reddish silts and sands (arrow) are similar to those seen in inherited layered feature 
from C009 tank 3-2 (Figure 7-5), but in this case appears to represent an influx of sediment into the tank, 
deposited on top of organic material. A: PPL, 40x, B: OIL, 40x, C: PPL, 100x, D: OIL, 100x.  
 
The presence of sponge spicules within all micromorphological samples of the lower 

bund Units 6 and 5 indicates that the source sediments were saturated at least 

seasonally, which is consistent with observations of the interface samples. This 

inference is further supported by the anorthic lenses observed in Unit 6, which include 

laminated dusty clays documenting sediment deposition in standing water, and fine-

grained lenses with striated b-fabric similar to that observed in the Z021 tank (7.2.4.3).  

Compaction features in E400-6 and features with a V- or U-shaped basic distribution of 

mineral grains in E400-5 and 4, 5 may indicate bund construction activities, but these 
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are not as clear as those observed in the Control Bund sediments; therefore, they could 

also represent artefacts of bioturbation. 

Coarse-grained textural pedofeatures were observed in all micromorphological samples, 

and likely document gradual construction, or hiatuses in construction. In sample E400-

6, these features appear throughout the slide and consist of clays with inclusions of 

organic matter, calcitic crystals, or phytoliths. Silty infills located near the top of E400-

5 and in the middle and bottom of sample E400-4 are accompanied by the absence of 

spicules following deposition of Unit 5, indicating a change in the source of the 

sediments. 

A possible cereal grain husk was observed in E400-5, suggesting that cereal cultivation 

took place during the process of bund construction. The morphology of E400 Unit 5 is 

similar to Unit 7 in Z021 (see 4.2.2.3), and is ca. 60 cm higher than the buried land 

surface. Therefore, it is possible that we see a pattern of use at E400 that is similar to 

that hypothesised at C009 and Z021, in which the lower part of the bund initially 

functioned as a niyara for cultivation, prior to construction of the larger bund. Once 

again, there is less incorporated organic material in the micromass than observed in the 

cultivated control soils, which refutes this hypothesis.   

Clayey silt and fine sand infills observed in the lower portion of sample E400-3 likely 

mark another pause in bund construction, as they also coincide with a sedimentological 

change that features abundant anorthic calcitic nodules. Additionally, the top of E400-3 

is relatively abundant in phytoliths and contains a pollen grain, probably from the 

Poaceae (grass) family (Harvey Friebe, pers. comm.), which may indicate vegetation 

growth and a longer period of nondeposition prior to completion of the bund. Rare 
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dusty well-oriented clay coatings suggest that pedogenesis may have occurred during 

this hiatus but as these coatings are observed throughout the other upper bund 

sediments, they may not document a hiatus specifically following deposition of Unit 3.  

The abundance of intact calcitic pedofeatures within E400-2 likely reflects precipitation 

of carbonates transported in solution from the surface of the bund, possibly reflecting 

current processes. The presence of calcitic features throughout the profile indicates 

frequent saturation of the bund with carbonate-rich water. 

Iron coatings and hypocoatings with or without inclusions of organic matter are present 

in all stratigraphic units of the profile, but are in highest abundance near the bottom of 

the bund (i.e. Units 6-4). These features demonstrate iron movement during periods of 

bund saturation, with subsequent oxidization during drying, particularly within the 

upper bund sediments (i.e. Units 3-1). 

7.2.3.4 Z021 Units 6 to 1: Bund construction sediments 

Results from particle size analysis indicate that the bund construction sediments were 

originally deposited in a variable, low-energy setting, and have characteristics similar to 

the pre-bund sediments. Total P levels from the Z021 bund samples are all relatively 

low, consistent with the field observations that there were no cultural materials within 

the bund.  

Units 3-1 of the upper Z021 bund are relatively homogeneous in their %χfd and total P 

values, which could reflect the bioturbation noted in the field. Given the apparent 

independence from the %LOI curve, he slightly elevated total P values in these units 
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likely reflect a combination of signals from Ca-phosphates and inputs of surface 

vegetation. 

The predominant indicators of human activity in the Z021 micromorphological samples 

consist of striations, compaction, anorthic soil fragments and sediment lenses, and the 

preferred orientation of sediment lenses and long axes of mineral grains. These features 

are particularly dominant in Z021-6B, where parallel referred orientation of sediment 

lenses and mineral grains likely documents the intentional shaping of the base of the 

bund.  

Thin section Z021-5 is highly porous and reflects haphazard deposition of sediments 

onto the bund, but Z021-4B is noticeably compacted and striated, suggesting shaping of 

a construction, repair, or surface feature. The silty infills observed in Z021-4 resemble 

those in Z021-7/8B (see 7.2.2.5) and support the inference that there was a pause in 

bund construction following deposition of Unit 4. However, the near-absence of 

illuviated clay pedofeatures in the Z021 micromorphological samples indicates that 

there was not adequate stability for clay illuviation to occur, pointing to relatively rapid 

bund construction. 

Redoximorphic and calcitic pedofeatures are present throughout the bund sediments, 

demonstrating cycles of wetting and drying that are likely associated with seasonal 

fluctuations in the water level in the associated Z021 tank and in the adjacent 

Nachchaduwa tank. 
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Figure 7-8.Pan-type feature, C009 paddy 1-1. 
This clay- and iron-rich feature (arrows) is interpreted as the puddled layer of the paddy soil, above which the soil was cultivated, PPL, 40x.  Figure is a 
photomosaic. 
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7.2.3.5 Z021a Units 4 to 1: Bund construction sediments 

Results from particle size analysis for the lower bund construction sediments (Units 4 

and 3) indicate that they represent alluvium originally deposited in variable but 

dominantly low-energy setting. The textural characteristics of the upper bund sediments 

(Units 2 and 1) suggest that they represent redeposited higher-energy alluvium. 

The silica microfossils observed throughout the bund thin sections point to surface or 

near-surface sediments used as construction materials. As noted in the pre-bund/bund 

interface, sponge spicules record waterlogged or at least seasonally saturated soils 

preceding bund construction. The ceramics, charcoal and bone fragments within the 

redeposited bund materials provide support for the argument that occupation or 

cultivation activities were taking place at or near Z021a during the pre-bund period.  

The A/B contact in sample Z021a-1 is sharp and prominent; in Z021a-1A, coarse 

minerals are oriented parallel to area B, as is a 4.2mm long relict iron nodule that has 

been fractured in situ, likely by the force that created area B (see Appendix 4). The 

force necessary to create Z021a-1B and related features (i.e. fracturing, compaction, 

and realignment of coarse groundmass materials at the boundary with A) suggests that 

humans were responsible for creating area B. Activities related to construction could 

have caused this intrusion, but the fact that the intrusion was later infilled with organic-

rich material suggests it more likely represents cultivation of the bund (i.e. similar to 

the banana plantation on bund E400, see 0). Therefore, Z021a-1B appears to document 

a later stage of cultivation activities related to the bund. The textural and redoximorphic 

pedofeatures in Z021a-1A and in Z021a-2 are not present in Z021a-1B, suggesting that 
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this disturbance took place following a considerable time period after bund 

construction, possibly during the near-modern or modern eras. 

The formation of compound clay and iron nodules and coatings within the Z021a-1A 

sample documents accumulation of these materials during cycles of pedogenesis and 

seasonal episodes of reduced drainage within the profile. Isotropic clay and/or iron 

coatings and nodules likely document sediment waterlogging (Stoops, 2003), which is 

consistent with field observations that water captured in the Z021 tank submerges the 

Z021a bund.  

7.2.3.6 Summary of bund construction and post-depositional processes 

Bund construction materials were dominantly local subsurface and surface sediments 

that were deposited largely as intact sediment ‘packages’ onto the bunds. The three 

larger bunds (i.e. C009, E400, Z021) demonstrate silty pedofeatures that suggest 

depositional hiatuses, and all three may have first functioned as niyara during paddy 

cultivation. However, in general, the bunds appear to have been constructed relatively 

quickly (i.e. within a few seasons), and have been undergoing pedogenesis and wet/dry 

cycles since construction. Table 7-4 is a summary of the dominant processes involved 

in bund construction and their interpretation. 

7.2.4 Abandonment and the post-abandonment period: Infill sediments 

With the exception of channel F517, the chronology of infill sediments from tanks, 

channels, and the moat indicate widespread disuse of large-scale irrigation works within 

ca. 100 years (see 4.3.2.1). Most of the infill sediments demonstrate similarities in grain 

size and sorting, and exhibit no obvious sedimentary structures, suggesting similar 

depositional processes operating at all sites. Additionally, anthropogenic P signals 
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generally remain the same or increase as infill progresses, hinting at a continued human 

presence on the landscape during the period following disuse. Where the infills differ, 

however, is in the abundance and nature of anthropogenic indicators in thin section; 

these document a complex landscape history following disuse of large-scale irrigation, 

and are discussed in the following summary of the sedimentological record for each 

site. 

7.2.4.1 C009 Tank Units 3 to 1 

Particle size analyses of the tank infill samples indicate that the onset of sedimentation 

following disuse of the tank was within a low-energy, dominantly alluvial setting (i.e. 

Unit 3), but was succeeded by higher-energy sedimentation (i.e. Units 2 and 1), 

interpreted as alluvial and/or colluvial. The total P, %χfd, and micromorphological 

results (see next paragraph) document a depositional hiatus accompanied by soil 

formation and/or burning following deposition of Unit 2. This hiatus was followed by 

renewed medium- to high-energy colluvial and/or alluvial sedimentation (i.e. Unit 1). 

In thin section, anthropogenic indicators in the C009 infill sediments consist primarily 

of low abundances of anorthic soil fragments and sediment lenses, which suggest that 

there was minimal human activity in the landscape surrounding the site prior to and 

following tank disuse. 

Well-oriented clays and compound iron/clay pedofeatures are more abundant in thin 

section C009 3-2 (Unit 3) than in C009 3-1 (Unit 2), which supports the inference from 

the total P and %χfd results that pedogenesis followed a break in sedimentation after 

deposition of the lower infill (Unit 3). This depositional hiatus and the dominantly 



 

 343 

limpid nature of the clays document a period of landscape stability at the site. 

Deposition of Unit 2 marks the renewed erosion of the surrounding landscape. 

The strongly expressed redox impregnation and depletion features in the tank document 

frequent wet/dry cycles, with almost complete drying of most of the sediments during 

dry periods. The fact that the upper tank infill sediments also demonstrate these redox 

features indicates that the tank area continued to undergo wet/dry cycles throughout the 

post-abandonment period. 

7.2.4.2 E400 Tank Units 2 and 1: Infill sediments 

Particle size analysis of the basal tank infill (Unit 2) suggests that it was deposited in a 

predominantly low-energy alluvial setting. Field assessment of the Unit 1 texture is that 

it is finer than Unit 2, indicating a decrease in depositional energy over time. The 

elevated total P and %LOI values in Unit 1 relative to Unit 2 likely reflect inputs of 

organic material from surface vegetation. 

7.2.4.3 Z021 Tank Units 2 and 1: Infill sediments 

Results of particle size analysis for the basal tank infill sediments (Unit 2) point to 

fluctuating, low-energy alluvial deposition during the immediate period of tank disuse. 

Field assessment of the texture of Unit 1 suggests it was deposited in a lower-energy 

setting than basal Unit 2, and field observations indicate standing water at the site was 

likely the process responsible for deposition of Unit 1. The higher %LOI in Unit 1 

likely reflects organic inputs related to modern surface processes, and the low value of 

%χfd could document analytical error, effects of waterlogging, or deposition of 

sediments with an eroded %χfd signal. 
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Table 7-4. Summary and interpretation of processes inferred from bund construction sediments.  
L: low; M: medium; H: high 

 

Construction processes 
Site Onset of 

construction Source sediments 
Shaping? Hiatuses? 

Post-depositional 
processes Site interpretation Hinterland 

interpretation 

C009 ca. AD 340 
Local M-H energy 
alluvium, surface or 
subsurface 

Y Y 

Low abundance of 
redox pedofeatures 
document seasonal 
saturation 

Relatively rapid 
construction; 
  
Minimal shaping 

E400 ca. 400 BC 

Variable, L energy 
alluvium ± 
colluvium, 
dominantly 
subsurface 

Y Y 

Calcitic, redox 
pedofeatures document 
fluctuating moisture, 
variable drying speed 

Relatively rapid 
construction;  
 
minimal shaping;  
 
change in source 
sediments near top 

Z021 after Z021a 
bund 

Variable, L energy 
colluvium ± 
alluvium 

Y Y 

Calcitic, redox 
pedofeatures document 

wet/dry cycles 
Bioturbation at top 

Relatively rapid 
construction despite 
hiatus 

Z021a ca. AD 590 

Alluvium from 
surface or near-
surface 
Lower: L energy 
Upper: H energy 

N N 

Clay and redox features 
document pedogenesis 

+ wet/dry cycles 
Intrusive feature 

documents near-modern 
cultivation? 

Relatively rapid 
construction using 
near-surface 
materials, including 
occupation remains 

Larger bunds 
document stages in 
construction and 
may have 
functioned 1st as 
niyara for paddy or 
chena cultivation 
 
Smaller bund 
demonstrates rapid 
construction, 
possible reuse in 
near-modern period 
 
Pedogenesis and 
seasonal saturation 
dominate post-
depositional 
processes 
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The gley colours and redoximorphic features in the tank thin section (Z021-T) are 

expected, given the seasonal cycles of wetting and drying observed at the site. Striated 

b-fabric also documents shrink/swell activity due to wet/dry cycles, and rare clay and/or 

iron pedofeatures demonstrate movement of these materials within the profile.  

The activities of soil fauna are represented in the crescent striated b-fabric (Stoops, 

2003), crumb microstructure, excremental pedofeatures, and channel features in thin 

section. Roots, tissues, humified organic material and organic pigment are present in 

elevated amounts compared to the bund samples, and are evidence of vegetation 

growing on the tank surface. Organic preservation is likely due to the dominantly 

saturated nature of the tank sediments. 

Anthropogenic indicators are absent and indicate that the tank is not currently 

cultivated, and was unlikely to have been cultivated in the past. The charcoal fragments 

suggest some anthropogenic activity in the area, but these are present only in trace 

amounts, and have likely been redeposited. 

7.2.4.4 C018 Channel Units 5 to 1: Infill sediments 

Particle size analyses of Units 3 and 2 suggest that they represent colluvial and/or 

alluvial sediments deposited under fluctuating but dominantly low-energy regimes. 

Field estimates of the basal infill sediment (Unit 5) suggest that it is slightly coarser 

than the rest of the infill (see 4.2.3.1). Ttherefore, the nature of the initial infill of the 

channel was likely low to moderate alluvial sedimentation (given the landscape 

context), which decreased in energy over time. Units 4 and 1 (i.e. near-surface) were 

assessed in the field as having the same grain sizes as Units 3 and 2, and I suggest that 
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the mode of deposition at the channel was relatively consistent following the initial 

infill period. 

The total P levels for infill sediments at channel C018 point to an anthropogenic signal 

that accumulated at the site prior to channel construction and infill. Slightly elevated 

total P levels in Unit 5 could indicate a depositional hiatus and subsequent pedogenesis 

following its deposition. Bone, ceramics, and charcoal were noted in the field as 

occurring throughout the channel, suggesting human activity at the site during the post-

abandonment period. 

The thin section samples for the C018 infills document lenses of poorly to well-sorted 

sediment that represent influxes from the surrounding landscape. A few of the anorthic 

soil fragments in the samples demonstrate intact pedofeatures, compaction, or parallel 

basic orientation of mineral grains, suggesting that they underwent minimal mechanical 

damage prior to deposition, and that transport distances were likely short. 

Most of these anorthic sediment lenses and soil fragments have similar lithologies and 

frequently exhibit organic material, phytoliths, charcoal, and charred material. These 

likely represent fragments of RBE surface soil horizons that have undergone cultivation 

(Figure 7-9). Very few of the anorthic lenses exhibit noticeably different lithologies, 

gley colours, lower abundances of inclusions, and brighter b-fabric. These features are 

interpreted as originating in LHG soils and/or lenses of subsurface soil horizons, in 

which case they indicate deeper disturbance of the surrounding landscape prior to 

deposition of the lenses into the channel. 
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Very dusty to impure clay coatings are observed in the bottom third of thin section 

C018-4, below slightly dusty to dusty clay coatings that occupy the top two thirds of the 

sample. Because of their coarser nature, the impure clays would have been deposited 

closer to the land surface than the dusty clay coatings; therefore, the impure clays likely 

indicate disturbance such as cultivation during a depositional hiatus or a decrease in 

depositional energy prior to continued sedimentation. 

 
Figure 7-9. Sharp contacts between organic-rich sediment and RBE soils, C018-2. 

OM=organic-rich sediment. This feature indicates intensified cultivation of the channel, OIL, 40x. 
 

Several micromorphological features in thin sections C018-3 and 2 demonstrate 

intensification of cultivation activities around the channel and within the infill 

sediments themselves. Elevated total P levels for Units 3 and 2 support this 

interpretation. Cultural indicators in these samples include fragments of charred 

material resembling burnt husks of cereal grains, possibly rice (see Reedy, 2008), 

increased abundances of anorthic soil fragments, charcoal and charred material, and U-

shaped or parallel-oriented compaction features, interpreted as tool marks. Sample 

C018-2 demonstrates elevated abundances of anthropogenic features relative to C018-3 
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and undifferentiated b-fabric similar to that observed in the chena control samples, 

indicating further intensification of cultivation at the site following deposition of Unit 2.  

Cuneiform bulliform (Madella, et al., 2005) phytoliths were observed in the majority of 

the micromorphological samples for the channel infill sediments, and indicate saturated 

or seasonally wet soil conditions at or near the channel throughout most of the period 

following disuse of the channel for irrigation purposes (Bremond, et al., 2005). 

However, thin section C018-2 demonstrates evidence that moisture decreased at the site 

following deposition of Unit 3. This evidence includes the absence of bulliform 

phytoliths and iron depletion and enrichment of the groundmass, as well as a lower 

abundance of iron pedofeatures. 

All micromorphological samples for infills demonstrate occasionally laminated limpid 

to dusty clay coatings, in which the dustier fraction is almost always deposited after the 

limpid clays. These features document cycles of stability followed by landscape 

disturbance (anthropognic or environmental). 

7.2.4.5 C112 Moat Units 013A to 008: Infill sediments 

Particle size analysis of the basal moat infill (Unit 013A) indicates medium-energy 

alluvial deposition. Units 012A and 012 are interpreted as documenting periodic 

influxes of high-energy alluvium following the collapse of the roof of the adjacent 

monastic structure into the moat. The slight peak in %χfd in Unit 012A likely represents 

an influx of surface soil sediments or granules from weathered tiles as the adjacent 

building collapsed. The low mean grain size, low sand/silt ratio, and moderate sorting 

of Unit 008 (the near-surface sediment) indicate deposition under fluctuating but 

dominantly low-energy conditions, interpreted as alluvial and/or colluvial. 
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Total P values at C112 are interpreted as documenting an anthropogenic signature that 

accumulated in the surrounding landscape over time, and may represent human activity 

in the area during the period of moat disuse. Although total P values of all C112 

sediments are within the range of most of the other hinterland samples, the lowest 

values at the site are in Unit 013A, which suggests relatively low-intensity human 

activities taking place in the sediments prior to their deposition. These sediments likely 

originated from very near the edge of the moat, in which case a low anthropogenic 

signal would be expected. However, the distribution of P throughout the profile 

demonstrates that it is highest in the near-surface horizon and decreases down the 

profile, which likely reflects surface processes. 

The micromorphological samples for the moat infill sediments demonstrate relatively 

low abundances of anorthic soil fragments and silica microfossils and an absence of 

very dusty or impure clay coatings, indicating that cultivation did not take place within 

the moat infill, However, cultivation may have taken place in the surrounding 

catchment on an intermittent basis, as suggested by cultural indicators in thin section, 

such as charcoal, organic material, and silica microfossils, discussed below. 

Micromorphological sample C112-3 (i.e. Unit 013A) demonstrates a relatively high 

abundance of angular and well-rounded fragments of well-oriented limpid clay 

pedofeatures. As the formation of limpid coatings typically documents landscape 

stability, their relatively high abundance within the basal infill sediments suggests that 

the landscape had not been appreciably disturbed prior to the event that caused their 

fracture, erosion, and subsequent redeposition in the moat. The disturbance event 

resulting in their fracture likely represents human activity such as chena cultivation, in 
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the immediate area surrounding the site. Alternatively, it could represent erosion of the 

landscape following a severe drying event (Fedoroff, et al., 2010). Thin section C112-3 

demonstrates a lack of very dusty clay coatings and the absence of an impure 

micromass (as observed in the cultivated control soils), and suggests that cultural 

disturbances at C112 were intermittent or short-lived, supporting the erosion 

hypothesis. The top of sample C112-3 demonstrates an increased concentration of the 

clay coating fragments, indicating increased erosion of the catchment landscape during 

the period immediately following moat infill. Sample C113-3 also features occasional 

intact clay coatings and organomineral excrements, indicating landscape stability and 

incipient pedogenesis following the initial deposition of sediments into the moat. 

Another depositional hiatus is recorded at the upper boundary of C112-2B (i.e. Unit 

012A), which features planar voids with subparallel referred orientation coated with 

particular organic material that was likely deposited in a near-surface environment. 

C112-2A is slightly better sorted with a higher c/f ratio and chitonic c/f related 

distribution, pointing to relatively rapid sediment deposition. These sediments are 

unique in that they have a lower abundance of fine mineral material than any of the 

other moat sediments, and could represent a redeposited former lag deposit or eroded 

surface from which the majority of fine material was removed. This scenario indicates 

erosion of the catchment area, prior to and during moat sedimentation. The absence of 

indicators of high-intensity cultivation within the sediments suggests an environmental 

explanation for erosion, such as a period of drought followed by intense storms (i.e. 

strong drying during the SWM followed by intense NEM storms). However, as these 
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eroded sediments do not dominate the profile, the period of erosion was likely short-

lived. 

C112-2A also features rounded wood charcoal fragments and a silica skeleton of a 

cereal grain that resembles Oryza (Rosen, 2001, pp.194-5, Alison Weisskopf, pers. 

comm.). These features likely reflect previous episode of cultivation that may be related 

to the disturbance documented at the base of C112-3 (i.e. preparations for 

chena/cultivation activity). 

Thin section C112-1 (i.e. Unit 012) incorporates a noticeably higher proportion of 

angular clasts that include charcoal (i.e. > 40% of the coarse fraction), and more than 

50% of the coarse mineral fraction is very coarse sand-sized, or larger. The size and 

angularity of the clasts suggest that the C112-1 sediments represent rapid, high energy 

deposition from a local source. Given the particle size analysis results, deposition may 

have occurred during a local flooding event or a minor colluvial episode.  

7.2.4.6 F517 Channel Units 113 to 107: Infill sediments 

Based on the particle size analyses and position of the former land surface, lower 

channel infills (Units 113 and 109) are interpreted as primarily alluvial sediments 

deposited in a low-energy but variable setting. The relatively elevated levels of total P 

in Unit 113 compared to those in the rest of the profile suggests an anthropogenic signal 

reflecting higher intensity and/or longer duration of cultural activities in the area, an 

interpretation consistent with the ceramic inclusions within the stratigraphic unit. 

Unit 111 represents the infill of a shallow channel incised into the Unit 113 sediments 

(see 4.2.3.3), and is interpreted as higher-energy alluvium deposited following 
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abandonment of the smaller channel. The absence of artefacts and organic inclusions 

within the sediments suggest that the source of the infill was likely a previously well-

sorted deposit, such as alluvium. An alternative source could be repeatedly reworked 

sediments within an integrated irrigation system. Unit 111 may record a period of 

channel disuse and documents a reorganisation of the water management system, such 

as diversion of the water source away from the site. 

Based on the coarser nature of Units 108 and 107 compared to the underlying Unit 109 

and their particle size distribution curves that are similar to Unit 111, Units 108 and 107 

are interpreted as reworked alluvial sediment deposited in a moderate- to high-energy 

alluvial and/or colluvial setting.  

Micromorphological analysis demonstrates similar abundances of phytoliths, humified 

organics, charcoal fragments, and anthropogenic indicators throughout the profile, 

suggesting that the A horizons of soils were the primary source of infill sediments at 

F517. Cuneiform bulliform phytoliths document irrigated agriculture or a shallow water 

table in the catchment area. 

The well-oriented laminated clay coatings demonstrate very few layers and document 

short episodes of illuviation in addition to relatively constant rates of sediment 

accumulation within the channel. Many of the illuviated coatings appear fractured and 

disorthic, suggesting significant bioturbation and/or argilloturbation of the sediment. 

Although there is substantial evidence for human activity in and around the channel 

sediments through time, the limpid to slightly dusty clay pedofeatures record illuviation 

during stable episodes, which may have been associated with temporary abandonment 

of the site. 
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The F517 sediments remain dominantly unsaturated, as evidenced by the micritic 

pedofeatures that document rapid precipitation from solution (i.e. relatively rapid 

drying of the profile), and the low abundance of redoximorphic pedofeatures (i.e. F517-

3; Durand, et al., 2010). 

The sorting, size, and angularity of the minerals in micromorphological sample F517-3 

(i.e. Unit 113) support the interpretation that the unit is an alluvial deposit. The slightly 

more poorly sorted sediments near the top of the sample likely reflects an increasingly 

colluvial component. A truncated compaction feature observed near the A/B boundary 

in sample F517-3 is consistent with tool marks documented in modern control 

sediments. The A/B boundary is also compacted and striated, and together with the 

truncated feature is interpreted as documenting human activity directly within the mid- 

to lower channel infill sediments. The impure micromass and elevated total P value for 

the sample supports this interpretation. 

The dominantly subangular and angular mineral grains in thin section F517-2 (i.e. Unit 

108) suggest a local sediment source and primarily colluvial deposition. The increased 

abundance of anorthic nodules and/or nodule and coating fragments demonstrates 

increased disturbance of the landscape prior to deposition of Unit 108.  

Thin section F517-1 documents the boundary between Units 108 and 107. This 

boundary is compacted and striated and may represent a land surface prior to the 

construction of the image house. Sample F517-1A (Unit 107) features a compacted, 

truncated U-shaped feature resembling a tool mark similar to that seen in the modern 

chena control sample, and is interpreted as documenting activities related to 

construction of the image house. 
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7.2.4.7 Summary of abandonment and the post-abandonment period 

With the exception of channel C018, the initial energy of deposition at the onset of 

infill of the hinterland’s irrigation works was low to medium, and alluvial 

sedimentation was the dominant mode of deposition. As infill progressed, energy 

increased in most cases and my interpretation is that colluvial deposition became 

increasingly more common within the hinterland as land surfaces rose. The exceptions 

are E400 and Z021, in which low-energy deposition has been maintained, and C018, 

which has seen a decrease in depositional energy over time. Anthropogenic activity is 

inferred within the infill sediments of C018 and F517, and I suggest this activity has 

influenced the particle size distribution of these sediments.  

All of the large-scale tanks went into complete disuse, despite the continued presence of 

water and people in the area. However, although channels were no longer used for 

irrigation purposes, they remained the focus of human activity. Habitation and small-

scale cultivation continued at these sites during the immediate period of channel disuse, 

and it appears that chena cultivation of infill sediments increased, particularly at 

channel C018. Table 7-5 is a summary and interpretation of the dominant processes 

operating on the landscape following abandonment of large-scale irrigation. 

7.2.5 Hinterland occupation sites: Pre-occupation characteristics, occupation and 

abandonment periods 

The sediments from the hinterland occupation sites document environmental conditions 

prior to, during, and following occupation of the site, cultural activities taking place 

during the occupation, and the process of abandonment. The ceramic scatter sites and 

artificial platform sites demonstrate variations in the intensity and/or duration of 
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anthropogenic activity and provide a detailed record of the range of hinterland 

occupation. 

7.2.5.1 Site B009 Units 4 to 1: Low-density ceramic scatter site 

Particle size analyses suggest low-energy colluvial sedimentation at site B009, which is 

expected, given that the site is located on RBE soils and likely receives little alluvial 

deposition. However, B009-3 and B009-1 document slight increased influxes of fine-

grained material, which indicates fluctuating energy regimes and suggests an alluvial 

and/or aeolian component. 

The total P values of the B009 samples point to the accumulation of an anthropogenic 

signal over time. The %LOI and total P levels are highest in the surface horizon (Unit 

1), which is expected, as they likely reflect nutrient enrichment due to inputs from 

surface vegetation and human activity. Part of the P enrichment may include the 

application of artificial fertilizer, which was documented at the modern chena sites 

during the 2008 field season (Simpson, et al., 2008).  

Unit 4 has the lowest %χfd and total P values, which supports the interpretation that 

since the unit is a subsurface horizon that did not undergo any burning or soil 

formation. Units 3 and 2 have %χfd values that are comparable to those seen at other 

hinterland sites. Unit 1, which was observed as being cultivated in the recent past, has a 

relatively low %χfd value that is interpreted as documenting erosion of soil’s very fine 

fraction during chena activities. This interpretation is supported by the low %χfd values 

for the chena control soils (see 7.2.1.2 above). However, field interpretation of Units 3 

and 2 was that they had undergone cultivation in the past, in which case their properties 

should be more similar to Unit 1. There are three possible reasons for the higher values 
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in Units 3 and 2 compared to Unit 1. First, they may not have undergone chena 

cultivation and associated erosion, and the %χfd value could reflect soil formation 

processes. Second, the conditions under which Units 3 and 2 were originally cultivated 

may have been different from the modern period (i.e. different management or climate), 

resulting in less erosion; this could have been either a difference in soil management or 

in climate. A final option is that the lower %χfd value for Unit 1 may reflect a sampling 

bias, analytical error, or simply a low pedogenic or anthropogenic signal. Of these, the 

first and second scenarios seem most likely. 

The B009 profile is subdivided into two sections. Based on micromorphological 

characteristics. Section I (ca. 30-25 cm) is represented by B009-3B (see Appendices 4, 

5), and is characterised by relatively high porosity, high incidences of bioturbation and 

illuviation, and low charcoal abundances. 

Section II (ca. 25 cm-surface) consists of B009-3A to 1, and features relatively low 

porosity, dominantly subangular blocky and vughy microstructure, and increased 

abundances of anthropogenic indicators. The micromorphological characteristics of 

both sections indicate that the site is dominated by relict oxic-type characteristics, 

suggesting that the site underwent considerable stability and weathering in the more 

distant past.  
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Table 7-5. Summary and interpretation of processes inferred from infill sediments. 
Stage: I: initial; D: dominant; T: terminal; * inferred from field texture. Depositional energy: L: Low; M: medium; H: high; 1. See Chapter 4 

  Onset of Infill1 Stage Nature of sedimentation Anthropogenic signal Site interpretation, 
post-abandonment Hinterland interpretation 

I L Alluvial 

D 
M-H Intermittent 
alluvial/colluvial; 
Pedogenesis 

C009 ca. AD 1100-
1200 

T M-H Alluvial/colluvial 

Minimal; reflects low to 
moderate-intensity activity 
in catchment area only 

Complete disuse of tank 

I L Alluvial 

D* L Alluvial 
Gradual, decreasing energy E400 Unknown 

T* L Alluvial, decreasing energy 

None discerned Complete disuse of tank 

I L Alluvial, fluctuating 

D* L Alluvial 
Intermittent? Z021 ca. AD 1100-

1200 

T* L Standing water 

None discerned Complete disuse of tank 

Complete disuse of large-
scale tanks and bunds ca. 
AD 1100-1200, despite 
continued presence of 
water and people in the 
hinterland 

I* L-M Alluvial 

D 

L Alluvial/colluvial, 
anthropogenic; 
Gradual; 
Pedogenesis 

 
 
 
 
 
C018 
 

ca. AD 1100-
1200 

T* L Alluvial/colluvial, 
anthropogenic 

Cultivation in catchment 
during post-abandonment 
period; intensifies within 
channel infill ca. AD 1650 

Continued human 
interest at site following 
infill of channel; change 
in land use, hydrological 
conditions at site ca. AD 
1650 

 
 
 
 
Channels and associated 
catchments are areas of 
long-term human interest, 
even after infill. 
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  Onset of Infill1 Stage Nature of sedimentation Anthropogenic signal Site interpretation, 
post-abandonment Hinterland interpretation 

I M Alluvial 

D 

H Alluvial, some colluvial that 
may reflect building collapse; 
Fluctuating energies; 
Intermittent; 
Pedogenesis 

C112 ca. AD 1000-
1200 

T L Alluvial ± colluvial 

Ongoing prior to infill, but 
minimal and intermittent 
throughout period of moat 
disuse; small-scale 
rice/chena cultivation in 
surrounding catchment 

Isolated nature of site 
may account for low 
post-abandonment 
anthropogenic signal 
during period of disuse 

Continued sedimentation at 
site despite minimal human 
activity suggests regular 
episodes of erosion and 
deposition are ‘natural’ and 
may also document periods 
of drought 

I L Alluvial, variable 

D 

M Alluvial ± colluvial, 
anthropogenic 
Relatively consistent; 
Incipient pedogenesis 

F517 ca. AD 700-
800 

T M-H Alluvial ± colluvial, 
anthropogenic 

Site had multiple functions, 
from irrigation channel to 
cultivated site; activity was 
within infill sediments or in  
surrounding catchment 

Abundant water 
resources, attractive for 
cultivation and 
habitation; long-term 
human interest at site 

Initial disuse of channel ca. 
AD 700-800 may reflect 
expansion of integrated 
irrigation scheme (i.e. 
Yoda Ela channel) 
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In Section I, anorthic soil fragments and sediment lenses appear depleted in iron, have 

striated b-fabric, high-order interference colours, phytoliths, and clay coatings. These 

properties suggest that the lenses represent a former surface soil that subsequently 

underwent eluviation or gleying, and they are interpreted as deposited intentionally or 

unintentionally at the site through anthropogenic activity. These anorthic lenses appear 

to be reworked into the sediment from above, as they are similar to but have smaller 

diameters in B009-3B than similar lenses in B009-3A, suggesting a physical reduction 

in the size of the lenses as they are reworked. The trace of charcoal in the sample is also 

interpreted as having been reworked from above.  

When viewed microscopically, the A/B boundary in B009-3 is diffuse and distinct to 

clear, and is characterised by highly connected vughs and crumb microstructure, 

indicating abundant biological activity. The abrupt change in porosity, microstructure, 

abundance of excrements, and abundance and thickness of clay pedofeatures between 

the two microstrata suggests a sedimentary break and subsequent soil formation 

following deposition of B009-3B.  However, there is no discernible A horizon above 

B009-3B, suggesting that disturbance and/or erosion followed soil development in 

B009-3B. Alternatively, the pattern of sedimentation at the site may reflect gradual but 

relatively continuous accumulation, in which case bioturbation and pedogenesis could 

have acted on the sediments without the formation of distinct soil horizons. 

In Section II, (i.e. B009-3A, 2 and 1), features such as excrements, impure clay and 

silty coatings and anorthic sediment lenses and soil fragments suggest surface or near-

surface processes throughout the entire section, but there are no well-defined surfaces. 
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The samples are interpreted as documenting gradual sediment accumulation, during 

which pedogenesis acted on the sediments.  

The vughy microstructures may represent sediments that originally had granular or 

crumb microstructure but have since been compacted during cultivation (Marcelino, et 

al., 2010, Stoops and Marcelino, 2010). This interpretation accounts for the relatively 

low porosity in Section II that, along with the charcoal abundances and dominantly 

impure micromass of the sediments, is consistent with the characteristics of the 

cultivated chena control samples (7.2.1.2 above). Silty and organic coatings that 

occasionally incorporate charcoal are present in trace amounts in B009-3A and 2 and 

document minor disturbance of the landscape, likely low-intensity chena activity. 

Given the proximity of B009-2 to the modern surface (which is known to have 

undergone chena cultivation), more evidence of modern cultivation was expected in the 

sample. The low abundance of indicators for chena in B009-2 therefore indicates that 

the depth of modern chena cultivation is primarily within ca. 20 cm of the surface, and 

that cultivation of the Unit 2 sediments was relatively low-intensity or of short duration. 

Sample B009-1 is distinguished from the other B009 samples by the presence of 

features that indicate increased anthropogenic activity and near-surface processes. The 

ceramics and bone in the sample could represent deposition of household waste onto the 

chena field as a soil amendment, but this is not documented in the region’s 

ethnographic record, and these features are not observed in the cultivated control soils. 

Alternatively, these materials can be interpreted as indicating a chena-related 

occupation at site B009, which is consistent with field observations (Figure 3-35). 
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Anorthic soil fragments at the bottom of sample B009-1 demonstrate intact weak 

slightly dusty clay coatings and infills, and increased abundances of organics, charred 

material, ceramics, and phytoliths, relative to the dominant groundmass (Figure 7-10). 

These lenses are interpreted as representing the fractured fragments of a previous land 

surface that underwent more intense or prolonged human activity than that documented 

in the dominant groundmass. The presence of these lenses as well as a possible burnt 

bone fragment and tool mark suggests that their deposition is unrelated to activities 

taking place on the current land surface, and is interpreted as indicating a formerly 

cultivated surface. Human activity at the site was therefore probably most intense 

following deposition of Unit 2 and at the onset of deposition of Unit 1. The 

fragmentation and deposition of these soil fragments documents a subsequent period of 

human activity at the site, likely also related to cultivation; therefore, at least three 

periods of cultivation and/or occupation are documented in sample B009-1, including 

modern cultivation. 

The relatively thick dusty clay coatings and dark brown coatings with particulate 

inclusions at to the top of sample B009-1 support the inference that the most intense 

period of human activity at the site was during the near-modern and modern periods. 

However, when compared to the dusty coatings observed at the hinterland 

archaeological sites with more abundant signs of human activity (i.e. F101/102 

[monastic site and related settlement]), it is clear that B009 underwent relatively low 

intensities of human activity. 
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Figure 7-10. Micromorphological features, B009-1 (bottom). 
A: soil fragment from a surface that may have been used for chena and/or functioned as an occupation surface (outlined with dashed line); it contains higher 
abundance of organic and charred material as well as ceramics (cer). OIL, 40x. B: close-up of rectangular area in A, illustrating charred material (ch) and ceramic 
(cer) with phytolith inclusion (arrow). Note the red intercalations and coatings (circled), discussed in 8.3 Chapter 8. OIL, 100x. C: close-up of the boundary (dashed 
line) between a soil fragment similar to that demonstrated in A and B, and the groundmass Note the charred material (ch) and the red intercalations and coatings 
(circled), discussed in Future Work, Chapter 8. OIL, 100 
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7.2.5.2 High density ceramic scatter sites: F101/102 

Field interpretation of sites F101 and 102 is that they represent high intensity monastic 

and secular habitations, respectively, that seem to be connected, although it is unclear 

how. Micromorphological characteristics (discussed below) confirm that these sites 

were primarily habitation sites; however, the characteristics of the sampled cultural 

layers demonstrate that they have distinct sedimentary, occupational, and 

postdepositional histories. As such, in this section, I discuss the shared characteristics of 

the two sites, followed by distinguishing features of each site.  

Shared characteristics of cultural layers F101 c.5 and F102 c.3-2, c.3-1 

The shared properties of the cultural layers at sites F101 and F102 include groundmass, 

microstructure, and the types of anthropogenic indicators. The presence of vesicular 

isotropic material indicates that activities involving high temperatures such as ceramic 

production or metalworking likely took place at these sites during occupation. 

Phytolith morphologies observed in the sediments indicate the importance of cereal 

grains at both of the sites. In particular, the cuneiform bulliform and double-peaked 

glume phytoliths provide support for the presence of domesticated rice (Oryza sativa), 

and along with sponge spicules suggest irrigated cultivation in the area during the 

occupation period (Pearsall, et al., 1995). Single-peaked glume phytoliths may also be 

present, and if so, would indicate the presence of Setaria italica (foxtail millet, or tana) 

at the sites, thus also documenting the importance of chena crops at the sites (Pearsall, 

et al., 1995, Siriweera, 1990). 
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Site F101 Units 6 to 1: High-intensity ceramic scatter site, monastic 

The particle size distributions of the F101 sediments are interpreted primarily as low-

energy alluvium; the gradual increase in grain size suggests these may represent 

sediments deposited during the influx and retreat of floodwater, although there was no 

evidence for floodplain-type accretions noted in the field (e.g., as in Goldberg and 

Macphail, 2006). The similarity of the particle size distribution curves and %LOI, %χfd, 

and total P values throughout the profile indicate relatively uniform depositional and 

postdepositional processes acting on the sediments through time. The particle size 

distributions for Units 4-2, interpreted as occupational dumps of unknown age, are 

similar to those of the underlying sediments, pointing to a local source for the 

sediments.  

Slight increases in total P levels in Units 5, 2, and 1 relative to other stratigraphic units 

at the site is consistent with the interpretation that Units 5 and 1 are surface sediments, 

and suggest that Unit 2 also received increased inputs of organic material, possibly at a 

surface. The total P levels at F101 are the highest of all of the study sites, with the 

exception of B062 Trench 2A, and P levels in Units 5 (intact surface) and 1 (modern 

surface) are second only to those in the lower urban soils at ASW2 (Contexts 1616 and 

1496) at Anuradhapura. These results are evidence for intense and/or prolonged human 

activity at the F101 site. 

The micromorphology of thin section F101 c.5, the intact surface and cultural layer, 

demonstrates an elevated abundance of anorthic lenses, many of which have 

characteristics consistent with oxic-type horizons. These lenses likely represent a 
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former surface that underwent prolonged weathering and stability, but was subsequently 

disturbed and incorporated into the sampled surface horizon during site occupation.  

A gravel-sized anorthic lens of fine sand-sized minerals with a calcitic micromass is a 

sediment type not observed at any other site in the study area. The colour, 

microstructure, and void morphology suggest that the sediment represents a fragment of 

fused aggregates of calcitic material that has subsequently been heated. I am 

interpreting the lens as repeatedly fired ash residue from a hearth or fire (Canti, 2003), 

and its sharp, prominent boundary indicates that it has subsequently been redeposited. 

Most of the illuviated clay and compound pedofeatures within sample F101 c.5 consist 

of anorthic coatings around mineral grains, indicating pedogenesis followed by 

disturbance, reworking, and redeposition. However, the illuviated very dusty clay 

coatings are intact, and were likely deposited some time following or just prior to the 

abandonment of the site. Most of the calcitic pedofeatures observed in F101 c.5 are 

situated around root channels, and are probably related to biological activity rather than 

illuvial or leaching processes (Durand, et al., 2010). 

The impure clay micromass, abundance of silica microfossils, and common 

excremental pedofeatures suggest that F101 c.5 represents a soil surface into which 

significant organic material was incorporated. These characteristics are consistent with 

those of the cultivated chena control soils (7.2.1.2 above). The evidence for cultivated 

cereals and sediment disturbance (both discussed above), as well as the incorporation of 

anorthic subsurface sediment lenses supports the interpretation that F101 underwent 

chena cultivation. Moreover, the redeposited nature of the ash-type lens and the 

dominantly anorthic textural pedofeatures suggests that cultivation took place following 
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occupation of the site. The OSL date for the burial of the site (i.e. ca. AD 980-1100) 

thus dates the abandonment of chena activities that followed the primary occupation.  

Although the timing of the onset of habitation is unknown, the fact that the sediment 

characteristics of Units 4 to 2 are similar to the underlying intact surface suggests that 

they originated in the occupation surface. Sherds of Rouletted Ware from within Units 

3 and 2 suggest that the main occupation of the site took place during Period G (ca. 200 

BC to AD 130) of the ASW2 trench at the Anuradhapura citadel (Coningham and Batt, 

1999). The burial of F101 Unit 5 by Units 4-2 may document redeposition during 

looting, the addition of sediments to the field to increase fertility, or building up the 

land surface during reorganisation of the site. 

Site F102 Units 4 to 1: High-intensity ceramic scatter site, secular 

Unit 3 (cultural layer) is interpreted as being deposited by variable but dominantly low-

energy alluvial processes, and as Unit 4 was assessed in the field as slightly coarser 

than Unit 3 (see Chapter 4), it is interpreted as undergoing similar depositional 

processes. The relatively lower total P value in Unit 3 is unexpected, given that it is a 

cultural layer, but P is still elevated compared to bund and infill sediments, and is 

interpreted here as reflecting an erosional event, less intense activities taking place in 

this part of the site, or simply variations in laboratory sampling and analysis.   

Units 2 and 1 are cultivated soils (see 4.2.4.2) dominated by fine to coarse sands. The 

particle size distribution curves for these soils resemble those from the paddy control 

soils and are interpreted as low- to moderate-energy alluvium and/or colluvium that has 

been anthropogenically modified during irrigation and cultivation.  
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Thin section F102 c.4: subsurface 

Thin section F102 c.4 demonstrates very few cultural indicators, as expected, given that 

it is interpreted as a subsurface horizon. The low abundances of silica microfossils and 

anorthic sediment lenses in the sample suggest that these materials were reworked into 

the sample from the sediment above. This interpretation is supported by the fact that the 

anorthic lenses demonstrate increased abundances of phytoliths, suggesting they are 

redeposited soil A horizon material. The low abundance of cultural indicators in this 

horizon is discordant with its high total P value, which suggests that some of the P 

signal reflects a geological source. The independence of the total P and %LOI values 

curves in this part of the stratigraphy supports this interpretation (see 5.3.2.10). 

Compound juxtaposed iron and clay coatings around voids in thin section demonstrate a 

sequence of deposition that involved iron precipitation followed by clay deposition. It is 

likely that clay deposition in this case is primarily due to wet/dry cycles (Kühn, et al., 

2010), as the clay does not resemble the abundant illuvial clays at the site. Additionally, 

the abundant iron depletion and enrichment features and the colour of the fine 

groundmass indicate that sample F102 c.4 has undergone repeated cycles of wetting and 

drying. The strong expression of these features suggests that the sediments dry out 

completely at least some of the time.  

Calcitic pedofeatures are also likely a product of precipitation during drying following 

sediment saturation or out of solution during illuviation (Durand, et al., 2010). Given 

the abundance of evidence for iron movement, the undifferentiated b-fabric in F102 c.4 

probably reflects the presence of fine iron oxides. 

The U-shaped compaction features and associated striations likely document 
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argilloturbation during wet/dry cycles, although they could also reflect deformation of 

moist sediments as a result of trampling taking place in the overlying sediments (i.e. 

F102 c.3) during the occupation of the site. 

Thin section F102 c.3-2, c.3-1: cultural layer 

Both F102 c.3-2 and c.3-1 sample the primary cultural layer at site F102, but F102 c.3-1 

is closer to the surface of Unit 3. The near-surface nature of the sample is documented 

in the undifferentiated b-fabric (indicating fine organics and/or iron oxides), higher total 

P value, and increased abundances of silica microfossils, anorthic sediment lenses, 

anthropogenic indicators, excrements, and fabric pedofeatures. The differences between 

F102 c.3-2 and c.3-1 may reflect increased intensity of activity at the site through time. 

Most of the anorthic lenses at site F102 demonstrate groundmass characteristics that are 

typical of the site, and probably represent relatively shallow surface disturbance during 

occupation. A few anorthic lenses differ noticeably from the dominant groundmass, but 

their random arrangement and low abundance suggest these are incidental 

accumulations that occurred during occupation. The nature of the anorthic lenses 

suggests that disturbance during occupation did not extend into the subsurface to any 

major extent, and that the sampled F102 sediments were not cultivated. However, a few 

anorthic fragments demonstrate oxic-type characteristics as well as increased 

abundances of phytoliths and organic materials, suggesting that these fragments are the 

surface horizons of highly weathered soils.   

 

The abundance and appearance of the illuvial clay and compound coatings are 

relatively uniform within both samples (F102 c.3-2 and c.3-1). These features are intact, 
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and indicate that the sediments were exposed to pedogenic processes prior to burial and 

that the coatings accumulated during a period of stability following the occupation of 

the site. The alluvial history of the site and evidence for repeated cycles of wetting and 

drying underscores the recurring, frequently saturated nature of F102. The site was 

therefore likely uninhabitable during moister climatic periods, and although there is no 

reliable date for the occupation at F102, it must have taken place during a drier period 

characterised by a lower water table. The site may therefore have been abandoned 

because of increasingly moist conditions. However, the lack of redoximorphic 

pedofeatures indicating reduced (i.e. saturated) conditions in the cultural layer suggest 

that either this moist phase was relatively short, or that another explanation is required.  

Very dusty clay coatings in thin section are also intact, which indicates that disturbance 

during illuviation of these clays was either nearby or in the sediments above. The most 

likely explanation is that these coatings formed during cultivation of the Units 2 and 1, 

which overlie Unit 3. A sequence of stability followed by instability is documented in 

the rare laminated clay coatings in sample F102 c.3-2, in which dusty clays are 

deposited on top of limpid clays. 

7.2.5.3 Site B062, Trench 2A: Possible town or market with artificial platform 

The particle size analysis results for the B062 T2A sediments are interpreted as low-

energy colluvium that has been culturally modified. The %LOI, %χfd, and total P values 

are elevated and are only slightly lower than those recorded at F101, indicating intense 

or prolonged human activity. The similarity of soil chemical and magnetic properties of 

the gravel platform sediments to the other sampled sediments is surprising, as the 

platform is the oldest sampled deposit. The platform sediment may thus indicate intense 
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cultural activity at the site prior to platform construction. The bulk characteristics of the 

fill sediments are all very similar, which suggests that they originate from the same 

cultural deposit.  

The micromorphological characteristics of the B062 Trench 2A samples demonstrate 

the processes of constructing the artificial platform and different phases of infill 

following removal of the pillars. Pedofeatures documenting postdepositional processes 

are few, suggesting relatively rapid deposition of most of the sediments at the site. 

Platform construction 

The dominant sediment comprising the artificial platform (B061-3 c.3) is a red to 

yellowish red oxic-type sediment, which is interpreted as subsurface materials. Also 

common is a yellowish red to strong brown sediment with an impure clay micromass 

and increased phytolith abundance, interpreted as a surface expression of oxic-type 

sediment. These two main types are not well integrated (which would indicate 

bioturbation and/or cultivation), but are juxtaposed and likely document mixing during 

platform construction. Anorthic textural pedofeatures and gibbsitic features are also 

most abundant in the platform sediments, indicating that they were obtained from a 

formerly stable surface. 

The vesicular material, bone, and ceramic fragments within the B062-3 c.3 thin section 

document human activity (likely habitation-related) taking place within the sediments 

prior to their deposition. The total P and  %χfd values support this inference, although a 

portion of these signatures could have accumulated following platform construction.  
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The lack of fabric pedofeatures and preferred referred orientation of sediment lenses 

and mineral grains in thin section indicates that platform construction proceeded 

haphazardly with minimal shaping. However, B062-3 c.3B is less porous and contains a 

higher proportion of fine material relative to B062-3 c.3C and A, and may reflect 

compaction after deposition.  

All areas of the platform sediments demonstrate anorthic and intact textural 

pedofeatures, but these are more abundant in Areas C and B than in A. The intact 

pedofeatures indicate surface or near-surface stability following platform construction. 

In particular, the silty infills and coatings suggest deposition by water in a near-surface 

environment, and the limpid to dusty clay pedofeatures demonstrate pedogenesis during 

episodes of landscape stability. The anorthic pedofeatures in Area A may in fact be 

disorthic, reflecting disturbance during removal of the pillars. 

Infills  

The infill sediments (i.e. B062-4 c.6, -2 c.4, and -1 c.2) were all deposited after the 

removal of pillars from the platform. As expected, all infills appear disturbed and there 

are abundant anorthic features such as sediment lenses and coatings around mineral 

grains. The presence of double- and possibly single-peaked glume phytoliths in all 

samples indicates the importance of cereal grains (i.e. rice and possibly millet) at the 

site (s) that were the source of the sediments prior to redeposition in the trench. The 

silica microfossils and cultural material common in all fill samples are consistent with 

features from the high-density ceramic scatter sites F101 and F102, indicating that the 

sources of the fills at B062 are likely surfaces that formerly underwent habitation-

related activities. The similarity of the groundmass features is in concordance with the 
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results from bulk sediment analyses, in that they point to a similar origin for all fill 

samples.   

Thin section B062-4 c.6 (i.e. the lowest fill) documents a mixture of materials with 

different thermal histories, including ceramics, ash, reddened soil fragments, burnt and 

unburnt bone, vesicular isotropic material, wood charcoal, charred cereal husks, and 

unburnt organics. This heterogeneous sediment is interpreted as a dump of cultural 

material that was originally in a hearth. The silty clay pedofeatures in this sample are 

interpreted as near-surface deposits, likely formed by water percolation. The minimal 

intact textural pedofeatures developed in this deposit suggests that it was buried 

relatively rapidly. 

B062-2 c.4 is also a heterogeneous deposit with evidence for high-temperature burning 

(i.e. vesicular material), but soil fragments do not appear burnt. Therefore, it is 

interpreted as a deposit originating from a surface (probably a soil) related to habitation 

or habitation-type activities, but not from a hearth. This is the only sample that 

demonstrates dominantly intact pedofeatures, which indicates that a period of stability 

and non-deposition followed the deposition of this layer. The B062 stratigraphy and this 

depositional hiatus points to building up of the surface of the site to level following 

removal of the pillars; the surface may have functioned as a substrate for subsequent 

activities, although micromorphological features do not indicate what these activities 

might be.  

Sample B062-1 c.2 (i.e. Unit 2) is a continuous layer deposited on top of Units 3 and 4, 

and micromorphological features of thin section B062-1 c.2 suggest that it consists of 

redeposited sediment. Similar to B062-4 c.6, this layer features reddened anorthic soil 
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fragments that suggest they were burnt prior to deposition. Additionally, ceramic 

fragments are largest and most abundant in Unit 2 and consist of a diversity of types. 

Many of these ceramic fragments demonstrate clay pedofeatures that developed on 

them prior to deposition in the trench. This sample is therefore interpreted as 

redeposited habitation-type sediments that may include hearth materials. As mentioned 

in 4.2.4.3, in the field, Unit 2 was related to one of the robber pits at the site, and is 

interpreted as deposited during looting activity dating to ca. AD 1465. Silty 

pedofeatures indicate near-surface deposition, likely by percolating water; however, 

minimal intact pedofeatures formed within Unit 2 indicates that it was relatively rapidly 

buried. 

7.2.5.4 Site D339: Undiagnostic pillared site with terracottas and platform 

The particle size analysis results for site D339 indicate low-energy deposition for Unit 

206, which underlies the platform, and is interpreted as primarily originally alluvial. 

The rest of the sampled sediments demonstrate moderate to high sand/silt ratios that 

point to originally colluvial deposition, but the fact that these sediments are 

anthropogenically deposited indicates cultural modification of the colluvium. The total 

P values for all of the D339 samples indicate a moderate level of human activity, but 

the %χfd levels are relatively high, suggesting either burning or soil formation acting on 

these sediments. Grains weathered from terracotta fragments in Units 204 and 203 may 

be partly responsible for the elevated %χfd levels. 

The micromorphological characteristics of the D339 sediments document the processes 

of platform construction, in addition to the use of artefact-bearing sediments as packing 

materials for the pillar. The nature of the Unit 203 sediment  (D339-1) is less clear, but 
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its micromorphological characteristics document intense disturbance prior to deposition 

and bioturbation following deposition. Pedofeatures are rare except in thin section 

D339-2, suggesting that landscape stability followed deposition of Unit 204.  

Platform construction (D339-3C, B) 

The dominant groundmass characteristics of the D339 platform sediments in thin 

section are similar, and along with the low abundance of relict features and low 

diversity of anorthic soil fragments, these characteristics indicate a relatively 

homogeneous, near-surface origin. However, the low abundance of silica microfossils 

suggests a subsurface origin, and the elevated %χfd levels likely reflect anthropogenic 

activity in the sediments prior to deposition in the platform. 

Anthropogenic indicators are present in low abundances, and any human activity within 

the sediments prior to deposition on the platform was likely of relatively low intensity 

and/or duration. Fine organic material is not well incorporated into the sample, and 

cultivation of the platform sediments is interpreted as absent or minimal, but the 

ceramics and charcoal fragments in the sample indicate that some cultural activity did 

take place at the site prior to platform construction. The total P results also support this 

interpretation, and habitation-related activity may have occurred at the site. Some of the 

ceramics in D339-3C and 3B feature limpid clay pedofeatures, indicating that the 

sediments in which they were deposited underwent pedogenesis under stable landscape 

conditions prior to redeposition on the platform. 

The dominantly randomly oriented nature of the sediments indicates minimal shaping 

of the platform during construction. However, D339-3B is compacted and demonstrates 

preferred referred orientation, documenting shaping of the top of the platform. Gleyed 
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and reddish yellow anorthic clay-rich lenses are present and demonstrate that they were 

chosen to finish construction and help shape and stabilise the top of the platform 

(Figure 7-11).   

Figure 7-11. Anorthic sediment lenses utilised in construction of platform, Site D339-3B. 
A, B: same view (PPL, XPL, 40x). Dotted lines delineate reddish-yellow lenses; dashed lines delineate 
gleyed lenses similar to sediments observed in bunds Z021 and E400. Slide D339-3B. 
 
The paucity of textural pedofeatures in D339-3 indicates that postdepositional processes 

acting on the sediments other than bioturbation were minimal. Textural pedofeatures 

consist of poorly to moderately oriented dusty coatings that are relatively thin and are 

dissimilar to dusty coatings observed elsewhere in the hinterland, such as at F101. The 

fact that these remain intact is an indication that bioturbation preceded the formation of 

these coatings, and they are interpreted as reflecting short-term surface or near-surface 

deposition by low-energy water percolation prior to further burial. 

Packing fill (D339-2) 

Sample D339-2 is from Unit 204, interpreted in the field as packing fill to stabilise 

pillars and/or to level the surface of the site. The fact that this sample can be divided 

into four sections suggests multiple depositional episodes or deposition of several 

sediment ‘packages’ at the site (see Appendix 4).  
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Sample D339-2D is characterised by frequent rounded silt-sized anorthic limpid clay 

coatings. Although these anorthic clay coatings are present in abundances that compare 

to the C112-3 sample, they are smaller and more rounded, which points to a higher 

incidence of reworking and/or erosion or weathering prior to deposition. However, 

charcoal fragments in this section are angular and medium sand-sized, and indicate 

minimal reworking. The D339-2D sample thus likely reflects a mixture of sediment of 

different origins.  

D339-2B is distinct in that it is more compact and composed of better sorted, finer 

sediments than the other sections of the slide, indicating a different phase of deposition 

and/or possibly a different source. A compaction feature within D339-2B has parallel 

and concentric referred orientation and is rich in reddish yellow clays that are similar in 

appearance to those seen at the top of the platform (i.e. in D339-3B). This feature 

supports the interpretation that Unit 204 represents anthropogenic deposition (i.e. some 

shaping or compaction during deposition) of artefact-rich sediments. Charcoal 

fragments are larger in D339-2B than in 2C, and some of the burnt roots in thin section 

appear intact, reflecting in situ burning following sediment deposition with little 

subsequent disturbance. 

The dusty clay coatings in D339-2 are similar to those observed in D339-3, although 

they appear moderately oriented and are interpreted as indicating a more prolonged 

period of stability. Limpid well-oriented clay coatings are intact in D339-2B but are 

disorthic in other areas of the slide; however, all coatings demonstrate a period of 

stability and non-disturbance that followed deposition and subsequent bioturbation of 

Unit 204. These coatings are not laminated and indicate that the sediments were 
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relatively rapidly buried. Therefore, although the platform and packing fill sediments 

represent anthropogenic constructions, subsequent landscape disturbance and cultural 

activity appears to have been minimal. The moderate values of total P at this site 

compared to the other platform and monastic sites (i.e. B062 and F101) support this 

interpretation. Site D339 therefore demonstrates low to moderate anthropogenic 

indicators, similar to the abundances observed at moat C112. 

Culture-bearing colluvium (D339-1) 

Thin section D339-1 (Unit 203) documents the most disturbed-looking sediment of all 

the sampled D339 sediments. The entire sample consists primarily of two main 

juxtaposed sediment types that indicate incomplete biological mixing (Figure 7-12). 

However, the sample does look extensively bioturbated, and excremental pedofeatures 

comprise at least 50% of the area of the slide. The two sediment types are particularly 

poorly integrated in D339-1B (i.e. the bottom 1/3 of the sample). In D339-1A, they are 

still juxtaposed and clearly distinguished, but Sediment 2 fragments are present in 

smaller, rounder lenses, which are incorporated into Sediment 1; together, these lenses 

document more complete biological mixing in D339-1A. 

Most of the soil fragments and sediment lenses in the sample are angular, indicating 

deposition from a nearby source and minimal subsequent reworking, although 

bioturbation may be responsible for the truncation and angular appearance of some soil 

fragments. 
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Figure 7-12. Angular and juxtaposed sediment lenses, D339-1B. 

Arrow points to Sediment 2; Sediment 1 can be seen on the left. Bioturbation is also evident, as seen in 
the crumb and granular structure near the top of the photograph. PPL, 40x. 
 
 
Sediment 2 is less abundant than Sediment 1 and has properties with some similarity to 

oxic-type sediments noted at other sites such as at B009 and B062. Based on the near-

limpid nature of the material, it is interpreted as subsurface in origin, with little or no 

anthropogenic influence. The angular, coarse-grained nature of these lenses and their 

presence in the stratigraphic profile indicates considerable fragmentation of the 

surrounding landscape prior to erosion and subsequent deposition at D339. This 

fragmentation may have been anthropogenic, but given the relatively low indicators for 

cultural activity, it more likely represents a severe drought event, followed by heavy 

precipitation (Fedoroff, et al., 2010). 

Although excavation of Unit 203 resulted in the recovery of numerous tile and 

terracotta fragments, only one gravel-sized ceramic fragment was noted in sample 

D339-1, which appears to indicate that the ceramics fragments deposited at the site 

were not extensively reworked. 
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Textural pedofeatures in D339-1 consist of rare to occasional limpid to dusty clays that 

document illuviation acting on the sediments during episodes of more or less stability, 

respectively. The intact nature of the coatings and the fact that they coat angular soil 

fragments and sediment lenses indicates that the primary period of bioturbation 

preceded illuviation. The compaction feature present in this sample likely documents a 

brief hiatus in sedimentation, as there is no deformation of the underlying sediments. 

Alternatively, this feature could also be a product of bioturbation. 

7.2.5.5 Summary of hinterland occupation sites 

The hinterland occupation sites demonstrate a range of depositional processes and 

intensities of human activity. Site B009 documents evidence of low-energy colluviation 

and alluviation as well as increasing human interest with the approach of the modern 

period. Site F101 is interpreted as representing floodplain or low-energy alluvial 

deposition. At F102, low-energy alluvial deposition in the early history of the site is 

succeeded by an increase in depositional energy, and anthropogenic modification of 

particle size distribution. At both F101 and F102, the onset and abandonment of the 

primary period of human activity appears to have been relatively rapid, but the sites 

have dissimilar post-abandonment histories.  
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Table 7-6. Summary and interpretation of processes inferred from sediments at occupation sites.  
Drainage: P: poor; M: medium; W: well. Stage: I: initial; D: dominant: T: terminal 

 

Environmental signal Anthropogenic signal 

Site 
Drainage 

Oxic 

lenses? 
Process Stage Process 

Associated 

date 

Site interpretation 
Hinterland 

interpretation 

I 
Low-impact human activity, 

cultivation 

D 
Chena cultivation and 

temporary habitation B009 W Y 

Variable L energy 

colluviation ± alluviation, 

aeolian deposition 

Gradual sediment 

accumulation 

Pedogenesis throughout 
T 

3 periods of higher-intensity 

chena cultivation in near-

modern period 

None 

Dominance of low-impact 

human activity through 

time.  

Penultimate period of 

cultivation and habitation 

was the most 

intense/prolonged 

I Habitation and related activities 
ca. 200 BC-

AD 130?
1
 

D 

1. Habitation and related 

activities including ceramic 

production and/or metalworking 

2. Chena cultivation 

Activities 

end ca. AD 

980 
F101 W Y 

L energy alluviation, 

possible flood deposits 

Pedogenesis followed by 

disturbance 

Very dusty clay 

illuviation 
T 

Anthropogenic redeposition of 

surface sediments onto formerly 

cultivated surface 

ca. AD 980 

Habitation at monastic site 

was most prolonged/intense 

of all study sites 

Habitation was succeeded 

by chena cultivation prior to 

burial during looting or 

reorganisation of site 

F102 P-M Y 

Lower: L energy 

alluviation 

Upper: L-M energy 

alluviation ± colluviation, 

anthropogenically 

modified 

Pedogenesis + limpid clay 

illuviation 

Very dusty clay 

illuviation  

D 

Habitation and related activities 

including ceramic production 

and/or metalworking 

Increased intensity of human 

activity over time 

None 

Dominance of moist 

conditions at site suggests 

occupation during dry 

period 

Abandonment of site 

preceded burial, possibly 

due to cultural or 

environmental reasons 

Lenses with oxic-

type characteristics 

retain a record of 

landscape prior to 

human activity, 

indicates multiple 

pedogenic episodes 

and stability, and 

may be recorded in 

the relict OSL dates  

Cultural activity 

altered existing 

polygenetic soils 

through disturbance, 

mixing, and 

additions of organic 

and cultural material 

Onset and cessation 

of human activity at 

F101 and F102 was 

relatively abrupt  

Cultural activity at 

B009 increased with 

time 

Intensive occupation 

of B062 during the 

early Anuradhapura 

period preceded 

platform 

construction 

 

38
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Environmental signal Anthropogenic signal 

Site 
Drainage 

Oxic 

lenses? 
Process Stage Process 

Associated 

date 

Site interpretation 
Hinterland 

interpretation 

I 

Intense human activity 

(probably habitation) prior to 

platform construction 

Prior to ca. 

1
st
 c. AD 

(based on 

pillar 

inscription) 

D 

1. Platform construction  

2. Pillar removal 

3. Infill of gaps with cultural 

sediments and hearth materials, 

bringing surface to level 

May be ca. 

1
st
 c. AD 

B062 W Y 

L-energy colluviation 

modified by cultural 

activity 

Pedogenic period + 

limpid to dusty clay 

illuviation 

T 

Uniform deposition of cultural 

materials related to nearby 

robber pit 

ca. AD 1465 

Intensive cultural activity at 

the site precedes platform 

construction 

Rapid, primarily haphazard 

construction of platform 

Land surface leveled with 

cultural sediments 

following pillar removal, 

possibly to form occupation 

surface 

Illuviated clays demonstrate 

stable period and may 

indicate abandonment  

Looting activity and related 

sediment deposition 

indicate renewed cultural 

activity 

I 
1. Low-intensity habitation  

2. Abandonment/pedogenesis 
None 

D 

1. Platform construction, pillar 

stabilisation with packing fill 

2. In situ burning of plant 

material  

3. Minimal re-working of 

artefacts 

ca. AD 

2200; 

probable 

residual date 

D339 W Y 

1. L-energy alluviation  

2. M—H energy 

colluviation modified by 

cultural activity 

3. Episodes of stability, 

limpid + dusty clay 

illuviation 

3. Fragmentation of 

landscape possibly due to 

severe drought and 

subsequent heavy rains T 

Minimal anthropogenic 

disturbance; abandonment prior 

to ca. AD 1060 

ca. AD 1060 

Intermittent low- to 

moderate-intensity 

occupation 

Site may have had a 

primarily ritual function 

 

D339 demonstrates 

very little evidence 

for cultural activity 

prior to or following 

platform 

construction 

Cereal grains (rice, 

possible millet) 

especially abundant 

at high-intensity 

occupation sites 

Severe drought and 

erosion in parts of 

the landscape ca. 

AD 1060 

People remained on 

or returned to the 

landscape following 

Anuradhapura’s 

abandonment 

 

38
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The platform sites demonstrate considerable anthropogenic deposition during 

construction of the platforms, leveling the sites, and during looting, as expected. 

However, sites B062 and D339 demonstrate considerable differences in the amount of 

anthropogenic activity that took place at these sites. Table 7-6 is a summary and 

interpretation of the dominant processes operating at the hinterland occupation sites. 

7.3 Summary: Landscape change in the Anuradhapura hinterland 

The sedimentary characteristics of the study sites in the Anuradhapura hinterland 

document complex, dynamic, and previously unrecorded landscape changes, and are the 

medium with which to address the research questions posed in Chapter 2 at the 

beginning of this thesis. In the following I discuss changes in the hinterland landscape 

(summarised in Figure 7-13) within the context of each of the research questions. 

1. What is the timing of the onset, development, and abandonment of large-scale 

irrigation works in the Anuradhapura hinterland? 

As expected the chronology of large-scale irrigation in the Anuradhapura hinterland 

roughly parallels that of the urban occupation, ca. 400 BC to AD 1017. The OSL date 

for bund E400 (i.e. 400-200 BC) suggests that the onset of large-scale irrigation may 

pre-date the arrival of monastic Buddhism (i.e. ca. 246 BC [Geiger, 1912]). At the very 

least, the E400 date indicates that large-scale irrigation was in place prior to or no later 

than the period during which Anuradhapura reached its maximum extent, ca. 200 BC-

AD 130 (Coningham and Batt, 1999). 

Construction of large-scale irrigation works continued up until Anuradhapura’s 

abandonment. New bunds (i.e. C009, Z021a) were constructed between ca. AD 220-

710. The end of this period dates to approximately the same time that the F517 channel 
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went into disuse (ca. AD 700-800). As noted in Chapter 4, this time period correlates to 

the expansion of large-scale irrigation works in what would later become the 

Nachchaduwa area, beginning in the fifth century AD (Brohier, 1935, Coningham, et 

al., 2007).  

Using relative dating, a later period of expansion is indicated by the construction of the 

Z021 tank and subsequent construction of the Nachchaduwa tank. These tanks date to 

some time after ca. AD 590 (i.e. after construction of the Z021a bund), probably 

between the mid-eighth to twelfth centuries AD, as inferred from the dates for 

structures at the associated Z00 site (Coningham, et al., 2007).  

The process of construction of the three large study bunds (C009, E400, Z021) may 

have taken place in stages; during the first stage, the bunds may have functioned as 

niyara (small bunds) in paddy fields prior to completion. 

The base of most sampled infills dates to between ca. AD 1100-1200, indicating that 

large-scale irrigation works went into almost complete disuse within a 100-year period 

following Anuradhapura’s abandonment. The exception is the F517 channel, which 

demonstrates disuse of the channel for irrigation purposes ca. AD 700-800, although the 

sedimentary record documented in this thesis indicates that irrigated agriculture and 

occupation activities continued at the site for at least a short time following channel 

infill. The OSL dates and micromorphological characteristics of the hinterland’s 

occupation sites also indicate that major landscape changes occurred during 

Anuradhapura’s post-abandonment period.  
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2. What cultural and environmental processes were operating on the landscape prior 

to construction of large-scale irrigation systems in the Anuradhapura hinterland? 

The E400 and Z021 bunds were constructed in poorly drained LHG areas, as expected. 

However, the C009 and Z021a bunds and all of the channels and the moat were 

constructed in moderately to well-drained RBE areas. This study therefore documents 

the construction of most of the sampled irrigation works in areas that undergo 

fluctuating hydrological conditions, and which dry out for at least part of the year. 

In general, large-scale irrigation works were constructed at or near places that were 

already in use or had a history of use, as expected (Panabokke, et al., 2002). Bund Z021 

is the exception, as it exhibits an absent or minimal anthropogenic signal, and the onset 

of bund construction likely constitutes the onset of cultural activity at this site. Bunds 

C009 and E400 demonstrate evidence for human activity in the more distant past. In the 

case of E400, the occupation surface at the base of the bund may date as early as ca. 

1000 BC. Bund Z021a documents human activity predating ca. AD 500.  

Bunds E400 and Z021a both demonstrate low to medium intensity cultivation and 

habitation prior to bund construction. Bund C009 indicates primarily low intensity 

occupation during the immediate pre-bund period, but channel C018 records high-

intensity or prolonged cultivation (likely chena) prior to channel construction. 

There are no chronometric dates documenting the onset of the occupation of the 

hinterland’s archaeological sites, and it is unknown whether the initial occupations date 

to before or after the onset of large-scale irrigation. However, artefact typologies at 

F101 suggest that the primary occupation dates to ca. 200 BC-AD 130, which is during 

the early Anuradhapura period and after construction of the E400 bund. The 
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micromorphological evidence at F102 indicates that the main occupation at the site was 

established relatively rapidly. The high intensity of human activity and presence of rice 

phytoliths at both F101 and F102 suggests that the occupations may have coincided 

with the onset of large-scale irrigated rice cultivation.  

Although the abundance of silica microfossils is relatively low in the B062 platform 

thin section, the presence of double-peaked glume and cuneiform bulliform phytoliths 

and the high total P value for the platform suggests that the primary cultural activity at 

the site dates to the onset of large-scale irrigation. As such, it is inferred that relatively 

low-intensity occupation predominated in the hinterland prior to the implementation of 

large-scale irrigation, but that high-intensity occupation characterises areas of the 

hinterland following large-scale irrigation. 

The total P values and micromorphological evidence at site D339 suggests intermittent 

and/or low intensity human activity prior to and following platform construction. 

Cultural activity was likely habitation-related, as incorporation of fine organic material 

is poor, and although cultivation may have taken place, it would have been short-lived. 

However, phytolith abundances are low throughout the D339 stratigraphy, and of these, 

no glume phytoliths were observed, and it is difficult to determine what other cultural 

activity took place on the landscape prior to large-scale irrigation. 

3. How did integrated large-scale irrigation alter the hinterland environment? 

The relict properties preserved in the anorthic soil fragments with oxic-type 

characteristics at sites B009, F101, F102, B062, and D339 demonstrate long-term 

landscape stability, weathering, multiple episodes of pedogenesis, and minimal human 

impact prior to the onset of human activity at these sites. However, the effect of an 
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intensified human presence (i.e. as documented at B062, F101, F102) on the landscape 

marked the end of that stability and altered the properties of the soils and sediments in 

the hinterland. These alterations included fragmentation of formerly stable surfaces, 

physical incorporation of surface and subsurface sediments and organic material during 

cultivation, and the addition of nutrients (including phosphates) during habitation.  

Additionally, the physical alteration of the landscape through construction of large-

scale works increased the amount of water available at or near the surface. This 

changed the surface hydrology, groundwater flow, erosion rates, and sediment transport 

across the landscape, and is documented in the dominantly alluvial sedimentation 

following the disuse of irrigation works. Vegetation patterns were also changed due to 

human activity, as documented in the abundant Oryza phytoliths in F101, F102, and 

B062.  

Gunnell et al. (2007, p. 211) suggest that one of the effects of implementing a large-

scale irrigation system would have been to affect climatic conditions. They suggest that 

large-scale irrigation increased surface moisture due to tank-based water storage would 

effectively have created an inland freshwater sea, which could have subsequently 

caused changes in convection currents and circulation patterns, increasing rainfall. 

However, based on their observations of modern instrumental records, these researchers 

note that, while this effect may somewhat ameliorate drought conditions, tank-based 

irrigation in NEM-dominated regions is still spatially variable and largely 

unpredictable. 
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Although these large-scale works were abandoned almost 1000 years ago, the physical 

changes in the landscape as well as changes to soil nutrients, drainage, and vegetation 

patterns created a legacy that exists even today. 

4. What was the process of hinterland abandonment? 

With the exception of channel F517, all of the hinterland’s large-scale irrigation works 

and water features began to infill within ca. 100 years, suggesting a relatively rapid 

period of land use change resulting in disuse of irrigation works. However, evidence for 

continued cultural activity at some sites (e.g. C018, B062, possibly F101) indicates that 

the landscape was not abandoned, and land use changed. 

5. What processes acted on the landscape during the post-abandonment period? 

Alluviation was initially the dominant mode of sediment deposition within the tanks, 

channels, and moat. At most of the study sites, the energy of deposition fluctuated but 

was generally higher during the onset of infill and decreased with time, likely due to 

leveling of the landscape as these former low points filled. However, the C009 tank and 

F517 channel demonstrate an increase in depositional energy that likely reflects the 

dominantly colluvial sedimentation at these sites.  
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Figure 7-13. Summary of changes in the Anuradhapura hinterland landscape. 

 1. From Coningham and Batt (1999). 2. This study; for basis of interpretation, see Chapter 2. Regional climate relates to areas dependent on NEM for precipitation 
(i.e. Tamil Nadu, Sri Lanka’s dry zone). Grey lines with no text in interpretation of regional climate indicate droughts as recorded in the Mahavamsa (Gunawardana, 
1971). 3. From de Silva (2005). Vertical ashed black lines indicate relative dating of hinterland study sites.
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Anorthic clay coating fragments in the base of moat C112-3 and anorthic sediment 

lenses in D339-1 suggest intense landscape disturbance that may be related to severe 

drought followed by erosion during the wet season in the post-abandonment period 

(Fedoroff, et al., 2010), although human activity may also have played a part. At moat 

C112, this disturbance event dates to ca. AD 990-1190, shortly after the abandonment 

of Anuradhapura. The characteristics of sediments throughout the profile suggest 

considerable variation in depositional energies, although high-energy erosive forces 

appear to be common. It is uncertain when erosion and deposition of the D339-1 

sediments occurred, but it may date to the same period, ca. AD 1000-1120. 

In infill sediments, illuvial pedofeatures, redoximorphic features, and bulk sediment 

properties demonstrate that soil formation processes and wet/dry cycles have been 

active on the landscape since large-scale irrigation went into disuse, and document 

intermittent pedogenesis during pauses in sedimentation. These pauses demonstrate 

periods of landscape stability and increased vegetation growth, possibly during climatic 

episodes in which the dry season (i.e. during the SWM) was relatively mild, decreasing 

erosion during the subsequent NEM monsoon.  

Following disuse of large-scale irrigation works in the hinterland, cultural activity 

focused on moderately to well-drained sites. Channel C018 in particular demonstrates 

almost continuous cultivation in the immediate area since the channel began to infill. 

Cultivation of the channel infill sediments increased in intensity following ca. AD 

1650, after which drier conditions prevailed at the site. The pattern of land use change 

at F517 demonstrates a similar pattern to that seen in C018, in which channel infills are 

the focus of human activity even after disuse of the channel for irrigation purposes. 
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Occupation and cultivation at F517 continued after the channel infilled at least until the 

construction of the image house, ca. AD 970.  

Human activity also appears to have continued at other moderately to well-drained 

sites, although evidence to support this inference is merely suggestive at this point. For 

instance, several episodes of chena cultivation took place at B009, and the inclusion of 

ceramics at the bottom of B009-1 suggests some of this activity preceded the modern 

period. At F101, human activity followed the burial of the cultural layer (i.e. during or 

following deposition of the cultural dump layers), but it is unknown what these 

activities entailed. Paddy cultivation at F102 (i.e. in Unit 2) took place prior to the 

modern period, and Z021a demonstrates an intrusive feature in Unit 3 (documented in 

thin section), which may be related to cultivation of the bund following tank disuse. 

Site B062 demonstrates evidence of looting ca. AD 1465, indicating people were still 

occupying the hinterland landscape and aware of the site prior to this date. 
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Chapter 8: Conclusion: 
Persistence of the Dry Zone Culture and Future Work  

In this chapter, I return to ideas about persistence and perturbations that were 

introduced in Chapter 1 and discuss them in relation to cultural-environmental 

interactions in the Anuradhapura hinterland as documented in this thesis. The point I 

want to emphasise here is that the choices people made in how they organized 

themselves and managed their resources are responses to perturbations acting on or 

within the cultural/environmental system. These choices and their effects differed 

depending on the state of the culture, the magnitude of the perturbations, and the pre-

existing conditions of the system. The first section of this chapter examines the 

evidence for flexibility and variability, which increased the system’s ability to respond 

to perturbations and contributed to its persistence (Holling, et al., 2002). In the second 

section, I focus on the onset and disuse of large-scale irrigation, as these periods reflect 

episodes in which the system’s boundaries for persistence were exceeded, necessitating 

adjustments that resulted in landscape change. In the final section, I suggest future 

avenues of research that will build on my work and contribute further understanding 

about sustainability, resource management, and human-environment interactions.  

8.1 Flexibility, resilience, and persistence 

The land management techniques and changes in land use documented in this study 

range in scale from subtle and localised (e.g. repeated episodes of chena cultivation at 

B009) to obvious and at the landscape level (e.g. construction of large bunds to capture 

and store water). I interpret the evidence for resource management and land use as 
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reflecting the flexibility and variability that enabled the dry zone ecosystem to persist 

and contributed to its resilience. This evidence, discussed below, includes the 

importance of the interplay between large and small-scale cultivation, the manipulation 

of culture-bearing sediments, the evidence for heterarchies, the incorporation of a 

secondary major centre into the dry zone culture, and the reorganisation or expansion of 

large-scale irrigation. 

8.1.1 Importance of small-scale cultivation 

One of the dominant patterns emerging from this study is the importance of small-scale 

cultivation, which was sustained even in the face of large-scale landscape changes. 

Sedimentary evidence from all of the large tanks sampled in the study (with the 

exception of Z021) and from channel C018 demonstrates that the hinterland landscape 

was undergoing small-scale cultivation prior to the construction of large-scale irrigation 

works. In the case of bund E400, small-scale exploitation of the abundant local surface 

or near-surface water was taking place as early as ca.1000 BC.  

In addition to large-scale irrigation, local chena activity was also an important aspect of 

the hinterland economy during Anuradhapura’s occupation, as demonstrated at channel 

F517, where the basal channel infill and adjacent land surfaces were cultivated between 

ca. AD 700-970. Chena activity following the monastic occupation at F101 also likely 

took place during Anuradhapura’s occupation (i.e. before ca. AD 860-1100). Chena 

cultivation also followed the widespread disuse and subsequent infilling of the 

hinterland’s irrigation works, as documented at Site C018, which demonstrates almost 

continuous local cultivation since the channel began to infill. Additional evidence for 

small-scale cultivation following abandonment is scanty but still present in moat C112.  
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With the exception of the E400 and Z021 bunds, most of the irrigation works and water 

features in the study are constructed in moderately- to well-drained RBE areas. 

Although they undergo fluctuating hydrological conditions, they are dry for the 

majority of the year. This suggests that most of these hinterland sites have the capacity 

for multiple functions, including irrigated agriculture, occupation and dry cultivation 

(i.e. chena). The phytolith evidence suggesting the presence of millet (which is drought-

tolerant [see Chapter 6]) at Sites F517, F101, F102, and B062 also supports the 

inference that hinterland populations were equipped with a range of responses to cope 

with seasonal or long-term perturbations such as climate variability and/or water 

shortages.  

Gunnell et al. (2007) discuss the importance of the interplay between small- and large-

scale irrigation systems in Tamil Nadu. In their study area, as in Sri Lanka’s dry zone, 

large tanks are designed to capture the sometimes overwhelming, unpredictable 

volumes of precipitation generated by the NEM and help prevent flooding. However, 

these tanks are actually only sporadically used, usually only during periods of 

ecological prosperity (I.e. years with increased moisture). As part of this system, the 

smaller-scale tanks function to ‘[ensure] minimum food security…during drier years’ 

(Gunnell, et al., 2007, p. 210).  

Scarborough (2003, p. 14) also describes the importance of swidden (i.e. chena) 

cultivation among the indigenous Maya in Guatemala. He notes that swidden is flexible, 

in that it can produce a diverse array of crops, and functions as a buffer during periods 

of economic scarcity. Leach (1959, p. 23) observes the importance of small-scale tanks 

in Sri Lanka: 
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"When the central government was disrupted and the major works fell 

into disrepair, village life could carry on quite adequately; for each 

village still possessed its own small scale irrigation system which was 

maintained by the villagers themselves.” 

Small-scale cultivation in the Anuradhapura hinterland persisted either as chena or 

localised exploitation of water resources before, during, and following the primary 

occupation of Anuradhapura (i.e. ca. 400 BC-AD 1017). Large-scale tanks appear to 

have been were completely abandoned once they began to infill, and local populations 

subsequently focused on small-scale cultivation within or near infilled channels (e.g. 

F517, C112, C018) and previous occupation sites (e.g. B009, F101, F102). The 

landscape thus records small-scale cultivation as an important a coping strategy in the 

dry zone26.  

8.1.2 Use of sediments containing cultural materials 

One of the more noticeable features regarding hinterland landscape management is the 

use of culture-bearing soil and sediments. Bund construction using sediment from 

formerly occupied surfaces is the most obvious example. The previously cultivated soils 

and gravel layer used to build channel C018 is another.  

However, several of the study sites demonstrate cultural sediment redeposition that may 

be related to building up of surfaces or to looting. For instance, the micromorphology of 
                                                

26 This is true in Sri Lanka even today, where small paddy plots produce the majority of the rice that 
meets the needs of the island’s population (see Chapter 2).  
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the pre-bund/bund interface at E400 suggests that sediments from at least two former 

occupations were collected and redeposited on the surface underlying the bund. 

Although it is unknown why they were redeposited, it appears that these actions were 

unrelated to bund construction. The ‘cultural dump’ (i.e. Unit 4-2) that buries the intact 

cultural surface (Unit 5) at site F101 may represent the intentional building up of the 

land surface, rather than looting; the redeposited sediments at B062 Trench 2A could 

have a similar purpose. Additionally, sediments bearing cultural material were used at 

site D339 to establish pillar stability. 

Cultivation of the culture-bearing sediments at the hinterland’s former occupation 

surfaces is also common. The micromorphology at site B009, for example, 

demonstrates a relatively intense period of occupation and/or cultivation followed by at 

least two episodes of chena taking place within the formerly occupied surface. At 

channel F517, cultivation of the lower channel infill also incorporated cultural 

materials, either from a nearby occupation, or as a direct result of utilising formerly 

occupied sediments within the channel. The surface of the intensively occupied 

monastic site at F101 was also cultivated following its abandonment.  

Cultivation of soils containing cultural materials is a common method of managing 

landscapes, as cultural sediments tend to be enriched in nutrients as well as in organic 

matter, and thus have higher water-holding capacities, help to stabilize soil structure, 

and reduce erosion (Brady and Weil, 2002, p. 210, Simpson, et al., 2008). As such, 

cultivation of sediments containing cultural materials is well documented across 

cultures and is common in the hinterland (e.g. Adderley, et al., 2004b, Lima, et al., 

2002, Simpson, et al., 1998).  
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Culture-bearing sediments could also have been used as construction materials to build 

up site surfaces as a response to rising water tables in an attempt to make the sites more 

livable (e.g. E400; Scarborough, 2003, Simpson, et al., 2006), or to enhance the 

productivity of cultivars (e.g. at F101), similar to the raised field systems of the 

Precolumbian Tiwanaku civilisation (Binford, et al., 1997). Certainly, this could be the 

case at E400, which demonstrates predominantly waterlogged conditions throughout its 

history. The micromorphological evidence from the pre-bund surface/bund interface at 

E400 suggests occupation was followed by disturbance, possible re-occupation, and 

subsequent abandonment prior to bund construction. At Site F101, a rising water table 

may have necessitated buildup of the site (i.e. the ‘cultural dump’ that buried the 

sampled surface), as the landscape likely underwent fluctuating hydrological 

conditions, documented at the nearby F102. Alternatively, the ‘cultural dump’ could 

have functioned to enhance soil fertility; although there is no micromorphological 

evidence of either scenario, further sampling may allow a more complete assessment of 

the site’s history.  

8.1.3 Heterarchies and theocratic landscape organisation 

The micromorphological evidence from monastic site F101 demonstrates that human 

activity at this site was of the highest intensity and/or duration of all sampled hinterland 

sites. The total P values for the site support this interpretation, as they are comparable to 

and higher than P values from land surfaces at the Anuradhapura citadel27. This site 

thus demonstrates evidence for human activity that exceeds that of the two sites 

interpreted as towns in the study, the nearby Site F102 (Coningham, et al., 2007) and 
                                                

27 Some of the total P at F101 may be due to enrichment during cultivation following occupation. 
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Site B062 (Simpson, et al., 2008). Site F101 provides material support for the idea that 

some of the hinterland monasteries were intensively occupied and exerted considerable 

demands on the surrounding landscape and on hinterland populations to meet their 

subsistence demands and service needs (Gunawardana, 1979). Although merely 

suggestive at this point, Sites B062, F102, and F101 support Coningham et al.’s (2007) 

hypothesis that the Anuradhapura hinterland reflects a heterarchical organisation of the 

landscape. Site F101 suggests the landscape had a theocratic element, which is 

expected, given that the close association between monasteries and irrigation works is 

well documented (Geiger, 1912, 1929, Gunawardana, 1971, 1979, Leach, 1959, 

Paranavitana, 1970). 

A heterarchical society that that is variable at different scales is one of the key cultural 

features that likely contributed to the ability of the dry zone ecosystem to cope with 

internal (e.g. political unrest) and external (e.g. climate) perturbations. For instance, in 

his cross-cultural research on water management, Scarborough (2003) notes the 

uncertain and unpredictable nature of still-water irrigation (i.e. the system used in Sri 

Lanka’s dry zone), as opposed to the more dependable river-fed canal irrigation 

systems. Still-water capture facilities (i.e. tanks) are usually spread out across the 

landscape in order to maximize the potential for harnessing, storing, and redistributing 

water resources, which are particularly unpredictable and chaotic given the character of 

the NEM, on which Sri Lanka’s dry zone depends (Gunnell, et al., 2007). Population 

distribution associated with still-water irrigation therefore tends to be less centralised, in 

order to effectively manage water resources and minimise the distance that water has to 
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travel when it is dispensed28. Thus, Sri Lanka’s dry zone environment and tank-based 

irrigated water management are conducive to a decentralised, heterarchical settlement 

pattern. 

Scarborough (2003) suggests that a decentralised, local approach to water management 

increases resilience of the entire hydraulic system, as there are a multitude of 

microenvironmental factors to consider, making centralised control over the system less 

effective. That said, in his work, Scarborough (2003) found that the state does become 

involved when water resources are particularly stressed or capture structures are 

damaged.  

At the scale of the state or government, uncertain water supply is often the source of 

political unrest, particularly during periods of drought and famine (Mosse, 2005, 

Scarborough, 2003). In his work in Tamil Nadu, India (i.e. tank irrigation in a NEM-

dominated environment), Mosse (2005) suggests that decentralised water resource 

management within a tank-based system serves an important role in maintaining 

political stability and control. In his work, he notes that in contemporary Tamil Nadu, 

as in the past, government officials who admit to having little or no control over 

uncertain water resources have difficulty saving face and may not be re-elected. 

Therefore, secondary centres of administration and control are required to remove the 

immediacy of blame and accountability for water shortages. In Tamil Nadu’s history, 

these secondary centres of control comprised a whole segment of society other than the 

                                                

28 However, in some cases, water was transported considerable distances across the landscape; for 
instance, the 54-mile long Jaya Ganga canal, constructed in the 5th century AD, ran from the Kalavava 
tank to the Tissa wewa at Anuradhapura, irrigating 180 square miles along the length of it (Gunawardana, 
1971). 
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ruling class, and included the warrior caste, landholders, and temples. Rulers provided 

resources and directed construction of a tank, but would donate the tank to one of these 

secondary holders, who would then be responsible for water resource management, 

negotiating access to the resource, and presiding over access disputes. These secondary 

holders also functioned as nodes of resource redistribution, as they not only provided a 

means of procuring subsistence to lay populations, but as the harvest was also taxable, 

portions of it were re-gifted back to the secondary organisation, which then could 

provide a portion of the revenue to the state. Through this system, rulers could gain 

power and legitimacy while at the same time maintaining a distance that functioned as a 

buffer against blame and revolt during periods of resource scarcity. Of course, this did 

not always work, and famine and drought were and continue to be frequent causes for 

deposition of the ruler or government in the area even today. Textual, archaeological, 

and now soils-based evidence at F101 supports the interpretation that in Sri Lanka’s dry 

zone, these secondary centres of power and resource redistribution in the hinterland 

consisted primarily of monasteries. 

Mosse’s ideas regarding these secondary power centres are contrary to those posited by 

Shaw et al. (2007), who suggest that one of the reasons that large-scale irrigation 

accompanied the spread of urbanism and monastic Buddhism (i.e. the ‘cultural 

package’ hypothesis) was that it ‘alleviated suffering,’ which they state is part of the 

Buddhist philosophy. Both Mosse (2005) and Scarborough (2003) point out that it is 

not at all clear that still-water capture and large-scale irrigation are any guarantee 

against drought or famine. In fact, their work demonstrates that these water 

management methods are fraught with unpredictability and uncertainty, and frequently 
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result in conflict and unrest on the levels of local communities and the state, particularly 

in times of resource stress29.  

Site D339 presents further evidence for heterarchies operating in the hinterland. As 

mentioned in 3.3.3.4, the site includes terracotta figurines that are thought to be 

associated with fertility rites, such as those related to paddy fields and water 

management (Deraniyagala, 1972a, Nandadeva, 1990). Although the total P results 

suggest moderate cultural activity at the site, micromorphological indicators of 

anthropogenic activity are minimal, particularly when compared to indicators at other 

occupation sites, such as at B062 and F101. The low abundance of anthropogenic 

indicators would make sense if site D339 was used intermittently and primarily for 

ritual purposes, in which case it may also have undergone regular surface cleaning that 

would reduce the abundance of cultural indicators (Matarazzo, et al., 2010). The 

relatively low abundance of microscopic ceramic fragments may reflect ritual breaking 

of terracotta figurines, resulting in predominantly macroscopic fragments that 

underwent minimal subsequent reworking. I suggest here that site D339 is thus likely 

linked to non-Buddhist rituals that presented hinterland inhabitants with a focal point 

for relieving tension and anxiety related to an uncertain water supply and provided an 

additional vehicle (i.e. outside of government or monasteries) for resource redistribution 

in the form of offerings of rice and coconut milk (Simpson, et al., 2008). These 

functions contributed to persistence of the dry zone culture, in that they served as a 

                                                

29 That said, Shaw et al. (2007) work primarily in central and northern India (Shaw and Sutcliffe, 2003a, 
b, 2005), in which the SWM is the main source of precipitation. Therefore their ‘cultural package’ 
hypothesis is based on observations from an area with considerably different environmental conditions 
than the dry zone of Sri Lanka, and may apply to their research area. 
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coping mechanism to deal with perturbations particularly associated with resource 

stress. These results further support the hypothesis put forth by Coningham, et al. 

(2007, in press) that multiple hierarchies were operating in the hinterland landscape.  

8.1.4 Incorporation of a secondary centre 

By the end of the 5th century AD, large-scale irrigation had been well established in the 

Polonnaruva hinterland, and the city functioned as the island’s capital several times 

between the 7th and 11th centuries AD, after which it became the primary capital until 

ca. 1250 AD (de Silva, 2005). Polonnaruva is within the catchment of the dry zone’s 

only perennial river, the Mahaveli Ganga, and as such, has more dependable water 

resources than the Anuradhapura region (Gunawardana, 1971). Additionally, in 

comparison to Anuradhapura, Polonnaruva receives ca. 200-300 mm more annual 

precipitation, and experiences only one dry period, which takes place during the SWM 

and is of slightly shorter duration than the main dry season at Anuradhapura. 

Additionally, the moisture deficit is not as pronounced during the dry period at 

Polonnaruva and severe drought is uncommon (Smithsonian Ecology Project, 1967, 

2001-2011a, Figure 93, 2001-2011b). Therefore, although it is located in the dry zone 

and is still dependent on the vagaries of the NEM and of still-water irrigation, the 

Polonnaruva region experiences less water resource stress with respect to available 

water resources30. The area may thus have functioned as a buffer or respite during 

periods of increased water insecurity and/or political instability at Anuradhapura. I 

suggest that the incorporation of Polonnaruva as a secondary major centre was a coping 

                                                

30 However, Gunawardana (1971, p.6) asserts that rainfall in the Polonnaruva area is ‘acutely 
concentrated in a few months of the year even when compared with the area round Anuradhapura.’ 
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mechanism that contributed to the persistence of the dry zone civilisation, in that it 

functioned as a political centre during periods when Anuradhapura was under stress or 

was untenable, either because of invasion, political challenge, or drought.  

8.1.5 Expansion or reorganisation of large-scale irrigation 

This study documents two periods in which the hinterland was reorganised and/or 

irrigation works were expanded. However, it is important to note that not all irrigation 

works were in operation at any one time (de Silva, 2005, Gunawardana, 1971, Leach, 

1959, Mosse, 2005), and also that these two periods may merely represent earlier and 

later phases of continuous construction activity.  

The first period dates to ca. AD 220-710, as indicated by the OSL dates for bunds C009 

and Z021a and for the basal infill of channel F517. The micromorphology and 

stratigraphy at channel F517 provides a particularly intimate view of fluctuations in the 

local environment following channel infill. Following abandonment of the channel, the 

basal infill sediments were cultivated, after which a shallow channel was incised into 

the infill. Whether intentional or not, this shallow feature demonstrates a second 

episode of local hydraulic reorganisation. This channel subsequently infilled (i.e. Unit 

111), indicating its disuse and a third reorganisation of the local hydrology. Thus, 

including the original use of the site as a channel, site F517 documents at least three 

periods of reorganisation of the landscape during the early stages of channel infill (i.e. 

ca. AD 700) and while Anuradhapura was occupied.  
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Figure 8-1. Location of the two primary centres within the dry zone during the period of large-
scale irrigation. 

Elevation, mean annual temperature, and mean annual precipitation, are provided. Precipitation values 
are based on observations from a 50-year period. Stars denote the locations of the weather stations at 
which the data was collected. Black infills on the rainfall curve indicate periods when monthly rainfall 
exceeds 100 mm; increments in the scale below 100 mm are in 20 mm intervals; those above 100 mm are 
in 200 mm intervals. Grey infills within the rainfall curve indicate severe drought. Modified from 
Smithsonian Ecology Project (1967). 
 
The OSL date for the image house at F517 (after ca. AD 970-1090) and the relative 

dating of the Z021 and Nachchaduwa tanks (see 4.3.1.1) demonstrates a second episode 

of expansion and/or reorganisation, ca. 8th-12th centuries AD. Settlement reorganisation 

is also demonstrated by the monastic occupation at Site F101, which ended during this 

time and was followed by chena cultivation until ca. AD 980-1100, after which the site 

was buried by artefact-bearing sediments (see 8.1.2 above).  

As discussed in Chapter 1, cultural/environmental system disturbances can come from 

within, such as population growth or political challenges between rivals, or from an 
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external source, such as climate change (i.e. non-anthropogenic) or invasion (i.e. the 

frequent incursions from South India [de Silva, 2005]). Although it cannot be known 

for certain what caused the disturbances that resulted in reorganisation of the system, 

three lines of evidence (i.e. ethnographic, historical, and archaeological) support the 

interpretation that climate and political unrest, not population pressure, were dominant 

factors in landscape reorganisation and expansion of the irrigation system. 

First, based on his ethnographic work in Tamil Nadu, Mosse (2005) demonstrates that 

contemporary aspiring politicians frequently point out the failure of current or previous 

governments to meet the needs of the people, in order to gain support. They promise to 

protect against resource uncertainty and improve conditions through water 

manipulation, even when there is no possibility of an increased water supply, and when 

there is not enough money to maintain new works. In describing strategies to gain 

political support in the drought-prone areas of Sivaganga and Ramnad, for example, 

Mosse (2005, p. 42) notes that 'there are few better ways to secure votes than to promise 

water.' Mosse suggests that the construction of new irrigation works can therefore 

signify periods of stress due to drought, famine, or political reasons, rather than 

indicating abundant resources. Leach (1959, p. 24) agrees, as seen in his assessment of 

large-scale works as predominantly ‘haphazard and discontinuous,’ and primarily 

functioning as ‘self advertisement’ for the leaders that built them.  

Second, Sri Lanka’s historical record documents multiple periods of drought and 

famine taking place in Sri Lanka during the primary occupation of the dry zone; for 

example, during the reigns of Vattagamani Abhaya (r. 103, 89-77 BC; [Gunawardana, 

1971]), Kunacanaga (r. AD 187-189; Mvs. XXXVI, v. 20 [Geiger, 1912, p. 257]), and 
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Sirisamghabodhi (r. AD 247-249; Mvs. XXXVI, v. 74 [Geiger, 1912, p. 261]). The 

Mahavamsa also records certain periods in which rulers made expanding the irrigation 

system a priority. For example, King Dhatusena (r. AD 455-473; Mvs. XXXVIII, v. 35-

51 [Geiger 1929, pp. 31-34]) was celebrated for multiple constructions that expanded 

the irrigation system and for developing irrigation in the western part of the dry zone in 

the Mannar district to the north (Gunawardana, 1971).  

However, not even a major effort in building new tanks resulted in the permanent 

elimination of drought and famine. Gunawardana (1971, p. 7) notes that tank building 

during the reign of King Mahasena (r. AD 274-301) marked 'the beginning of major 

irrigation works involving the application of labour resources in this field on an 

unprecedented scale.' However, although Mahasena built sixteen tanks and a canal 

during his reign (Mvs. XXXVII, v. 50 [Geiger, 1912, p. 271]), these works did not 

eliminate resource stress encountered during the subsequent reign of Upatissa I 60 years 

later (r. AD 365-406; Cvs. XXXVII, v. 189 [Geiger, 1929, p. 18]).  

Third, the archaeological record at Anuradhapura indicates that its maximum extent was 

reached between ca. 200 BC and AD 130 (Coningham and Batt, 1999). Although the 

urban occupation continued until the 12th century AD, the archaeological record 

documents intermittent abandonment of the city starting in the 7th century AD 

(Coningham, 1999). This evidence indicates that the population of Anuradhapura did 

not continue to grow beyond the Early Historic period.  

It is therefore my contention that the expansion of the irrigation system and 

reorganisation of the Anuradhapura hinterland represents a coping strategy in response 

to political instability and water resource insecurity. The first period of expansion 
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and/or reorganisation of the hinterland’s irrigation works follows the multiple droughts 

and constructions recorded in the Mahavamsa between ca. AD 187-406. This suggests, 

based on Mosse’s (2005) ethnographic work, that the irrigation works in this study were 

built in response to drought or political stress. The second period of expansion and/or 

reorganisation precedes and encompasses the date of Anuradhapura’s abandonment, 

and is discussed in more detail in 8.2.2.2 below. 

8.2 Landscape change 

Major landscape transformations reflect periods in time where a system’s threshold of 

persistence is exceeded. This can occur as a result of a major disturbance, or due to pre-

existing conditions that have lowered the ability of the system to cope with 

perturbations (Holling, et al., 2002, Winterhalder, 1994). The most noticeable changes 

in the Anuradhapura hinterland landscape are the onset of large-scale irrigation ca. 400 

BC, and the widespread disuse of the irrigation system ca. AD 1100-1200. The 

development and collapse of Sri Lanka’s ‘irrigation civilization’ has been and continues 

to be the object of much speculation and scholarly inquiry (see Chapter 2), and it is not 

my goal (nor is it possible) to provide definitive answers as to why and how this 

civilisation arose and declined. Rather, in the following section, I discuss the character 

of hinterland landscape transformations in order to understand the nature of persistence 

and perturbations in Sri Lanka’s dry zone. 

8.2.1 Initiation of large-scale irrigation  

8.2.1.1 Pre-existing conditions 

This study demonstrates that the Anuradhapura hinterland landscape was characterised 

by low-intensity human occupation and small-scale cultivation prior to the onset of 



 

 407 

large-scale irrigation The exceptions to this generalisation are at site Z021, which 

effectively demonstrates no human impact prior to bund construction, and at site E400, 

which documents a longer, more complex, and intensified history of land management 

during the pre-irrigation period than any other sampled site. The sedimentary evidence 

discussed in Chapter 5 demonstrates significant climatic and hydrological fluctuations 

occurring in the landscape in the more distant past (e.g. at sites C009, E400), but also 

documents gradually increased landscape stability during the period immediately 

preceding the onset of large-scale irrigation. Palaeoenvironmental reconstructions, 

including that from Core 905 (Jung, et al., 2004; see Chapter 2), are in agreement with 

the sedimentological evidence in this study, in that they indicate variable climatic 

conditions under a dominantly weak SWM in the more distant past (i.e. until ca. 3500 

BP). This was followed by the enhanced strength of the monsoons, causing increased 

drought conditions in the dry season and erosion during the NEM. The SWM 

subsequently weakened slightly ca. 2000 BP, which would have resulted in reduced 

drying during the SWM and increased landscape stability, but likely also coincided with 

reduced NEM precipitation. Large-scale irrigation was initiated under this set of 

environmental conditions.   

8.2.1.2 Large-scale irrigation and hinterland occupation 

Historical records document the construction of large tanks around Anuradhapura 

between ca. the 3rd century BC and the 1st century AD (Brohier, 1934, Geiger, 1912). 

As the historical and archeological records document urban population growth and the 

introduction of monastic Buddhism during this period, it is reasonable to assume that 

this growth was one of the primary perturbations to the existing system that resulted in 

major transformation of the landscape. 
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Given the distance of bund E400 from Anuradhapura (ca. 25 km) and the fact that the 

tank is not noticeably linked to the city tanks, effective transportation of an agricultural 

surplus to the city would likely have been expensive and challenging (Morley, 1996). 

Additionally, early date for the construction of the E400 bund (i.e. ca. 400-200 BC) 

could pre-date the period of rapid urban growth, and it is therefore difficult to link 

construction of the E400 bund with urban growth at Anuradhapura, and the early date is 

unexpected. However, the bund can more reasonably be viewed as related to the 

establishment of the nearby Veheregala monastery (A155); this is consistent with 

Scarborough’s (2003, p. 104) suggestion that the nature of Sri Lanka’s still-water 

irrigation system produced a dispersed settlement pattern. 

The E400 bund thus documents the early connections between large-scale irrigation and 

monasteries and may demonstrate the early establishment of a decentralised system of 

managing water resources. It is interesting to note that of the four large-scale tanks 

sampled in the study, E400 is the only one that demonstrates water management and a 

complex occupational history taking place in the more distant past, suggesting that it 

has always been a good location for the capture and exploitation of water resources. 

Supporting a larger population (i.e. the monastery) through large-scale cultivation at 

E400 was thus likely a relatively low-risk venture, and the early date for this bund 

makes sense.  

The micromorphological characteristics of the sampled cultural layers at F101 and F102 

indicate that they were established quickly and were intensive settlements from the 

outset. This suggests relatively rapid colonization of the landscape that could be related 

to the early expanding populations at Anuradhapura (i.e. prior to ca. AD 130). 
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Additional support for this argument is provided at Site B062, in which anthropogenic 

activity appears to have preceded construction of the platform, inferred from the 

inscribed pillar to have been constructed ca. 1st c. AD. Regardless of the timing, the 

rapid and intense character of settlement at these sites suggests that they could have 

been established to alleviate resource stress by preventing the buildup of unmanageable 

population numbers in the city (i.e., consistent with Scarborough, 2003). The total P 

levels of soil samples recovered from Protohistoric levels at Anuradhapura indicates 

cultural activity of high intensity or duration early in the settlement’s history. This 

suggests that population dispersal may have been an important coping mechanism prior 

to the onset of the Early Historic period, and is consistent with the early date for 

construction of bund E400. 

8.2.2 Disuse of large-scale irrigation 

Although the hinterland’s irrigation works would not necessarily have been in use at the 

same time, all irrigation works and water features in this study began to infill ca. AD 

1100-1200, indicating their final period of disuse occurred within approximately the 

same period. The date at the occupation sites (F101, D339) also suggest that non-

irrigated areas underwent major changes at around this time. This period thus represents 

a major landscape change, and is interpreted as indicating that the boundaries of 

persistence of the hinterland’s cultural/environmental system were exceeded. 

8.2.2.1 Timing and nature of depopulation of the dry zone 

Although the focus of this thesis has been the Anuradhapura hinterland, it is important 

to note that (as noted in 8.1.4 above), Anuradhapura was only one of two major centres 
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in the dry zone, and its abandonment does not necessarily mean that the hinterland was 

abandoned along with it. 

The OSL dates for the hinterland sites signal depopulation of the landscape and disuse 

of large-scale irrigation in the Anuradhapura area within ca. 100 years. If the infill of 

irrigation works and abandonment of the hinterland’s occupation sites occurred in the 

latter part of the error range for most of the OSL dates (i.e. ca. AD 1200), the period of 

depopulation may relate to the dry zone in general, and is not limited to the 

Anuradhapura hinterland. In fact, the younger portion of the date ranges for infills at 

four of the irrigation works or water features in this study (i.e. C009 and Z021 tanks, 

C018 channel, C112 moat) overlap with almost the entire Polonnaruva period (i.e. to 

AD 1250 [de Silva, 2005]). I therefore submit that large-scale irrigation may have 

operated in the Anuradhapura hinterland during the Polonnaruva period and went into 

gradual disuse over a 100-year period. Depopulation and disuse of irrigation works 

could have taken place within 3-4 generations31, which was likely experienced as 

gradual but is rapid with respect to the ‘long view’ (Winterhalder, 1994) of the dry zone 

culture that persisted for over 1600 years. 

Evidence for relatively gradual landscape change in the dry zone is present at site F101, 

where the monastic occupation ended, the site subsequently cultivated, and then 

intentionally buried, all before ca. AD 980-1100, after which the site may have 

continued to be in use. Additionally, the micromorphology at the related site F102 

suggests that occupation ended during a period of landscape stability. The evidence at 

                                                

31 Estimates are made assuming a generation is between 20-30 years in length (Matsumara and Forster, 
2008). 
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both sites indicates that, although landscape changes were occurring during the period 

of Anuradhapura’s abandonment, people were still active on the landscape and there 

was no a catastrophic event that caused people to leave. Channel F517 also 

demonstrates continued occupation accompanying a change in land use, in that the OSL 

date underlying the image house suggests that it was constructed some time following 

AD 970-1090, which corresponds to the abandonment of Anuradhapura. Thus, this 

study documents a pattern of gradual attrition of the dry zone population that is hinted 

at in the historical and archaeological records, but which has been previously 

undocumented.  

8.2.2.2  Perturbations and disruptions contributing to landscape change 

As mentioned in Chapter 1, one of the enduring questions regarding the irrigation 

civilisation of Sri Lanka is regarding its abandonment following over 1600 years of 

apparent stability. One of the main problems regarding Anuradhapura is that, since 

there were numerous invasions and internal conflicts for power throughout its primary 

occupation, why would the invasion ca. AD 1017 result in Anuradhapura’s 

abandonment? I have addressed this question by suggesting that Anuradhapura should 

be viewed as part of a system with multiple centres, and that the movement of the 

capital to Polonnaruva was a coping mechanism that contributed to the dry zone 

ecosystem’s continued persistence. Therefore, a more relevant question is, what 

disturbance(s) contributed to the decline of the dry zone culture ca. AD 1250 (de Silva, 

2005)? 

Winterhalder (1994) and Holling, et al. (2002) note that ecosystem thresholds can be 

exceeded either by a high-magnitude disturbance or by pre-existing conditions that 
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decrease system resilience; both options can cause rapid, irrevocable changes. As 

mentioned in 8.2.2.1 above, there is no evidence of an unusual event or catastrophic 

devastation occupation in the hinterland that caused its abandonment. However, pre-

existing and ongoing stresses acting on the system were numerous and varied, and 

included the repeated invasions and internal disputes for power, documented in the 

Mahavamsa and Culavamsa (Geiger, 1912, 1929). The other major pre-existing and 

ongoing stressor was the water resource, which as I have mentioned, is inherently 

unpredictable and spatially chaotic (Gunnell, et al., 2007). These perturbations were 

dealt with within the boundaries of the system using several mechanisms, as described 

in 8.1 above. However, over time, these long-term stressors likely decreased the ability 

of the ecosystem to cope with disturbances. Additional stressors are documented 

beginning ca. AD 700, developments in ocean navigation technology and changes in 

Indian Ocean trade routes resulted in the decreased use of the port of Mantai in favour 

of ports in the southern part of the island (Gunawardana, 2003). This resulted in 

diminished revenues for the rulers at Anuradhapura, which was connected to Mantai by 

the Malwatu Oya, and likely put a strain on available resources required to maintain 

large-scale irrigation. 

The fact that the intensively occupied monastery at site F101 was abandoned and 

subsequently cultivated prior to ca. AD 980-1100 suggests that perturbations were 

acting on the hinterland culture prior to the sacking of Anuradhapura. Additionally, this 

site indicates that even the more powerful and privileged members of the dry zone 

culture were susceptible to stressors during the terminal Anuradhapura period. 

Therefore, I suggest that the cause of the dry zone decline was primarily due to the 
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cumulative effect of pre-existing and ongoing conditions, which reduced system 

resilience over time.  

Given the gradually reducing resilience of the system, significant disturbances would 

have been met with a diminished coping capacity. According to the Culavamsa (LV, v. 

15-22 [Geiger, 1929, pp. 187-188]) the sacking of Anuradhapura ca. AD 1017 was 

devastating, and given the long-term stresses on the system, this may indeed have been 

one of the primary events that marked ‘the beginning of the end’ of the dry zone 

civilisation. However, this same period also experienced a marked change in climate, as 

documented in Core 905 (Jung, et al., 2004, see Chapter 2). A sudden, high-amplitude 

increase in the strength of the SWM took place ca. AD 1100, which would have 

translated as a severe drought in the Anuradhapura region, and may even have 

constituted a rare severe drought in the Polonnaruva area. Although this appears to have 

been a relatively brief episode (i.e. a decade or two), it may have lasted long enough to 

destabilize the dry zone and considerably decrease the system’s ability to cope with 

other perturbations. Micromorphological samples from sites C112 (AD 990-1190) and 

D339 (AD 1000-1120) document fragmentation of the landscape dating between ca. 

AD 1000-1100, which supports this hypothesis. This period was followed by a 

weakened and increasingly variable SWM compared to what came before, and as NEM 

storminess and precipitation decreases with a weaker SWM signal (Gunnell, et al., 

2007), available water resources in the dry zone would also have been diminished and 

even more unpredictable. 

The dry zone culture persisted into the 13th century AD, likely through coping 

mechanisms such as those described in Section 8.1 above. The designation of 
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Polonnaruva as the primary capital in the latter two centuries of this period may have 

been due in large part to the less variable nature of the local climate and water resource 

availability. However, data from Core 905 suggests that the dry zone continued to 

experience climatic variability and decreased precipitation (Jung, et al., 2004) 

throughout Polonnaruva’s occupation. Additionally, the Polonnaruva period was 

characterised by episodes of political unrest and instability that lasted for decades at a 

time (de Silva, 2005). Although I do not explore the decline of the Polonnaruva 

kingdom here due to the limitations of this thesis, de Silva (2005) also mentions several 

other characteristics of the Polonnaruva period that would have reduced the flexibility 

and variability of the dry zone system and limited its ability to cope with perturbations. 

These characteristics include the increased centralisation of power and control, the 

development of an increasingly rigid hierarchical caste system, and massive 

expenditures of state resources on monuments, overseas military campaigns, and the 

construction and repair of large tanks. For example, de Silva (2005, p. 93) describes a 

tank constructed by Parakramabahu I (r. AD 1153-1186): 

“There was, for instance, the colossal size of the Parakrama Samudra 

(the sea of Parakrama) which, with an embankment rising to an average 

height of 12 m and stretching over its entire length of 13.7 km, was by 

far the largest irrigation tank constructed in ancient Sri Lanka…The 

earthworks involved in this project were unprecedented in scale and the 

stonemasonry of this and other irrigation works of this period involved 

the handling of stone blocks of up to 10.7 metric tones in weight.” 
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8.2.3 Inherited landscapes 

Continued activity at Sites C112, C018, F101, and B062 following ca. AD 1100 all 

demonstrate the persistence of populations within the Anuradhapura hinterland. Further, 

channel C018 documents an increase in chena activity ca. AD 1650, which is also 

demonstrated at Sigiriya (see Figure 8-1, Myrdal-Runebjer, 1996). 

However, the effects of hinterland depopulation and the diminished or absent resources 

available for the maintenance of tanks and bunds would have resulted in neglect of 

large-scale irrigation works and “a severely unkempt, negatively altered terrain… 

[landscape occupants would have] made very different economic decisions than their 

predecessors because of the degrading modifications" (Scarborough, 2003, p. 10). The 

hinterland thus constituted what Stahl (2008) terms a ‘fallow landscape,’ inherited from 

the previous dry zone occupants. 

The activities of the occupants of this fallow landscape focused on small-scale 

cultivation, predominantly at moderately- to well-drained sites (e.g. C018, C112, F101, 

the Z021a bund). The hinterland’s large-scale tanks exhibit no evidence for nearby 

cultivation, suggesting they were completely abandoned, although this may be an 

artefact of sampling. In his work in Tamil Nadu, Mosse (2005, p. 41) points out that 

allowing tanks to infill is a management strategy that decreases soil erosion, increases 

percolation and groundwater recharge, and enhances the supply of water in nearby 

wells. Although merely a suggestion at this point, the silted-up tanks may have allowed 

people to cope with the unpredictable and generally weak NEM precipitation patterns 

that characterised the dry zone climate following the severe SWM event ca. 950. 

Occupants of the island and colonial and modern governments over the past 200 years 
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have also been inheritors of the dry zone’s fallow landscape. For example, during the 

colonial period (i.e. early- to mid-1800s), several ruined irrigation structures were 

refurbished, including the Nachchaduwa tank (Brohier, 1934, Parker, 1909). In modern 

times, the Sri Lankan government has implemented new large-scale irrigation projects 

in the dry zone in an attempt to repopulate the region and increase agricultural 

productivity. The Mahaweli Development Project, for example, was implemented over 

a 30-year period, beginning in the 1970s.  The goal was to encourage resettlement of 

the dry zone through incentives of land grants and by providing irrigation water and 

energy to the region, while intensifying food production. However, this project has met 

with limited success, due to the physical reorganisation of the existing landscape and 

drainage patterns, and social displacement and disruption (Ulluwishewa, 1991a, 

Werellagama, n.d.). The Mahaweli Development Project is an example of modern 

technology imposed onto an inherited landscape, and although the intention is one of 

benefit, the results can be problematic (Mosse, 2005).  

8.3 Future work 

In this final section, I discuss avenues for future research in order to further document 

South Asian irrigated landscapes and better understand land management practices that 

contribute to sustainability in resource-stressed areas. 

More detailed documentation of processes acting on the hinterland landscape would 

increase the understanding of management techniques that contribute to persistence. For 

example, the total P and magnetic susceptibility results for the study sites suggest that 

most of the hinterland sediments retain a residual anthropogenic signal. A research 

program designed to document the variability of total P and %χfd from a variety of 
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controlled contexts and experimental conditions would allow for more detailed 

interpretation of the results. For instance, the modern chena surface soils demonstrate 

lowered %χfd values that suggest erosion of the fine fraction during cultivation, but 

experimental work could confirm this phenomenon or suggest alternatives. 

Additionally, experiments involving the temperatures, depth of heating, and %χfd 

signals produced through burning different materials at the surface such as wood or 

straw and their subsequent incorporation into the soil could strengthen interpretations 

regarding management of chena land.  

This study also highlights the importance of better understanding the distribution of 

total P in the hinterland. For example site D339 demonstrates few cultural indicators 

beyond macroscopic terracotta fragments and the evidence for platform construction, 

yet total P levels in the platform sediments and those underlying it (interpreted as non-

cultural) have moderate levels of P comparable to the modern paddy and bund control 

sediments. Although a certain amount of P is assumed to be inherited, it would be 

useful for interpretive purposes to gain more control over this anthropogenic indicator. 

A few of the study sites demonstrate redeposited sediments that appear to have played a 

part in leveling the site or building up the site’s surface, such as at F101, D339, B062. 

The nature of infills and contexts associated with looting and culturally-rich layers is 

still unclear, and ethnographic work could focus on cultural sediment reuse and 

redeposition in a Sri Lankan or South Asian context. 

This thesis has demonstrated the usefulness of soil micromorphology in providing more 

detailed reconstructions of coping mechanisms that contribute to system persistence, as 

well as the nature of landscape changes. However, it has also revealed a number of 
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unknown features (see Chapter 6), and the establishment of a micromorphological 

reference collection or thin section database for the dry zone soils and those with 

similar ecological conditions (e.g. Tamil Nadu) would be very helpful.  

For example, the identification and characterization of yellow isotropic clays or 

possible phosphatic pedofeatures would be instrumental in determining the origin of 

these features (i.e. biological, pedological, or anthropogenic). In the case of Sites E400 

and Z021, the possible calcium-iron-phosphate features at the base of the bunds could 

document the former presence of bone where none has been preserved (Adderley, et al., 

2004a), and may aid in the identification of former surfaces. Additionally, work on the 

formation of calcitic pedofeatures, such as the differences in coating types, cementation, 

and formation processes (i.e. biological, pedogenic) could aid in reconstructing the 

hydrological regime of paddy soils and bunds in particular. Combining statistical 

analyses with point counting or image analysis of particular features such as fragments 

of limpid clay coatings could be employed to distinguish the types of soils (i.e. chena 

versus paddy versus occupation surfaces) and strengthen interpretations of former land 

surfaces. Future work focusing on understanding the generation of very dusty and dusty 

clay coatings and silty infills during chena cultivation, occupation activities, and bund 

construction would also further the interpretation of these features.  Research could 

address questions regarding the key factors in generation of these coatings; for example, 

distance, intensity of disturbance, soil moisture conditions, and the resulting grain sizes 

deposited within the coating and associated chemical (i.e. total P) or magnetic 

signatures (i.e. %χfd). 
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The thin sections at site B009 document red and yellowish red (OIL) flecks, 

intercalations, or coatings in the micromass that are indiscernible to reddish yellow and 

strong brown in PPL and stipple-speckled to undifferentiated in XPL (Figure 8-2). 

These are rarely seen in the other study sites and are similar to features seen in the 

majority of ceramic fragments, which suggests that they may indicate prolonged or 

intense heating of sediments. These features are currently being interpreted as reflecting 

iron oxidisation due to burning during chena cultivation.  However, interpretation of the 

features is not straightforward, as they are present in highest abundances in B009-1, 

which has undergone repeated burning in the past and in modern times, and in B009-3, 

which contains only a trace of burning. Another possibility is that these are relict 

features related to the development of oxic horizons. Research to address whether these 

features are an artifact of slide manufacture (as suggested by Dr. Clare Wilson, pers. 

comm.), or a real characteristic of the sediment may aid in identifying anthropogenic 

and environmental processes acting on the hinterland soils when there are few 

indicators present.  

The micromorphological samples from the study sites document the presence of 

abundant phytoliths and demonstrate their potential for interpreting site histories as well 

as for recording the types of domesticates that people relied on (i.e. the rice and 

possible millet at F101 and F102). Proper phytolith analysis including the preparation 

of a reference collection for the dry zone is an exciting avenue of future research. 

Additionally, there is currently much interest in the history of banana (Musa spp.) 

domestication, and phytolith analysis in Sri Lanka could make a contribution to this 

debate (See the special 2009 issue of Ethnobotany Research and Applications, vol. 7). 
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One of the primary questions to arise from this research is, Why was Anuradhapura the 

primary centre during the dry zone occupation, since it was more vulnerable to climatic 

stressors than Polonnaruva. One reason may be that Anuradhapura was the major inland 

centre connected to the port of Mantai32 through the Malwatu Oya. Anuradhapura was 

involved in island-wide trade, and its links with mainland India were in place by at least 

ca. 510-340 BC (Coningham, 2002). The port of Mantai played an instrumental part in 

Indian Ocean trade networks by at least ca. the 1st and 2nd centuries AD, and the 

primary period in which the city was the major of the northwestern dry zone ended ca. 

the 11th century AD (Carswell and Prickett, 1984). Therefore, exploring the links 

between Mantai, Anuradhapura, and Polonnaruva as part of an integrated dry zone 

culture would further understandings of the movement of materials into and within the 

area, which may have contributed to system persistence. Additionally, 

geoarchaeological work in both the Polonnaruva and Mantai hinterlands would more 

fully characterise the nature of the dry zone occupation and could be used to support or 

refute the ideas regarding the nature of resource management and the thresholds of 

persistence presented in this thesis. Geoarchaeology could also be used to explore 

persistence and sustainability in the Jaffna peninsula in the north of the island; this 

region became an important population centre following the depopulation of the 

Anuradhapura-Polonnaruva region33 (de Silva, 2005). Questions to be addressed 

include: What made these dry zone areas tenable? What made them untenable? What 

contributed to the persistence of the cultural/environmental systems within them? What 

                                                

32 Mantai is also known as Mantota or Mahatittha (Lokubandara, 2003). 
33 The other major area was in the wet zone to the south (de Silva, 2005). 
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pre-existing or long-term conditions may have contributed to the onset of occupation in 

these areas, and, as a corollary, their abandonment or disuse? 

This thesis identifies a number of coping mechanisms that contributed to the persistence 

of an irrigation-based culture in Sri Lanka’s dry zone for more than 1600 years. I have 

also presented evidence suggesting that the abandonment of Anuradhapura and its 

hinterland was part of a regional response to internal and external perturbations acting 

on an already stressed system. This work demonstrates that unpredictable and spatially 

variable essential resources can be managed sustainably within certain limits. However, 

without knowledge of the impacts of stressors acting from within and outside of the 

system and how to manage them, rapid, unexpected, and large-scale changes can ensue. 

In an era of high global connectivity, ubiquitous anthropogenic impacts on the 

environment, and increasingly uncertain climate and weather patterns, documenting the 

factors that contribute to system disturbance and persistence increases the range of 

choices that we humans can make regarding our relationship with the environment. 
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Figure 8-2. Unidentified micromorphological features, B009-1. 
A: Anorthic soil fragment with increased abundance of organic material. Red intercalations and coatings (examples are circled) are only occasionally seen within the 
study area at archaeological sites and in ceramics only, suggesting that heating of the materials may be involved in the formation of these features.  Alternatively, 
they could represent oxic characteristics. OIL, 100x. B: Ceramic fragment (darker, outlined) within the dominant groundmass.  The ceramic fragment features red 
intercalations and coatings (examples are circled), but these are not present in the adjoining groundmass, which suggests that the features are not an artifact of slide 
manufacture. OIL, 100x. 
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Appendix 1: Summary of Particle Size Analysis 

Samples in bold italics were measured using slightly different upper size limits, as follows:  clay: 3.9 µm; silt: 63 µm; fine sand: 250 µm; medium sand: 500 µm, and 
coarse sand: 1000 µm. Blanks indicate analytical errors resulting in underestimation or non-measurement of the coarse fraction. 

 % < 

  Sample 
Mean 
(µm) 

Median 
(µm) 

Mode 
(µm) 

Standard 
Deviation        

(1 S.D., µm) 
C.V. 
% Skewness Kurtosis 

2 
µm 

63 
µm 

212 
µm 

630 
µm 

2000 
µm 

C009 Bund-1 334.6 228.5 269.2 337.5 101 1.185R 0.573L 5.0 23.8 47.5 81.4 100.0 
C009 Bund-2                         
C009 Bund-3              
C009 Bund-4 717.1 662.0 1197.0 526.5 73 0.318R -1.101 P 2.4 10.1 23.4 48.7 100.0 
C009 Bund-5 220.9 154.6 269.2 246.7 112 1.534R 2.361 L 10.3 35.8 58.4 92.2 100.0 

B
U

N
D

 

C009 Bund-6                         
C009 Tank-1 385.6 250.8 905.1 394.4 102 1.197R 0.744 L 4.0 24.1 45.3 76.6 100.0 
C009 Tank-2 413.2 309.5 684.2 381.1 92.2 0.982R 0.347L 4.3 21.3 38.8 74.0 100.0 
C009 Tank-3 177.8 97.0 203.5 234.8 132 2.024R 4.108 L 7.7 43.1 71.4 93.0 100.0 
C009 Tank-4 242.5 174.4 324.4 250.8 103 1.135R 0.855 L 7.7 34.1 55.3 90.8 100.0 TA

N
K

 

C009 Tank-5 256.3 167.5 269.2 278.9 109 1.391R 1.437 L 8.3 31.2 57.0 88.5 100.0 
C009T Auger-5: 20-0                         
C009T Auger-5: 40-20              
C009T Auger-6: 60-40                         
C009T Auger-6: 80-60              
C009T Auger-7: 100-80 507.3 429.1 905.1 444.1 88 0.646R -0.485 P 6.9 23.8 33.2 63.5 100.0 
C009T Auger-8: 120-100 752.3 803.2 1197.0 539.0 72 0.024R -1.276 P 6.0 15.9 25.4 42.0 100.0 
C009T Auger-9: 140-120 353.9 243.7 993.6 365.1 103 0.721R -0.729 P 7.5 37.0 47.5 74.9 100.0 TA

N
K

 A
U

G
ER

 

C009T Auger-9: 160-140 495.2 353.1 993.6 497.8 101 0.674R -0.754 P 5.2 33.7 42.7 62.8 100.0 

C009 Paddy-1                         
C009 Paddy-2 229.5 160.9 269.2 248.6 108 1.415R 1.785L 9.0 33.2 58.4 91.2 100.0 
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D
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C009 Paddy-3                       
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% Skewness Kurtosis 
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µm 
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µm 

630 
µm 
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µm 

E400 Bund-1 174.5 82.5 5.4 250.3 143 2.294 R 5.138 L 6.3 44.5 79.1 90.3 96.9 
E400 Bund-2 274.2 98.4 905.1 324.8 118 0.974 R -0.500 P 8.9 46.0 61.1 77.1 100.0 
E400 Bund-3 233.2 25.9 5.4 356.8 153 1.522 R 0.855 L 10.8 56.4 72.9 81.7 92.3 
E400 Bund-4                         
E400 Bund-5              
E400 Bund-6                         
E400 Bund-7              
E400 Bund-8 253.1 66.8 5.4 337.7 133 1.335 R 0.545 L 8.7 49.5 66.5 79.3 93.9 
E400 Bund-9              
E400 Bund-11 177.3 97.7 203.5 229.8 130 1.965 R 4.224 L 13.1 43.8 74.8 90.8 98.8 
E400 Bund-13 239.3 121.9 185.4 312.5 131 1.920 R 3.530 L 7.6 42.5 64.4 86.6 94.2 

B
U

N
D

 

E400 Bund-14 319.7 246.9 684.2 308.2 96.4 0.798 R -0.275 P 9.3 31.3 50.4 72.5 97.2 
E400 Tank-1              
E400 Tank-2 139.8 110.6 203.5 139.9 100 1.401 R 2.421 L 11.4 37.3 81.7 97.3 100.0 
E400 Tank-3              
E400 Tank-4                         
E400 Tank-5              
E400 Tank-6 181.3 128.2 295.5 188.2 104 1.153 R 0.738 L 6.6 38.6 69.6 92.1 100.0 
E400 Tank-7 93.0 29.8 245.2 128.7 138 1.873 R 3.177 L 14.1 61.9 87.5 98.1 100.0 

TA
N

K
 

E400 Tank-8 127.3 56.2 5.4 149.8 118 1.313 R 0.647 L 4.2 52.2 80.3 96.8 100.0 
Z021 Bund-1 108.7 23.9 203.5 147.5 136 1.537 R 1.508 L 17.0 58.8 84.5 97.1 100.0 
Z021 Bund-2                         
Z021 Bund-3              
Z021 Bund-4 159.1 35.5 245.2 249.6 157 2.215 R 4.693 L 14.2 56.9 78.5 90.3 97.9 
Z021 Bund-5              
Z021 Bund-6 275.9 82.6 1091.0 372.7 135 1.344 R 0.539 L 14.0 47.4 66.7 77.3 91.9 
Z021 Bund-7              
Z021 Bund-8 253.1 64.3 993.6 343.0 136 1.386 R 0.843 L 18.3 49.9 66.0 79.4 94.4 

B
U

N
D

 

Z021 Bund-9 145.6 35.1 87.9 234.7 161 2.069 R 3.537 L 16.6 59.9 81.2 89.0 99.2 
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  Sample 
Mean 
(µm) 

Median 
(µm) 

Mode 
(µm) 

Standard 
Deviation        

(1 S.D., µm) 
C.V. 
% Skewness Kurtosis 

2 
µm 

63 
µm 

212 
µm 

630 
µm 

2000 
µm 

Z021 Bund-10 300.3 138.8 993.6 363.5 121 1.180 R 0.261 L 14.3 42.2 59.8 75.7 92.5 
Z021 Bund-11 91.8 24.7 41.7 149.2 162 2.353 R 5.339 L 17.8 67.2 87.7 95.9 100.0 

 

Z021 Bund-12 291.0 110.6 993.6 359.8 124 1.173 R 0.258 L 12.4 45.9 60.8 74.8 93.3 
Z021 Tank-1              
Z021 Tank-2 221.7 75.4 245.2 300.7 136 1.586 R 1.768 L 19.2 48.4 68.7 83.6 96.5 
Z021 Tank-3 93.2 25.1 105.9 144.5 155 2.357 R 5.836 L 21.8 62.5 88.4 96.5 100.0 TA

N
K

 

Z021 Tank-4 88.8 35.5 223.4 115.7 130 1.923 R 4.232 L 17.1 59.7 90.3 98.5 100.0 
Z021a-1 225.3 183.1 223.4 194.4 86.3 1.689R 3.994L 1.7 17.9 57.4 95.3 100.0 
Z021a-2 343.0 279.8 356.1 289.6 84.4 0.978R 0.542L 3.3 17.6 40.0 83.3 100.0 
Z021a-3 277.5 147.9 269.2 342.2 123 1.465R 1.254L 8.9 37.1 58.5 84.4 100.0 
Z021a-4 146.1 102.8 295.5 162.0 111 1.666R 3.630L 7.5 40.7 72.2 97.9 100.0 
Z021a-5 280.7 221.0 269.2 258.1 91.9 1.635R 3.315L 3.2 18.5 48.2 90.3 100.0 

B
U

N
D

 

Z021a-6 225.9 163.0 245.2 231.4 102 1.746R 3.546L 4.6 26.3 59.8 93.0 100.0 
C018-1              
C018-2 152.6 82.3 245.2 190.0 125 1.784 R 3.030 L 13.7 45.0 78.1 92.8 99.9 
C018-3 146.7 85.7 223.4 168.2 115 1.372 R 1.315 L 14.4 44.6 77.6 94.6 100.0 
C018-4                         
C018-5              
C018-6                         
C018-7              C

H
A

N
N

EL
 IN

FI
LL

 

C018-8 184.8 143.2 203.5 180.7 97.8 1.438 R 1.932 L 7.2 29.5 73.4 92.4 100.0 
C112-008 153.6 107.5 245.2 168.5 110 1.657R 3.617L 6.47 40 71.2 97.9 100 
C112-012 259.3 215.8 269.2 208.1 80.2 1.359R 2.500L 3.02 14.8 49.1 93.7 100 
C112-012A 438.3 333.9 356.1 382.6 87.3 0.972R 0.199L 3.68 16.1 34.1 73.6 100 M

O
A

T 
IN

FI
LL

 

C112-013A 272 201.1 295.5 270 99.3 1.352R 1.636L 4.51 26.4 51.7 88.8 100 
F517-107 245 182.3 269.2 237 96.7 1.445R 2.069L 4.64 23.9 55.8 91.5 100 
F517-108 242 169 223.4 262.4 108 2.397R 7.004L 3.08 20.2 59.8 92.5 100 
F517-109 129 85.35 185.4 147 114 2.134R 6.184L 5.74 42.5 79.5 98.3 100 

C
H

A
N

N
EL

 
IN

FI
LL

 

F517-111 206.4 173 223.4 180 87.2 1.475R 2.998L 3.52 22.1 60.1 96.4 100 
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 % < 

  Sample 
Mean 
(µm) 

Median 
(µm) 

Mode 
(µm) 

Standard 
Deviation        

(1 S.D., µm) 
C.V. 
% Skewness Kurtosis 

2 
µm 

63 
µm 

212 
µm 

630 
µm 

2000 
µm 

 F517-113 113.5 62.79 185.4 146.6 129 2.386R 7.292L 6.76 50.1 83 98.2 100 
B009-1 148.5 86.5 185.4 180.2 121 2.047R 5.283L 5.9 42.8 75.0 97.0 100.0 
B009-2 316.8 166.6 223.4 383.6 121 1.513R 1.440L 5.2 31.0 57.3 81.2 100.0 
B009-3 122.3 76.6 203.5 138.8 114 1.430R 1.629L 8.5 46.1 79.0 99.7 100.0 

C
ER

A
M

IC
 

SC
A

TT
ER

 

B009-4 245.1 85.8 96.5 356.9 146 1.888R 2.744L 6.6 43.4 69.3 85.7 100.0 
F101-1 192.3 86.3 223.4 261.1 136 2.182R 5.032L 3.9 43.1 70.6 92.3 100.0 
F101-2 199.7 98.9 245.2 267.8 134 2.291R 5.932L 4.4 40.1 69.3 92.1 100.0 
F101-3 186.1 74.4 96.5 266.7 143 2.108R 4.072L 4.1 46.5 73.7 90.9 100.0 
F101-4 252.8 107.9 96.5 338.6 134 1.955R 3.451L 2.9 37.1 65.9 86.5 100.0 
F101-5 262.7 90.6 96.5 369.2 141 1.808R 2.537L 3.7 42.3 67.1 84.3 100.0 C

ER
A

M
IC

 
SC

A
TT

ER
 

F101-6 221.0 126.2 245.2 251.7 114 1.688R 2.731L 3.2 33.1 63.7 91.3 100.0 
F102-1 219.3 176.1 295.5 210.6 96 1.100R 1.210L 4.6 31.7 55.9 94.9 100.0 
F102-2 296.3 188.0 269.2 329.7 111 1.498R 1.964L 4.1 30.6 53.4 84.7 100.0 
F102-3 111.7 60.1 105.9 137.1 123 1.882R 4.048L 6.9 50.9 81.4 99.0 100.0 

C
ER

A
M

IC
 

SC
A

TT
ER

 

F102-4                         
B062 Tr 2A-2 76.0 28.8 203.5 94.3 124 1.517R 2.448L 13.4 59.6 89.1 100 100.0 
B062 Tr 2A-4 106.2 53.3 96.5 141.6 133 2.194R 5.23L 6.9 53.7 83.6 98.5 100.0 
B062 Tr 2A-3                         

PL
A

TF
O

R
M

 
SI

TE
 

B062 Tr 2A-6 75.7 44.6 96.5 83.5 110 1.404R 1.419L 6.2 57.8 90.6 100 100.0 
D339-202 252.8 185.6 269.2 248.8 98.4 1.687R 3.211L 3.3 21.7 55.1 91.2 100.0 
D339-203 204.0 140.8 269.2 206.9 101 1.456R 2.036L 5.4 29.9 63.2 94.4 100.0 
D339-204 196.8 128.1 269.2 216.1 110 1.962R 4.446L 5.1 29.7 66.5 94.3 100.0 
D339-205              

PL
A

TF
O

R
M

 
SI

TE
 

D339-206 182.4 122.6 295.5 188.2 103 1.471R 2.646L 6.0 36.0 63.6 96.9 100.0 

Modern Bund-3 225.7 119.5 269.2 274.2 121 1.685R 2.608L 5.64 37.9 62.5 90.1 100 
Modern Bund-6 154 67.59 245.2 193.3 125 1.462R 1.564L 10.1 49.2 70.9 96.4 100 
Modern Bund-8 152 71.27 245.2 198.4 130 1.839R 3.395L 8.42 48 73.5 95.9 100 

C
O

N
TR

O
LS

 

Modern Bund-9 370 251.4 751.1 361.9 97.8 0.988R 0.187L 3.9 25 45.6 76.1 100 
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 % < 

  Sample 
Mean 
(µm) 

Median 
(µm) 

Mode 
(µm) 

Standard 
Deviation        

(1 S.D., µm) 
C.V. 
% Skewness Kurtosis 

2 
µm 

63 
µm 

212 
µm 

630 
µm 

2000 
µm 

B062-C1-1              
B062-C1-2                         
B062-C2-1              
B062-C2-2                         
B062-C3-1 302.6 169.4 269.2 350.8 116 1.186R 0.458L 7.75 38.9 53.4 81.8 100 
B062-C3-2                         
B062-P1 5-15cm 117.4 47.77 105.9 164.8 140 2.191R 5.156L 6.98 54.7 80.6 97.3 100 
B062-P1 42-50cm                         
B062-P1 54-60cm                         
B062-P2 5-15cm                         
B062-P2 29-39cm              
B062-P2 50-55cm                         
B062-P2 65-75cm                         
B062-P3 5-10cm 363.6 193.9 245.2 419.3 115 1.35R 0.948L 4.59 29 52.3 77.3 100 
B062-P3 13-20cm              
B062-P3 25-35cm 228.3 157.9 245.2 251 110 1.544R 2.262L 7.53 33.1 59.1 91.3 100 
B062-P3 45-55cm 145.3 106.9 245.2 152.4 105 1.27R 1.62lL 10.8 40.8 70.6 98.7 100 
B062-P3 60-70cm                         

 

B062 Alluvium 211.2 197.7 245.2 153.9 72.9 1.486R 5.595L 3.44 16.8 54.5 98.3 100 
ASW2 615 211.8 111.8 105.9 259.6 123 1.947R 3.645L 3.48 33.8 68.4 90.7 100 
ASW2 977 125.4 81.46 203.5 146.9 117 2.646R 10.89L 3.71 43.4 80.6 98.3 100 
ASW2 1101 92.96 60.95 105.9 110 118 3.227R 20.57L 6.55 50.9 87 99.4 100 
ASW2 1496 64.73 43.39 87.9 65.87 102 1.335R 1.489L 7.45 59.9 95.9 100 100 A

SW
2 

ASW2 1616 132.3 99.79 116.3 130.2 98.4 1.993R 5.734L 3.99 34.9 79.9 98.8 100 
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Appendix 2: Sand/silt and Clay Ratio for Available Samples. 

Samples in bold italics were measured using slightly different upper size limits, as follows:  clay: 
3.9 µm; silt: 63 µm; fine sand: 250 µm; medium sand: 500 µm, and coarse sand: 1000 µm.  

Sample Sand/silt Sample Sand/silt 
C009 Bund-1 3.2 C112-008 1.5 
C009 Bund-4 8.9 C112-012 5.8 
C009 Bund-5 1.8 C112-012A 5.2 
C009 Tank-1 3.1 C112-013A 2.8 
C009 Tank-2 3.7 F517-107 3.2 
C009 Tank-3 1.3 F517-108 4.0 
C009 Tank-4 1.9 F517-109 1.4 
C009 Tank-5 2.2 F517-111 3.5 
C009T Auger-7: 100-80 3.2 F517-113 1.0 
C009T Auger-8: 120-100 5.3 B009-1 1.3 
C009T Auger-9: 140-120 1.7 B009-2 2.2 
C009T Auger-9: 160-140 2.0 B009-3 1.2 
C009 Paddy-2 2.0 B009-4 1.3 
E400 Bund-1 1.2 F101-1 1.3 
E400 Bund-2 1.2 F101-2 1.5 
E400 Bund-3 0.8 F101-3 1.2 
E400 Bund-8 1.0 F101-4 1.7 
E400 Bund-11 1.3 F101-5 1.4 
E400 Bund-13 1.4 F101-6 2.0 
E400 Bund-14 2.2 F102-1 2.2 
E400 Tank-2 1.7 F102-2 2.3 
E400 Tank-6 1.6 F102-3 1.0 
E400 Tank-7 0.6 B062 Tr 2A-2 0.7 
E400 Tank-8 0.9 B062 Tr 2A-4 0.9 
Z021 Bund-1 0.7 B062 Tr 2A-6 0.7 
Z021 Bund-4 0.8 D339-202 3.6 
Z021 Bund-6 1.1 D339-203 2.3 
Z021 Bund-8 1.0 D339-204 2.4 
Z021 Bund-9 0.7 D339-206 1.8 
Z021 Bund-10 1.4 Modern Bund-3 1.6 
Z021 Bund-11 0.5 Modern Bund-6 1.0 
Z021 Bund-12 1.2 Modern Bund-8 1.1 
Z021 Tank-2 1.1 Modern Bund-9 3.0 
Z021 Tank-3 0.6 B062-C3-1 1.6 
Z021 Tank-4 0.7 B062-P1 5-15cm 0.8 
Z021a-1 4.6 B062-P3 5-10cm 2.4 
Z021a-2 4.7 B062-P3 25-35cm 2.0 
Z021a-3 1.7 B062-P3 45-55cm 1.5 
Z021a-4 1.5 B062 Alluvium 5.0 
Z021a-5 4.4 ASW2 615 2.0 
Z021a-6 2.8 ASW2 977 1.3 
C018-2 1.2 ASW2 1101 1.0 
C018-3 1.2 ASW2 1496 0.7 
C018-8 2.4 ASW2 1616 1.9 
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Appendix 3: Results of Bulk Chemistry and Magnetic Measurements. 

LOI values in bold italics were ignited for 4 hours at 550˚C. Blanks indicate errors in measurement. 

Site 
pH 

H2O 
% 

LOI 
% 

Xfd 

Xlf               
(10-

6m3/kg) 

Total P 
(mg/ 
100g) Site 

pH 
H2O 

% 
LOI 

% 
Xfd 

Xlf               
(10-

6m3/kg
) 

Total P 
(mg/ 
100g) 

C009 Bund-1 5.6 2.4 5.6 0.3 55.2 C018-1 6.2 3.8   72.4 
C009 Bund-2 5.8 2.1 5.2 0.3 32.1 C018-2 6.0 3.2 4.4 1.2 73.9 
C009 Bund-3 5.6 2.1 6.1 0.3 6.1 C018-3 6.2 3.3 4.0 1.3 70.4 
C009 Bund-4 5.8 2.4 6.7 0.2 6.7 C018-4 6.4 3.7 3.9 1.1 58.3 
C009 Bund-5 5.8 2.5 4.4 0.2 26.4 C018-5 6.4 3.5 3.7 1.3 65.3 
C009 Bund-6 5.9 2.4 6.4 0.3 17.1 C018-6 6.8 3.8     52.5 
C009 Tank-1 5.1 2.2 5.2 0.2 44.7 C018-7 6.6 2.8   65.1 
C009 Tank-2 5.3 2.3 9.1 0.2 36.7 C018-8 6.8 3.6 0.8 2.4 59.7 
C009 Tank-3 5.4 2.2 5.6 0.2 27.9 C112-008 5.2 4.0 6.2 0.2 79.1 
C009 Tank-4 5.4 3.2 3.2 0.2 22.9 C112-012 5.1 2.6 4.5 0.2 53.6 
C009 Tank-5 5.4 2.6 6.6 0.2 21.3 C112-012A 5 1.4 5.0 0.1 45.4 
C009T Auger-5 0-20 4.7 5.1 1.4 0.2 60.4 C112-013A 5.1 2.6 4.0 0.1 29.8 
C009T Auger-5 20-40 4.8 6.6 3.6 0.2 65.5 F517-107 6.3 2.3 3.4 0.9 44.9 
C009T Auger-6 40-60 5.1 4.7 1.7 0.2 56.3 F517-108 6.6 1.9 3.3 0.9 42.0 
C009T Auger-6 60-80 5.4 5.6 2.0 0.2 55.5 F517-109 7 2.1 3.7 0.8 43.7 
C009T Auger-7  80-100 5.6 3.9 5.1 0.2 46.4 F517-111 7 1.1 3.0 0.6 37.8 
C009T Auger-8    100-120 6 3.6 3.2 0.2 14.8 F517-113 7.2 2.6 2.6 1.0 51.3 
C009T Auger-9    120-140 6.6 2.7 5.3 0.2 17.1 B009-1 5.5 5.2 2.4 6.2 59.6 
C009T Auger-9    140-160 7.3 2.2 4.8 0.2 14.4 B009-2 5.9 4.5 4.4 6.3 37.8 
C009 Paddy-1 6 2.6 6.3 0.3 39.3 B009-3 6.1 4.7 4.3 6.2 32.8 
C009 Paddy-2 6.4 1.9 6.4 0.3 24.4 B009-4 6.2 5.0 0.6 3.6 29.1 
C009 Paddy-3 6.6   7.1 0.3 17.9 F101-1 7.8 3.3 4.1 3.8 133.1 
E400 Bund-1 8.4 4.1 5.5 0.3 49.8 F101-2 7.5 4.0 4.2 3.0 141.5 
E400 Bund-2 8.7 1.7 1.6 0.1 15.5 F101-3 8.2 3.3 5.3 2.8 122.5 
E400 Bund-3 8.7 2.5 2.6 0.2 17.8 F101-4 8.4 3.1 3.9 3.4 115.9 
E400 Bund-4 9.3 2.2 0.9 0.2 15.6 F101-5 8.2 3.2 3.0 3.4 130.0 
E400 Bund-5 9.3 2.5 3.1 0.1 17.1 F101-6 8.6 2.3 3.6 4.1 124.3 
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Site 
pH 

H2O 
% 

LOI 
% 

Xfd 

Xlf               
(10-

6m3/kg) 

Total P 
(mg/ 
100g) Site 

pH 
H2O 

% 
LOI 

% 
Xfd 

Xlf               
(10-

6m3/kg
) 

Total P 
(mg/ 
100g) 

E400 Bund-6 8.9 2.3 3.0 0.1 15.7 F102-1 7.1 2.9 2.0 2.2 100.1 
E400 Bund-7 9.0 2.0 2.5 0.2 16.4 F102-2 7.3 3.1 3.1 2.1 103.2 
E400 Bund-8 9.0 2.5 8.5 1.0 31.7 F102-3 7.5 2.2 3.0 2.5 86.0 
E400 Bund-9 8.9 2.3 4.2 0.2 21.9 F102-4 7.6 1.8 6.9 0.7 103.2 
E400 Bund-11 9.0 1.9 2.7 0.1 13.7 B062 Tr 2A-2 7.4 4.6 5.8 5.0 118.9 
E400 Bund-13 9.0 1.9 3.0 0.2 14.8 B062 Tr 2A-4 7.8 4.7 5.6 5.9 118.3 
E400 Bund-14 9.0 2.1 3.0 0.1 12.7 B062 Tr 2A-3 7.4 5.3 6.8 6.7 122.2 
E400 Tank-1 8.2 8.6 2.4 0.2 52.9 B062 Tr 2A-6 6.8 5.4 5.5 6.1 118.2 
E400 Tank-2 8.2 2.3 3.3 0.2 24.5 D339-202 5.6 2.9 6.5 0.7 64.4 
E400 Tank-3 7.7 3.3 4.7 0.2 52.0 D339-203 5.4 2.1 8.4 0.6 40.6 
E400 Tank-4 8.8 2.5 2.3 0.2 37.9 D339-204 5.3 2.8 9.1 0.7 39.7 
E400 Tank-5 8.1 2.2 3.6 0.2 36.7 D339-205 5.1 5.4  1.0 56.1 
E400 Tank-6 8.2 1.8 3.1 0.2 31.3 D339-206 3.6 4.5 7.5 0.8 57.3 
E400 Tank-7 8.2 3.2 1.5 0.3 51.9 Modern Bund-3 7 4.0 6.6 0.3 54.2 
E400 Tank-8 8.9 1.4   0.2 79.5 Modern Bund-6 7.4 4.8 5.4 0.4 54.5 
Z021 Bund-1 7.9 2.6 4.7 0.2 19.4 Modern Bund-8 5.6 4.2 5.1 0.6 58.3 
Z021 Bund-2 8.2 3.1 4.7 0.1 18.6 Modern Bund-9 5.4 2.7 5.8 0.2 65.3 
Z021 Bund-3 7.9 1.8 5.1 0.1 19.0 B062-C1-1 7.6 3.8 1.9 4.9 74.3 
Z021 Bund-4 8.4 1.9 5.2 0.2 15.4 B062-C1-2 7.2 3.9 2.2 4.5 90.7 
Z021 Bund-5 8.1 2.0 6.6 0.2 15.8 B062-C2-1 6.4 6.1 3.3 5.1 113.6 
Z021 Bund-6 8.1 2.3 6.3 0.2 9.8 B062-C2-2 7 6.1 3.5 4.7 82.5 
Z021 Bund-7 8.0 2.4 5.9 0.2 13.9 B062-C3-1 7.4 5.0 1.3 1.3 88.0 
Z021 Bund-8 7.8 2.3 4.8 0.2 10.1 B062-C3-2 7.2 4.9 2.7 1.1 66.5 

Z021 Bund-9 7.8 2.1 4.8 0.2 14.8 B062-P1 5-15cm 6.4 4.3 2.3 1.0 71.2 
Z021 Bund-10 8.0 1.7 6.3 0.2 13.3 B062-P1 42-50cm 7.8 3.1 4.1 0.5 59.0 
Z021 Bund-11 7.8 3.1     B062-P1 54-60cm 7.9 4.1 2.8 0.7 66.9 
Z021 Bund-12 8.1 2.6 4.4 0.1 18.1 B062-P2 5-15cm 8.2 5.0 3.5 0.4 68.8 
Z021 Tank-1 5.8 8.8 0.7 0.1   B062-P2 29-39cm 8.4 3.1 5.4 0.6 68.1 
Z021 Tank-2 6.4 3.5 4.7 0.1 15.9 B062-P2 50-55cm 7.4 4.0 5.5 0.4 54.1 
Z021 Tank-3 7.5 4.3 3.9 0.1 11.2 B062-P2 65-75cm 8.2 3.3 4.5 0.4 55.4 
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Site 
pH 

H2O 
% 

LOI 
% 

Xfd 

Xlf               
(10-

6m3/kg) 

Total P 
(mg/ 
100g) Site 

pH 
H2O 

% 
LOI 

% 
Xfd 

Xlf               
(10-

6m3/kg
) 

Total P 
(mg/ 
100g) 

Z021 Tank-4 7.8 2.3 5.1 0.1 25.3 B062-P3 5-10cm 8 5.1 4.6 0.4 72.6 
Z021a-1 5.2 4.6 0.8 1.2 45.0 B062-P3 13-20cm 8.4 4.4 3.4 0.4 65.0 
Z021a-2 6.6 2.9 0.6 1.1 40.0 B062-P3 25-35cm 8.7 2.7 5.9 0.4 73.2 
Z021a-3 6.7 3.3 0.9 1.0 42.6 B062-P3 45-55cm 8.8 3.5 7.0 0.3 51.7 
Z021a-4 6.7 2.9 2.0 0.9 34.3 B062-P3 60-70cm 9 3.6 2.9 0.4 47.8 
Z021a-5 5.3 2.7 0.9 1.4 48.7 B062 Alluvium 8 0.6 3.1 1.1 47.2 
Z021a-6 4.4 1.6 0.4 4.3 38.7 ASW2 1101 9 3.7 3.1 0.7 79.5 
ASW2 615 8.3 3.2 7.5 1.0 70.8 ASW2 1496 8.6 4.5 6.4 1.9 152.7 
ASW2 977 9 4.6 3.7 0.3 94.9 ASW2 1616 8.8 5.2 2.6 2.6 170.5 
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Appendix 4: Slide maps for soil thin sections 

Control Bund 
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Chena and Alluvial controls 
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Paddy control 
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C009 Paddy and bund 
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C009 tank 

Rectangle in sample C009 3-2 denotes location of layered feature, as discussed in 7.2.3.2. 
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E400 bund 
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T in E400-9 marks the transition zone between sections A/B 
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Z021 bund and tank 
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Z021a bund 
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C018 channel 
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C112 moat infill. 

The rectangle on the lower right side of C112-1 denotes and area of single- to double-spaced fine chito-enaulic c/f distribution. 
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F517 channel infill 

The square in F517-3 marks the A/B boundary and a microscopic compaction feature. 
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Ceramic scatter B009 

The rectangle in B009-3 highlights an area of slightly increased abundances of roots and organic matter in the micromass. 
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Ceramic scatters F101 and F102 
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Platform site B062 Trench 2A 
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Platform site D339 

Question marks in D339-3 denote uncertain ending to boundary of Section B. 
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Appendix 5: Site-based summaries of soil micromorphological characteristics 

Modern bund 
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Chena, Paddy, and Alluvial controls 
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C009 bund 
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E400 bund 
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Z021 bund 
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Z021a bund 
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C009, Z021 tank infills 
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C009 Paddy 
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C018 channel 
 

 

48
1 



 

 482 

C112 and F517 
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Ceramic scatter B009 
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Ceramic scatters F101 and F102 
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Platform site B062 48
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Platform site D339 
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