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Despite widespread effort within academic, political, and popular arenas to 

understand the relationships between migration and urbanism, the study of migration in 

ancient urban contexts remains relatively understudied. This is particularly true for the 

Indus Civilization, a 3rd millennium BC protohistoric urban society that spanned much of 

modern day Pakistan and northwest India. Yet migration almost certainly accompanied 

the sprawling trade networks connecting Indus lowland peoples with the hinterland 

cultures of the mineral-rich highlands; and the interregional flows of people likely 

challenged existing social contexts and redefined cultural relationships in a manner that 

resonates with modern and historical urban settings. Thus the application of isotopic 

provenience methods to Indus Civilization human remains offers unique insight into the 

ways that complex societies are entangled with the movement of bodies.  

Mortuary samples from the major urban center of Harappa, the eastern frontier 

town of Farmana, and the post-urban necropolis at Sanauli collectively provide a 

diachronic perspective on Indus migration. Individual life histories of mobility were 

gleaned from archaeological tooth enamel using isotopes of strontium, lead, oxygen, 

and carbon, and when considered within the broader context of mortuary material 
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culture and South Asian geochemical variation, they suggest that urban era Indus 

cemetery burials were reserved exclusively for participants in a structured institution of 

immigration. Although their origins cannot be conclusively determined based on 

currently available evidence, the isotope data are consistent with birth outside of the 

alluvial plains including the adjacent resource-rich highlands. Further, intra-individual 

isotopic data suggest that many individuals, if not all, migrated as children. The 

implication is that child migration may have happened outside the context of familial 

residence change. 

Additional work is required to verify the ‘all immigrant’ hypothesis, but it is 

proposed as a framework for future investigations and to demonstrate the need for 

models of interaction that incorporate the complex social dimensions of the Indus 

landscape. An institution of fosterage is modeled based on ethnohistoric evidence from 

the adjacent Hindu Kush mountains. It is proposed that highland and lowland groups 

could have been economically united through kinship practices that reaffirmed their 

independent cultural identities. 
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CHAPTER 1 
OBJECTIVES AND OVERVIEW 

This dissertation examines the social outcomes of ancient urban migration 

through the isotopic mortuary analysis of individuals recovered from Indus Civilization 

cemeteries. Known best from sites in what is now Pakistan and northwest India (Figure 

1-1), the Indus Civilization contradicts the familiar narrative of statehood that begins with 

highly centralized power structures. The 3rd millennium BC urban society was crosscut 

by heterarchical institutions in a manner that is reminiscent of the increasingly 

interconnected and decentralized modern world. Situated in a vast landscape estimated 

between 680,000 km2 (Kenoyer 1991a) and 1,000,000 km2 (Jansen 2002), Indus 

cemeteries provide essential data for understanding the roles of individuals in broader 

social institutions and the mechanisms that fostered large-scale cultural integration. This 

study incorporates conventional archaeological data within an isotopic assessment of 

individual life histories. Isotopes of lead, strontium, oxygen, and carbon in human tooth 

enamel reveal aspects of past migration, climate, and diet. Further, by sampling multiple 

teeth from given individuals, it was possible to access life histories spanning birth to 

early adolescence. The resulting bioarchaeological data sets are used to address three 

research foci: 

 How did early-life migration vary within and between individuals and groups? 

 What group identities can be inferred from patterns in the migration data? 

 How might intergroup relationships have been enmeshed within the broader 
social context of the Indus landscape?  

Interregional interaction was central to the development and maintenance of the 

Indus Civilization (Kenoyer 1991a; Kenoyer 1995b) and thus interpretive emphasis for 

this study is placed on the identification and sourcing of immigrant individuals. Much 
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effort has been made towards understanding the flow of goods throughout the 

subcontinent and beyond (Lamberg-Karlovsky 1972; Fairservis 1975; Agrawala and 

Kumar 1982; Allchin 1984; Gupta 1984; Chakrabarti 1990; Lahiri 1992; Asthana 1993; 

Hooja 1994; Kenoyer 1997; Law 2008), however, relatively little evidence is available 

regarding the flow of bodies (Kennedy et al. 1984; Hemphill et al. 1991; Kennedy 2000). 

Artifactual evidence for trade and culture contact implies the movement of people, but it 

is a necessarily incomplete picture that leaves open questions regarding the identity and 

mobility of various social groups. Some models of Indus mobility have been put forward 

that suggest mobile pastoralists served as intermediaries in interregional trade (Possehl 

1979; Mughal 1994b), and Kenoyer (2011a) suggested that far-ranging systems of elite 

kinship could have promoted interregional alliances and cultural exchange. 

Nevertheless, a more thorough investigation of Indus mortuary remains using tools of 

biogeochemistry is needed to refine understandings of how Indus migration and 

mortuary practices were enmeshed within a complex system of intergroup relationships. 

Well-documented Indus burials are scarce and cemetery inhumations even more 

so (Possehl 2002b). In part this paucity of human remains suggests that formal 

interments represent individuals associated with a particular segment of society. Even 

at the large urban period cemeteries known from excavations of Harappa (Wheeler 

1947; Sastri 1965; Mughal 1968; Miller 1991; Meadow and Kenoyer 1994), Kalibangan 

(Sharma 1999), and Farmana (Shinde 2011a), estimates of the number of burials at  

each site are in the low hundreds. Consequently, the archaeological problem is less 

about reconstructing demographic profiles and social hierarchies for internally sub-

divided mortuary populations, and more about discovering what the inhumed dead had 
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in common. Pollock (2008) analyzed cemeteries at Mehrgarh, Harappa, Kalibangan, 

and Lothal, and noted broad similarities in grave goods, burial orientation, and skeletal 

position at each site except Mehrgarh. The same general pattern holds for the 

cemeteries at Farmana (Shinde 2011a) and post-urban Sanauli (Prabhakar 2012). 

Considering that this mode of burial was widespread geographically and temporally but 

reserved for relatively few individuals, it seems likely that the Indus tradition of cemetery 

inhumations indexed shared ideological concepts and perpetuated certain relationships 

between individuals, groups, and institutions. 

This research will start to identify potential commonalities of identity in the 

sampled Indus cemeteries at Farmana, Harappa, and Sanauli. Novel lines of isotopic 

evidence are used to assess early life patterns of migration among burials for which 

tooth enamel was available. Lead, strontium, and oxygen isotope data are analyzed to 

help assess the relative frequency of migration as well as the timing of migration events 

in an individual’s early life history (~14 years). Probable geographic regions of origin are 

inferred whenever possible by comparison with sediments and fauna from other Indus 

sites including Allahdino, Balakot, Mehrgarh, and Nausharo. Broader patterns of 

regional isotopic variation are inferred from the geological literature (e.g., Karim and 

Veizer 2000; Najman et al. 2000; Clift et al. 2002; Karim and Veizer 2002) and artifact 

provenience studies (e.g., Law 2008; Hoffman and Miller 2009). Findings suggest that 

inhumation in formal cemeteries during the Indus urban florescence (ca. 2600-1900 BC) 

may have been exclusively reserved for individuals who migrated to the area at a young 

age. This proposed institution of migration appears to have disappeared or transformed 

in subsequent years given the lower frequency of immigrants in the post-urban mortuary 
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population and the relatively stochastic nature of the data set. Inferred trends in 

residential mobility are compared with archaeological mortuary variation including 

dietary and demographic variables to identify and characterize potential social 

characteristics of Indus groups. Lastly, a model is developed suggesting how the 

structure of inter-group relationships both derived from and contributed to broader Indus 

Civilization social organization.  

Previous models of Indus Civilization social organization provide the fundamental 

underpinning for inferences about the structures and consequences of interregional 

interaction. Chapter 2 outlines key aspects of Indus society including an overview of 

factional elite competition for highland resources. Specific attention is paid to the 

influence of Indus kin groups on trade between peoples of the lowland study sites and 

adjacent, potentially non-Indus peoples in the highlands, piedmont, or other nearby 

areas (hereafter referred to simply as highlands) with strategic access to resources not 

normally found in the alluvial plains. Kinship principles likely shaped group membership 

throughout Indus society (Kenoyer 1998) and could have provided a means of 

constructing relatedness between diverse peoples. 

Chapter 3 outlines research methods used to generate the isotopic data. Results 

are then presented in chapters on isotopic variation in the Greater Indus region 

(Chapter 4), Farmana urban period humans (Chapter 5), Harappa urban period humans 

(Chapter 6), and Sanauli post-urban humans (Chapter 7). Each chapter includes a site 

specific review of relevant archaeological context. Chapter 8 synthesizes the data in a 

multi-site isotopic mortuary analysis and presents a model explaining how the 

construction of kinship between the inhumed dead and elite groups helped structure 
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interregional interaction. Chapter 9 concludes by highlighting the key contributions of 

this research and suggestions for future research. The entire orientation of this 

research, however, derives from a long history of archaeological approaches to death 

and migration in ancient societies. The relevant literature is reviewed here to situate the 

current study within a broader theoretical trajectory. 

Mortuary Archaeology 

As it is practiced today, mortuary archaeology has moved well beyond the 

Saxe-Binford paradigm (Saxe 1970; Binford 1971; Saxe 1971) so influential in 

processual understandings of social structure. Nevertheless, the discipline retains roots 

in the methods and lessons of that era. Brown (1971) and colleagues rejected the overt 

emphasis on description and chronology in earlier approaches, emphasizing the utility 

of mortuary variation for understanding systems of social organization (contra Kroeber 

1927). Further, ethnography was transformed from a peripheral source of interpretive 

inspiration (sensu Ucko 1969) into the essential raw material for comparative analogy 

(Schuyler 1968). Though strict analogical use of ethnography is fraught with its own 

problems (Metcalf and Huntington 1991:17-19; Lyman and O'Brien 2001), ethnography 

regained an important role in the interpretation of past mortuary practices—especially 

where historical continuity could be established (e.g., Pearson 1982; Dillehay 1995). No 

ethnographic scenario can be projected wholesale into the past, but broad concepts 

drawn from ethnographic accounts (such as categories of kinship and personhood) may 

be relevant to inferences about archaeological societies that demonstrate some 

measure of structural and historical continuity. 

Other important trends have “New Archaeology” origins such as O’Shea’s (1984) 

emphasis on the redundancy of mortuary variation. Not every distinction in mortuary 
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style has a corresponding social distinction, nor is every aspect of the mortuary program 

preserved. In fact, many mortuary practices are invisible in the archaeological record, 

requiring that archaeologists look for redundancy in the burial program such that 

correlations between multiple indicators are presumed to convey the most significant 

social differences (O'Shea 1984:29-30; Weiss-Krejci 2011). Those traits most readily 

observed by archaeologists such as the quantity and kind of grave goods or the age 

and sex of the interred may have been irrelevant or subordinate to the primary social 

distinctions implied by the mortuary program. Archaeologists, therefore, have a greater 

chance of accurately identifying social distinctions that were observed in life by looking 

for redundant patterns of differentiation across a full suite of archaeological, biological, 

and geochemical variables.  

 A concern with the spatiality of mortuary contexts also has roots in “New 

Archaeology” (Goldstein 1981). Though limited at first to a representationist perspective 

in which mortuary variability is interpreted as a reflection of social order (Peebles and 

Kus 1977; Goldstein 1980; Chapman 1981; Morris 1991), the post-processual critique 

ushered in a concern for ideology and agency (Hodder 1982; Pearson 1982). Mortuary 

practices, it was argued, can be strategic means of creating relationships and building 

affiliations between individuals and institutions (Cannon 1989; Pollock 1991; Gillespie 

2001; Joyce 2001). Always, however, those practices are embedded in space—a vital 

medium of inclusion and exclusion. 

Mortuary practices are now increasingly perceived as historically contingent 

constructions that in turn serve to structure relationships between people, things, and 

places (Arnold 2002; Charles and Buikstra 2002; Silverman 2002; Hodder 2012). For 
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example, Arnold (2002) suggested that the evolution, placement, and patterning of 

mortuary monuments (a “landscape of ancestors”) in the Iron Age of west-central 

Europe was closely tied to changing perceptions and needs of the living. Tumuli served 

as material reference points legitimizing territorial claims, and the pattern of their 

placement in the landscape was structured over time to make various and evolving 

assertions about the relationships between groups. Linear arrangements of mortuary 

monuments next to settlements likely guided the approach of outsiders and residents 

alike, intentionally aligning the social power of the dead with that of local groups. 

Further, a ritually manipulated alliance between the living and the dead would 

necessarily have concretized a social distinction between the ritual allies and other, 

possibly competing groups. Thus, construction of the ritual landscape itself was a 

means of contention, with socially powerful mortuary landscapes being co-opted over 

time through the distinct yet structurally related mortuary practices of outsiders. Through 

such entangled relationships, social landscapes are formed. Importantly, the social 

qualities of landscapes are not abstracted ephemera. They are inseparable from and 

constituted by the material interactions of people and things. To describe a mortuary 

landscape, like any other landscape, is to describe the ways in which bodies and 

objects, individuals and institutions, come to stand in reference to each other. Always in 

the process of becoming, mortuary landscapes are constantly being negotiated by 

differentially empowered (or differentially emplaced) actors who engage differently with 

the histories of a place (de Certeau 1984; Lefebvre 1991). 

Mortuary analysis must consider the spatiality of the subject matter. The 

locations of burials in relation to each other, of cemeteries to habitations, and of formally 
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similar cemeteries to each other—all are dimensions of mortuary variation through 

which past relationships could have been influenced. However, spatiality need not be 

limited to the physical distances observed by archaeologists. Bodies too are 

fundamentally spatial in that their histories have the potential to invoke different 

meanings and different places. The body of an immigrant possesses indexicality (Gell 

1998) such that in perceiving an immigrant’s non-local origins, one is made mindful of 

the non-local place. The distant place is made present and the meanings and 

relationships associated with that place are brought to bear on subsequent interactions. 

The social significance of such associations is precisely what a mortuary analysis of 

immigrants must investigate. Redundant patterns and correlations in the archaeological 

evidence have the potential to demarcate social boundaries and associated group 

identities that exist only with respect to each other. For archaeological interpretations to 

have any hope of accuracy, however, they must be grounded in the historical context 

that shaped the perceptions and motivations of the actors. Through this approach a 

theory of migration can begin to take shape. 

Migration in Archaeology 

Migration is relatively under-theorized within archaeology partly because of an 

intellectual stigma associated with the migration concept. From early on in Anglophone 

archaeology, cultural types were conflated with ethnic groups such that the changing 

distributions of material culture were assumed to reflect the changing residence of 

ethnic groups. Migration was proposed as an ad hoc explanation for cultural 

distributions rather than a process modeled in its own right (Adams et al. 1978). This 

“black box” approach to migration became less tenable with advances in archaeological 

science and theory. For example, radiocarbon dating demonstrated that seemingly 
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abrupt transitions in material culture once attributed to population movements were 

actually gradual changes over the long term (Trigger 2006:383-384). Positivist 

approaches of the “New Archaeology” avoided the issue altogether by privileging 

internal responses to environmental factors as the most probable mechanism of culture 

change (Renfrew 1972; Renfrew 1973; Moseley 1975; Meacham 1977)  

Migration made a limited resurgence by the 1970s in the form of archaeogenetics 

(Renfrew 2000). Researchers attempted to understand large-scale population 

movements such as the Austronesian dispersal in Southeast Asia (Bellwood 2004) 

through a combination of archaeological, linguistic, and eventually molecular data. The 

notion that groups of linguistically and economically similar migrants could be analyzed 

as a whole was not entirely dissimilar from previous culture-historical concepts of ethnic 

groups. However, scholars tried to model specific mechanisms and processes of 

dispersal as in Ammerman and Cavalli-Sforza’s (1971) demic diffusion of Neolithic 

agricultural peoples across Europe. 

Outside of archaeogenetics, more recent calls for the study of migration as a 

social process have emphasized the importance of ethnography (Anthony 1990; 

Anthony 1992). It was argued that ethnographically-based classifications of the different 

types of migration could help explain past migrations by enabling an explicit focus on 

variability in the timing, scale, and permanence of migration events (Anthony 1997; 

Frachetti 2011). Critiqued as direct analogies that ignore the specific contexts of 

prehistoric migrations (Chapman and Dolukhanov 1992), ethnography was recast by 

Burmeister (2000) as an investigative starting point from which to make comparisons 

and test for goodness of fit between theory and archaeological evidence. 
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Prospects for testing ethnographically-derived models are limited, however, by 

the often coarse-grained data available to archaeologists (Burmeister 2000). Several 

methods have been proposed to ameliorate these difficulties, including the application 

of individual-level data such as those gained from bioarchaeological and 

biogeochemical methods (Harke 2007), along with the search for redundancy using 

multiple lines of evidence (Beekman and Christensen 2003). Whatever the methods 

used to identify migration, explaining migration as a process necessarily requires a 

multi-scalar approach in which diverse individual- or group-level actions are 

simultaneously embedded within and helping to construct macro-level conditions 

(Hakenbeck 2008). 

By themselves, biogeochemical provenience data are insufficient for this task. 

Unless the link between individuals and particular geographic areas is embedded within 

a model of the social landscape, the movement of groups and individuals devolves into 

little more than lines connecting regions on a map. The lines that connect regions 

represent ‘interaction,’ an often poorly defined concept, and in the most limited cases 

they are reduced to a description of how much information is flowing in which direction. 

The line might indicate who is migrating, along with their departure point and 

destination, but it remains a generalized description of macro-level processes. This 

understanding of migration does not allow for the many articulations between migrants 

and the world they inhabit. There is little room to discuss how macro-level conditions 

such as the distribution of raw materials, food-rich environments, and urban 

marketplaces intersect with micro-level conditions such as the local politics of kinship 

practices.  
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One way forward is to apply the visual metaphor of weaving. The weave is 

similar to Ingold’s (2011:63-64) concept of meshwork in which the world is composed of 

limitless intermingled flows of people and things rather than bounded entities in empty 

space. Likewise, a woven tapestry cannot be made of images and patterns that exist in 

and of themselves. It is made of the warp and the weft, crossing and contrasting and 

connecting different places in the weave such that a pattern can emerge in relation to 

the surrounding threads. Unlike the ephemeral flows of bodies and things in Ingold’s 

meshwork, however, a weave persists. It has history and it holds time in such a way that 

new threads pull on, intersect with, diverge from, and modify the work that came before. 

A weave is in many ways evolutionary, and so it is with archaeological cultures. Rather 

than thinking of bounded groups that exist in and of themselves, groups are defined 

only in opposition to something else, at the places where the many relationships 

between people and things are gathered and made material. The diverse flows of 

people and things come together in ways that are structured by material histories, such 

that the outcomes are a product of past relationships. Further, perceptions of the past 

change over time and vary between entities because one’s relative position within the 

weave is constantly evolving.  

The infinite extent of the meshwork limits its utility as an analytical tool, but a 

weave, a product of work, time, and perceptions, can be cut, tangled, or otherwise 

altered to stop flows in a particular configuration. Such hybridizing actions which 

condense diverse flows within a new medium (e.g., a body, thing, or institution), 

overcome the interpretive challenge of limitless meshworks (Strathern 1996). The 

intersection of diverse flows of peoples and things can be concretized in an act of 
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creation that draws on different agents with different spatialities and different 

indexicalities. In this way, and only in this way, can social distinctions be perceived. 

Groups are not differentiated from each other because they are composed of different 

people. Groups are differentiated because diverse flows are gathered (Ingold 2011:178-

179) in hybrid loci that make a tension manifest. They hold a social contrast in place so 

that it can be considered, referenced, and invoked as a means of distinguishing its 

constituent flows from each other. Red becomes red at the places where it is altered 

and hybridized into orange or purple. An ethnic group becomes an ethnic group at the 

place where its flows of bodies and things are altered by other flows, much like the 

maintenance of social boundaries modeled by Barth (1969) and Cohen (1974). This 

meeting of flows, however, is not limited to the decisions of rational actors, and could 

be, for example, a historical monument that gathers flows from the past and articulates 

them with the present in unanticipated and variable ways. Similarly, a hybrid person can 

embody diverse flows--a human born of one culture and raised in another. The 

constituent flows (diverse ways of life) that meet in a hybrid person may then be 

rendered as contrasting identities, thus providing one possible means of defining ethnic 

groups. 

A tangled weave captures this process in a way that can be readily visualized 

and likened to archaeological flows of bodies and things. Different threads laid down at 

different places and times are gathered together in a tangle. The hybrid locus creates a 

new visual reference point by which old patterns can be redefined or eliminated and 

new patterns can emerge. This contrasts with stubbornly implicit diffusionist tendencies 

in archaeological models of culture contact. Whereas migration is often assumed to lead 
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to a blending, graduating, and eventual homogenization of distinct cultures, the tangled 

weave allows for cultural novelty. The hybrid locus creates the reference point by which 

new groups may be defined. Further, the tangled threads do not pull equally on all 

aspects of the weave. It is only in proximity to such hybrid gatherings that different 

regions in the weave can be differentiated from each other. Meanwhile, bodies flowing 

along more distant threads may barely feel the pull, may barely notice the emerging 

boundary, and may perceive similarities to, rather than contrasts with the gathered 

flows. Nor is the ethnic boundary perceived equally by those bodies flowing closest to 

the tangle. Some of their threads are stretched tight, some loose, and still others hang 

slack. So it is with a weave of people and things. As people create, they draw on the 

wider tapestry, gathering diverse actions and objects into a hybrid structure that pulls 

differently on everyone and everything involved.  

By recasting migration as a weave gathered up in places by hybridizing tangles, 

it becomes possible to discuss the variable perceptions held by the different parties 

involved, how their social environments and histories constrain the structure of their 

interaction, how small changes in the social environment might stabilize or destabilize 

such interactions in the long term, and what the macro-level consequences of 

interaction might be. For any of this to occur, however, one must return to mortuary 

analysis as the means of identifying redundancies in mortuary practice indicative of 

group identities. This analytical process begins in Chapter 2 with a review of Indus 

Civilization archaeological context. 
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Figure 1-1.  Map of study area including sites mentioned in the text. 
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CHAPTER 2 
INDUS CIVILIZATION IN CONTEXT 

The term Indus Civilization refers colloquially to the urban zenith of northwestern 

South Asia during the third millennium BC. Archaeological chronologies tend to convey 

a more holistic view (Possehl 1977; Kenoyer 1991a; Shaffer 1992), with emphasis on 

the eight millennia-long development, convergence, and subsequent diversification of 

various cultural trajectories beginning with foraging lifeways of the early Holocene (ca. 

10,000 BC). In either case, the emergence of cities and associated cultural integration 

across a region covering much of modern-day Pakistan and northwestern India (serves 

as an important reference point for explaining transformations of social complexity. 

Indeed, this dissertation is focused primarily on clarifying the nature of interregional 

relationships coincident with and immediately succeeding the urban climax. An 

improved understanding of interregional relationships will provide new insights into the 

transformations of identity associated with this dynamic period of social differentiation 

and stratification (Kenoyer 1998; Possehl 2002; Wright 2010). 

A diverse and relatively dispersed resource base likely played an important role 

in the development of interregional interaction in the Greater Indus region (Wright 

2010:179-180). Indus sites were located primarily on the fertile alluvium of the western 

Indo-Gangetic plains (Figure 2-1). Frequently situated on doabs, relatively elevated 

interfluvial regions, settlements were well positioned for agricultural production and 

riverine transportation. Spaced roughly equidistant from each other, four of the five 

major cities (Harappa, Mohenjo-Daro, Ganweriwala, and Rakhigarhi) were located at 

strategic points along the Indus River, its tributaries (the Punjab region), or the 

Ghaggar-Hakra (Mughal 1994a). Near confluences or mountain passes, residents 
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would have had unparalleled access to hinterland trade (Kenoyer 1998:43; Law 2006). 

They depended on trade for a variety of mineral and organic resources available only in 

the oceans, swamps, and jungles to the south and southeast or the upland regions 

flanking the Indus Valley to the west, north, and east (Law 2008; Wright 2010:190, 211-

212).  

Ranges of the Western Fold Belt mark the western highland border, perforated 

by mountain passes that access Iran and southern Afghanistan (Chakrabarti 1990; 

Thomas and Knox 1994). The mountains run approximately from north to south before 

turning to the southwest along the Makran coast. The northern boundary of the Punjab 

begins at the Potwar Plateau in the northwest and extends eastward along the 

Himalayan foothills. The Hindu Kush and Karakorum ranges lie further to the north, 

overlooking the upper Indus drainage. To the east of the Indus Valley, the Ganges River 

and its major tributary, the Yamuna, demarcate the eastern limit of the Indus 

Civilization. The now seasonal Ghaggar-Hakra flows south between the glacially-fed 

Indus and Ganges systems before diverting to the southwest, skirting the northward 

projecting Aravalli mountains, and disappearing into the Thar Desert. Coastal marshes 

to the south and southeast characterize the Kutch region where the fifth major city, 

Dholavira, once had access to maritime routes (Bisht 1989; Kenoyer 1998:53). The 

Saurashtran peninsula lies beyond the wetlands to the southeast and marks the furthest 

penetration of Indus sites into southern India. Each hinterland region was exploited for 

mineral wealth that was traded widely across the Greater Indus Region (Law 2008). 

Trade was not an equal-opportunity endeavor, however, and elite groups likely 

competed over access to resources (Kenoyer 2000b). 
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The presence of elites is well established within the Indus Civilization as it 

manifests in many aspects of the archaeological record (Kenoyer 1998; Possehl 2002b; 

Wright 2010). Hierarchy is most strongly inferred from the use and production contexts 

of various material symbols of ownership and regulation (e.g., Rao 1979; Vidale 1989); 

likewise, the logistical requirements for the management of agricultural land in a diverse 

system of intensive food production and the construction and maintenance of expansive 

civic architecture suggest that certain kinds of people held authority over certain matters 

(e.g., Bisht 1991; Jansen 1993; Kenoyer 1993, Joshi 2003; Miller 2006b). However, 

power does not appear to have been concentrated within a central state institution. 

Instead, diverse groups seemed to coexist within the context of a shared ideology 

(Miller 1985). 

Corporate groups may have sought advantages over each other by gaining 

preferential access to prestige goods (Kenoyer 1997a). Mineral wealth in particular was 

scarce in the alluvial plains, necessitating interaction between lowland settlements of 

the Indus tradition and non-Indus highland peoples through either direct or indirect 

trade. For example, Law’s (2008) extensive provenience study of the mineral 

assemblage at Harappa indicates far reaching acquisition routes with an emphasis on 

the adjacent highlands to the north. In many instances, this would have necessitated 

direct or indirect interaction with Northern Neolithic peoples (Stacul 1992; Stacul 1994; 

Possehl 1999). Similarly, Indus groups from eastern sites like Farmana and Sanauli 

may have interacted with peoples of the Rajasthan-Mawal Tradition in the Aravalli 

Mountains to the south (Agrawala and Kumar 1982; Rizvi 2007).  
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Many aspects of the development of lowland-highland interactions in different 

Indus regions remain unclear. Contrary to views expressed by McIntosh (2002; 2008), 

violence was a fact of life for Indus peoples and was likely structured in some ways by 

group identity (Robbins Schug et al. 2012). Still, no evidence suggests that interregional 

interaction between diverse groups was mediated through warfare or conquest to the 

degree documented in the formation of ancient Egyptian and Mesopotamian states 

(Akkermans and Schwartz 2003; Wenke 2009; Wright 2010). Relationships between 

people of different territories appear to have been established and maintained primarily 

through civilian activities. Interregional exchange provided opportunities for the 

accumulation of power and was therefore a key motivation for people of different 

regions to come together (Kenoyer 1998:98-99). The question then becomes how to 

explain the diverse outcomes of interregional interaction. Importantly, varying degrees 

of formal similarity in the assemblages at different sites across the Indus region suggest 

that interaction was neither uniform nor explainable by a single model. It is hoped that 

the mortuary analysis carried out here will begin to clarify Indus modes of interregional 

interaction as fundamentally social phenomena, thus moving Indus interaction studies 

beyond simply the trade of materials towards models that integrate the complexities of 

the social landscape. 

This dissertation will build from the Indus cultural context reviewed in this 

chapter. First, the Indus culture history is outlined with discussion of the different 

terminologies applied by various scholars. A review of the evidence for social 

differentiation is presented, after which the importance of interregional trade is 

established. Lastly, modes of interregional interaction proposed in the literature are 
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reviewed. Each subtopic will be addressed with a focus on the peoples of the Greater 

Indus Valley and the most relevant neighboring groups. External trade and interaction 

with more distant people are largely eschewed in an effort to deal concisely with the 

geochemical data. 

Culture History 

Indus Civilization chronology has been pieced together from a broad range of 

ceramic types and cultural traits variably expressed in different regions throughout the 

Greater Indus Valley. After the earliest development of food production in the shadow of 

the Western Fold Belt at sites like Mehrgarh (Jarrige 1995), the majority of Indus 

settlement occurred along the channels and tributaries of the Indus and Ghaggar-Hakra 

river systems (Possehl 1993; Mughal 1997). There is some formal diversity in ceramic 

assemblages along these rivers and adjoining regions to the south, particularly prior to 

full urban integration ca. 2600 BC (Joshi 1984; Dales and Kenoyer 1986b; Possehl and 

Herman 1990; Mughal 1997; Kenoyer 2011b). Nevertheless, Indus ‘types’ are regarded 

as such because they were either produced by people who participated within the broad 

cultural milieu out of which urban Indus forms emerged and existed, or they represent 

the region-specific cultural variations that emerged directly out of the post-urban 

transformation (Shaffer 1992). A localized continuity of types is apparent in many cases 

such that gradual cultural transitions typically occur in a given order, but suites of 

pottery, architecture, food production, and interaction systems cannot be precisely 

seriated in a single unifying evolutionary sequence. Still, the different cultural sub-

groupings can be ordered by their approximate beginnings even if they persist in some 

places and times alongside supposedly later cultural forms.  
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In his efforts to deal with the somewhat permeable boundaries of spatial and 

chronological periodization, Possehl (1977) used the term ‘phase’ to refer to a collective 

of material culture and associated socio-economic or political activities. For example, 

patterns of food production or trade are just as important as pottery in defining phases. 

Phases are grouped together in stages defined by major differences in socio-economic 

organization. Possehl’s accounting of the Indus Civilization begins around 7000 BC with 

the appearance of early food-producing communities and ends by 500 BC with phases 

of the early Iron Age. Possehl (2002b) emphasized that individual phases should be 

regarded as archaeological constructs that provide a generalized sequence of cultural 

developments that are highly specific to distinct regional contexts. A phase might persist 

into the succeeding stage in one region whereas many years earlier it may have 

disappeared from another region altogether.   

Shaffer (1992) used the term phase similarly in his assessment of the Indus 

Civilization, an adaption of the system Willey and Phillips (1958) originally developed for 

North American archaeology. Phases are subsumed under eras, roughly comparable to 

Possehl’s stages, whereas the entire cultural trajectory is defined as a tradition. The 

contemporaneous cultural complex in the highlands to the west of the lower Indus is 

classified as the Baluchistan Tradition. Subsequent cultural developments of this region, 

in particular the Kulli culture area (Franke-Vogt 2000; Franke-Vogt 2005; Wright 2013), 

maintained a degree of cultural autonomy throughout the Indus urban florescence 

despite ongoing interaction with the Indus lowlands, but see Possehl (1992b). Other 

important traditions have been classified by Kenoyer (1991a; 2006) in his elaboration of 

Shaffer’s scheme, including the Ganga-Vindhya Tradition (incorporating the Ganges 
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river basin to the east) and the Malwa-Rajasthan Tradition (inclusive of the Ganeshwar-

Jodhpura Phase in the Aravalli Mountains to the south of Farmana). 

The Indus Tradition chronology as laid out by Shaffer (1992) and Kenoyer 

(1991a) is broadly similar to Possehl’s periodization. However, it explicitly accounts for 

the Mesolithic and Microlithic Phases of the Foraging Era which began around 10,000 

BC and persisted alongside other eras until roughly 2000 BC (Table 2-1). Further, the 

Indus Tradition ended ca. 1300 BC, although as with all other categories there is 

substantial chronological variation between regions. Perhaps the most important 

conceptual contribution of the tradition—era—phase nomenclature is in its nuanced 

description of the history of settlement on the alluvial plains. Instead of making a simple 

chronological distinction like the Early and Mature Harappan stages, Shaffer and 

Kenoyer adopted era names indicative of trends in cultural interaction. The 

Regionalization, Integration, and Localization Eras suggest the complexity and overall 

directionality of cultural interaction. Simultaneously, the use of eras resolves the 

conflicting usage of Harappan in reference to the site itself, the material culture, and the 

Indus chronology.  

Nevertheless, Wright (2010) proposed a useful terminological simplification that 

will be used as shorthand in places throughout this dissertation. Under Wright’s 

scheme, the cultural trajectory of settlement on the alluvial plains is intuitively divided 

into Pre-Urban, Urban, and Post-Urban. This straightforward distinction efficiently 

conveys the aspects of Indus institutional context most relevant to the assessment of 

social organization that is the focus of this dissertation. 
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Pre-Urban/Regionalization Era 

The Regionalization Era encompasses a multitude of phases, although 

widespread imprecision within site reports precludes a comprehensive understanding of 

their spread and duration (Kenoyer 2011b). For example, the Hakra phase as first used 

by Mughal (1982; 1997) to describe ceramic assemblages along the Ghaggar-Hakra 

and Ravi river valleys has now been generalized to much of the Greater Indus Region 

(e.g., Khan et al. 1990; Ajithprasad 2002; Khatri and Acharya 2005; Mallah 2008). In 

this way, it has become difficult to assess the development of modes of interaction, craft 

production, and social differentiation at a fine enough scale to begin explaining how 

Indus urbanism evolved. Nevertheless, broader regional chronologies have been 

defined, as outlined in Table 2-1. 

Signs of incipient urbanism are found in pre-urban material culture from across 

the Greater Indus Valley. Wright (2010:80) characterized the era as an “age of 

emerging polities” in which a range of technological and socio-economic changes took 

hold. It is likely that relatively elaborate social hierarchies began to emerge as implied 

by the stratified structure in many facets of material culture including settlement size, 

intra-settlement architectural divisions, craft specialization and standardization, and the 

early usage of seals and script (Mughal 1990; Khatri and Acharya 1995; Kenoyer and 

Meadow 1999; Kenoyer 2000; Kenoyer and Meadow 2008). Further, some groups must 

have exercised increased administrative authority to build and maintain the fortifications 

and massive platforms known from this time (e.g., Bisht 1991; Kenoyer 1993, Joshi 

2003). Lastly, the extensive long-distance trade routes that characterize the urban era 

have their roots hundreds of years earlier in the systems of exchange established by 

pre-urban peoples (Law 2008).  
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Urban/Integration Era 

It is widely acknowledged that by ca. 2600 BC the nascent cultural developments 

of the pre-urban era had intensified, diversified, and spread to the point that Indus 

society had fundamentally transformed (Shaffer and Lichtenstein 1989; Kenoyer 1998; 

Ratnagar 2001; Possehl 2002; Wright 2010). Population growth continued to increase 

and in Wright’s (2010) view, settlements conformed to a central place model (sensu 

Christaller 1966) anchored by five major cities: Mohenjo-Daro, Harappa, Rakhigarhi, 

Ganweriwala, and Dholavira. Several authors have suggested that these centers served 

as semi-autonomous cultural and economic foci for the surrounding settlements and 

that they may best be likened to city-states or peer polities (Joshi 1984; Kenoyer 1997a; 

Possehl 1997; Smith 1997). The major cities were roughly equidistant from each other 

in such a way that each likely served as a hub for resource acquisition from adjacent 

resource-rich highlands (Fentress 1976; Lahiri 1992; Asthana 1993; Possehl 1993; 

Mughal 1994a; Law 2008). Further, their distinct resource catchments provided unique 

economic opportunities for the peoples of each area and may have helped to 

differentiate their political systems from one other. 

Despite such differences, people from across the Greater Indus region appear 

remarkably integrated in their material culture (Figure 2-2A). Whether in the Indus or 

Ghaggar-Hakra basins or as far south as the Saurashtra peninsula, common ways of 

living and thinking are apparent from the relative homogeneity in the archaeological 

record (Miller 1985). Shared traits include, but are not limited to, Harappan Phase 

ceramic assemblages (Dales and Kenoyer 1986b; Wright 2010:187), the widespread 

use of Indus script (presently undeciphered) in stamp seals, tablets, and pottery 

inscriptions (Mahadevan 1977; Frenez and Tosi 2005), a standardized system of 
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weights and measures (Kenoyer 1998:98), and participation in a complex network of 

internal and external trade routes (Chakrabarti 1990; Lahiri 1992; Tosi 1993; Kenoyer 

1995b; Law 2008).  

In short, the Harappan Phase likely correlates to generalized acceptance of a 

common ideology and participation within the same system of political legitimization. 

However, incomplete adoption of Harappan culture in some regions suggests variable 

penetration and acceptance of the Harappan way of life. For example, settlements with 

Kot Diji assemblages persist into the Harappan phase along the northern edge of the 

Harappan Phase site distribution (Allchin 1984). Further to the southwest, Kulli sites 

exhibit only a partial adoption of Harappan material culture (Possehl 1992b; Wright 

2013). A similar situation may have existed at the southernmost regions of the 

Saurashtra peninsula in what Possehl (1992a) labeled the Sorath Harappan. Variable 

acceptance of Harappan Phase material culture suggests a compelling need to better 

understand how interaction was structured differently in instances of apparent 

ideological resistance. 

Post-Urban/Localization Era 

By ca. 1900 BC, the urban expression of the Indus Civilization went into decline 

and a process of localized cultural differentiation took place. Cities gradually fell into 

disrepair, settlements became smaller and more numerous, and much of the population 

along the Indus River basin dispersed to other regions—especially towards the upper 

reaches of the Ghaggar-Hakra and the western extent of the Gangetic River system 

(Wheeler 1968; Possehl 1997; Gangal et al. 2010). Further, the disappearance of seals 

and inscriptions suggests that Harappan elite groups lost much of their administrative 

power, concordant with widespread decreases in interregional trade (Kenoyer 2005b). 
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Many of the integrative behaviors that supported the adoption and perpetuation of the 

Harappan Phase way of life ceased to operate, effectively setting each region on semi-

independent cultural trajectories. 

The post-urban phases of the Indus Civilization are less well documented than 

their antecedents, but they are clearly distinct from and continuous with the preceding 

urban material culture (Figure 2-2B). The Jhukar Phase emerged along the lower 

reaches of the Indus River where settlements shrank and became less organized before 

disappearing altogether over a few hundred years (Mughal 1992; Miller 2005). Similar 

changes occurred at former Harappan sites in and around the Saurashtra peninsula 

(e.g., Rao 1985; Dhavalikar 1992), but at many other regional sites there was a general 

reorganization and transformation rather than a decline (Shaffer and Lichtenstein 1999). 

In particular, Saurashtran sites (Rangpur Phase) remained viable (Possehl 1997).  

The Cemetery H Phase encompasses post-urban variation spanning the upper 

Indus and Ghaggar-Hakra, reaching as far east as the Ganges-Yamuna doab. From 

excavations at Harappa (Meadow et al. 2001) and various regional surveys (Stein 1931; 

Stein 1937; Mughal 1997; Nath 1998; Nath 1999; Dangi 2009), it is clear that people 

were reorganizing rather than abandoning the area altogether. Though many diagnostic 

traits of Harappan urbanism had disappeared, it would be inaccurate to characterize this 

phase as stagnant. For example, Meadow and coworkers (1996) documented a variety 

of technical advances in craft production during this phase at the site of Harappa. 

Harappa eventually diminished in size, although perhaps only slightly (Kenoyer 2005b), 

coincident with regional climatic changes. To that end, settlements gradually shifted 
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northward and eastward towards regions with more dependable monsoonal 

precipitation (Kumar 2009; Gangal et al. 2010; Giosan et al. 2012).  

Early interpretations suggested that the entire post-urban transformation was the 

product of conquest and population replacement resulting from the so-called “Aryan 

invasion” (Wheeler 1968). Though burial traditions at Harappa changed during this time 

(Vats 1940; Sastri 1965), there is no biological evidence to suggest major phenotypic 

discontinuities (Hemphill et al. 1991; Kennedy 2000). Instead, recent research suggests 

that a long period of increasing aridification played a major, but non-deterministic role in 

the trajectory of the Indus Tradition as a whole (Fuller and Madella 2001; Madella and 

Fuller 2006; Wright et al. 2008; Giosan et al. 2012). Mid-Holocene monsoonal 

weakening may have reduced the intensity of flooding and created more productive 

conditions for floodplain agriculture. In the face of ongoing aridification, however, a 

threshold was eventually passed by ca. 2000 BC making flood-dependent agriculture 

unreliable in general—especially so for the lower reaches of the Ghaggar-Hakra basin 

(Giosan et al. 2012). Regional responses to aridification were most likely variable, but 

evidence for increasingly diverse cropping regimes including selection for more drought-

tolerant plants such as millets suggests that people were actively seeking to cope with 

environmental change (Weber and Belcher 2003).   

Integration Era Social Context 

The story of Indus urbanization is in many ways a story of social differentiation. 

Indus scholars generally agree that the processes driving social differentiation were 

entangled with the intensification and diversification of production and consumption 

such that people, groups, and institutions became increasingly interdependent across 

an increasingly large region (Kenoyer 1998; Possehl 2002b; Wright 2010). Though 
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integration and intensification across the Indus region was complex and likely cannot be 

explained by a single factor, the processes when set in motion would have 

fundamentally altered the economic landscape by creating new opportunities for craft 

specialists and elite oversight (Morrison 1994). As discussed below, increased conflict 

over labor and land, resulting from a broad range of specialized modes of food 

production, would have necessarily resulted in hierarchical relationships of power 

(Wright 2010). Further, the logistical needs of an urbanized landscape would have 

contributed to the rise of administrative groups or institutions that would likely have 

ratcheted up demand for prestige items in their efforts to validate relations of inequality 

(Kenoyer 1989; Kenoyer 1995a).  

Craft Economy 

Artifacts made of exotic materials are particularly important indicators of social 

stratification because they typically represent only a small fraction of any given artifact 

class. Several authors have argued that Indus consumption was organized along axes 

of relative value such that a common ideology was promoted by formally similar 

artifacts, but that status ranking was associated with the rarity of the material and the 

complexity of the technology used in an object’s production (Kenoyer 1992; Vidale 

1992; Vidale and Miller 2000). The logic is that exclusivity corresponds with high value, 

high value items would only have been attainable by elites, elites are a minority, and 

therefore artifacts made using less accessible materials or technologies should be fewer 

in number. Wright (2010) found some support for this distribution across artifact classes 

and sites, suggesting the structure of hierarchies can be glimpsed in detailed artifact 

classifications. Further, Vidale and Miller (2000) suggested that with the growth of a 

bureaucratic middle class, ubiquitous artificial materials such as faience offered a 
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means of expanding the middle tiers in hierarchies of value to accommodate the 

expanding social strata. Again, some artifact distributions support this idea, but Miller 

(2008) has suggested that interpretations of past value must also account for factors 

beyond exclusivity. For example, softer precious stones are nearly unrepresented 

among bangles. Instead, harder natural materials may have been acquired or artificial 

ones manufactured so that bangles could provide an auditory experience. No matter 

how one interprets the spectrum of craft value, however, the wide range of styles in 

personal dress and ornamentation apparent from inscriptions, figurines, and statuary 

are suggestive of socio-economic and ethnic differentiation (Kenoyer 1995a). 

The various modes of production evident in the Greater Indus Valley are also 

suggestive of social diversification. Artisans must have dedicated themselves to years 

of study to acquire the “technical virtuosity” inferred from high-quality Indus crafts 

(Vidale and Miller 2000). As demonstrated below using examples from Indus bangle 

production, specialist knowledge was likely seen as proprietary and subject to internal 

and external administrative controls (Halim and Vidale 1984; Vidale 1989). Further, 

ethnicities likely emerged at the intersection of production and kinship, with many 

professions potentially organized by kinship (Kenoyer 1989). For example, hundreds of 

years of continuity in a cluster of segregated kilns and workshops at Harappa have 

been interpreted as evidence for kin-structured production of ceramics, relatively free 

from centralized oversight (Dales and Kenoyer 1990a; Wright 1991). However, certain 

other crafts were likely subject to administrative control. The production context of 

stoneware bangles suggests that elites closely regulated the manufacturing process 

(Halim and Vidale 1984; Vidale 1989). Stoneware bangles were produced in strictly 
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segregated workshops located only at Harappa and Mohenjo-Daro, and at different 

stages in the manufacturing process, sealings and inscriptions were applied, 

presumably as a regulatory measure (Halim and Vidale 1984; Blackman and Vidale 

1992). Further, stoneware bangles vanished at the end of the Integration era along with 

other administrative paraphernalia (e.g., Indus script and stamp seals), suggesting their 

production was contingent on the social complexity and class distinctions of an 

urbanized environment. 

Most craft production, however, was not as rigidly controlled as stoneware 

bangles. Evidence suggests a diversity of production contexts, as in the case of shell 

bangle workshops. At sites such as Balakot, Nageswar, and Kuntasi, production areas 

appear to have been variously organized at different points on a spectrum between 

small-scale household operations geared for local consumption and large-scale, elite-

run workshops internally segregated by task and oriented towards export (Bhan and 

Kenoyer 1983; Bhan 1986; Dhavalikar 1992; Vidale 2000). Taken as a whole, the 

evidence for Indus craft economy suggests a complexity of organization that is difficult 

to explain without reference to elites or hierarchy. 

Food Production 

Other aspects of Indus production seem to support similar conclusions. With 

regard to the diversified, intensified, and specialized forms of food production 

recognized archaeologically (e.g., Fuller and Madella 2001; Madella 2003; Weber 2003, 

Miller 2004), conflicting land usage by food producers would likely have required 

complex (and potentially hierarchical) institutions of mediation (Wright 2010:213). 

Because large-scale, labor-intensive irrigation is unknown in Indus contexts, water 

management practices probably did not give rise directly to centralized power structures 
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(Scarborough 2003). However, evidence for traction (Miller 2004) and extra-household 

crop processing (Fuller and Madella 2001; Weber 2003) implies that agropastoral land 

use was organized by diverse groups and institutions (Wright 2010:206. Further, Miller 

(Miller 1991) suggested that groups with large tracts of corporately owned land would 

have best been able to cope with the shifting nature of river courses in the Indus plains. 

Miller (2006b) later emphasized that kin-based groups would have been more effective 

at allocating and organizing land use given the potential for Indus farmers to easily 

relocate if pressed too hard by elites. In her model, Miller proposed that land-owning kin 

groups were another plausible source of social control that could have crosscut power 

structures predicated on authority over non-kin. Indeed, Kenoyer (1989, 1998) proposed 

an enduring role for kin groups within urban Indus power structures based on models of 

the organization of craft production.  

Additionally, groups other than kin-structured staple crop agriculturalists would 

have had competing interests. A variety of Indus crops such as cotton, grapes, dates, 

and hemp would have required dedicated plots of land and specialist labor (Madella 

2003; Weber 2003; Wright 2010). Different groups of pastoralists would also have 

needed access to pasturage. At Harappa, there is limited zooarchaeological evidence 

consistent with dairying (Miller 2004). Further, cattle would have been used to pull carts 

and plows (Wheeler 1947; Miller 2003), while secondary products from cattle and sheep 

may also have been important (Meadow 1989b; Miller 2004). Sedentary and mobile 

pastoralists would likely have had different perspectives on land use which could have 

brought them into conflict with farmers or each other; although sedentary pastoralism 

and agriculture are known to coexist within ethnographic South Asian kin groups (Miller 
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2003). Much like with the Indus craft economy, the complex social context of food 

production probably created conflicts and inequalities necessitating some degree of 

hierarchical organization. 

Infrastructure and Logistics 

Whatever the means of production, the process of getting products to consumers 

created opportunities for intervention by other Indus groups. With respect to fish at 

Harappa, at least, indirect distribution mechanisms (e.g., ‘retail’ fishmongers) were more 

prevalent during the urban era, implying yet another manifestation of specialized labor 

and possible source of conflict and inequality (Belcher 2003). The transportation of 

goods may also have opened the door to regulation by elites. In an excavated 

warehouse at Lothal for example, there were dozens of clay sealings bearing multiple 

impressions by different seals (Rao 1979). Kenoyer (1998) suggested that they may 

indicate the regulation of cargo by bureaucratic officials, and further, transported goods 

may have been subject to taxation as indicated by the frequency and location of 

classically Harappan chert weights. Specifically, the standardized weights are fewer in 

number than might be expected if merchants used them for everyday exchanges. 

Weights also tend to be associated with gates—choke points where taxes on goods 

could most readily be levied. Even their production might have been subject to elite 

oversight given that they were predominantly crafted using a specific kind of banded 

chert from the Rohri Hills in the lower Indus region (Kenoyer 1991).  

Perhaps some of the most compelling evidence for hierarchy is in urban 

architecture. Significant logistical oversight would have been needed to coordinate 

public works projects such as the foundational mudbrick platforms and extensive 

system of wells at Mohenjo-Daro (Jansen 1984; Jansen 1993). The platforms were truly 
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massive and according to Possehl (2002b:103), amounted to 4 million person-days of 

labor. Also from Mohenjo-Daro comes evidence that the town was laid out according to 

astrological data (Wanzke 1984), suggesting coordination between different specialists 

and manual laborers. Elites were not limited to such grand endeavors, however, and 

may well have organized the care of ubiquitous public drains and sump pits. Wright 

(2010:238, 242) suggested that extensive sanitation features would have demanded the 

coordination of maintenance, and if centrally administered, would have required a 

substantial civic labor force (e.g., Jansen 1993). Even if public sanitation was not 

centrally administered, those considered fit for such an unpleasant task would almost 

certainly have been lower status individuals.  

Further, the role of urban centers as hubs of Indus life must have conferred a 

certain prestige on sophisticated urban dwellers. As is often true of cities today, 

inhabitants of the surrounding rural areas would have been instantly recognizable upon 

entering the dynamic urban settings of Harappan cities. Social life among urbanites was 

also stratified as suggested by the spectrum of prosperity apparent in a comparison of 

urban households (e.g., Jansen 1993). Larger domiciles with more private spaces and 

improved access to drains almost certainly belonged to relatively prosperous families.  

Given the complex patterns of social differentiation considered in the preceding 

pages, it seems clear that the lived Indus landscape was enmeshed in relations of 

conflict and control. Where so many diverse interests intersected, some groups must 

surely have been systematically favored over others; but since the earliest systematic 

excavations by Vats (1940) and Marshall (1931), archaeologists have noted the lack of 

grand monuments or elaborate tombs exalting a specific few over the many. Nor is 
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there evidence for palatial structures or military conquest associated with specific 

hereditary leaders or groups (Kenoyer 1998:99-100). Whatever the nature of Indus 

hierarchies, they were not unassailable. They could not withstand the potential backlash 

caused by such blatant assertions of authority. Present evidence cannot identify the 

specific groups in Indus hierarchies, but their interactions with each other were almost 

certainly crosscut by multiple identities and allegiances subject to situational changes 

and active manipulation. As the ultimate source of food, fertility, and life, land would 

have conferred authority on those who controlled access to it. But land is also steeped 

in history and blood. Short of military force, the power derived from land would not have 

been easily stripped from political rivals. Mineral wealth, however, came from outside 

the places of kin and forebears. Power born of highland resources was a power from 

outside their histories and lineages and therefore uniquely accessible to the ambitious 

and entrepreneurial (Helms 1988; Helms 1993). For this reason, inferences about Indus 

identity must begin with an understanding of economic exchange. 

Trade and Interaction 

Indus people maintained extensive internal and external trade routes, 

transporting all kinds of natural resources by bullock cart and flat-bottomed boat (Miller 

2004; Miller 2006a). Trade was driven in part by the reliance of elites on prestige goods 

as a source of legitimation (Kenoyer 2000). However, the alluvial plains of the Greater 

Indus Valley are poor in most mineral resources, and a broad variety of raw materials 

was acquired from highland regions throughout the Indus Tradition for more utilitarian 

purposes (Law 2008). The demand for non-local resources would have created a 

powerful incentive for people and groups to compete for preferential access to highland 

minerals (Kenoyer 2000). The mineral-rich highlands surrounding the Greater Indus 
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region very often contain multiple sources of any given metal—a fact that might have 

encouraged competition and prevented any single group from gaining an unchallenged 

advantage (Kenoyer and Miller 1999). 

The strongest artifactual evidence for elite competition comes from the 

comprehensive assessment of mineral provenience at Harappa conducted by Randall 

Law (2008), the interpretations of which are briefly reviewed here. Through the 

application of isotopic and compositional analyses, Law (2008) suggested that at least 

some raw materials were restricted to certain communities at Harappa. Certain bead-

making communities, for example, seem to have had proprietary access to uniquely 

hardened drill bits made from “Ernestite,” a substance that is variably argued to be an 

unknown mineral (Kenoyer and Vidale 1992) or a particular kind of heat-treated flint clay 

(Law 2008:appendix 4.5). In either case, Law suggested the sheer abundance of 

“Ernestite” at Dholavira implicated a source somewhere in the modern Indian state of 

Gujarat, far to the south of Harappa. At Harappa, an extremely hard variety of garnet, 

vesuvianite-grossular, shares a similarly restricted distribution as it probably could be 

worked only by those with access to “Ernestite” drill bits. The same communities 

associated with “Ernestite” and vesuvianite-grossular are uniquely associated with 

alabaster bangle production and exclusive sources of grindingstone, although the 

sample size is small for the latter two materials. Additionally, Integration Era settlements 

used Rohri Hills chert almost exclusively despite the prevalence of other sources among 

pre-urban peoples. According to Law (2008), this might have resulted from an elite 

faction’s efforts to control the supply of what was the highest quality chert available. 

Finally, Law suggested that competition to control resources might be underrepresented 
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at Harappa given that much of the benefit from monopolizing minerals would have 

derived from trading them to other communities. Therefore patterns of exclusive 

acquisition might be obscured by patterns of distribution. Thus it cannot be assumed 

that elites did not compete for access to a particular resource based only on the dataset 

produced by Law (2008).  

Widely available materials such as copper must have created a highly 

competitive environment for Indus elites and highland suppliers alike. Unlike chert, for 

which a single source provided an incomparable product, quality copper was available 

from a variety of regions including Baluchistan and Afghanistan to the west, Oman and 

possibly Iran via maritime routes, Himalayan deposits to the north, and the Aravalli 

Mountains to the east (Ahmad 1969; Bazin and Hübner 1969; Nandan et al. 1981; 

Geological Survey of India 1994; ESCAP 1995; Chakrabarti and Lahiri 1996; Kazmi and 

Jan 1997; Kenoyer and Miller 1999; Weeks 2004; Peters et al. 2007; Law 2008). The 

Aravalli deposits are of particular interest for this study as the northernmost mineral-rich 

sites of the Khetri “Copper Belt” are located fewer than 150km south of Farmana and 

other eastern Harappan sites. Their importance, however, should not be overstated. 

Despite a plethora of claims that most Indus copper came from the Khetri deposits (e.g., 

Sana Ullah 1940; Allchin and Allchin 1982; Agrawala 1984a; Dhavalikar 1997; Kenoyer 

and Miller 1999), recent work suggests that the Khetri region was one copper source 

among many (Law 2008; Hoffman and Miller 2009).  

Additional analyses are needed to resolve the details of the Indus copper trade, 

but of primary interest here is that the decision to acquire copper from any given region 

would have depended very much on the different highland suppliers. One can envision 
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different Harappan elites ‘shopping around’ for the best bargain. They might have 

considered factors like the length or reliability of the supply route, the number of 

‘middlemen’ involved, whether negotiations would be with many factional producers or a 

few collective representatives, whether or not other products could be acquired from the 

same source, whether or not the highland groups had conflicting allegiances to 

competing Indus elites, and of course the price of the copper itself. Undoubtedly, much 

effort went into negotiating the most favorable terms, and these would have been 

subject to change depending on any number of factors. The decisions that were made 

by all parties surely had wide-ranging repercussions for how each group perceived the 

other and how their relationships were maintained and changed over time. Trade in 

copper and other materials must have played an important role in shaping the cultural 

dynamics between ethnic groups of protohistoric south Asia. If archaeologists are to use 

exchange as an entry point for explaining process in a region, there must also be a 

consideration of how exchange was mediated and not just the location of the parties 

involved. Much more work is needed to firmly establish the myriad source regions and 

cultural associations involved throughout the Indus region, but inferred relationships of 

exchange must be modeled to guide ongoing studies of interregional interaction.  

Fortunately, there are hints in the archaeological record as to what such 

relationships may have looked like. Some Harappan settlements appear to have been 

built as strategic outposts, far away from the alluvial plains, where they would have 

served as trading posts in the resource-rich hinterlands. Possehl (1980) suggested that 

Lothal served as a “gateway” settlement in Saurashtra, in part because of his inference 

that the relatively compact fortifications were constructed according to a single plan. 



 

51 

According to Possehl, Lothal was a base of operations from which traders could acquire 

goods to ship back to larger urban markets in the north. From comparative statistical 

analyses of Indus skeletal remains, it was suggested that individuals interred at Lothal 

were phenotypically intermediate between people buried at alluvial sites and those from 

Langhnaj, a hunter-gatherer site fewer than 150 km to the north (Possehl and Kennedy 

1979; Kennedy et al. 1984). The authors suggested that the relationships between 

urban traders and hunter-gatherers went beyond material exchange to include 

significant patterns of gene flow. Economic symbiosis between sedentary 

agriculturalists and hunter-gatherers is well known from ethnographic accounts of South 

Asian foragers (Possehl 2002a), and something similar may well have been happening 

during Indus times. In exchange for providing forest resources, people at Langhnaj may 

have been compensated with carbohydrate-rich staple crops as suggested by Lukacs 

and Pal (1993) based on an uncommonly high occurrence of dental caries. If these 

inferences are correct, it suggests that economic interaction could have been partly 

shaped by the creation of kin relations. Genetic relatedness does not necessarily 

correlate with social kinship, but at the very least it is suggestive of cultural interaction at 

a deeper level than a straightforward extraction of resources by lowland groups from 

highland regions.  

Unfortunately, there is no skeletal record at other outposts to the north and west, 

but several factors suggest their primary function was to acquire resources from exotic 

locales. In the northern highlands, archaeologists discovered Shortugai, a small urban 

era settlement laid out according to typical Harappan designs (Francfort et al. 1989). 

Further, pottery and beads at the site were skillfully crafted in Harappan styles using 
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local goods. Various precious materials are abundant in the area including gold, silver, 

copper, tin, and lapis lazuli, all adjacent to important trade routes (Kohl 1978). Lapis 

lazuli is limited in distribution, and the residents of Shortugai were probably responsible 

for the lapis found at Nausharo, Ghazi Shah, Nagwada, and other Indus settlements 

(Sonawane 1992; Flam 1993; Wright 2010). Based on the above evidence, Wright 

(2010) suggested that Shortugai was consistent with a trade mission rather than a 

large-scale migration of settlers.  

Outpost settlements like Shortugai were probably structured by the commercial 

ambitions of Harappan urban dwellers, but they were also variably enmeshed in local 

ways of life. Their different fates in the post-urban era might indicate a greater or lesser 

degree of cultural integration with local groups. With the decline of urbanism, Harappan 

traits at Shortugai were gradually replaced by those of the neighboring Bactria-Margiana 

Archaeological Complex (BMAC) (Francfort et al. 1989) whereas Sutkagen-dor and 

Sotka-koh far to the southwest were abandoned altogether (Dales and Lipo 1992). The 

latter settlements were separated from Harappan sites by those of the Kulli culture 

which like the BMAC, spread to many formerly Harappan sites in the post-urban era. 

Kulli people had maintained a variety of independent cultural features in the face of 

Harappan influence throughout much of the Integration Era, but seemingly grudgingly 

gave way to a cultural hybridization before their post-urban resurgence (Dales 1976; 

Franke-Vogt 2000). Perhaps linked by trade in lead (Law 2008), Kulli peoples seem to 

have had a qualitatively different experience with Harappan traders than many other 

groups did.  
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Another group strongly implicated in trade, but relatively less well understood, is 

the Northern Neolithic people who lived in the highlands, north of Harappa. They 

probably provided many of the mineral resources used by residents at Harappa and 

elsewhere (Law 2008), but their means of interaction remains unclear. Perhaps groups 

at late-occurring Kot Diji settlements, situated between Harappan and Northern 

Neolithic peoples, facilitated exchange between their neighbors, but this has yet to be 

tested. The nature of interaction with people of the Ganeshwar-Jodhpura Phase in the 

northern Aravallis is similarly uncertain. One possible explanation is that nomadic 

pastoralists served as intermediaries (Possehl 1979; Mughal 1994), but again, there is 

little direct evidence for this proposal.  

In summary, a great deal is unknown about how Harappans interacted with their 

highland neighbors, but at the very least it would seem that different groups were 

engaging with each other in different ways. One aspect of highland exchange that is 

relatively certain is that Harappan involvement was shaped by the interests of 

competing elite groups (Kenoyer 2000). Further work is needed to ascertain whether or 

not exchange was carried out directly with highland groups or via intermediaries as this 

has implications for the politics of identity. 

Mortuary Variation 

Widespread consistency in the Indus program of inhumation provides another 

important means of understanding cultural integration in the Great Indus region. With 

the exception of the formal disposal area at Mehrgarh (Jarrige et al. 1995), urban era 

cemeteries have many similarities. The mortuary program is strongly normative with 

little evidence for internal subdivisions. Burials are rectangular or oval and oriented 

along a north-south axis with the head to the north (Wheeler 1947; Sastri 1965; Mughal 
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1968; Rao 1973; Rao 1979; Rao 1985; Dales and Kenoyer 1989a; Jarrige et al. 1995; 

Nath 1998; Nath 1999; Sharma 1999; Trivedi 2009; Shinde 2011a). When included as 

grave goods, ceramics are most often laid near the head and consist largely of types 

recovered from habitation deposits. Pottery is sometimes also found at the feet, along 

the sides, or underneath the body but usually in addition to vessels placed near the 

head. Further, pottery was sometimes buried first, before the body was lowered into the 

grave (Dales and Kenoyer 1989a). In most cases, only modest quantities of ceramics 

were interred although a few graves have more than 40 pots (e.g., Dales and Kenoyer 

1989a; Sharma 1999). Apart from the pottery, grave goods are limited to personal 

ornaments and toilet objects including jewelry and hand mirrors. Bodies generally lay 

extended and supine, and were occasionally wrapped in shrouds, enclosed in coffins, or 

sheltered by a brick or clay grave lining. The graves were typically organized in the 

same way, even in the case of secondary burials and cenotaphs (so-called symbolic 

burials) that lack some, or all, skeletal elements (Shinde 2011a). 

Though few correlations have been observed between different mortuary 

variables, Kenoyer (2011a) suggested certain structuring principles at Cemetery R-37. 

For example, males are usually associated with less elaborate graves. Also, shell 

bangles and certain types of stone pendants tend to be associated with females. A rare 

deviation from the normative grave type is found in the pot burials at Kalibangan 

(Sharma 1999). Unlike Cemetery H, the post-urban cemetery at Harappa, the 

Kalibangan pot burials contain no human remains. Further, they are set apart from the 

other graves, perhaps indicative of a separate mortuary tradition. Nevertheless, the 

Kalibangan pot burials are not replicated at other sites, and thus are not suggestive of 
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significant internal divisions within the Indus mortuary program of inhumations. Indeed, 

the majority of urban era burials show only modest variation in layout with minor 

redundancies in aspects of mortuary treatment. The overall impression that emerges is 

of a specific category of person. The inhumed, perhaps, were perceived largely in terms 

of a particular group identity, with only secondary importance placed on individual 

differences. 

The collective identity posited for the Indus inhumed is based partly on the 

scarcity of cemetery inhumations. In fact, formal disposal areas during the urban period 

are only well documented at Mehrgarh (Jarrige et al. 1995), Harappa (Dales and 

Kenoyer 1989a; Mughal 1968; Sastri 1965; Wheeler 1947), Kalibangan (Sharma 1999), 

Lothal (Rao 1973; Rao 1979; Rao 1985), Rakhigarhi (Nath 1998; Nath 1999), 

Tarkhanewala-Dera (Trivedi 2009), and Farmana (Shinde 2011a). The total number of 

burials is small, such that excavations at the largest known cemetery (Cemetery R-37 at 

Harappa) have produced skeletal remains for fewer than 400 individuals (Possehl 

2002b:Table 9.4). Instead, the vast majority of Indus people must have received 

mortuary treatments that did not preserve archaeologically such as cremation, 

exposure, or immersion. Thus, it is generally agreed that cemetery burial was reserved 

for members of a particular group, and that cemetery populations do not represent the 

population at large (Kenoyer 1998:122; Possehl 2002b:171; Wright 2010:263).  

There is less consensus, however, on the social identity once held by the 

inhumed. It is telling that Indus burials have been variously characterized as belonging 

to the lower (Rao 1979:143, Sharma 1999:14) and upper classes (Kenoyer 1998:122-

124) despite overall similarities between cemetery inhumations. Different aspects of the 
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archaeological and osteological record can be interpreted as evidence of either 

reverence or disregard, although current evidence may not be able to resolve the issue. 

The occasional incorporation of particularly well-crafted ornaments and pottery, as is the 

case for some burials in Cemetery R-37 at Harappa (Kenoyer 1998:122-124), suggests 

a willingness to invest in mortuary ritual. The osteological data from Harappa (Hemphill 

et al. 1991, Kennedy 2000) are especially compelling in that they portray relatively 

healthy, well cared for individuals. Paleopathologies are few, including a moderate 

prevalence of osteoarthritis in the cervical vertebrae (possibly attributable to 

biomechanical occupational stresses), and a moderately higher incidence of caries 

among females. However, the preponderance of data suggests the individuals inhumed 

at Harappa enjoyed relatively healthy lives with ties to more prosperous social groups. 

This impression is reinforced by comparison with the disturbed post-urban remains from 

Area G at Harappa that have a much higher incidence of trauma (Robbins Schug et al. 

2012).  

Even though urban era inhumations imply relative prosperity, several aspects of 

the mortuary program are more ambiguous with regard to the status of the inhumed, 

and they could potentially be interpreted as evidence for disregard. Cemeteries were 

invariably located hundreds of meters outside the habitation area, and at Harappa, the 

cemetery was closely associated with a disposal area for more conventional domestic 

refuse (Dales and Kenoyer 1989a). Further, burials were frequently crosscut by other 

grave cuts in a haphazard way, and disturbed remains often were casually pushed 

aside or incorporated into the grave fill rather than reinterred (Wheeler 1947; Dales and 

Kenoyer 1989a; Shinde 2011a). One possible explanation for the practice could be that 
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individuals belonging to a separate, and presumably ambivalent, class or group were 

tasked with digging graves (Kenoyer 1998:122). Another interpretation could be that 

cemeteries were places to carry out a necessary task without unduly inconveniencing 

the living, and that the inhumed occupied a middle ground between affiliation and 

alienation. Neither exceptionally privileged nor disadvantaged, the inhumed might have 

held a liminal social role on the periphery of high status groups. Unfortunately, the 

matter likely cannot be resolved until more detailed reports of cemetery excavations are 

made available. 

The challenge for Indus mortuary archaeology is to better understand the social 

role of the deceased and to model how they could have been enmeshed within a 

broader cultural context. The problem is daunting, but isotopic bone chemistry methods 

can contribute to important research questions by beginning to trace the connections 

between the Indus social environment and the physical landscape. Migration is 

assessed as a potential mode of interaction between Indus regions, and particular 

emphasis is placed on the likelihood of highland-lowland mobility as influenced by the 

needs of competing elites. 
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Table 2-1.  Indus Tradition chronology.[adapted from Kenoyer, J. M. 2011b. Regional 
Cultures of the Greater Indus Valley: The Ravi and Kot Diji Phase 
Assemblages of Harappa, Pakistan. In Cultural Relations between the Indus 
and the Iranian Plateau during the Third Millennium BCE. Toshiki Osada and 
Michael Witzel, eds. Pp. 165-217 (Page 166, Table 1). Cambridge: 
Department of South Asian Studies, Harvard University.] 

Era Phases Dates 

Foraging Mesolithic, Microlithic ca. 10000-2000 BC 
Early Food 
Producing Mehrgarh ca. 7000-5000 BC 

Regionalization 
Hakra, Ravi, Sheri Khan Tarakai, Balakot, 
Amri, Kot Diji, Nal, Sothi, etc. ca. 5500-2500 BC 

Integration Harappan ca. 2600-1900 BC 

Localization Punjab, Jhukar, Rangpur ca. 1900-1300 BC 
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Figure 2-1.  Map of the maximum extent of the Indus Tradition culture area including 

major geographic features and adjacent cultural traditions (in gray). [adapted 
from Law, R. W. 2008. Inter-Regional Interaction and Urbanism in the Ancient 
Indus Valley: A Geologic Provenience Study of Harappa’s Rock and Mineral 
Assemblage. PhD dissertation (Page 41, Figure 2.6). University of Wisconsin-
Madison] 
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Figure 2-2.  Cultural maps of the Indus Tradition. A) Extent of the Harappan Phase 

during the Integration Era (ca. 2600-1900 BC) including regions with 
incomplete adoption of Harappan Phase materials. B) Extent of the phases of 
the Localization Era (ca. 1900-1300 BC). [adapted from Law, R. W. 2008. 
Inter-Regional Interaction and Urbanism in the Ancient Indus Valley: A 
Geologic Provenience Study of Harappa’s Rock and Mineral Assemblage. 
PhD dissertation (Page 41, Figure 2.6). University of Wisconsin-Madison] 
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CHAPTER 3 
MATERIALS AND METHODS 

Principles of Isotope Analysis 

Isotopic data derived from osseous remains provide a proxy measure for the 

isotopic composition of substances ingested during the life of individual organisms. By 

understanding how the different isotopes of an element behave in different geochemical 

environments, archaeologists can infer the likely source or sources for a given element 

during the period in which the analyzed sample was formed. Differential ingestion or 

incorporation of various environmental sources can indicate differences in behavior or 

environmental exposure that are useful for reconstructing certain aspects of individual 

life histories such as migration (e.g., Dupras and Schwarcz 2001; Bentley et al. 2007; 

Schroeder et al. 2009; Chenery et al. 2010; Price et al. 2010), diet (e.g., Richards et al. 

2000; Ambrose et al. 2003; Krigbaum 2003; Hu et al. 2009; Kinaston et al. 2013), and 

climate (e.g., Fricke et al. 1995; White et al. 2004b; Daux et al. 2005; Touzeau et al. in 

press). This mode of archaeological inquiry, like many bioarchaeological methods, has 

the advantage of associating specific behaviors or environmental conditions with 

specific individuals, thus improving the chances of identifying and characterizing 

different sub-groups within a study population. In the aggregate then, trends in isotopic 

life history data can be used to reconstruct some of the ways regularized behaviors and 

institutions were entangled with different kinds of social bodies.  

Isotopic methods are especially powerful tools for investigating life history in that 

different skeletal elements represent different periods of exposure depending on their 

initial formation times and predisposition to turnover. Isotopic data are thereby 

accessible for discrete periods of early life via tooth enamel apatite and from a relatively 
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time-averaged period incorporating late life exposure via bone apatite, bone collagen, 

and tooth dentine. Virtually any other biological substance can be analyzed for isotopic 

values, but due to their high mineral content, bones and teeth tend to preserve most 

often in the archaeological record. Consequently, this chapter will focus on the analysis 

of osteological remains with an emphasis on apatite. Even for osseous materials, 

however, the post-mortem environment can threaten the integrity of the isotopic values 

established during life. Therefore, any archaeological isotope study must account for the 

potentially confounding process of diagenesis. 

The following sections outline the geochemical principles underlying the 

bioarchaeological analysis and interpretation of strontium (Sr), lead (Pb), carbon (C), 

and oxygen (O) isotopes. Each of these elements is present in bone and tooth mineral, 

sometimes substituting for calcium in the case of strontium and lead, or as the main 

components of the carbonate phase (CO3), which substitutes for the hydroxyl group 

(OH). Further, biological apatites are dynamic minerals in life as well as death; therefore 

this chapter will include a brief discussion of osteological formation processes and post-

mortem alteration. Lastly, an outline of the research design will address the sampling 

process, mechanical and chemical sample preparation, and methods of mass 

spectrometry. 

Heavy Stable Isotopes 

Two factors make heavy stable isotopes of elements like strontium and lead 

useful for archaeological provenience studies. First, the isotopes of heavier elements 

have relatively small mass differences. Consequently, they undergo negligible 

fractionation during chemical reactions and phase changes; or to put it another way, the 

isotope ratios of a given heavy element remain the same as they pass from bedrock into 
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the biosphere and eventually into human bones and teeth. Second, at least one of the 

isotopes of a given element is the radiogenic daughter isotope of a radioactive parent 

isotope. In the case of strontium, rubidium (87Rb) decays into 87Sr. For lead, radioactive 

isotopes of uranium and thorium (238U, 235U, and 232Th) decay into 208Pb, 207Pb, and 

206Pb, respectively. Thus, rocks formed at different times have different ratios of 

isotopes depending on the initial quantity of the parent isotope and the time that has 

elapsed (Faure and Mensing 2005).  

As a result of these two properties, the isotope ratios in an analyzed substance 

can potentially be matched to the isotope ratios from the geological source. This is 

complicated, however, when the subject of investigation has acquired geochemical 

input from multiple sources. This is true of biological samples in the same way that it is 

true for metallurgical samples. For example, a copper artifact might be made from 

ingots smelted from different ore bodies, it could be made from recycled metal artifacts 

of different provenience, or it might be intentionally alloyed with other elements. In all 

cases, the artifact will have weighted mean isotope ratios determined by the relative 

contributions from the different geological sources. Likewise, bulk samples of bones and 

teeth archive the average isotopic input derived from the initial process of 

mineralization, subsequent regenerative processes, and post-mortem processes of 

chemical alteration or contamination (Montgomery 2002; Bentley 2006). 

Much of the challenge for isotopic provenience work lies in understanding how 

different sources were averaged and finding appropriate comparative samples that 

characterize the different geological sources and biogeochemical reservoirs in the study 

environment. There can be a great deal of isotopic variation within the environment; so 
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much so, that in many cases it can be difficult to find adjacent geographic regions in 

which the isotope ranges do not overlap. After all, even different minerals in the same 

rock can have widely differing isotopic ratios (Fullagar et al. 1971). Further, different 

plants or even different parts within a single plant can show considerable isotopic 

variation depending on the depth and extent of roots as well as the relative ability of 

foliage to capture aeolian particulate (Klaminder et al. 2008; Reynolds et al. 2012). 

Absolute ranges in rocks or plants, however, are not necessarily the best proxy for the 

averaged ratios acquired by organisms higher up the food chain.  

For one thing, whole rock isotope ratios are not necessarily representative of the 

values incorporated into the biosphere. Weathering processes preferentially release the 

soluble fraction of strontium from bedrock and sediments, and it is this biologically 

available portion that ends up in water, plants, and animals (Sillen et al. 1998; Price et 

al. 2002). Even leachates of sediments, i.e., weak acid solutions used to extract the 

most soluble fraction of strontium and lead, can vary considerably within a relatively 

small area depending on micro-level variations in sediment composition (Capo et al. 

1998). Fortunately, this variability is averaged somewhat by plants and to an even 

greater degree in bones and teeth because of the long-term uptake of strontium from a 

relatively large catchment area (Burton et al. 1999). Broadly similar principles apply to 

lead, but it is somewhat less mobile than strontium and undergoes even greater 

biopurification through trophic processes as relatively little soil lead is taken up by plants 

(Klaminder et al. 2005). Therefore, lead levels (and consequently isotopic ratios) in 

animals tend to be more influenced by the ingestion and inhalation of dust than by the 

lead content of ingested foods (Elias et al. 1982; McBride 1994:337; Kohn et al. 2013). 
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Indeed, the relatively expansive dietary catchments of animals provide the best 

estimates of regional isotopic variation for use in provenience studies. Animals living in 

close proximity to humans should be used whenever possible in the study of human 

migration as they provide an independent measure of local isotopic ranges 

(conservatively defined as the mean value ± 2σ) (Price et al. 2002; Evans and Tatham 

2004). The most appropriate faunal material varies from context to context, however, 

such that pigs have been used in the study of prehistoric Germany (Bentley and Knipper 

2005) and guinea pig bones for archaeological Peru (Knudson et al. 2004). Some 

authors suggest that animals with very small territories be used to define isotopic 

variability (e.g., snails), although this might underestimate the local isotopic ranges of 

species that have relatively far reaching dietary catchments such as humans (Price et 

al. 2002).  

When faunal samples are unavailable, modern plants, water samples, sediment 

leachates, and even knowledge of the local lithology can be used to provide estimates 

of isotopic variability (e.g., Beard and Johnson 2000; Hodell et al. 2004; Bataille and 

Bowen 2012) . Multiple sample types may best approximate regional variation because 

no single sample type offers the perfect proxy measure. An accurate estimate of 

regional isotopic variability may even be obtained from members of the study population 

that can be independently inferred not to have migrated. For example, when a dataset is 

highly structured with discretely clustering subsets, the cluster displaying values similar 

to those of local sediment leachates likely approximates the local dietary catchment. 

For all proxy measures, however, there is the potential for disagreement because 

each has taken up lead and strontium from different sources across a different 
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geographic area. Furthermore, not all sources contribute equal amounts of strontium or 

lead to osseous mineral. Sea salt, for example, has a relatively high ratio of strontium to 

calcium (Sr/Ca) and thus contributes more strontium to bones and teeth than many 

other foods (Burton and Wright 1995). Given its propensity to be traded across long 

distances in many archaeological contexts, sea salt can potentially skew the isotopic 

range displayed by individuals that actually lived and died within the study area (e.g., 

Wright 2005). Also, lime solutions used by many New World cultures to process maize 

contribute very large quantities of strontium, effectively obscuring isotopic ratios from 

the rest of the diet. Even without such unusually rich sources of Sr, a relatively small 

number of plant food sources will tend to dominate 87Sr/86Sr given Sr/Ca differences 

among dietary items (Burton and Wright 1995). Nevertheless, only the regular 

consumption of mineral-enriched foods from specific non-local areas is likely to alter 

isotope ratios in the average diet relative to local values. 

In vivo anthropogenic lead contamination must also be considered as certain 

cultural practices can result in disproportionately high exposure to lead from specific 

geological sources. In modern contexts, particular kinds of surma, kohl, and other 

mineral-bearing cosmetics have been linked with elevated blood Pb levels (e.g., Parry 

and Eaton 1991; Gorospe et al. 2008). Generally speaking, however, the risk of Pb 

contamination is impacted by multiple factors including hand to mouth activity, inhalation 

of resuspended soil Pb, and occupational Pb exposure (Gogte et al. 1991; Kadir et al. 

2008; Qu et al. 2012; Zahran et al. 2013). In particular, the parental transport of Pb-

bearing dust from metallurgical occupations to domestic contexts poses an increased 

risk of Pb poisoning (Roscoe et al. 1999). Pervasive Pb exposure in archaeological 
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contexts manifests as “cultural focusing,” the convergence of Pb isotope ratios and a 

corresponding spike in Pb concentrations across individuals in a population 

(Montgomery et al. 2005). 

Marine aerosols and other kinds of aeolian deposition derived from non-local 

areas can also significantly influence the heavy isotope ratios of a region (Whipkey et al. 

2000; Komárek et al. 2008; Evans et al. 2010). The potential for aeolian influence is 

particularly important to consider when interpreting lead isotope data from osteological 

remains given that ingested dust, rather than the food itself, contributes much of the 

lead in animal tissues (Elias et al 1982; McBride 1994; Kohn et al. 2013). Unfortunately, 

airborne particulate from industrial activities has swamped the natural background lead, 

even in remote regions of the globe (Bindler 2011; Klaminder et al. 2011). Modern 

contaminants like lead in industrial pollution and strontium in fertilizers can affect the 

isotope ratios of modern samples used to evaluate regional isotope variability (Bentley 

2006). Because of globally ubiquitous lead contamination, modern plants and animals 

should not be used to approximate background values for lead isotopes. Sediment 

samples taken from lower in the soil profile, however, can be used given the tendency 

of lead to bind with organic content in the upper levels (Klaminder et al. 2006). In a 

similar vein, samples exposed to certain fertilizers and other strontium-rich sources 

should be avoided when estimating natural isotopic variability.  

Light Stable Isotopes 

In contrast to heavy isotopes, the isotope ratios of lighter elements like carbon 

and oxygen undergo fractionation when they are involved in physical, chemical, and 

biological processes. The mass difference between isotopes of light element is relatively 

large, causing one isotope to be preferentially selected over the other as they undergo 
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chemical reactions and phase changes. This change in ratios is reported in parts per mil 

(‰) relative to an international standard (Coplen 1994), and because of the systematic 

nature of fractionation processes, isotope measurements can be used to make 

inferences about certain constraining environmental factors. For example, oxygen 

isotope fractionation is mediated by the temperature of different water sources and 

evaporation, and varies with respect to related changes in altitude and latitude 

(Dansgaard 1964). In this way, oxygen isotope values from biological apatites and other 

carbonate sources reflect climate conditions. Interpreting light stable isotope data is not 

strictly a matter of determining weighted average values for a range of environmental 

inputs. One must also account for the fractionation processes of different elements. 

Stable oxygen isotopes 

The stable isotopes of oxygen relevant for archaeological purposes are 18O and 

16O; their ratios in bones and teeth are the end result of a long chain of fractionation 

processes typically beginning with the evaporation of ocean water from tropical 

latitudes. Water molecules containing lighter 16O isotopes preferentially evaporate 

resulting in water vapor with relatively low δ18O. Subsequently, condensation and 

precipitation favor the heavier 18O isotope such that rainfall has relatively high δ18O 

compared to water vapor. This fractionation factor increases at lower temperatures 

resulting in increased depletion of 18O for water vapor. Further, as the moist air mass 

moves inland to higher, cooler altitudes, ongoing precipitation or “rainout” leaves the 

water vapor even more depleted in 18O. Thus, rainfall derived from a given air mass 

exhibits progressively lower δ18O. Generally speaking, δ18O for a given air mass and its 

precipitation decreases with lowered temperature, high precipitation, high latitude, high 

altitude, and distance from the ocean. Conversely, δ18O increases with higher 



 

69 

temperatures, low precipitation, low latitude, low altitude, and proximity to the ocean 

(Bowen and Wilkinson 2002; Gat 1996; Kendall and Coplen 2001). In tropical latitudes, 

variation in δ18O is influenced primarily by “rainout”, whereas temperature has a greater 

influence on seasonality at higher latitudes (Dansgaard 1964; Rozanski et al. 1993). 

Adding to the complexity, seasonal changes in weather patterns may bring moisture 

from different regions, causing further differentiation in the isotopic values of intra-

annual precipitation (Fricke and O'Neil 1996; Scholl et al. 2009).  

Plants and animals acquire water from different sources with potentially different 

δ18O. For example, rivers originating in the highlands, meteoric water, ground water, 

and lake or pond water from the same region might all have different δ18O because their 

isotopic compositions have evolved under variable regimes of condensation, 

evaporation, and source mixing. The water management practices of humans are 

similarly diverse, potentially drawing from multiple environmental sources, storing water 

in evaporation-prone vessels and reservoirs, or boiling water during cooking (Knudson 

2009). Animals also acquire and conserve water using multiple strategies. For example, 

some animals get the bulk of their water through vegetation whereas others must drink 

frequently. Isotopic values of the former tend to vary with aridity as δ18O of leaf water is 

strongly influenced by processes of evaporative enrichment. In the case of obligate 

drinkers, however, δ18O more closely tracks the variability in environmental water 

sources (Levin et al. 2006).  

Once ingested, oxygen isotopes fractionate further as a consequence of 

metabolic processes. Ultimately, body water δ18O is the aggregate of isotopic input from 

drinking water, food, and air modified by fractionation in output through urination, 
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perspiration, and exhalation. Biological apatites in bones and teeth form in isotopic 

equilibrium with body water and act as an archive of δ18O, capturing an aggregate 

measure of complex environmental and physiological fractionation mechanisms 

(Longinelli 1984; Luz et al. 1984; Luz and Kolodny 1985). Enamel formed during early 

childhood, in particular, records the isotopic input from breastmilk. An isotopic shift 

associated with weaning can be observed between early and late forming dentition 

because breastmilk is derived from body water, a reservoir relatively enriched in 18O 

compared to environmental sources. The magnitude of the shift has been measured in 

archaeological populations at approximately 0.7‰ (Wright and Schwarcz 1998), 

although the shift may be obscured by cultural practices including the consumption of 

relatively high δ18O water such as that in boiled foods (Daux et al. 2008). 

Because δ18O also varies geographically, it can be used to provenience osseous 

remains in much the same way as heavy stable isotopes (e.g., Schwarcz et al. 1993; 

Dupras and Schwarcz 2001; White et al. 2004b; Prowse et al. 2007; Wright 2012). 

Geographic comparison is less direct than is the case for strontium and lead, however, 

because climate and hydrology are less stable than bedrock composition. Therefore, 

determining an appropriate sample type to represent local δ18O ranges is more 

challenging. For one thing, modern samples may not capture the range of past values. 

Paleoclimate records derived from inorganic carbonates sidestep this problem because 

they formed under the direct influence of past climate conditions, but they fail to account 

for fractionation in the biosphere. To facilitate the comparison of biological and inorganic 

values, several methods have been proposed to predict environmental δ18O from 

biogenic δ18O (e.g., Longinelli 1984; Luz et al. 1984; Levinson et al. 1987; Daux et al. 



 

71 

2008), but they have an error of approximately ±1-3.5‰ 2σ (Pollard et al. 2011). 

Instead, δ18O from human bone and enamel can be compared with faunal data following 

the same logic used for determining local variation in heavy stable isotope ratios. 

Unfortunately, δ18O derived from humans and other animals may not be comparable 

because of variation introduced by cultural behaviors (White et al. 2004a). Therefore 

comparisons with archaeological fauna should be attempted when possible, but highly 

structured data sets may offer the best route to identifying immigrants. 

Stable carbon isotopes 

Stable carbon isotopes 13C and 12C also undergo fractionation in the biosphere 

prior to being incorporated into bone and tooth enamel. Carbon isotope values in plant 

tissues show large differences from the value in atmospheric CO2. Depending on the 

photosynthetic pathway used, plants differentially discriminate against the heavier 13C 

isotope as a function of enzymatic differences. Most cool season grasses, trees, and 

herbs use the Calvin cycle (C3 plants) and have a mean δ13C of approximately -28.5‰ 

(Kohn 2010), whereas warm season grasses, sedges, and some dicotyledons use the 

Hatch-Slack cycle (C4 plants) and have a mean δ13C of -14‰ (O'Leary 1988). Certain 

arid-adapted succulents and epiphytes employ crassulacean acid metabolism (CAM 

plants) resulting in intermediate values, although such plants rarely form a major 

constituent of human diets. 

A variety of environmental variables cause small-scale variation (~3-6‰) in C3 

plants, although there is relatively little intraspecific variation in δ13C among C4 plants 

(Tieszen 1991; Brookman and Ambrose 2013). Many such changes result from 

variation in the partial pressure of CO2.  Plants increasingly discriminate against 13C as 

intercellular pressure goes up, causing a corresponding decrease in δ13C (Farquhar et 
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al. 1982). Increases in pressure can result from decreased irradiance, whereas 

relatively arid conditions can trigger reduced stomatal conductance, decreasing the 

partial pressure of CO2 in some plants. These and other factors show broad geographic 

and climatic trends such that δ13C increases slightly with altitude and mean annual 

temperature while decreasing slightly at higher latitudes (Francey and Farquhar 1982; 

Farquhar et al. 1989). Lastly, a “canopy effect” of decreased δ13C in understory 

environments is caused by the recycling of isotopically lighter CO2 from decomposing 

leaf litter (van der Merwe and Medina 1989; van der Merwe and Medina 1991).  

In animals, metabolic processes cause further carbon fractionation. The process 

is not uniform for all carbon-bearing compounds, however, as carbon from the protein 

portion of diet preferentially contributes to bone collagen, and carbon from the whole 

diet contributes to bone and tooth apatite. Consequently, isotopic values for the different 

compartments of bone have different offsets from dietary δ13C. Collagen is isotopically 

heavier than the food source by ~3.5-6.5‰ while the offset for bone apatite carbonate 

ranges between ~9 and14‰ (Krueger and Sullivan 1984; Ambrose and Norr 1993; 

Tieszen and Fagre 1993; Howland et al. 2003; Jim et al. 2004). Notably, the magnitude 

of the offset between the food source and bone apatite or collagen varies among 

organisms. For apatite carbonate, for example, herbivorous ungulates are offset by ~12-

14‰ (e.g., Cerling and Harris 1999; Balasse 2002) and lab rodents between ~9-11‰ 

(e.g., DeNiro and Epstein 1978; Jim et al. 2003). The interspecific variation in offset 

values is important for data interpretation in that the difference in δ13C between C3 

plants and C4 plants is only ~14‰ (Passey et al. 2005). Taxonomic differences are 

partly explained by dietary differences as low meat intake does not allow for the direct 
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routing of ingested amino acids into protein synthesis and thus leads to fractionation 

associated with the synthesis of proteins from carbohydrates (Schwarcz 2002). Further, 

carnivorous diets are high in isotopically light lipids, but diet alone fails to explain the full 

range of interspecific variation. Differences in digestive physiology likely contribute to 

the variability; production and absorption of isotopically light methane may well explain 

lower δ13C for ruminants (Hedges 2003). The offset for apatite in humans is variably 

assumed to be as low as 9.5‰ and as high as 12‰—a range that might be partially 

explained by omnivory and cultural variation in diet (Ambrose and Krigbaum 2003; 

Harrison and Katzenberg 2003). Finally, modern era industrial emissions of isotopically 

light CO2 require that an additional offset of -1.5‰ be applied to archaeological δ13C to 

make comparisons with modern data (Friedli et al. 1986). Therefore, an archaeological 

human with a pure C4 diet will have higher apatite carbonate values, possibly near 0‰, 

depending on local values for C3 and C4 plants. Isotope ratios from apatite carbonate 

alone give an approximate sense of C3 vs. C4 plant consumption and are most useful in 

detecting broad relative differences in diet, although dietary inferences are limited 

without corresponding collagen δ13C. More precise reconstruction of diet from carbon 

isotopes becomes possible when the organic content of bones has been preserved and 

apatite carbonate δ13C can be compared with collagen δ13C (Kellner and Schoeninger 

2007). In ideal circumstances, a variety of faunal specimens in the local food web can 

also be analyzed to provide constraints on regional isotopic variation. 

Osteological Development and Diagenesis 

Many tissues can be analyzed for isotopes, but osseous materials tend to be the 

best preserved in archaeological contexts. Despite their lack of collagen, teeth have 

developmental and structural qualities that make dental enamel a more suitable choice 
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for isotopic analysis than bone in many contexts. For one thing, dental enamel forms an 

incremental record of environmental conditions at the time of mineralization. 

Mineralization spans several years per tooth in humans, after which the tooth becomes 

largely impermeable to further chemical exchange. Additionally, different tooth types 

systematically and predictably mineralize at different chronological ages in childhood. 

Consequently, any given tooth permanently stores isotopic data from a specific time 

period of an individual’s early life (Table 3-1) (Hillson 1996). Through intertooth 

sampling then, bone chemistry tools can help reconstruct aspects of early life mobility, 

diet, and climate that are otherwise difficult to infer. Indeed, the increased interpretive 

potential of intertooth sampling has increasingly led to explicit intertooth sampling 

protocols within isotopic research designs (e.g., Wright 2012; Giblin et al. 2013). 

Any analysis of early permanent dentition such as first molars must also consider 

the potential implications of breastfeeding and weaning. As discussed earlier, stable 

oxygen isotopes demonstrate a trophic shift and can be used to identify the transition to 

drinking water. Likewise, stable carbon isotopes may indicate the transition to solid 

foods if the foods used for weaning have an isotopic composition distinct from breast 

milk (Wright and Schwarcz 1998). Weaning may also be indicated in lead isotope ratios 

of permanent teeth when prepartum maternal residence is isotopically distinct from 

postpartum residence (Gulson et al. 2003; Manton et al. 2003). The skeleton acts as a 

reservoir for lead which may be mobilized along with bone calcium during lactation, 

although less of the maternal lead burden is released into the blood when the diet is 

calcium-rich (Gulson et al. 2004). In one study on modern immigrant mothers, breast 

milk lead accounted for 36-80% of infant blood lead for the first 90 days of life (Gulson 
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et al. 1998) although Manton and coworkers (2000) found that dust contributed far more 

to infant blood lead than breast milk. Presumably, a similar process to that described in 

Gulson et al. (2004) could happen with maternal strontium, but biopurification against 

strontium in the mammary glands suggests that other sources of strontium would have 

a greater influence on infant isotopic ratios (Wasserman et al. 1958; Blakely 1989). 

Apart from documenting life history, tooth enamel has the additional advantage of 

resisting diagenetic alteration. Bone mineral is relatively porous and permeable to the 

labile ionic content of surrounding sediments. By contrast, dental enamel is made of 

larger crystals arranged in a tighter lattice that resists penetration by diagenetic agents 

(Driessens and Verbeeck 1990; Budd et al. 2000a; Budd et al. 2000b; Chiaradia et al. 

2003). In the case of strontium and lead at least, what little diagenetic alteration occurs 

seems to be confined to the outermost surface (Budd et al. 1998). Some authors have 

suggested that successive weak acid pretreatments could recover biogenic strontium 

isotope ratios from diagenetically altered bone (Sillen 1986; Sillen 1989), but later work 

suggests that “solubility profiling” is ineffective (Hoppe et al. 2003; Trickett et al. 2003). 

Thus, dental enamel remains the most reliable material for heavy stable isotope 

analysis with little preparation required beyond abrasion of the surface enamel. 

Nevertheless, weak acetic acid pretreatments can help remove weakly adsorbed 

carbonates, and the fact that different pretreatment protocols yield comparable analyses 

for strontium and lead (Valentine et al. 2008) suggests that there is no harm in 

pretreating teeth with weak acetic acid for less than 16 hours.  

Given that the source of isotopically analyzed carbon and oxygen for this study 

was structural carbonate, however, pretreatment was necessary to remove adsorbed 
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contaminants for light stable isotope analysis. Care must be taken to limit the strength 

and duration of acetic acid treatment to prevent the dissolution and reprecipitation of 

structural carbonate (Koch et al. 1997; Garvie-Lok et al. 2004). Apatite phosphate may 

also be used for stable oxygen isotope analysis and yields systematically related data, 

but expenses for the preparation of phosphate are significantly greater (Sponheimer 

and Lee-Thorp 1999; Chenery et al. 2012). The enhanced molecular strength of apatite 

phosphate and its increased resistance to diagenesis make it particularly appropriate for 

research on a geological time scale (Bunton et al. 1961; Lecuyer et al. 1999).  

Laboratory and Field Methods 

Sample collection was guided by a few basic principles. Whenever possible, bulk 

enamel samples were collected from the first, second, and third molars of human burials 

to ascertain isotopic life history in three stages: from birth to age three, age three to six, 

and age eight to twelve. In a few instances when first or second molars were 

unavailable, teeth with roughly similar mineralization times were sampled instead. For 

purposes of visual presentation, different tooth types are grouped into cohorts (first, 

second, and third molar cohorts) based on similar enamel formation times. Incisors are 

grouped with first molars, whereas canines and premolars are classified as second 

molars. Further, undomesticated or commensal faunal were selected along with 

sediments to provide proxy measures for regional variation. Every effort was made to 

fully document teeth before destructive sampling was undertaken. Unless stated 

otherwise, photographs or scans were taken and dental impressions were made for all 

teeth using 3M ESPE Express Vinyl Polysiloxane Impression Material – regular body. 

Impression material was applied to the tooth crown using a Garant Hand Dispenser, 

after which the tooth was inverted on a smooth surface until dry.  
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Once fully documented, approximately 50 mg of tooth enamel spanning cusp tip 

to cementoenamel junction was collected in one of two ways. Teeth taken from the 

Harappa Archaeological Research Project were brought to the University of Florida 

Bone Chemistry Lab and sampled under 10x magnification using a Brassler dental drill 

with a diamond bit. Teeth collected from the Archaeological Survey of India and Deccan 

College Post-Graduate and Research Institute were sampled using a rotary tool with a 

diamond cutting wheel. 

Sample collection proceeded in four phases. In 2009, the Harappa 

Archaeological Research Project provided access to regional fauna and sediments from 

the following sites: Allahdino (Sus, N=5), Balakot (sediment, N=3), Harappa (Canis, 

N=3; Sus, N=8), Mehrgarh (Canis, N=2; sediment, N=2), and Nausharo (Equus, N=4; 

Gazella, N=2). No dental impressions were made during this initial pilot phase.  

During the 2010 field season, Farmana human teeth were sampled from 21 

individuals (N=37) curated at Deccan College Post-Graduate and Research Institute, 

Pune, India. Tentative estimates of age and sex were made following Buikstra and 

Ubelaker (1994), but few reliable identifications could be made given the extremely poor 

preservation and general scarcity of skeletal elements. Most skeletal remains were still 

encased in soil, some of which was collected (N=3) for isotopic analysis. Additional 

sediment samples (N=3) were collected from the site of Sanauli. A clean soil profile was 

exposed using a shovel and approximately 200 mg of sediment collected from roughly 

70 cm below the surface to avoid recent anthropogenic lead bound in the upper levels 

(Klaminder et al. 2006).  
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In 2011, human teeth from Sanauli were sampled for 33 individuals (N=67) 

curated by Archaeological Survey of India at Purana Qila, New Delhi, India. Again, a 

paucity of skeletal elements hindered accurate estimation of age and sex beyond an 

adult/sub-adult distinction. Faunal samples (Sus, N=8) were also collected from the 

Rakhigarhi assemblage curated at Deccan College. 

In 2012, an opportunistic sample of teeth from 44 individuals at Harappa (N=51) 

was collected from the Harappa Archaeological Research Project. Most had been 

previously sampled for carbon, oxygen, and strontium isotope analysis by Drs. Jonathan 

Mark Kenoyer and Douglas Price, University of Wisconsin, Madison. No additional 

documentation was undertaken before sampling. Unpublished age and sex data were 

made available by Dr. Kenoyer.   

At the University of Florida Department of Anthropology Bone Chemistry Lab, the 

surfaces of all enamel samples were abraded and all dentine was removed using a 

dental drill. Samples were then ground into powder with an agate mortar and pestle 

before being pretreated with 2 ml of reagent grade 50% NaOCl solution in a centrifuge 

tube for 16 hours to remove organic content. The supernate was pipetted out, after 

which samples were rinsed with 2x distilled water until neutral. The same procedure 

was then carried out using 0.2N acetic acid to remove adsorbed carbonate. The 

pretreated samples were finally freeze dried for 72 hours and stored in a desiccator. 

At the University of Florida Department of Geological Sciences clean lab facility, 

approximately 20-30 mg of pretreated enamel powder for each sample was dissolved in 

pre-cleaned Teflon vials by heating for 24 hours in 8N nitric acid (HNO3) (optima). The 

vials were then opened and evaporated to dryness in a laminar flow hood. For each 
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sediment sample, approximately 100 mg of sediment was leached in pre-cleaned Teflon 

vials for 2 hours using 4 ml of 0.1N acetic acid. The leachate was pipetted off, the 

sample evaporated to dryness, an additional 4 ml of 2N HCl added, and the leachate 

pipetted off once more. Both leachates were evaporated to dryness in preparation for 

lead and strontium separation. Ion chromatography was then used to separate 

strontium and lead from single aliquots. Lead was purified using conventional 

hydrobromic acid (HBr) procedures on Dowex 1X-8 resin, and the washes were 

collected for further strontium separation as the latter element is not absorbed on the 

resin. The dried residues were dissolved in 2 ml of 8N nitric acid, producing bromine 

gas from any residual hydrobromic acid which would otherwise interfere with strontium 

separation. Once dried, the samples were redissolved in 3.5N nitric acid and loaded 

onto cation exchange columns packed with strontium-selective crown ether resin (Sr-

spec, Eichrom Technologies, Inc.) to separate strontium from other ions, following the 

procedure by Pin and Bassin (1992).  

All samples were analyzed using the mass spectrometry facilities at the 

University of Florida Department of Geological Sciences. Lead isotopic ratios were 

measured using a ‘‘Nu-Plasma’’ multiple-collector inductively-coupled-plasma mass 

spectrometer (MC-ICP-MS) following the thallium-normalization technique of Kamenov 

and coworkers (2004). The data are reported relative to the following values of NBS 

981: 206Pb/204Pb = 16.937 ± 0.004 (2σ), 207Pb/204Pb = 15.490 ± 0.003 (2σ), and 

208Pb/204Pb = 36.695 ± 0.009 (2σ).  

Pilot strontium data for samples from the 2009 phase were also analyzed by MC-

ICP-MS following the time-resolved analysis method of Kamenov et al. (2006). The 
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long-term reproducibility of the TRA-measured 87Sr/86Sr of NBS 987 is 0.710246 ± 

0.000030 (2σ). All other samples were analyzed for 87Sr/86Sr using a “Micromass Sector 

54” thermal ionization mass spectrometer (TIMS). After being loaded on to degassed 

tungsten filaments, the samples were run at 1.5V for 100 ratios whenever possible, and 

the resulting data normalized to 86Sr/88Sr = 0.1194. The long-term reproducible 87Sr/86Sr 

of NBS-987 is 0.710240 ± 0.000023 (2σ).  

All light stable isotope data were measured using a “VG/Micromass PRISM 

Series II” isotope ratio mass spectrometer with an “Isocarb” common acid bath 

preparation device. No duplicate samples were prepared for teeth that had already been 

run by Drs. Kenoyer and Price. All others were reacted in a common acid bath at 90 °C 

and water was cryogenically removed in a methanol slush. Evolved CO2 gas was 

measured online and all isotope results are reported in standard delta notation relative 

to Vienna Pee Dee Belemnite (VPDB). Analytical precision (1 standard deviation of 

standards run with samples) is generally better than ±0.1‰ for δ13C and 0.1‰ for δ18O. 
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Table 3-1.  Approximate crown formation time in years1 

 
Incisor Canine Premolar 

First 
Molar 

Second 
Molar 

Third 
Molar 

Initial Formation < 1 < 1 2-6 0 2.5-5 7-11 
 Crown 

Completion 3.5 - 5 4-7 5-9 2-4 6-9 10-17 
 1  estimated ranges derived from minimum and maximum values in [Hillson, S. 1996. 

Dental Anthropology (Table 5-1), Cambridge: Cambridge University Press] 
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CHAPTER 4 
GEOCHEMISTRY OF THE GREATER INDUS REGION 

Environmental Background 

Stretching between the Himalayas and the Arabian Sea, the Indus settlement 

area is bounded on the west by mountain ranges of the Western Fold Belt and on the 

east by the Aravallis. The Indo-Gangetic plains derive largely from Quaternary 

Himalayan detritus overlying and abutting the Indian Shield to the south, thus regional 

geochemistry can be described primarily in terms of Himalayan geological units. Even 

sediments of the Makran coast and the Kirthar and Sulaiman Ranges to the west have 

their ultimate origins in rivers draining the Himalayas. However, the Himalayas are 

composed of distinct thrust sheets, each with its own lithology, resulting in a 

geochemically diverse landscape.  

Approximately 55 million years of orogeny have dramatically altered the Indian 

plate and created the vast alluvial plains of the Himalayan peripheral foreland basin in 

which Indus cities thrived (Kazmi and Jan 1997; Ramakrishnan and Vaidyanadhan 

2010). The subduction and subsequent collision of the South Asian subcontinent with 

the Eurasian plate caused the sequential uplift and exhumation of the major Himalayan 

units (Figure 4-1). The Trans-Himalaya is northernmost and represents the leading 

edge of the Eurasian plate. It is composed of several major sub-units including the 

Hindu Kush and Karakorum Ranges. The Trans-Himalaya is separated from the Indian 

formations to the south by the Indus-Tsangpo Suture Zone (ITSZ) which channels the 

upper course of the Indus River. At its western end, the suture diverges around the 

Kohistan Arc, an ancient island arc sandwiched between Asia and the subcontinent. 

Running parallel to the Trans-Himalaya along the southern edge of the ITSZ is the 
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Tibetan Sedimentary Series (TSS) or Tethys Himalaya. To the south and likewise 

running from east to west are the High Himalayan Crystallines (HHC), the Lesser 

Himalaya, and the Sub-Himalaya. The latter encompasses various sub-basins of which 

the Neogene strata are collectively termed the Siwalik Group. All together, the 

Himalayas have a diverse lithology ranging from continental crust to ophiolites 

(obducted oceanic crust) and young igneous formations to heavily metamorphosed 

strata. Different rocks have provided sediments to the foreland basin at different times 

as various Himalayan units and drainages evolved. Importantly for archaeological 

research, however, portions of the Indo-Gangetic plains have been partially 

homogenized as a consequence of complexities of fluvial and aeolian transportation 

(Tripathi and Rajamani 1999; Tripathi et al. 2007). This results in a relatively large-scale 

geochemical mosaic conducive to isotopic studies of interregional mobility. 

Isotopic Variation—Heavy Isotopes 

The Sr and Pb isotope systematics of the major Himalayan units are well 

characterized, allowing sediment provenience in some cases despite the isotopic 

overlap between units (Najman et al. 2000; Clift et al. 2002). Further, the different 

isotope systems are independent of each other and their isotopic ratios need not 

correlate. Different geological units influence Sr and Pb isotope ratios in biological 

materials as a function of their solubility and Sr and Pb concentrations. Carbonates, for 

example, are easily weathered and tend to have high Sr/Ca but low concentrations of 

Pb. As a result, carbonates have a disproportionate effect on 87Sr/86Sr in archaeological 

tooth enamel. Although much geological data is derived from silicates and therefore not 

directly comparable with the soluble Sr and Pb archived in enamel, silicate data still 

indicate relative differences in the biologically available Sr and Pb isotope ratios. Based 
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on Sr and neodymium (Nd) isotope data, Najman and coworkers proposed that from 

most radiogenic to least, the isotopic end members contributing to the foreland basin 

are the Lesser Himalaya, the HHC, the TSS, and geologically young elements of the 

ITSZ including the Kohistan Arc. Clift et al. (2002) depict similar influences on Pb 

isotope geochemistry in the Indus basin except their analysis pointed to Asian portions 

of the Trans-Himalaya rather than the TSS.  

Few data are available for Pb isotopes in the Himalayan foreland basin beyond 

the study of detrital grains by Clift et al. (2002). Nevertheless, the analysis by Clift and 

coworkers suggests that the Trans-Himalaya and ITSZ are the primary controls on Pb 

isotope composition in the Indus main channel, whereas the highly radiogenic values of 

the foreland tributaries (e.g., Chenab, Ravi, Sutlej) are largely derived from the HHC 

and Lesser Himalaya. The latter two geological units are expected to exert an even 

greater isotopic influence on Pb in river basins to the east as a function of increased 

elevation and weathering.  

The Sr isotope literature is comparatively rich and includes analyses of the 

soluble fraction of Sr in river waters and sediments (Figure 4-2) (e.g., Karim and Veizer 

2000; Tripathi et al. 2013). Within the Indus basin, 87Sr/86Sr data suggest three end 

members—the HHC, the carbonate-rich Western Fold Belt, and the Kohistan Arc 

(Pande et al. 1994; Karim 1999; Karim and Veizer 2000). In the upper reaches, the 

Indus drains mainly the low 87Sr/86Sr terrain of the Kohistan Arc and has ratios of 

~0.710. The main channel becomes gradually more radiogenic (~0.712) with increased 

contributions from the HHC. By the middle reaches of the Indus River, however, 

87Sr/86Sr dips slightly from the influx of high concentration, low 87Sr/86Sr waters draining 
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the Western Fold Belt. The Sr isotope ratios then remain relatively stable (~0.711) 

through the lower reaches as the main channel is joined by the more radiogenic waters 

of the foreland tributaries. Significantly for provenience studies, the main Indus channel 

exhibits lower 87Sr/86Sr than most of the foreland tributaries which drain the uniquely 

radiogenic carbonate terrain of the HHC (Palmer and Edmond 1992). Indeed, Kenoyer 

and coworkers (2013) estimate high biologically available 87Sr/86Sr (~0.720) in the area 

near Harappa. Ratios taper off gradually to the west and south, whereas higher values 

are most likely found in the highlands to the north and northeast. The situation is similar 

for other rivers with headwaters that drain the HHC. The lowland waters of the Yamuna 

are broadly comparable to those of the radiogenic Indus foreland tributaries (Dalai et al. 

2003), whereas the most radiogenic 87Sr/86Sr values for any Himalayan river are found 

in the Ganges where ratios can be as high as 0.741 (Krishnaswami et al. 1992; 

Chakrapani 2005). 

Limited Sr isotope data are also available for sediments and leachates in regions 

near Farmana and Sanauli (Tripathi et al. 2004; Tripathi et al. 2013). Samples from the 

semi-arid region between the Yamuna and Ghaggar-Hakra likely approximate the 

geochemical environment at Farmana, whereas those near the Yamuna, less than 100 

km to the east, provide a 87Sr/86Sr range estimate for Sanauli. Despite their proximity, 

the two areas appear to be isotopically distinct. Leachates of Yamuna alluvium have 

87Sr/86Sr between 0.715 and 0.718, significantly higher than the 0.711-0.716 range 

exhibited by dust and sand leachates in the Ghaggar-Yamuna interfluve. Bulk sediment 

analyses confirm that the Yamuna alluvium is more radiogenic, but the most striking 

comparison is between aeolian sediments of the Ghaggar-Yamuna interfluve and the 
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Thar Desert fringe near the Aravalli foothills less than 150 km to the south. Samples 

from the two areas have essentially identical ratios—an unsurprising similarity given 

their potentially shared origins. Current evidence suggests that aeolian sediments from 

the lower Indus contribute significantly to the Thar Desert and adjacent terrain (Alizai et 

al. 2011). These sediments likely retain high concentrations of low 87Sr/86Sr as in the 

lower Indus River, and may therefore swamp the relatively radiogenic ratios derived 

from local alluvial sources. 

Beyond the Himalayan foreland basins, the Indus settlement area extended 

southward into Saurashtra. Isotopically speaking, the region is not well described, but 

provisional estimates of low 87Sr/86Sr (< 0.710) can be made based on regional lithology 

(Chamyal et al. 2003). The presence of young volcanic rocks, limestones, and even 

aeolian sands from the Thar Desert suggests a generally less radiogenic environment, 

although it is difficult to estimate the more radiogenic contribution from the Precambrian 

rocks of the adjacent Aravallis.  

Isotopic Variation—Light Stable Isotopes 

The South Asian hydrological landscape is also conducive to provenience 

research using stable isotopes of oxygen (δ18O). Summer and winter rains originating in 

the southern oceans and the Mediterranean, respectively, serve as the primary sources 

of precipitation in the Indus watershed (Wright et al. 2008). Further, different vapor 

sources have different δ18O as exemplified in climatological studies of nearby Oman 

(Weyhenmeyer et al. 2000; Weyhenmeyer et al. 2002), showing that northern sources 

range between -4.5 and +1‰ and southern sources vary between -10 and -2‰. Thus, 

the primacy of summer monsoon precipitation results in relatively low average δ18O 

associated with many parts of the subcontinent. By contrast, relatively high δ18O winter 
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storms move along the Western Fold Belt and into the western Himalayas (Wright et al 

2008). Many regions of the Indus Civilization, including the city of Harappa, relied on 

both winter and summer rains to support seasonal multi-cropping. It is expected, then, 

that the relative contributions of summer and winter precipitation will be reflected in δ18O 

of archaeological tooth enamel apatites, much as it is today in the waters of the Indus 

tributaries (Karim and Veizer 2002).  

Even in those regions unaffected by Mediterranean precipitation, systematic 

variation in the summer monsoon creates gradients of δ18O (Gupta and Deshpande 

2005; Lambs et al. 2005). This complicated phenomenon can be explained in part by 

four factors: isotopically distinct vapor sources, rainout, evaporative effects, and altitude 

effects. Summer monsoon begins as the annual northward migration of the Intertropical 

Convergence Zone (ITCZ) creates low pressure systems in the northwestern 

subcontinent. High pressure oceanic air masses then move onto land, releasing rains 

that reflect the isotopic composition of the vapor source. For the Indo-Gangetic plains, 

this primarily means relatively low δ18O in the Bay of Bengal monsoonal branch. The 

northwest-travelling air mass becomes gradually more depleted in 18O with greater 

distance from the ocean because of rainout (Chapter 3). The Bay of Bengal branch 

alone, however, cannot explain modern variation in South Asian surface waters. The 

Arabian Sea branch of the summer monsoon has relatively higher δ18O (~4‰) and 

contributes measurably to the precipitation budget of Pakistan and Northwest India 

(Gupta et al. 2005; Sengupta and Sarkar 2006). Further 18O enrichment occurs at local 

levels depending on evaporation.  
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Lastly, high altitude drainages channel relatively depleted waters from the 

Himalayas down to the plains. The headwaters of the Indus (Karim and Veizer 2002), 

Yamuna (Dalai et al. 2002), and Ganges (Ramesh and Sarin 1992), for example, have 

lower δ18O than do lowland channels. By comparison, rain-fed rivers draining the 

Himalayan foothills should have relatively high δ18O. The most significant rain-fed river 

in the Greater Indus Valley during the third millennium BC was the Ghaggar-Hakra. At 

times identified with the perennial glacier-fed Sarasvati of Vedic tradition, this now 

seasonal river in the Sutlej-Yamuna interfluve is associated with numerous Indus 

settlements (Mughal 1997; Possehl 2002b). Recent work, however, confirms that it was 

a perennial monsoon-fed river (Giosan et al. 2012), and as such, would likely have had 

relatively high δ18O. 

The data from modern water sources cannot be compared directly to 

archaeological tooth enamel, but they still help estimate the relative differences that 

existed in different regions during the third millennium BC. In particular, studies of South 

Asian river water provide the most comprehensive δ18O data set from which to infer 

variation across the Greater Indus Valley (Figure 4-3). Broadly speaking, the Indus, 

Ghaggar-Hakra, and Yamuna Rivers represent distinct isotopic regions. The Indus can 

be further subdivided into the upper reaches, the western tributaries, and the combined 

region covered by the foreland tributaries and the lower reaches of the main Indus 

channel. The latter region includes the major urban centers of Harappa and Mohenjo-

Daro and can be considered the ‘heartland’ of the Indus Civilization. During the summer 

months, the lower Indus and foreland tributaries share similar δ18O. Far greater 

variability in δ18O is found in the middle and upper Indus because of the countervailing 
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influences of high altitude and relatively enriched winter rains. For example, the high 

altitude reaches of the Indus main channel have lower δ18O compared to the foreland 

tributaries by as much as 5‰. Conversely, the streams that drain western peaks have 

δ18O as much as 8‰ higher than the foreland tributaries—a difference presumably 

attributable to greater winter precipitation (Karim and Veizer 2002). Similarly high values 

might also have been found in the far southeastern regions of the Indus Civilization as 

inferred from modern δ18O in the Narmada and Tapti rivers draining western India 

(Lambs et al. 2005).  

A more modest increase in δ18O can be found to the east of the Indus heartland. 

As it emerges from the Himalayas, for example, the lower reaches of theYamuna main 

channel exhibit δ18O ~2-3‰ higher than the foreland tributaries—a difference that may 

be partly attributable to summer precipitation and the proximity of the Bay of Bengal. 

Even higher δ18O may characterize the Ghaggar-Hakra basin given the relatively low-

altitude headwaters and increased contribution from the Arabian Sea monsoon. 

Collectively then, modern river data suggest a complex hydrological environment in 

which the highest δ18O is found along the western highlands and southeastern coast, 

followed by the Ghaggar-Hakra basin (Figure 4-3). The next highest values come from 

the Yamuna basin, the combined lower Indus-foreland tributary region, and lastly the 

middle and upper reaches of the Indus excluding those tributaries draining western 

peaks.  

The riverine data suggest certain broad trends in δ18O, but the potential 

complexities of local hydrology must always be considered. River water tracks the 

isotopic composition of seasonal precipitation regimes (e.g., Dalai et al. 2002), whereas 
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variation in regional groundwaters can be even more complex depending on source 

mixing and evaporative effects (Gupta and Deshpande 2005; Lorenzen et al. 2012). 

Considering the potential for diverse archaeological water management practices, it is 

difficult to say which modern data sets best approximate protohistoric δ18O. Large-scale 

climatic changes in the late Holocene further complicate this matter. Precipitation 

gradually declined throughout the urban era and into the second millennium BC, but 

western sources of winter precipitation dwindled more slowly (Wright et al. 2008). It is 

uncertain how significantly major climate changes might have altered the broad relative 

differences identified across the region. Nevertheless, spatial patterning in δ18O is 

significantly influenced by topography which has remained unchanged since Indus 

times. Furthermore, river water and tooth enamel samples both represent a spatial and 

chronological average of environmental water sources, suggesting they may correlate 

closely despite the complexities of local hydrology.  

A final environmental consideration is the pattern of millet consumption (a C4 

crop) as reflected in stable carbon isotope values (δ13C) of tooth enamel. There has 

been a tendency in the past to emphasize broad regional similarities and large-scale 

chronological trends in Indus agriculture (e.g., Meadow 1989a; Meadow 1996; Weber 

1999). Weber and colleagues (2010), however, recently advocated a departure from a 

grand narrative in which a predominantly winter-cropping Indus heartland turned to 

millets during the drier, post-urban era. Instead, they emphasized regional variation in 

subsistence regimes and called for high-resolution ecological modeling. The view of 

Weber et al. serves as a reminder that agriculture in general, and millet consumption in 

particular, cannot be presented as either/or scenarios. Therefore, no simple predictions 



 

91 

can be made for δ13C at Harappa, Farmana, and Sanauli. Even given the high quality 

archaeobotanical data recovered from Harappa (Weber 2003), the non-representative 

nature of Indus mortuary populations precludes straightforward modeling of δ13C. 

Towards an Isotopic Baseline 

Prior to isotopic mortuary analyses at the primary study sites, sediments and 

faunal tooth enamel were used to evaluate interregional isotopic differences in the 

biologically available fraction of strontium, lead, and oxygen. Sample collection included 

materials from secure chronological contexts at Rakhigarhi, Allahdino, Balakot, 

Mehrgarh, and Nausharo, as well as the mortuary sites of Farmana, Harappa, and 

Sanauli. As observed above, there is a general lack of regional data for the biologically 

available fraction of environmental Pb, however, it is possible to provide estimates for 

87Sr/86Sr and δ18O. Allahdino and Balakot, for example, are coastal sites near the Indus 

delta and Makran coast, respectively. Each should reflect relatively less radiogenic 

contributions from the Western Fold Belt, as well as a potential marine influence on 

87Sr/86Sr in the form of marine aerosols or through the consumption of marine food 

resources (Bentley 2006). In such cases, one would expect 87Sr/86Sr intermediate 

between that of the lower Indus (~0.711) and the ocean (~0.709) (McArthur et al. 2012). 

Mehrgarh and Nausharo, on the other hand, lie near the Bolan River which drains the 

Western Fold Belt. Therefore, local geochemistry should be consistent with winter 

storms (relatively high δ18O) and carbonate-rich highlands (~0.708-0.709). Far higher 

87Sr/86Sr is expected at Harappa and Sanauli (~0.718-0.720) based on their proximity to 

Himalayan rivers, whereas Rakhigarhi and Farmana should fall somewhere in the 

middle due to carbonate-rich aeolian contributions from the lower Indus region. Harappa 

δ18O should be broadly consistent with that of Allahdino and Balakot to the south, 
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slightly lower than Sanauli to the east, and even lower than semi-arid Rakhigarhi and 

Farmana to the southeast.  

The above regional estimates of isotopic variability were tested using sediment 

leachates and tooth enamel from archaeological fauna. All environmental samples 

taken for this study approximate the biologically available component of local isotope 

systems, but any proxy for human dietary catchments is problematic. One reason for 

this is that interspecific differences in diet and drinking water can result in isotopic 

variation within a given locale. Pigs (Sus), dogs (Canis), equids (Equus) and gazelles 

(Gazella) consume vegetation under different regimes of evapotranspiration – a dietary 

variable known to affect δ18O (Kohn et al. 1996; Schoeninger et al. 2000; Sponheimer 

and Lee-Thorp 2001). Further, obligate drinkers (e.g., pigs, dogs, equids, and humans) 

tend to have lower δ18O than browsing animals that receive their water primarily through 

vegetation they consume (e.g., gazelles). Other complications arise when considering 

the mobility of fauna or their food sources. The diet of non-domesticated mobile animals 

may include foods from regions not exploited by nearby humans and could therefore be 

non-representative of local geochemistry. Even domesticated and commensal animals 

need not have lived in the same place from birth to death, nor must they have been 

consumed or disposed of in the same location. Pigs have been shown to have low 

87Sr/86Sr variation in certain contexts (Bentley and Knipper 2005), but they can have 

widely varying diet or be transported relatively long distances in other contexts (Hide 

2003).  

Sediment leachates are similarly imprecise as they represent only a very small 

portion of a large human dietary catchment. Also, the fraction of Sr and Pb leachable by 
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methods used in this study may not precisely represent the soluble fraction taken up by 

biological organisms. For these reasons, any isotopic proxy for local human dietary 

catchments must necessarily be imprecise, and likely overestimates local ranges.  

Results of the Baseline Analyses 

The results of the baseline analyses presented in Table 4-1 show considerable 

interregional isotopic variation. Values of 87Sr/86Sr range from 0.70792 to 0.72112 with 

Sr concentrations from 444 to 1098 ppm. Lead isotope ratios are similarly wide ranging 

for all three ratios: 208Pb/204Pb from 38.371 to 39.511, 207Pb/204Pb from 15.655 to 

15.823, and 206Pb/204Pb from 18.468 to 19.392. Faunal tooth enamel yielded δ18O of -

6.1 to 8.3‰ and δ13C of -13.3 to 1.6‰. Means and standard deviations are presented 

on a site-by-site basis in Table 4-2.  

As a cost saving measure, MC-ICP-MS was used rather than TIMS for the Sr 

isotope analysis of environmental samples during the pilot phase of this study. Using 

TIMS, however, permits the simultaneous determination of Sr concentration. 

Consequently, no concentration data are available for most environmental samples. 

Only the subset of environmental samples analyzed using TIMS during the second 

phase of research are presented in Figure 4-4. No Sr concentrations were determined 

for sediment leachates as such data are non-representative of the human dietary 

catchment and irrelevant to archaeological provenience studies. The Sr concentrations 

for fauna at Harappa and Rakhigarhi appear roughly equivalent with no obvious 

patterning. Also, there is a clear interregional difference in 87Sr/86Sr despite the overlap 

resulting from two outliers. Mean 87Sr/86Sr at Harappa is 0.71865 ± 0.00270 (2σ), 

distinctly higher than 0.71617 ± 0.00262 (2σ) at Rakhigarhi, t(19) = 4.12, p < 0.001. 
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All fauna and sediments are shown in the Pb-Pb plots (Figures 4-4 & 4-5). Both 

distributions plot along an elongated triangular field suggesting three end members. 

Farmana and Sanauli plot at the uppermost corner of the triangular distribution, implying 

a distinct source of Pb in the east. Allahdino, Balakot, Mehrgarh, and Nausharo have 

the lowest values and are indistinguishable from each other. Therefore the south and 

west of the Greater Indus Valley likely share a common Pb source. In Figure 4-5, 

Harappa data are nearly identical to those from southwestern sites, but based on Figure 

4-6, it may be that Harappa receives a distinct geochemical contribution from a third end 

member. Generally speaking, Pb isotope composition is more radiogenic at 

northeastern sites and less radiogenic in the southwest, but the slight offset in data from 

Harappa (towards low 206Pb/204Pb and moderate 207Pb/204Pb) suggests that Harappa is 

influenced by a particular Himalayan lithology that is not strongly represented either in 

the lower reaches of the Indus River or in the more easterly alluvial plains. Further, the 

data in Figure 5-3 plot in a broadly similar distribution to the regional lithological units 

depicted by Clift and coworkers (2002). Unfortunately, the large degree of overlap 

between the Pb-Pb fields of Clift et al. precludes precise provenience, and only tentative 

sourcing is possible without additional isotopic analyses of biologically available Pb 

throughout the Greater Indus region. One possibility is that the low isotope ratios of the 

lower Indus are derived from the ITSZ, whereas the high ratios at Harappa, Rakhigarhi, 

Farmana, and Sanauli are derived from the HHC and Lesser Himalaya. At Harappa, the 

relatively low 206Pb/204Pb as compared to sites further east may reflect proportionately 

greater input from the Lesser Himalaya. 
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Distributions of δ18O for faunal tooth enamel at the baseline sites are consistent 

with the expectations outlined previously (Figure 4-7). Very similar values at Harappa (-

3.1‰ ± 2.3 [2σ]) and Allahdino (2.9‰ ± 2.4 [2σ]) show relative homogeneity within the 

Indus heartland, whereas slightly higher δ18O is found at Rakhigarhi (-1.8‰ ± 4.5 [2σ]) 

along the Ghaggar-Hakra catchment (t(19) = 2.188, p = 0.041). The highest values are 

found at Mehrgarh (3.0‰) and Nausharo (2.5‰ ± 3.9 [2σ]) as anticipated based on their 

proximity to the Western Fold Belt drainage. All fauna sampled are obligate drinkers 

with the exception of two gazelles recovered from Nausharo. The latter two samples 

show expected 18O enrichment (7.8‰ ± 1.5 [2σ]), and the data are considered 

separately from the rest of the faunal sample.  

Distributions of faunal δ13C suggest no marked interregional differences, 

although equids at Nausharo have a very strong C4 signal (1.0‰ ± 0.8 [2σ]) as one 

would expect for grazers in an arid environment (Figure 4-8). Further, faunal δ13C at 

Allahdino and Harappa exhibit a bimodal distribution that is not explained by 

interspecific differences. Both pigs and dogs have high and low δ13C, perhaps reflecting 

differences between wild and domesticated fauna or different provisioning practices. 

Their differences aside, the majority of faunal δ13C data suggest a predominantly C3 diet 

with slight to moderate contributions from C4 foods.  

Far more geographic patterning is apparent in the heavy isotope ratios (Figure 4-

9). The Sr isotope data partition largely as expected, with southwestern sites dominated 

by low 87Sr/86Sr sources, and northern sites influenced by highly radiogenic Himalayan 

sediments. Slightly less radiogenic values at Farmana and Rakhigarhi may reflect low 

87Sr/86Sr aeolian contributions from the southern Indus plains. The extremely low 
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87Sr/86Sr at Mehrgarh and Nausharo is probably controlled by the carbonate-rich 

Western Fold Belt, and the modest increase in 87Sr/86Sr at Allahdino and Balakot likely 

comes from a combination of terrains: theTrans-Himalaya and HHC sources in the 

middle and upper reaches of the main Indus channel as well as the foreland tributaries 

draining the Lesser Himalaya. Whatever the ultimate source, each region has distinct 

heavy isotopic ranges. Further, the faunal isotopic distributions from Harappa and 

Rakhigarhi are characterized by a tight cluster with ‘satellite’ data points. This pattern is 

consistent with a primarily local dietary catchment supplemented by the long-distance 

transportation of faunal resources. Consequently, the smaller clusters may represent 

local dietary catchments more accurately than the inclusive faunal data set. Lastly, 

sediment leachates and fauna from the same site are broadly consistent, suggesting 

that both proxies are useful in determining local ranges of isotopic variation in the 

Greater Indus region. 

In summary, analyses of archaeological fauna and sediment leachates support 

inferences from the literature that the Indo-Gangetic Plains and adjacent areas are 

geochemically distinct and suitable for archaeological provenience studies. Though 

much additional work is required, this developing data set appears to be systematically 

related to proximal sediment sources. Even where environmental data are presently 

unavailable, this suggests that some constraints can be put on the provenience of 

individuals who do not precisely match the current comparative data set. 
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Table 4-1.  Baseline samples – results of the analyses 

Sample Site 
Leachate/ 
Taxon 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

AS1 Allahdino Sus 0.70876 
 

38.702 15.674 18.555 -1.5 -10.9 

AS2 Allahdino Sus 0.71082 
 

38.840 15.689 18.647 -2.4 -10.8 

AS3b Allahdino Sus 0.70873 
 

39.103 15.705 18.795 -2.6 -11.7 

AS4 Allahdino Sus 0.71088 
 

38.945 15.697 18.702 -3.0 -10.7 

AS5 Allahdino Sus 0.70870 
 

38.696 15.668 18.565 -4.8 -0.7 

BS3a Balakot acetic 0.70890 
 

38.950 15.706 18.676 
  BS3h Balakot HCl 0.70894 

 
38.990 15.704 18.698 

  BS5a Balakot acetic 0.70888 
 

39.132 15.723 18.785 
  BS5h Balakot HCl 0.70896 

 
39.146 15.717 18.792 

  BS13a Balakot acetic 0.70869 
 

39.161 15.727 18.796 
  BS13h Balakot HCl 0.70883 

 
39.186 15.727 18.810 

  F2Sa Farmana acetic 0.71553 
 

39.421 15.823 19.339 
  F2Sh Farmana HCl 0.71565 

 
39.452 15.822 19.341 

  F20Sa Farmana acetic 0.71559 
 

39.393 15.817 19.297 
  F20Sh Farmana HCl 0.71565 

 
39.402 15.813 19.307 

  F53Sa Farmana acetic 0.71554 
 

39.425 15.821 19.339 
  F53Sh Farmana HCl 0.71594 

 
39.449 15.820 19.343 

  HC1 Harappa Canis 0.71828 
 

38.860 15.720 18.687 -2.3 -2.7 

HC2 Harappa Canis 0.71797 1098 39.071 15.733 18.874 -3.4 -8.7 

HC3 Harappa Canis 0.71828 
 

39.027 15.728 18.762 -3.8 -7.8 

HS1 Harappa Sus 0.71913 
 

39.042 15.733 18.779 -2.4 -10.2 

HS2 Harappa Sus 0.72112 
 

38.939 15.733 18.684 -1.4 -7.2 

HS3 Harappa Sus 0.71796 
 

38.919 15.730 18.718 -3.8 -11.2 

HS4 Harappa Sus 0.72084 498 39.087 15.737 18.791 -2.7 -9.3 

HS5 Harappa Sus 0.71569 444 38.818 15.741 18.674 -4.1 -1.6 

1 light stable isotope data from [Kenoyer, J. M., T. D. Price, and J. H. Burton 2013. A New Approach to Tracking 
Connections between the Indus Valley and Mesopotamia: Initial Results of Strontium Isotope Analyses from Harappa and 
Ur. Journal of Archaeological Science 40(5):2286-2297 (Page 2294, Table 2)] 
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Table 4-1.  Continued 

Sample Site 
Leachate/ 
Taxon 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

HS6 Harappa Sus 0.71855 
 

38.580 15.728 18.468 -4.7 -10.1 

HS7 Harappa Sus 0.71795 
 

38.979 15.736 18.796 -3.2 -12.9 

HS8 Harappa Sus 0.71908 853 38.955 15.737 18.735 -4.2 -11.5 

HA051 Harappa Sus 0.71892 663 39.149 15.749 18.845 -0.7 -7.6 

HA061 Harappa Sus 0.71869 837 39.189 15.749 18.858 -3.9 -10.7 

MC1 Mehrgarh Canis 0.70815 
 

38.886 15.696 18.659 3.0 -9.9 

MC2 Mehrgarh Canis 0.70802 
 

38.814 15.685 18.622 
  MS85a Mehrgarh acetic 0.70795 

 
39.082 15.708 18.795 

  MS85h Mehrgarh HCl 0.70803 
 

39.115 15.708 18.798 
  MS132a Mehrgarh acetic 0.70792 

 
39.023 15.706 18.751 

  MS132h Mehrgarh HCl 0.70812 
 

39.070 15.707 18.765 
  NE1 Nausharo Equus 0.70827 

 
39.105 15.708 18.782 4.0 0.6 

NE2 Nausharo Equus 0.70825 
 

38.934 15.697 18.662 2.0 0.8 

NE3 Nausharo Equus 0.70821 
 

38.750 15.681 18.638 0.0 1.6 

NE4 Nausharo Equus 0.70820 
 

39.051 15.694 18.748 4.1 1.2 

NG1 Nausharo Gazella 0.70811 
 

38.888 15.690 18.705 7.3 -7.5 

NG2 Nausharo Gazella 0.70816 
 

38.955 15.691 18.699 8.3 -13.2 

RS1 Rakhigarhi Sus 0.71574 617 39.054 15.781 18.971 -1.2 -8.8 

RS2 Rakhigarhi Sus 0.71585 767 39.188 15.799 19.053 -2.5 -9.7 

RS3 Rakhigarhi Sus 0.71568 894 38.996 15.781 18.920 -3.3 -9.4 

RS4 Rakhigarhi Sus 0.71471 872 38.815 15.715 18.660 -6.1 -6.8 

RS5 Rakhigarhi Sus 0.71903 483 39.070 15.763 18.970 -1.1 -5.9 

RS6 Rakhigarhi Sus 0.71702 510 39.020 15.759 18.887 0.7 -9.6 

RS7 Rakhigarhi Sus 0.71582 514 39.078 15.765 19.008 -2.0 -6.1 

RS8 Rakhigarhi Sus 0.71556 584 38.371 15.655 18.584 0.9 -7.8 

1 light stable isotope data from [Kenoyer, J. M., T. D. Price, and J. H. Burton 2013. A New Approach to Tracking 
Connections between the Indus Valley and Mesopotamia: Initial Results of Strontium Isotope Analyses from Harappa and 
Ur. Journal of Archaeological Science 40(5):2286-2297 (Page 2294, Table 2)] 
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Table 4-1.  Continued 

Sample Site 
Leachate/ 
Taxon 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

SXD3a Sanauli acetic 0.71762 
 

39.412 15.812 19.333 
  SXD3h Sanauli HCl 0.71842 

 
39.461 15.820 19.369 

  SXD4a Sanauli acetic 0.71823 
 

39.444 15.812 19.363 
  SXD4h Sanauli HCl 0.71967 

 
39.491 15.817 19.381 

  SCSa Sanauli acetic 0.71752 
 

39.486 15.820 19.392 
  SCSh Sanauli HCl 0.71900   39.511 15.819 19.390     

1 light stable isotope data from [Kenoyer, J. M., T. D. Price, and J. H. Burton 2013. A New Approach to Tracking 
Connections between the Indus Valley and Mesopotamia: Initial Results of Strontium Isotope Analyses from Harappa and 
Ur. Journal of Archaeological Science 40(5):2286-2297 (Page 2294, Table 2)] 
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Table 4-2.  Baseline samples summary statistics—mean±2σ 

Site 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

Allahdino 0.70958±0.00232 
 

38.857±0.344 15.687±0.030 18.653±0.200 -2.9±2.4 -9.0±9.2 

Balakot 0.70887±0.00019 
 

39.094±0.197 15.717±0.021 18.760±0.115 
  Farmana 0.71565±0.00030 

 
39.423±0.048 15.819±0.007 19.328±0.040 

  Harappa 0.71865±0.00270 732±492 38.970±0.318 15.735±0.017 18.744±0.212 -3.1±2.3 -8.6±6.6 

Mehrgarh 0.70803±0.00018 
 

38.998±0.241 15.702±0.018 18.731±0.148  3.0 -9.9 

Nausharo (Equus) 0.70823±0.00006 
 

38.960±0.314 15.695±0.022 18.707±0.137  2.5±3.9 1.0±0.8 

Nausharo (Gazella)1 0.70811±0.00007 
 

38.921±0.094 15.690±0.001 18.702±0.009  7.8±1.5 -10.4±8.2 

Rakhigarhi 0.71617±0.00262 655±333 38.949±0.512 15.752±0.092 18.882±0.338 -1.8±4.5 -8.0±3.2 

Sanauli 0.71841±0.00165 
 

39.467±0.072 15.816±0.008 19.371±0.044 
  1  very small sample size (n≤3) 
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Figure 4-1.  Himalayan geology. [adapted from Critelli, S. and Garzanti, E. 1994. 

Provenance of the Lower Tertiary Murree Redbeds (Hazara-Kashmir 
Syntaxis, Pakistan) and Initial Rising of the Himalayas. Sedimentary Geology 
89(3-4):265-284 (Page 266, Figure 1)] 
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Figure 4-2.  Riverine 87Sr/86Sr ranges [data from Krishnaswami, S., J. R. Trivedi, M. M. 

Sarin, R. Ramesh, and K. K. Sharma 1992. Strontium Isotopes and Rubidium 
in the Ganga-Brahmaputra River System: Weathering in the Himalaya, Fluxes 
to the Bay of Bengal and Contributions to the Evolution of the Oceanic 
87Sr/86Sr. Earth and Planetary Science Letters 109(1-2):243-253 (Page 246, 
Tables 1 & 2); Pande, K., M. M. Sarin, J. R. Trivedi, S. Krishnaswami, and K. 
K. Sharma 1994. The Indus River System (India-Pakistan): Major Ion 
Chemistry, Uranium and Strontium Isotopes. Chemical Geology 116(3-4):245-
259 (Page 255, Table 4); Karim, A. and J. Veizer 2000. Weathering 
Processes in the Indus River Basin: Implications from Riverine Carbon, 
Sulfur, Oxygen, and Strontium Isotopes. Chemical Geology 170(1-4):153-177 
(Page 158-160, Table 1); Dalai, T. K., S. Krishnaswami, and A. Kumar 2003. 
Sr and 87Sr/86Sr in the Yamuna River System in the Himalaya: Sources, 
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Fluxes, and Controls on Sr Isotope Composition. Geochimica et 
Cosmochimica Acta 67(16):2931-2948 (Page 2936-2937, Table 1); 
Chakrapani, G. J. 2005. Major and Trace Element Geochemistry in Upper 
Ganga River in the Himalayas, India. Environmental Geology 48(2):189-201 
(Page 197, Table 4)] 
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Figure 4-3.  Summer riverine δ18O ranges [data from Ramesh, R. and M. M. Sarin 1992. 

Stable Isotope Study of the Ganga (Ganges) River System. Journal of 
Hydrology 139(1-4):49-62 (Page 54-55, Table 1); Dalai, T. K., S. K. 
Bhattacharya, and S. Krishnaswami 2002. Stable Isotopes in the Source 
Waters of the Yamuna and its Tributaries: Seasonal and Altitudinal Variations 
and Relation to Major Cations. Hydrological Processes 16(17):3345-3364 
(Page 3350-3351, Table 1); Karim, A. and J. Veizer 2002. Water Balance of 
the Indus River Basin and Moisture Source in the Karakoram and Western 
Himalayas: Implications from Hydrogen and Oxygen Isotopes in River Water. 
Journal of Geophysical Research: Atmospheres 107(D18):4362 (Table 1)] 
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Figure 4-4.  Baseline samples in Sr-Sr space—reciprocal of Sr concentration 

 
Figure 4-5.  Baseline samples in Pb-Pb space—208Pb/204Pb 
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Figure 4-6.  Baseline samples in Pb-Pb space—207Pb/204Pb 

 
Figure 4-7.  Baseline samples—δ18O 
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Figure 4-8.  Baseline samples—δ13C 

 
Figure 4-9.  Baseline samples in Pb-Sr space—87Sr/86Sr 
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CHAPTER 5 
FARMANA 

The site of Farmana is located in the modern Indian state of Haryana among the 

easternmost regions of Indus settlements. The site sits ~30 km off the Chautang River, 

a now dry tributary of the seasonal Ghaggar River. The site occupied a strategic 

position between the urban center that is Rakhigarhi and the highlands of the Aravalli 

Range to the south.  The entire region is part of the interfluve between the Indus and 

Ganges basins, and as such has distinct ecologies and geochemical makeup. The local 

sediments are largely a product of alluvial deposition through drainage of the Lesser 

Himalayas to the north and aeolian input from the Thar Desert to the southwest.  The 

Thar Desert is similarly alluvial in nature, but derives primarily from the Indus River, and 

therefore helps differentiate the southern Ghaggar basin from the northern areas 

(Thussu 1995). 

Archaeologically, the entire region is noteworthy for a high concentration of Indus 

Civilization sites during the Integration Era (2600-1900 BC), after which declining 

monsoonal precipitation may have spurred eastward and northward migration towards 

relatively more wet and stable ecological zones (Giosan et al. 2012). Indus tradition 

deposits at Farmana date to ca. 2500-2200 BC, suggesting residents lived during a 

period with ready access to water (Paleo-Labo AMS Dating Group 2011). Their precise 

water management practices, however, remain uncertain. There is scarce evidence 

within the Indus Civilization for large-scale irrigation canals and people likely relied on a 

range of practices including rain-fed or inundated fields supplemented by small-scale 

extension canals and well or lift irrigation (Miller 2006b). At Farmana, surface collection 

of several burnt wedge-shaped bricks typically used in well construction hint at the latter 
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method, but streams and lakes may have contributed to the local water supply as well 

(Shinde 2011b). 

The ecological setting suggests an environment amenable to isotopic 

comparisons with other contemporary sites. For example, there is nothing to suggest 

that water sources at Farmana were inordinately exposed to evaporative processes, 

thereby exhibiting disproportionately high δ18O relative to that of local precipitation. 

Further, the scale of variation in geological features is suitable to questions of 

interregional mobility. Whether immigrants came from the Aravallis, the Thar Desert, the 

Indus tributaries to the west, the Himalayan piedmont, or the Yamuna and Ganges to 

the east, there is every reason to expect that their non-local origins will be reflected in 

geochemical data derived from tooth enamel apatite. Though much future work is 

needed to fully characterize isotopic variation within the region, the Farmana 

environment is well suited to archaeological investigation using isotopic methods.  

Further, archaeological evidence from three consecutive field seasons of 

excavation at Farmana (2006-2009) (Shinde et al. 2008a; Shinde et al. 2008b; Shinde 

et al. 2011a) offers an important comparison against relatively comprehensive 

archaeological records at major urban centers. Archaeologists increasingly 

acknowledge that so-called peripheral areas often serve as dynamic cultural frontiers 

and regions in which individuals of diverse backgrounds are most likely to interact. In a 

frontier, the social milieu of evolving relationships conditions the processes of 

acculturation and ethnogenesis relevant to the cultural politics of modern nation-states 

(Lightfoot et al. 1998; Stein 2002; Naum 2010). Farmana sits near the eastern limit of 

the Indus Civilization site distribution and as such, is a vital source of data for 
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understanding how these processes operated in the context of ancient urbanized 

polities. Given the sites proximity to mineral-rich highlands and sites of other cultural 

traditions (e.g., Ganeshwar-Jodhpura phase), it can be hypothesized that Farmana 

served as a kind of outpost in which material (and therefore cultural) exchange regularly 

took place (Shinde 2011b). The likelihood that people regularly moved materials 

through Farmana invites a fuller investigation of how people themselves migrated into 

the site during its occupation. The strontium, lead, carbon, and oxygen isotope values 

and strontium concentrations presented in this chapter provide compelling evidence for 

consistently patterned migration among those individuals in the excavated mortuary 

population with preserved tooth enamel. A review of the archaeological context is 

needed, however, to better understand the significance of the isotopic data. This 

chapter summarizes the results of excavation in the habitation area and the cemetery 

followed by a presentation of the biogeochemical data derived from human tooth 

enamel.  

Habitation Area 

The habitation area at Farmana is made up of a single mound spread over 18 ha, 

a relatively large area given that the vast majority of Integration Era sites are less than 5 

ha in size (Possehl 2002b; Shinde 2011b). It is clear from size alone that Farmana must 

have been viewed as a relatively significant place on the Indus landscape. 

Unfortunately, active use of the surrounding agricultural lands has destroyed more 

recent archaeological deposits postdating 2300 BC and may have destroyed additional 

material in the peripheral portions of the site that could provide a more precise estimate 

of settlement area. Though modern land use has complicated work on more recent 

archaeological material at Farmana, excavators have described twelve stratigraphic 
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layers of anthropogenic deposits that show the culture history of typical Indus traits at 

the site.  

For example, the earliest strata document the use of a round pit feature that likely 

had a wooden superstructure along with three pots of what Shinde (Shinde 2011c) 

labeled the Hakra phase. Similar pit structures have been documented at the nearby 

sites of Bhiranna (Rao et al. 2004), Girawad (Shinde et al. 2011b), and Kunal (Khatri 

and Acharya 1995) in contexts that suggest they were used for domestic purposes. 

Shinde (2011c) regarded these founding deposits as Early Harappan, in part because 

they immediately precede strata containing typical Harappan, or Integration Era, 

materials and architecture such as a grid layout of buildings composed of mud bricks 

formed with the characteristic proportions of 1:2:4. Further, Hakra ceramics are known 

to occur in pre-urban contexts, although the use of the term Hakra requires additional 

clarification. Shinde’s holistic culture history is internally consistent but terminologically 

complicated by the lack of coordination across the India-Pakistan border. Shaffer’s 

(1992) and Possehl’s (2002b) chronologies use Hakra, as exemplified in the work of 

Mughal (1997), to indicate the pottery phase preceding Kot Diji ceramics of the Early 

Harappan period in Cholistan. Across the border in the contiguous regions of the 

Ghaggar basin that include Farmana, variation in Early Harappan ceramic styles has led 

to the designation Sothi-Siswal. Neither Shaffer’s nor Possehl’s chronologies regard the 

Hakra phase as diagnostic of the Early Harappan. In a pointed effort to disentangle the 

Indus culture history nomenclature, Kenoyer (2011b) suggested that Hakra legitimately 

refers to the Early Harappan period but that the term has been applied so broadly as to 

obscure the interregional differences and interactions so critical to understanding the 
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incipient development of integrated urbanism during the Regionalization Era. Sharing a 

concern for regional differences, Uesugi (2011b) noted in his alternative chronology of 

the Farmana ceramic assemblage that there are close similarities between regional 

styles of pottery and the Sothi-Siswal phase. Though Shinde and Uesugi use different 

methods and reach different conclusions about Farmana chronology, both observe the 

persistence of regional ceramic styles alongside the Harappan phase ceramics—pottery 

commonly associated with urbanization and the Integration Era. Uesugi specifically 

suggested that no particular trend in the frequencies of Harappan versus non-Harappan 

types could be observed either vertically or in different excavation areas. However, 

potential mixing of the strata and incomplete stratigraphic sequences in certain 

excavation areas as a consequence of modern agricultural activity at Farmana 

complicates any relative chronology. As a result, statements about the cultural 

sequence need to be used cautiously and tested through further excavation at 

undisturbed areas of the site (Kenoyer personal communication). Therefore it is unclear 

whether Uesugi’s interpretation of the horizontal and stratigraphic distribution of pottery 

types reflects the pre-taphonomic reality. 

Despite uncertainties within the Farmana culture history, the different pottery 

styles identified at the site broadly corroborate the radiocarbon dates in suggesting that 

the surviving cultural deposits formed over a few hundred years. Harappan and regional 

styles are found in significant quantities, making it clear that Farmana residents had 

external interactions at the regional and Greater Indus scales. Harappan pottery is 

defined in part by its formal similarities to types described at Mohenjo-Daro along the 

lower Indus Valley (Marshall 1931; Mackay 1938; Dales and Kenoyer 1986a) and 
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Harappa along the upper Indus Valley (Wheeler 1947; Jenkins 1994). Further, 

Harappan pottery is thrown entirely using fast wheel rotation and its painted motifs, 

when present, are distinctive. Non-Harappan pottery consists of styles with a more 

limited regional distribution and a smaller range of vessel forms. The painted motifs are 

distinct from those of Harappan ceramics and various technical features including an 

appliqué ring base and discontinuous striations suggest greater use of hand molding 

methods (Uesugi 2011b). 

A host of artifacts made of exotic materials further attest to Farmana residents’ 

participation in interregional networks (Konasukawa et al. 2011). Beads and bangles are 

made of a range of locally unavailable materials including marine shell, fired steatite, 

carnelian, copper, and gold. Administrative technologies such as diagnostic chert 

weights and typical Indus seals and sealings emphasize the site’s incorporation into 

broader Indus urbanism. Even the ubiquitous triangular terracotta cake implies the use 

of classic Indus pyrotechnology, and the architectural context is similarly indicative of 

Integration Era habitation. The rectangular, multi-room, mud brick complexes contain 

central courtyards and orient along a grid plan of streets—all features of the Integration 

Era. Interestingly, differences in the quality of architecture may suggest differential 

access to labor or material by different groups. Certainly the wide variety of local and 

non-local materials used to craft common forms of jewelry suggests a hierarchy of value 

consistent with social inequality.  

Even the diversity of foodstuffs discovered in the archaeobotanical analyses 

(Sugiyama 2011; Weber et al. 2011) suggests the possibility that dietary choices may 

have been guided in part by group affiliation. The overall assemblage of plants revolved 
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around cereals and pulses and incorporated both summer and winter crops. Rice is 

absent, but there is combined use of Southwest Asian cereals like barley and wheat 

with indigenous millets. By dividing the botanical sample into two groups representing 

upper strata and lower strata, Weber and colleagues inferred a decrease in wheat and 

barley through time that could have resulted from decreasing winter rains. They also 

recovered direct evidence for consumption of millets, barley, and gram in dental 

calculus from a small sample of human teeth.  

To summarize, various lines of evidence confirm the fact that Farmana was part 

of the larger Indus Tradition from the outset, contributing to regional identity in the early 

phases and eventually integrated into the Harappan Phase by around 2600 BC. Though 

chronology remains imprecise, very broad trends appear in comparisons of the earliest 

and latest strata. The first residents likely lived in pit dwellings and used Early Harappan 

material culture, but those Early Harappan strata are immediately succeeded by 

typically urban Integration Era architecture suggesting cultural transformation rather 

than abandonment and resettlement. Additionally, documentation of Early Harappan 

assemblages across the Greater Indus region shows that the Early Harappan period is 

the evolutionary forebear of Harappan period urbanism (e.g., Kenoyer and Meadow 

2000; Bisht 1997; Nath 1998; Nath 2001). Change at Farmana is not limited to ceramics 

and architecture, however. Archaeobotanical evidence suggests decreased reliance 

over time on cereals of Southwest Asian origin such as wheat and barley. This may 

have resulted from changing patterns of precipitation, such that climatic and dietary 

changes should register in carbon and oxygen isotope values of human dental enamel.  
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The diversity of raw materials and foodstuffs at Farmana also suggests possible 

behavioral elements of social differentiation. This aggregate view of variability at 

Farmana may actually encompass different lifeways of different social groups, raising 

the question of how representative the mortuary sample is of the population at large. A 

clearer understanding of mortuary variability is needed to determine precisely how the 

bioarchaeological data relate to trends inferred from the habitation area.   

Cemetery Area 

The Farmana cemetery is located ~900 m northwest of the habitation area, and 

like the settlement itself, is disturbed by agricultural activity (Shinde 2011a). The 

excavated area covers less than 1 ha although initial surveys suggest the entire 

cemetery may cover ~3 ha. It was excavated over two seasons (Shinde et al. 2008b, 

2011) after having been accidentally discovered in the 2007-2008 season. The 

excavators discovered 70 burials, 58 of which were fully excavated by the end of the 

2008-2009 field season. The graves were readily identified by their darker backfill, and it 

is clear that all of the burials were fully surveyed in the excavation area measuring 

35x21 m2. 

As at the habitation area, the relative chronology for the cemetery remains 

problematic. Shinde (2011a) placed the burials into three periods, the Early (2A), Middle 

(2B), and Late (2C) phases of the Mature Harappan Period (2600-1900 BC), whereas 

Uesugi (2011a) divided the burials across four sequential phases between ca. 2500-

2200 BC (Table 5-1). Further, there is substantial disagreement between the two 

approaches to seriation of pottery resulting in incompatible chronologies. 

Problematically, the burials at Farmana cannot be linked stratigraphically or across 

space because the overlying strata that would show where the burial pits are located 



 

116 

were removed by later agricultural activity. This makes it impossible to determine their 

precise chronological relationships. The widely different results from the two attempts at 

periodization suggest that pottery is not necessarily the best way to seriate the graves 

except at a very broad level of earlier and later (Kenoyer personal communication). For 

this reason, the isotopic mortuary analysis of Farmana will treat the mortuary sample as 

a single chronological population. 

Unfortunately, similar logic precludes the reliable use of biological sex in the 

mortuary analysis. Preservation of the Farmana skeletal remains was extremely poor, 

resulting in highly friable material that retains few reliable osteological indicators of sex. 

Osteological assessment of the material using the methods of Buikstra and Ubelaker 

(1994) was followed with only a handful of cranial traits scored for any given individual. 

Many diagnostic regions were represented by sections of bone that were fractured, 

deformed, heavily eroded or otherwise damaged through generally poor preservation. A 

more thorough analysis was performed by the Deccan College Post-Graduate and 

Research Institute Biological Anthropology Lab that resulted in different sex 

assignments (Table 5-1) (Mushrif-Tripathy personal communication). Given the poor 

sample preservation and high inter-observer error, the most conservative approach is to 

ignore biological sex as a category in the Farmana mortuary analysis. The relatively 

better preservation of tooth enamel, however, aided in age estimations. Distinctions 

between adults and sub-adults were made for all sampled individuals, and conservative 

sub-adult biological age ranges can be inferred based on enamel formation times and 

tooth eruption sequences (Table 5-1) (Hillson 1996; Reid and Dean 2006). Though the 

sample size is modest, the lack of individuals younger than two years old suggests that 
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infants were not included in the program of inhumation. Because not all skeletal 

elements exposed by the excavators were preserved for curation, photographic 

documentation of all 58 burials provides an additional, albeit less precise, line of 

evidence suggesting that infants were not buried in the Farmana cemetery (Shinde et 

al. 2008b; Shinde 2011a). 

Inhumations are surprisingly scarce throughout the Indus Civilization and formal 

cemeteries even more so. As is the case for most Integration Era cemetery-based 

inhumations, the Farmana graves are rectangular pits oriented around a north-south 

axis (Shinde 2011a). The basic burial program remained the same throughout the life of 

the cemetery and included many of the elements common to most Integration Era 

cemeteries. Skeletal remains are deposited in primary and secondary contexts with the 

cranium towards the north end of the grave, abutting a variable number of ceramic 

vessels. Primary inhumations lie extended and supine and sometimes are adorned with 

a small number of personal ornaments or other seemingly minor artifacts. Not all burials 

contain skeletal remains, but most such symbolic burials or cenotaphs contain ceramics 

arranged in similar ways. Lastly, a few graves have an additional clay lining. The 

intermittent use of containment features such as wooden coffins and clay or brick linings 

has been noted at other Integration Era cemeteries like that of Harappa (Dales and 

Kenoyer 1989a). In short, the Farmana burials seem to conform to a broader tradition of 

Integration Era mortuary practice that was consistently reserved for a minority of the 

population.  

Mortuary variation for each burial is discussed in detail by Shinde (2011a), and 

therefore only a summary of the differences in mortuary treatment at Farmana is 
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presented here. The quantity of ceramics is broadly comparable to that of other sites 

with an average of 7 pots per burial and a maximum of 27. Five burials had more than 

21 pots and twelve burials had no pots, although it is not always clear whether or not 

pots were removed or destroyed through post-depositional activity. Further, the majority 

of burials have mixed ceramic assemblages consisting of Harappan and regional non-

Harappan types. Only six burials have exclusively non-Harappan types, and ten burials 

have exclusively Harappan types. Within the isotopic mortuary sample, these include 

burials 52, 66, and 67 for non-Harappan vessels and burials 18, 20, and 23 for 

Harappan vessels (Table 5-2). Harappan types are distinguished by the exclusive use 

of fast wheel rotation, distinct forms, more finely tempered and levigated clay and flat 

bottoms. By contrast, non-Harappan ceramics are generally more variable in terms of 

production methods including a greater variety of surface treatments and burnishing 

techniques. A handful of burials contain painted non-Harappan vessels, including 

burials 39 and 65 in the isotopic mortuary sample. There is no obvious structure in 

terms of pottery within the mortuary sample as burials containing predominantly 

Harappan or non-Harappan types both exhibit variation in skeletal age, orientation, 

presence or absence of clay linings, and personal ornamentation. The overall 

impression is that mortuary variation was randomly distributed within a culturally 

prescribed spectrum. 

 For example, some burial pits are lined in clay, including burials 26, 52, 53, 54, 

58, 62, 64, and 67 (Table 5-1). The orientation of the pit varies slightly around a NNW-

SSE axis with a few oriented along a NE-SW axis including burials 20 and 65. Some 

burials contain additional items like jewelry made of shell, copper, or semi-precious 
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stones, but no single burial is particularly ostentatious (Table 5-2). Within the 

osteological sample, beads of semi-precious stones or steatite are associated with 

burials 1, 3, 14, 20, 26, 41, 47, 50A, and 65. Some individuals, including both adults and 

subadults, are adorned with one or more copper bangles (burials 5, 20, 41, 50B and 

52), and four individuals (adult and subadult) are wearing shell bangles (burials 3, 20, 

50B, and 65). Burial 20, one of the more heavily ornamented individuals, also has 

copper bangles, a copper earring, and the aforementioned microsteatite beads. Lastly, 

burials 14, 32, and 34 are associated with bone and shell tools. 

There may be an association between the quantity of items and grave orientation. 

Three total burials are oriented along a NE-SW axis, and one of these, burial 20, is well 

adorned in jewelry. Burial 65 has no jewelry but does have 22 pots, a fairly large 

number for the Farmana assemblage. Burial 22, which is not represented in the 

osteological sample, is also oriented NE-SW but has only ten pots and a bivalve shell. 

These three individuals are all above average in terms of the quantity of grave goods, 

and atypical grave orientation may have been exploited to accentuate their differences 

from other individuals. However, with only three data points and the presence of more 

elaborate burials among the conventionally oriented graves, this trend remains 

inconclusive. In general then, there is relatively little systematic differentiation among 

the Farmana burials. Certainly there is variability, but it does not appear to be 

consistently patterned across multiple media in a way that indicates groups of 

individuals are qualitatively distinct from each other. The overall impression from the 

mortuary program is that individuals are inhumed largely on the basis of their similarities 

with less concern for their differences.  
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Finally, the distribution of burials is somewhat haphazard with five instances of 

crosscutting and overlapping grave shafts. This tendency has been observed at 

Harappa, leading Kenoyer (1998) to suggest that those who dug the burial pits 

belonged to a separate ethnic group or otherwise did not identify with the deceased. 

The modern grave backfill is starkly visible against the surrounding soil, which supports 

the idea that there was a general disregard for older burials, although the visual contrast 

may have been less apparent more than four millennia ago. Nevertheless, given the 

similarities with Harappa, the spatial disorganization and crosscutting suggests that 

inhumation was a relatively short-term affair with little emphasis on enduring 

commemoration. The situation at Farmana is consistent with the possibility that the 

inhumed constituted a different kind of person who inspired little deference among those 

responsible for carrying out the mortuary program. 

In summary, the mortuary program at Farmana indicates a degree of social 

distance between the dead and the living and relatively less distance between those 

who were inhumed. Whatever their individual differences, the inhumed were treated as 

a socially distinct group that required a specific and extremely uncommon form of 

mortuary treatment. Further, the mortuary variability fails to show a consistent and 

repeated pattern of differentiation within the mortuary population as a whole. Though 

some of the dead (or those who mourned them) might have held positions of relative 

prestige, the differences between individual inhumations appear subordinate to the 

overall impression of similarity. Taken together, the mortuary context is consistent with 

the possibility that the act of inhumation referenced a shared and in some ways socially 

distinct group identity that had been lived by the deceased. 
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Results of the Analyses 

Isotopic data and Sr concentrations resulting from the analyses are presented in 

Table 5-3. Values of 87Sr/86Sr range from 0.71529 to 0.72038 with Sr concentrations 

from 246 to 1388 ppm. Lead isotope ratios also exhibit heterogeneity with 208Pb/204Pb 

from 36.279 to 39.431, 207Pb/204Pb from 15.572 to 15.823, and 206Pb/204Pb from 16.506 

to 19.311. Tooth enamel yielded δ18O of -5.0 to -2.1‰ and δ13C of -12.0 to -6.8‰. 

Means and standard deviations are presented for each tooth cohort in Table 5-4.  

Only isotope ratios of Sr and Pb were obtained for the acid leachates of sediment 

samples as Sr concentrations and light stable isotope values from soils are irrelevant to 

the objectives of this dissertation. Recall from Chapter 3 that the only available faunal 

material at the time of sample collection was from the Rakhigarhi material curated at 

Deccan College Post-Graduate and Research Institute. Therefore the eight analyzed 

samples of pig enamel are more representative of the geochemistry in the dietary 

catchment of Rakhigarhi located ~30 km northwest of Farmana. Regardless, the faunal 

and leachate data are quite similar and together constitute the available proxy for local 

isotope values at Farmana.  

During human tooth enamel sampling, some samples were taken from deciduous 

or incompletely mineralized teeth (burials 5, 15, and 52) to assess the likelihood of 

diagenesis relative to fully mineralized enamel from permanent dentition. Because of 

visual or quantitative observations, the data from these samples were disregarded. Note 

that human enamel samples from burials 5 and 52 are from deciduous dentition. The 

enamel structure of deciduous teeth is known to be less regular with larger crystals than 

that of permanent dentition and presumably more susceptible to diagenesis. Because of 

the very high Sr concentration and the close overlap between sample 5 and the 
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sediment leachates, this sample is regarded as contaminated and is disregarded in the 

subsequent presentation and discussion of data. Even though sample 52 does not have 

similar values to the sediment leachates, the possibility remains that an unquantifiable 

degree of diagenetic alteration has occurred and so the data from this burial are also 

rejected. Sample 15 was an extremely thin slice of incipiently mineralized cusp tips, and 

it was observed to begin dissolution in the 0.1N acetic acid solution used for 

pretreatment. Therefore it is assumed that the natural pH of the burial environment 

could also have contributed to alteration of isotopic values. Consequently, data from 

sample 15 are also rejected.  

The data from sample 39 must also be disregarded because of indeterminate 

molar position. At the time of sampling, it was anticipated that if there were any 

meaningful differences in isotope values across teeth for the same individual then it was 

most likely to occur in later childhood, just prior to full mineralization of the third molar. 

However, given the interpretive significance of differences in first and second molar 

isotope values, the data from sample 39 must be excluded from this analysis. They may 

still be relevant to other research questions, but they cannot resolve the patterns of 

early childhood migration that turned out to be so significant to this isotopic mortuary 

analysis.  

Lastly, light stable isotope values for samples 18-3 and 67-2 could not be 

obtained because of small sample size. After the removal of dentine in preparation for 

pretreatment and analysis, the remaining amount of enamel was smaller than initially 

apparent on visual inspection. Given the priority of heavy isotope data over light isotope 

data for studies of mobility and the larger sample size requirements for heavy isotope 
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analysis, it was decided to use the entire sample for Sr and Pb isotope analysis to 

maximize the likelihood of acquiring useful data. 

Strontium isotope data are first presented in comparison with 1/Sr concentration 

following the method of Montgomery and coworkers (2007) (Figure 5-1). Even where Sr 

isotope ratios for a given region are very similar because they are heavily influenced by 

a single environmental source, concentration data can be used to infer location along an 

environmental Sr mixing line between two sources. The data in Figure 5-1 likely indicate 

a relatively radiogenic endmember with low Sr concentration and a high concentration 

endmember with low 87Sr/86Sr. The dataset appears unstructured with regard to tooth 

type as first, second, and third molar cohorts have similar values. 

Unlike the Sr isotope data, the Pb data show much more pronounced systematic 

variation by tooth type (Figures 5-2 & 5-3). There may also be a simple mixing system 

at work between a less radiogenic source and a more radiogenic source. The striking 

pattern, however, is the clustering of first molar values away from second and third 

molar values. There is also fairly good correlation between third molar values and the 

approximate intersection of Farmana sediment leachates and Rakhigarhi faunal 

enamel. 

Oxygen isotope values show a clear trend based on tooth type (Figure 5-4). First 

molar mean δ18O (-2.7‰ ± 1.2 [2σ]) is higher than that of second (-3.5‰ ± 1.4 [2σ]) 

(t(18) = 2.618, p = 0.017) or third molars (-3.7‰ ± 1.5 [2σ]) (t(17) = 3.019, p = 0.008), 

whereas no significant difference exists between second and third molar cohorts. A 

change in water source for the individuals in the study samples occurred largely 

between first and second molar mineralization times. Because tooth enamel formation 
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times are standardized across populations with a species, this means the change in 

fluid uptake occurred around the chronological age of three.  

Carbon isotope values differ from those of Pb and O in that they do not change 

significantly with age (Figure 5-5). There is a fair amount of variation in the relative 

contribution of C3 and C4 foods at the population level (δ13C range = 4.7‰), but this 

variation is not systematically correlated with tooth type. The means for first, second, 

and third molars are -10.1‰ ± 2.3 (2σ), -10.1‰ ± 1.7 (2σ), and -10.1‰ ± 2.6 (2σ) 

respectively. In other words, there is variation in the diets of individuals, but the relative 

contribution of C3 and C4 foods is not a factor of life history. 

Lastly, plotting isotope ratios of Pb against those of Sr increases the 

discriminatory power of the two isotope systems and shows the differences within and 

between tooth types more clearly (Figure 5-6). Figure 5-6 shows a clustering of third 

molar values near the intersection of Farmana sediment leachates and Rakhigarhi 

faunal enamel. Second molar data substantially overlap with third molar data but have a 

slightly greater range, therefore indicating a small contribution of environmental Pb and 

Sr from less radiogenic sources early in the mineralization process. First molar data plot 

apart from other tooth types. 

The isotope data clearly detail a change in environmental sources of Pb and O 

through time. In general, there is a convergence through time towards the sediment 

leachate and faunal isotope values suggesting that most individuals shared a common 

geochemical environment (i.e., Farmana) by late childhood. Most of the change seems 

to occur within an environment of fairly homogenous Sr sources, although some 

individuals are exposed to fairly radiogenic strontium sources throughout childhood. 
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There is very little change in δ13C by tooth type suggesting that, throughout childhood, 

individuals consumed similar types of food with respect to C3 and C4 vegetation.  The 

isotope data will be interpreted with regard to human behavior in Chapter 8 at which 

point all isotopic and mortuary data will be synthesized. 
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Table 5-1.  Chronology, demographic data, and mortuary treatment at Farmana 

Burial No. Period1 Phase2 Sex3 Sex4 Age Burial Type Harappan Non-Harappan Orientation Clay Lining 

              Pot Qty. Pot Qty.     

1 
 

4 
 

M adult primary 23 
 

N-S absent 

2 
  

F F adult primary 
  

NW-SE absent 

3 
 

4 
  

subadult secondary 3 
 

N-S absent 

5 
    

2-6 secondary 
  

NW-SE absent 

6 
 

2 F F adult secondary 15 1 NW-SE absent 

8 2C 2 
 

M adult primary 2 4 NW-SE absent 

10 2C 2 
 

F adult primary 3 6 NW-SE absent 

11 2C 3 
 

M adult primary 3 1 NW-SE absent 

14 2B 
 

F M adult primary 
  

NW-SE absent 

15 2C 
   

2-4 secondary 1 1 NW-SE absent 

18 2C 4 F F adult primary 7 
 

N-S absent 

20 2C 1 F F adult primary 2 
 

NE-SW absent 

23 2B 3 
  

12-18 primary 9 
 

N-S absent 

25 2C 4 
 

M adult secondary 8 8 N-S absent 

26 2C 4 F F adult primary 1 1 NW-SE present 

28 2A 1 
  

subadult primary 8 
 

N-S absent 

32 2A 3 
 

F adult primary 21 5 NW-SE absent 

34 2C 4 
 

M adult secondary 1 8 N-S absent 

39A 2B 2 
 

F adult secondary 10 6 N-S absent 

39B 2B 2 
 

M adult secondary 10 6 N-S absent 

41 2C 4 
  

5-9 primary 1 7 N-S absent 

45 2B 
   

12-18 primary 
  

NW-SE absent 

47 2C 
   

5-9 secondary 
  

NW-SE absent 

48 2B 3 
 

M adult primary 1 9 NW-SE absent 

50A 2B 2 
 

M adult primary 6 15 N-S absent 

1  Shinde 2011a  2  Uesugi 2011a  3  Author’s assessment  4  Mushrif-Tripathy personal communication 
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Table 5-1.  Continued 

Burial No. Period1 Phase2 Sex3 Sex4 Age Burial Type Harappan Non-Harappan Orientation Clay Lining 

              Pot Qty. Pot Qty.     

50B 2B 2 
 

F adult primary 4 1 NW-SE absent 

52 2C 
   

2-6 secondary 
 

6 NW-SE present 

53 2C 4 
 

F adult primary 3 7 NW-SE present 

54 2B 2 M M adult primary 3 3 NW-SE present 

58 2B 
   

adult secondary 
  

N-S present 

62 2C 3 
  

9-14 primary 2 6 N-S present 

64 2C 1 
 

M adult primary 12 1 NW-SE present 

65 2C 2 
  

adult primary 2 20 NE-SW absent 

66 2C 
 

M M adult secondary 
 

1 N-S absent 

67 2C   F M adult primary 
 

1 NW-SE present 

1  Shinde 2011a  2  Uesugi 2011a  3  Author’s assessment  4  Mushrif-Tripathy personal communication 
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Table 5-2.  Mortuary elaboration at Farmana 

Burial Pottery Copper Shell Semi-Precious Steatite Other 

No. Qty. Bangles Bangles Beads Ornaments Items 

1 23 
  

3 carnelian, 2 copper 30 disc beads 
 2 

      3 
  

1 1 agate 
  5 

 
2 

    6 16 
     8 6 
     10 

      11 4 
     14 

   
1 agate 

 
2 bone tools 

15 2 
     18 7 
     20 2 5 3 

 
microbeads 1 copper earring 

23 9 
     25 

      26 2 
  

1 agate 
  28 

      32 
     

1 shell spoon 

34 
     

3 bone tools 

39A 16 
     39B 16 
     41 8 1 

 
1 jasper 

  45 
      47 
   

1 carnelian 
  48 

      50A 
    

microbeads 
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Table 5-2.  Continued 

Burial Pottery Copper Shell Semi-Precious Steatite Other 

No. Qty. Bangles Bangles Beads Ornaments Items 

50B 
 

1 3 
   52 6 2 

    53 
      54 6 

     58 
      62 8 

     64 
      65 22 

 
1 3 carnelian 

  66 1 
     67 1 
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Table 5-3.  Farmana mortuary sample—results of the analyses 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

F2-1 2 LM1 0.71529 1167 38.623 15.734 18.553 -3.9 -11.2 

F2-2 2 LM2 0.71529 1260 39.351 15.805 19.197 -4.5 -11.2 

F2-3 2 LM3 0.71541 1163 39.401 15.809 19.222 -5.0 -10.7 

F5-d11 5 Rdm1 0.71557 1206 39.431 15.818 19.311 -4.1 -10.0 

F6-1 6 LM1 0.71582 704 38.871 15.727 18.725 -3.3 -8.3 

F6-2 6 LM2 0.71584 778 39.200 15.775 19.118 -3.5 -9.5 

F6-3 6 LM3 0.71581 881 39.286 15.796 19.171 -3.7 -11.2 

F11-2 11 LM2 0.71581 881 39.351 15.803 19.233 -3.6 -10.9 

F11-3 11 LM3 0.71583 857 39.413 15.814 19.293 -3.4 -9.1 

F14-1 14 RM1 0.71551 1030 38.842 15.723 18.750 -2.4 -9.6 

F14-2 14 LM2 0.71549 971 39.315 15.786 19.218 -2.6 -8.8 

F14-3 14 RM3 0.71560 1072 39.211 15.783 19.195 -2.8 -10.6 

F15-21 15 RM2 0.71574 1336 39.296 15.796 19.195 -2.3 -9.3 

F18-1 18 LM1 0.71589 758 38.133 15.679 18.166 -2.1 -9.4 

F18-2 18 LM2 0.71587 739 38.929 15.753 18.908 -2.6 -9.9 

F18-3 18 RM3 0.71578 702 39.044 15.766 19.028 3 3 

F20-1 20 RM1 0.71572 626 37.950 15.673 18.037 -2.3 -10.6 

F20-3 20 RM3 0.71571 630 39.041 15.775 19.020 -4.0 -10.4 

F23-1 23 RM1 0.71592 788 38.546 15.700 18.502 -2.6 -10.4 

F23-2 23 RM2 0.71584 984 38.871 15.741 18.842 -2.9 -9.9 

F23-3 23 RM3 0.71579 816 39.150 15.775 19.090 -3.6 -10.7 

1  enamel is deciduous or poorly mineralized  2  indeterminate molar position  3  insufficient sample for analysis 
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Table 5-3.  Continued 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

F26-2 26 RM2 0.71589 542 39.387 15.801 19.896 -4.1 -10.3 

F26-3 26 RM3 0.71600 595 39.184 15.777 19.172 -3.6 -7.3 

F39B-1/22 39B RM1/2 0.71586 1061 39.249 15.785 19.192 -3.1 -6.8 

F41-1 41 RM1 0.71576 983 36.279 15.572 16.506 -3.1 -10.4 

F45-p3 45 RP3 0.71756 504 39.190 15.782 19.086 -4.5 -11.4 

F47-p4 47 RP4 0.71588 1388 39.148 15.773 19.075 -4.0 -10.4 

F52-d21 52 Rdm2 0.71577 1016 38.252 15.705 18.315 -3.2 -9.8 

F54-1 54 RM1 0.71620 828 39.161 15.765 19.100 -4.9 -10.6 

F58-2 58 RM2 0.71570 933 38.975 15.744 18.903 -3.1 -9.1 

F62-1 62 LM1 0.71572 991 38.027 15.687 18.137 -2.7 -9.6 

F62-3 62 LM3 0.71590 820 39.280 15.797 19.204 -2.8 -9.3 

F65-1 65 RM1 0.71578 855 38.899 15.727 18.776 -2.3 -12.0 

F65-2 65 RM2 0.71588 814 39.086 15.757 19.010 -3.1 -9.6 

F66-3 66 RM3 0.71704 605 39.200 15.766 19.160 -4.7 -10.2 

F67-2 67 LM2 0.71975 342 39.228 15.798 19.299 3 3 

F67-3 67 LM3 0.72038 246 38.814 15.738 19.013 -3.0 -11.9 

1  enamel is deciduous or poorly mineralized  2  indeterminate molar position  3  insufficient sample for analysis 
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Table 5-4.  Farmana mortuary sample summary statistics--mean±2σ 

Cohort 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

All 0.71607±0.00210 861±515 38.935±1.189 15.757±0.100 18.908±1.104 -3.3±1.6 -10.0±2.3 

1st molar 0.71571±0.00042 865±366 38.486±0.789 15.706±0.049 18.456±0.602 -2.7±1.2 -10.1±2.3 

2nd molar 0.71623±0.00247 845±600 39.170±0.347 15.776±0.047 19.149±0.551 -3.5±1.4 -10.1±1.7 

3rd molar 0.71630±0.00283 762±500 39.184±0.346 15.781±0.044 19.142±0.184 -3.7±1.5 -10.1±2.6 
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Figure 5-1.  Farmana samples in Sr-Sr space—reciprocal of Sr concentration 

 
Figure 5-2.  Farmana samples in Pb-Pb space—208Pb/204Pb 
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Figure 5-3.  Farmana samples in Pb-Pb space—207Pb/204Pb 

 
Figure 5-4.  Farmana samples—δ18O 
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Figure 5-5.  Farmana samples—δ13C 

 
Figure 5-6.  Farmana samples in Pb-Sr space—87Sr/86Sr 
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CHAPTER 6 
HARAPPA 

Harappa was a major urban center situated ~8 km from the Ravi River in the 

Punjab of present-day Pakistan. It is uniquely well studied among Indus sites, and a 

wealth of data resulting from decades of excavation has strongly influenced how the 

entire Indus Civilization is viewed. Rediscovered by antiquarian Charles Masson in 1829 

(Masson 1844), the first systematic excavations did not take place until the 1920s and 

1930s—decades after large swaths of the uppermost strata had been looted for bricks 

used in railroad construction (Possehl 2002b). Nevertheless, excavations under the 

Archaeological Survey of India (Sahni 1921; Sahni 1926; Sahni 1927; Vats 1933; Vats 

1935; Vats 1936; Wheeler 1947) and Department of Archaeology and Museums, 

Government of Pakistan (Mughal 1968) revealed much of the habitation mounds, 

fortifications, and cemetery areas. More recent collaborative ventures between the 

Pakistani agency and United States archaeologists (Dales and Kenoyer 1986b; Dales 

and Kenoyer 1987; Dales and Kenoyer 1988; Dales and Kenoyer 1989b; Dales and 

Kenoyer 1990b; Meadow and Kenoyer 1992; Meadow and Kenoyer 1993; Meadow et 

al. 1994; Meadow et al. 1995; Meadow et al. 1996; Meadow et al. 1997; Meadow et al. 

1998; Meadow et al. 1999; Meadow et al. 2001) have provided the most comprehensive 

dataset from any Indus site using modern methods of excavation and chronometric 

dating. Many of the interpretations of Indus social organization presented in Chapter 2 

are derived in large part from the Harappa literature and will not be revisited here. 

Instead, the first part of this chapter emphasizes site-specific culture history and 

mortuary variability as they pertain to individual life histories and broader social 

contexts. 
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Habitation Area 

The protohistory of Harappa is divided into five periods represented by six 

distinct archaeological phases (Table 6-1). The earliest levels pre-date many diagnostic 

traits of Indus urbanism (e.g., wheel-thrown pottery and baked brick architecture), but 

the limited excavations of these strata suggest important continuities between the small 

Ravi Phase village and the large city that it was to become. For example, symbols 

etched in sherds may represent incipient Indus script (Kenoyer and Meadow 1996; 

Meadow and Kenoyer 2008). Likewise, many of the long-distance trade routes that later 

proved integral to the development and maintenance of Indus urbanism were already in 

place at this time, providing exotic raw materials for the local production of prestige 

goods (Kenoyer and Meadow 1999; Kenoyer and Meadow 2000; Kenoyer 2005a; Law 

2008).  

Excavations of the relatively expanded Kot Diji levels (~25 ha) revealed a trend of 

increasing complexity (Kenoyer 1998). Harappans had access to greater quantities and 

varieties of imported goods which may have been regulated through the increased use 

of script, stamp seals, chert weights and perimeter walls (Meadow and Kenoyer 2001; 

Meadow and Kenoyer 2005; Meadow and Kenoyer 2008). The settlement began to take 

on much of its eventual urban character during this time, being clearly divided into 

separate walled mounds using mud bricks with standardized proportions. Importantly, 

Period 2 levels did not exist in a cultural vacuum. Many of the architectural 

developments from Harappa were mirrored at other Regionalization Era sites including 

Kalibangan (Joshi 2003), Dholavira (Bisht 1991), Rehman Dheri (Durrani 1988; Durrani 

et al. 1995), and Kunal (Khatri and Acharya 1995), whereas Kot Diji ceramics are found 
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at sites spanning ~1000 km northeast-southwest along the Indus River Valley (Law 

2008). 

By 2600 BC, the Kot Dijian way of life had gradually transformed into a fully 

urbanized existence represented by three sub-phases. Much of the diagnostic suite of 

Indus material culture is present throughout Periods 3A, 3B, and 3C, but interpretations 

of the Harappa Phase cannot be reduced to a single trajectory of growth or decay. 

Instead, urban development was variable and fluctuated through time (Meadow and 

Kenoyer 2005). During Period 3A, Kot Dijian revetments were replaced and elaborated 

on using baked bricks, while settlement remained largely confined to the existing 

boundaries of Mounds AB and E. Further, civic architecture deteriorated in some 

regions of Mound E, suggesting a measure of stagnation before the urban renewal of 

Period 3B (Kenoyer 1991b). Eventually, crumbling structures were repaired and new 

habitation mounds were founded. One of the new mounds, Mound ET, has been 

characterized as a “suburb” of Mound E (Kenoyer 1998: 55), in part because the two 

areas shared their perimeter wall and a city gate (Meadow and Kenoyer 1997). Mound 

F, on the other hand, had its own wall and became the site for new large-scale civic 

projects including the so-called “granary” (Vats 1940; Fentress 1984; Meadow and 

Kenoyer 2008). 

Period 3C strata are the best studied levels at Harappa and serve as a primary 

reference for the normative mode of Indus urbanism – so much so that Kenoyer 

(personal communication) suggested that the widely and variously used term “Mature 

Harappan” be confined to Period 3C. Arguably the best known trait of this sub-phase is 

the pointed base goblet, a mass-produced ceramic that is ubiquitous within Period 3C 
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deposits (Meadow and Kenoyer 2001). The presence of these and other diagnostic 

finds show that the Mature Harappan settlement was at its largest, extending beneath 

the present-day city and beyond the southernmost gate (Meadow and Kenoyer 1993) to 

cover an area of ~150 ha (Dales and Kenoyer 1989a). Though growing in size, not all 

areas were equally prosperous. Mound E fell into disrepair once more, whereas 

evidence suggests the inhabitants of Mounds AB and F were relatively affluent 

(Meadow and Kenoyer 2005).  

Coincident with the post-urban regional demographic shift discussed in Chapter 

2, Period 4 at Harappa marks the beginning of a process of profound cultural 

transformation (Kenoyer 2005b). Strictly speaking, habitation at Harappa between ca. 

1900 and 1700 BC retained certain urban qualities, but many of the traits associated 

with the fully integrated and spatially expansive Indus Civilization phenomenon (e.g., 

Indus script, chert weights, stamp seals) disappeared. Subsistence practices also 

changed during this time as wheat production declined and summer crops became 

increasingly common (Weber 2003). There were even technological innovations in bead 

drilling (and possibly in glass-making)—perhaps to compensate for the loss of various 

crafts as exchange networks deteriorated (Kenoyer 2005b). By ca 1700 BC, however, 

the unique styles and motifs of the Cemetery H Phase replaced the Harappa Phase as 

the predominant archaeological culture. Through much of this transformation, Harappa 

remained a vibrant population center, and the settled area may have covered ~100 ha 

during Period 5 before its decline sometime prior to 1300 BC.  

To summarize, the cultural trajectory at Harappa is not readily described by a 

single generalized trend. Instead, different habitation areas seem to ebb and flow at 
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different times and only at the most general level can the Harappan site history be 

reduced to a ‘rise’ and ‘fall.’ For that reason, models of Harappan social variation must 

account for diverse groups with differing perspectives and possible conflicts. At the 

same time, cultural phases were widely shared and cultural transitions were gradual 

rather than abrupt, suggesting that diversity was accommodated within a common 

ideological system. Future high-resolution analyses of intra-site patterning (akin to the 

mineral provenience study by Law (2008) are needed to better understand the social 

dynamics in this complex system of interdependence. 

The dietary catchments at Harappa may have been similarly complex, and 

variability in the food supply or certain technological practices could potentially impact 

individuals’ exposure to lead, strontium, oxygen, and carbon. For example, the 

transportation of food from regions with distinct isotopic compositions could alter 

consumer isotopic values relative to local fauna and sediment leachates. Marine foods 

are one possible source as the remains of marine fish have been documented at 

Harappa (Belcher 1991; Belcher 2003). The evidence is extremely limited, however, 

suggesting that neither marine fish nor the salt used for their preservation were 

significant sources of dietary Sr. Likewise, there is little evidence for widespread 

anthropogenic Pb input in the form of smelting with the exception of a single large slag 

(Kenoyer personal communication). Finished goods such as bronze vessels were a 

more plausible cause of technological Pb exposure. Makeup may also have included Pb 

as suggested by Law’s (2008) analysis of a small rod-like artifact of granulated material 

found in a burial of Cemetery R-37. Galena crystals were identified within the rod which 

may have been a solidified cosmetic similar to surma or kohl. Another small jar that 
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contained black residue and was found in habitation contexts had levels of Pb 

detectable by ICP-MS, whereas seven other jars and sherds yielded no conclusive 

evidence for Pb. The possibility of Pb exposure via makeup remains an open question 

given the possibility of Pb contamination associated with modern surma use as 

discussed in Chapter 3. It may be, however, that cosmetics were predominantly carbon 

based products as proposed by Mackay (1938). Whatever the case, any impact on Pb 

isotope ratios in humans with access to the bustling markets of Harappa may be 

characterized by high inter-individual variation, as the Pb fraction in metal wares and 

other products at the site has widely varying provenience (Law 2008; Hoffman and 

Miller 2009). 

Water management practices at Harappa may have been similarly varied. 

Different water sources could have been exploited by different people at different times, 

each source having potentially distinct δ18O. The glacially-fed Ravi River may have 

flowed closer to the site during its protohistoric habitation and theoretically could have 

supplied residents with potable water (Pendall and Amundson 1990). Its waters are 

derived from snow and ice melt at high altitudes and should therefore yield relatively low 

δ18O compared to lowland precipitation. A large culturally sterile depression at the 

center of the site might also have served as a rain-fed reservoir (Kenoyer 1998: 59). 

Harappans relying on an uncovered reservoir would have relatively high δ18O because 

of evaporative effects, whereas those drawing groundwater from wells might have 

intermediate values given the potential for mixing of river water and precipitation along 

with a reduction in evaporation. Only eight wells have been discovered at Harappa to 

date, however, so the exact nature of urban water consumption remains uncertain. In 
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general, it is surmised that Harappan cultural practices impacted the isotopic 

composition of human tooth enamel, but no specific inferences can be made on the 

basis of archaeological evidence.  

Cemetery Area 

Cemetery R-37, the urban era cemetery, is located ~200 m south of the 

habitation area on a low rise. The area served simultaneously as a cemetery and 

disposal area for Harappan Phase debris (Dales and Kenoyer 1991). Five radiocarbon 

dates from charcoal in good context corroborate the relative date, putting the period of 

active use from ca. 2550-2030 BC (Meadow and Kenoyer 1994). Cemetery excavations 

occurred at different times under different directors, and no comprehensive publication 

on the burials and their contents has been published. Reports by Vats (1940), Wheeler 

(1947), Mughal (1968), Dales and Kenoyer (1989a, 1991), and Meadow and Kenoyer 

(1994) lack sufficient detail for a detailed consideration of mortuary variability. Only a 

cursory analysis is possible pending the comprehensive cemetery report by the 

Harappa Archaeological Research Project, but the available data are summarized 

below for those burials with relatively complete descriptions (Table 6-2). Table 6-2 is a 

non-representative sample as many burials were more fully described precisely 

because of their unique features. 

Problems aside, the excavators at Cemetery R-37 confirmed a strongly 

normative mode of burial (Vats 1940; Wheeler 1947; Sastri 1965; Mughal 1968; Dales 

and Kenoyer 1991; Kenoyer 1998). Nearly all burials are extended and supine with the 

head to the north, and pottery is most often, but not exclusively, located at the head of 

the grave. Pottery vessels included with individuals number between one and fifty per 

grave, and occasionally are placed alongside the feet, sides of the body, or underneath 
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the body. Non-pottery grave goods were generally limited to personal ornaments and 

toilet objects and included rings, earrings, and bangles of copper or shell, numerous 

beads of semi-precious stone or steatite, shell spoons, and copper mirrors. Also, conical 

stone pendants and shell bangles are confined largely, but not exclusively, to women.  

Overall, Harappa has some of the richest graves known from the Indus Tradition, 

but the graves remain relatively modest and do not contain grave wealth beyond what 

individuals could have adorned themselves with at one time. The body itself was 

occasionally interred in a wooden coffin or wrapped in a shroud, and a great many were 

disturbed in antiquity. Wheeler (1947) observed that eighteen burials crosscut earlier 

burials, and eight of those were crosscut themselves, a tendency confirmed by 

subsequent excavations (Dales and Kenoyer 1991). Most of the burials in good 

condition are confined to a relatively undisturbed east-west ridge, whereas fragmentary 

remains are frequently found along the eroding slopes of the site or in the backfill of 

grave shafts.  

Contrary to the relative homogeneity in mortuary treatment, osteological analysis 

suggests certain gender-based distinctions. For example, frequencies of caries and 

enamel hypoplasias suggest women likely had poorer childhood nutrition and increased 

access to cariogenic foods (Hemphill et al. 1991). Also, principal component analysis for 

comparisons of metric and non-metric craniodental traits suggests that males and 

females derive from genetically distinct populations (Hemphill et al. 1991). Because the 

urban and post-urban female populations retain closer genetic affinity to each other than 

do the urban and post-urban males, this gender difference has been interpreted as 

evidence for matrilocality (Kennedy 2000). 
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Lastly, the isotopic sample represents a relatively small fraction of all excavated 

burials, and as such, may not be representative of the larger mortuary population (Table 

6-3). The present sample (n=51) comes from 40 features excavated in the 1987, 1988, 

and 1994 field seasons of the Harappa Archaeological Research Project (HARP). 

Samples include one or more teeth from 17 primary burials in various states of 

preservation, a single secondary burial, and the remainder from disturbed contexts.   

Results of the Analyses 

Isotopic values and Sr concentrations resulting from the analyses are presented 

in Table 6-3. Values of 87Sr/86Sr show a considerable range, from 0.71113 to 0.72802, 

with relatively modest Sr concentrations ranging between 137 and 642 ppm. Lead 

isotope ratios also exhibit heterogeneity with 208Pb/204Pb from 38.013 to 39.377, 

207Pb/204Pb from 15.650 to 15.770, and 206Pb/204Pb from 18.054 to 19.220. Tooth 

enamel yielded δ18O of -7.8 to -2.8‰ and δ13C of -14.0 to -8.7‰. Means and standard 

deviations are presented for each tooth cohort in Table 6-4.  

As was the case for certain faunal teeth in the Harappa sample (Chapter 4), 

many human teeth were also analyzed for 87Sr/86Sr previously on a Nu Plasma HR – a 

high-resolution multi-collector, double-focusing, plasma-source mass spectrometer 

(MC-ICP-MS) at the University of Illinois-Urbana-Champaign. Standard deviation for 

87Sr/86Sr was generally better than ±0.00001 (Kenoyer et al. 2013), providing precision 

comparable to that of the TIMS used in the University of Florida Department of 

Geological Sciences (Chapter 3). Whenever possible, previously sampled teeth were 

re-run using the TIMS (n=35) to maintain an internally consistent dataset and verify the 

MC-ICP-MS results. Further, repeat analysis on the TIMS was the most cost-efficient 

way to acquire both 87Sr/86Sr and Sr concentrations without consuming additional 



 

145 

sample beyond the amount required for Pb column chemistry. Except for two pairs of 

analyses with an absolute difference greater than 0.001, the TIMS results corroborate 

the MC-ICP-MS data. After excluding burials H87/85 74a and H88/161 170, the mean 

absolute difference between MC-ICP-MS and TIMS analyses is 0.00018 ± 0.00032 

(2σ). Inter-laboratory differences might reflect variation in analytical procedures or 

sample preparation, or they might reflect real biological variation. Any given bulk enamel 

sample has a unique composition of appositional growth layers that mineralized at 

different times in that individual’s life. Isotopic differences between samples taken from 

different parts of a tooth crown might reflect the different geochemical environments 

experienced by an individual in life. Caution is advised when comparing datasets from 

study regions having relatively little isotopic variability without first reviewing differences 

in laboratory methods. Regardless, the magnitude of 87Sr/86Sr differences reported here 

is largely irrelevant to a study of interregional migration given the diverse geochemical 

environments of the Greater Indus Valley. Therefore, the more complete TIMS dataset 

is shown in Table 6-3, and it serves as the basis for subsequent figures and 

interpretations. Isotopic data from burials H87/85 74a and H88/161 170 are excluded as 

the discrepancy in 87Sr/86Sr casts doubt on their provenience. Likewise, burials H87/85 

49d.1, H88/185 186, and H88/206 208a are disregarded because the tooth position 

could not be determined. Lastly, data from premolars and canines are graphically 

presented as second molars and data from anterior dentition are classified as first 

molars because of their similar enamel mineralization times.  

A plot of 87Sr/86Sr against the reciprocal of Sr concentration is presented in 

Figure 6-1. Overlaid fields indicate the range of values for males and females. There is 
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substantial variation in the dataset, which appears to be controlled by at least three end 

members. Individuals appear to fall on one of two mixing lines between the local range, 

estimated from faunal samples, and either a more radiogenic low concentration 

source(s) or a less radiogenic source(s) of roughly similar Sr concentration. Male and 

female distributions overlap but are not coterminous. Males predominantly plot along 

the less radiogenic mixing line, whereas females plot on both. There is no clear 

segregation by tooth type, although first molars may be excluded from the local range 

estimated from the intersection of faunal and human data. 

Pb isotope ratios display similar evidence for mixing lines and segregation by sex 

(Figures 6-2 & 6-3). The variation is most apparent in the 207Pb/204Pb data presented in 

Figure 6-3. The triangular distribution of data suggests a geochemical environment 

controlled by three end members. As with 87Sr/86Sr, males and females have 

overlapping but non-identical distributions in Pb-Pb space. Data from males, females, 

and fauna converge near one end of the distribution, suggesting the bulk of the data fall 

on mixing lines between the local or near-local environment and one or more end-

members. The data are relatively homogenous with respect to tooth type, except that 

first molars seem to plot outside of the local range. Some first molar data points are 

similar to faunal values, but they remain distinct from the tightest and slightly more 

radiogenic cluster of human and faunal values. 

Oxygen isotope variation also appears to correlate with sex and tooth type, 

although extremely small sample sizes preclude any statistical comparison with male 

and female third molars. There is minimal change in δ18O across tooth types for the 

entire population, but male and female sub-groups appear to show inverse trends over 
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developmental time (Figure 6-4). The difference between mean δ18O for female and 

male first molars is not statistically significant, but a qualitative assessment suggests 

that female second molar δ18O increases relative to first molars. The decrease between 

male first molar mean δ18O (-4.4‰ ± 2.0 [2σ]) and second molar mean δ18O (-5.4‰ ± 

1.2 [2σ]) is significant (t(13) = 2.522, p = 0.025), thereby indicating a change in water 

source around two or three years of age. 

No such trends are visible in δ13C, although there is substantial variability in the 

data set (Figure 6-5). While there were certainly inter-individual differences in diet, it 

does not appear to have been structured by age or sex. All sub-samples have mean 

δ13C near 12‰ with a range of ~5‰.  

Lastly, Pb and Sr isotope systems are combined in Figure 6-6. As shown in the 

preceding heavy isotope plots, the data are structured by age and sex. Male and female 

distributions are different from one another, but they converge with the faunal data at a 

point not well defined by a single end member. The increased resolution afforded by 

multiple isotope systems suggests a possible fourth end member with relatively 

radiogenic Pb isotope ratios and moderate values of 87Sr/86Sr. Additionally, first molars 

plot outside of the presumably local environment indicated at the human-faunal 

convergence. 

As with the Farmana data set, the isotope data demonstrate changing 

environmental inputs over developmental time. Isotope ratios of Pb and Sr in 

conjunction with Sr concentrations suggest that individuals of all ages were exposed to 

a diverse and complex geochemical environment, but that first molars archived non-

local Sr and Pb inputs exclusively. Oxygen isotope values are similarly structured by 
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tooth type, suggesting a change in water sources around three years of age. Further, 

males and females tended to be exposed to different geochemical environments. Only 

δ13C shows no strong correlation with age or sex. There is, however, a wide range of 

δ13C values suggesting substantial heterogeneity in diet between individuals. 
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Table 6-1.  Chronology at Harappa1 

Period Phase Dates 

1 Ravi ca. >3300-2800 BC 

2 Kot Diji ca. 2800-2600 BC 

3A Harappa Phase A ca. 2600-2450 BC 

3B Harappa Phase B ca. 2450-2200 BC 

3C Harappa Phase C ca. 2200-1900 BC 

4 Harappa/Late Harappa Transitional ca. 1900-1800 BC? 

5 Cemetery H ca. 1800?-<1300 BC 

1  [adapted from Meadow, R. H., and J. M. Kenoyer 2001. Recent Discoveries and Highlights from Excavations at 
Harappa: 1998-2000. Indo-Koko-Kenkyu [Indian Archaeological Studies] 22:19-36] 
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Table 6-2.  Select demographic data and mortuary elaboration at Harappa1 

Burial No. MNI Age Sex Orientation Position 
Pottery 
Qty. Ornaments Other Items 

H779a-f, H7832 7 4 adults 3F/1M N-S supine 
   

H7822 1 
  

N-S supine 
  

2 faunal ribs 

H7932 1 adult M N-S left side 
 

steatite discs 
 

H793/A2 1 adult M N-S prone 
   

H793/B2 1 adult M N-S right side 
  

H7942 1 adult M N-S right side steatite discs faunal rib 

H795/A & B2 1 adult F N-S right side 
  

H7982 6 3 adults 3M N-S 
    

H798/A2 1 adult F N-S supine 
   

H798/B2 1 subadult N-S 
    

H7992 1 
  

N-S left side 
   

H800, H800/A & B2 1 
  

N-S supine 
  

faunal rib 

H801/A2 1 adult F N-S supine 
  

faunal rib 

H801/B2 2 subadult M 
    

2 faunal bones 

H8032 1 
  

NNE-SSW right side 
 

faunal bone 

H8042 1 adult F N-S right side 
steatite discs, 
shell bangle 

 
H805/A2 1 

  
N-S prone 

   
H8062 2 adult M N-S supine 

  
faunal ribs 

H8082 1 
  

N-S supine 
 

2 gold & carnelian 
beads 

 
1  incomplete descriptions of material culture  2  from Vats 1940  3  from Wheeler 1947 
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Table 6-2.  Continued 

Burial No. MNI Age Sex Orientation Position 
Pottery 
Qty. Ornaments Other Items 

H8142 2 
  

N-S supine 
   

H816, H816/A2 2 adult F SE-NW prone 
   

H8172 1 adult F N-S supine 
  

avian bones, 
lamp 

H8182 1 adult M N-S supine 
   

H8202 3 3 adults 2F/1M N-S left side 
   

13 1 adult M N-S supine 21 steatite disc chert flake 

23 1 adult F N-S supine 21 steatite disc  copper mirror 

33 1 
    

21 
  

43 1 
    

0 
  

53 1 adult F N-S supine 37 
copper ring, 3 
shell rings coffin 

63 1 
    

3 
 

faunal bones 

73 1 
    

3 
  

83 1 
    

2 
 

1 faunal bone 

93 1 
    

15 
  

103 1 adult M N-S 
 

2 
 

brick lining 

1  incomplete descriptions of material culture  2  from Vats 1940  3  from Wheeler 1947 
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Table 6-3.  Harappa mortuary sample—results of the analyses 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

H18a-11 H87/  25  18a LM1 0.71485 390 38.013 15.683 18.054 -5.4 -11.7 

H34a-21 H87/  40  34a LM2 0.71459 284 38.905 15.714 18.723 -5.1 -12.3 

H34a2-11 H87/  40  34a.2 RM1 0.71360 246 38.865 15.728 18.658 -3.5 -12.9 

H34b1-11 H87/  40-89  34b.1 RM1 0.71236 370 38.867 15.723 18.662 -2.8 -11.2 

H49b1-3 H87/  71  49b1 RM3 0.71343 358 38.672 15.681 18.566 -5.4 -13.1 

H49c-11 H87/  71  49c M1 0.71585 209 38.822 15.717 18.670 -6.0 -11.8 

H49c-3 H87/  71  49c M3 0.71828 290 39.030 15.735 18.814 -4.0 -11.9 

H49ha-i H87/  72  49h LI1 0.71321 321 38.863 15.721 18.736 -5.6 -11.9 

H49ha-c1 H87/  72  49h LC 0.71741 366 39.033 15.732 18.794 -5.9 -11.7 

H49hb-1 H87/  72  49h M1 0.71754 358 38.894 15.724 18.715 -5.1 -11.3 

H49hc-31 H87/  72  49h M3 0.72090 177 39.114 15.738 18.836 -4.6 -11.3 

H49b-11 H87/  72  49b RM1 0.71415 345 38.700 15.683 18.531 -4.8 -12.7 

H49d1-m12 H87/  85  49d1 M 0.71389 334 38.654 15.684 18.526 -4.6 -12.5 

H49ga-21 H87/  85  49g LM2 0.71922 404 38.746 15.712 18.565 -4.0 -10.9 

H49gb-21 H87/  85  49g LM2 0.72190 238 39.066 15.736 18.825 -4.3 -12.1 

H49hc-21 H87/  85  49h RM2 0.71760 388 39.081 15.743 18.868 -5.1 -11.4 

H74a-21 H87/  85  74a RM2 0.71528 642 38.530 15.696 18.393 -5.6 -12.6 

H80a-2 H87/  91  80a RM2 0.71659 481 38.821 15.727 18.724 -5.0 -11.8 

H81a-3 H87/  92  81a LM3 0.71817 457 38.684 15.713 18.498 -5.1 -10.1 

H126a-3 H87/  108  126a RM3 0.71880 467 39.095 15.742 18.856 -4.7 -12.3 

1 light stable isotope data from [Kenoyer, J. M., T. D. Price, and J. H. Burton 2013. A New Approach to Tracking 
Connections between the Indus Valley and Mesopotamia: Initial Results of Strontium Isotope Analyses from Harappa and 
Ur. Journal of Archaeological Science 40(5):2286-2297 (Page 2294, Table 2)]  2  indeterminate molar position 
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Table 6-3.  Continued 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

H128a-1 H87/  116  128a LM1 0.71305 320 38.731 15.687 18.621 -5.3 -12.7 

H147a-11 H87/  136  147a LM1 0.71272 323 38.802 15.700 18.648 -4.9 -12.6 

H152a-11 H87/  141  152a LM1 0.71962 205 38.721 15.708 18.559 -4.2 -12.5 

H156a-11 H87/  145  156a LM1 0.71853 372 38.515 15.705 18.405 -4.2 -10.8 

H203a-21 H87/  200  203a RM2 0.71691 256 39.377 15.768 19.099 -4.5 -9.8 

H127a-11 H88/  114  127a LM1 0.71230 469 38.699 15.700 18.545 -5.2 -12.3 

H147a-11 H88/  130  147a LM2 0.71202 422 39.007 15.725 18.793 -6.0 -12.3 

H170-2/312 H88/  161  170 LM2/3 0.71738 297 39.367 15.753 19.220 -4.2 -8.8 

H121-p31 H88/  162  121 RP3 0.72123 265 39.046 15.735 18.804 -3.5 -12.3 

H133a10-21 H88/  173  133a.10 LM2 0.71930 338 38.767 15.709 18.608 -5.4 -11.1 

H126b2a-11 H88/  174  126b.2 RM1 0.71546 232 38.846 15.705 18.658 -5.3 -11.8 

H126b2b-3 H88/  174  126b.2 RM3 0.71543 235 39.043 15.730 18.798 -6.3 -12.3 

H170a17a-1 H88/  180  170a.17 LM1 0.71367 315 38.857 15.701 18.665 -5.3 -13.2 

H170a17b-3 H88/  180  170a.17 LM3 0.71286 318 39.000 15.719 18.778 -7.0 -13.1 

H185c1-21 H88/  191  185c.1 RM2 0.72707 167 39.054 15.748 18.901 -4.0 -11.4 

H185f-11 H88/  191  185f LM1 0.72802 137 38.827 15.770 18.845 -4.1 -12.7 

H196a-21 H88/  194  196a LM2 0.71275 235 38.935 15.713 18.724 -4.9 -11.4 

H200a-2 H88/  198  200a LM2 0.71980 295 38.656 15.690 18.559 -2.8 -12.6 

H204a-1 H88/  201  204a RM1 0.71951 367 38.878 15.710 18.697 -4.4 -11.4 

1 light stable isotope data from [Kenoyer, J. M., T. D. Price, and J. H. Burton 2013. A New Approach to Tracking 
Connections between the Indus Valley and Mesopotamia: Initial Results of Strontium Isotope Analyses from Harappa 
and Ur. Journal of Archaeological Science 40(5):2286-2297 (Page 2294, Table 2)]  2  indeterminate molar position 
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Table 6-3.  Continued 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

H208a-mx12 H88/  206  208a M 0.71842 314 38.972 15.730 18.779 -3.9 -11.3 

H208a-my12 H88/  206  208a M 0.72128 239 39.035 15.744 18.839 -4.7 -11.6 

H219a-11 H88/  216  219a LM1 0.71896 264 39.167 15.751 18.980 -4.1 -8.7 

H220a-21 H88/  217  220a LM2 0.71300 430 38.737 15.689 18.576 -6.1 -11.7 

H4b-21 H88/ 439 4b LM2 0.71258 340 38.753 15.710 18.604 -5.9 -12.3 

H5#2-2 H94/  243  5#2 LM2 0.71113 557 38.625 15.678 18.612 -5.2 -12.0 

H27-21 H94/  243  27 LM2 0.71604 411 38.934 15.735 18.856 -3.8 -12.3 

H7-11 H94/  245  7 LM1 0.71475 309 38.613 15.697 18.536 -4.9 -12.6 

H17-11 H94/  250  17 RM1 0.71480 358 38.744 15.694 18.604 -4.6 -12.8 

H18-11 H94/  253  18 LM1 0.71274 353 38.149 15.650 18.530 -4.0 -12.5 

H18-21 H94/  253  18 LM2 0.71248 360 38.172 15.650 18.535 -7.8 -14.0 

1 light stable isotope data from [Kenoyer, J. M., T. D. Price, and J. H. Burton 2013. A New Approach to Tracking 
Connections between the Indus Valley and Mesopotamia: Initial Results of Strontium Isotope Analyses from Harappa and 
Ur. Journal of Archaeological Science 40(5):2286-2297 (Page 2294, Table 2)]  2  indeterminate molar position 
 



 

155 

Table 6-4.  Harappa mortuary sample summary statistics--mean±2σ 

Cohort 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

1st molar: all 0.71509±0.005 320±145 38.705±0.566 15.706±0.046 18.593±0.382 -4.7±1.6 -11.9±2.1 

1st molar: female 0.71605±0.005 311±182 38.677±0.618 15.705±0.041 18.549±0.489 -4.9±1.3 -11.7±2.5 

1st molar: male 0.71385±0.004 333±85 38.741±0.531 15.706±0.055 18.650±0.138 -4.4±2.0 -12.2±1.4 

2nd molar: all 0.71653±0.009 321±180 38.989±0.349 15.728±0.043 18.796±0.289 -5.0±1.7 -11.7±1.5 

2nd molar: female1 0.72167±0.011 272±251 39.018±0.146 15.740±0.015 18.861±0.076 -4.0±0.5 -11.9±0.9 

2nd molar: male 0.71461±0.005 340±149 38.979±0.407 15.724±0.048 18.772±0.328 -5.4±1.2 -11.6±1.7 

3rd molar: all1 0.71821±0.005 234±113 39.062±0.091 15.734±0.008 18.816±0.038 -5.0±2.3 -11.8±1.0 

3rd molar: female1 0.71686±0.004 263±78 39.037±0.019 15.732±0.007 18.806±0.022 -5.1±3.2 -12.1±0.7 

3rd molar: male1 0.72090 177 39.114 15.738 18.836 -4.6 -11.3 

1  very small sample (n≤3) 
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Figure 6-1.  Harappa samples in Sr-Sr space by sex—reciprocal of Sr concentration 

 
Figure 6-2.  Harappa samples in Pb-Pb space—208Pb/204Pb 
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Figure 6-3.  Harappa samples in Pb-Pb space by sex—207Pb/204Pb 

 
Figure 6-4.  Harappa samples—δ18O 
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Figure 6-5.  Harappa samples—δ13C 

 
Figure 6-6.  Harappa samples in Pb-Sr space by sex—87Sr/86Sr 
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CHAPTER 7 
SANAULI 

Localization Era Mortuary Treatment 

Localization Era cemeteries are even less well documented than those of the 

Integration Era, thus the mortuary site of Sanauli provides one of the few available 

opportunities for a diachronic isotopic perspective on mobility within the Indus 

Civilization. Sanauli is the only known Localization Era cemetery apart from Cemetery H 

and Area G at Harappa, but the disturbed remains from Area G demonstrates little 

continuity with broader Indus mortuary practices (Vats 1940). The formalized 

inhumations of Cemetery H provide the best contemporaneous parallel for mortuary 

practices at Sanauli. Excavated by M. S. Vats between 1928-1934 (1940) and Sir 

Mortimer Wheeler in 1946 (1947), 26 inhumations were discovered in the lower levels 

(Stratum II) of Cemetery H which were immediately overlain by secondary “pot burials” 

in the uppermost levels (Stratum I) (Gupta et al. 1962). Archaeologists have variously 

emphasized the similarities of Stratum II inhumations with those of Cemetery R-37 

(Kenoyer 1998: 174-175) as well as the dissimilarities (Wright 2011: 266).  

Though no exhaustive descriptions of Cemetery H burials have been published, 

Vats’ summary treatment of Stratum II inhumations (1940: 220-240) depicts a mortuary 

program that is broadly similar to that of the urban era. Some individuals are buried in a 

flexed posture, but others have the extended supine position known from urban era 

cemeteries. Likewise, the same broad functional classes of pottery are present at 

Cemetery H (e.g., dish-on-stand). Though pottery was sometimes deposited at the feet, 

at other times it was placed near the head and occasionally buried below the body as 

frequently occurred at urban cemeteries. Other parallels can be seen in the relatively 
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modest display of grave wealth which is limited primarily to pottery and a few personal 

ornaments.  

Cemetery H burials are differentiated from those of the urban era by the inclusion 

of some faunal remains and diverse grave orientations, but the relatively greater 

variability of post-urban mortuary practices does not appear to be strongly patterned 

based on Vats’ (1940) selective description. The lack of redundancy in mortuary traits 

implies that the different mortuary treatments are best regarded as variations on a 

common theme. For example, demographic categories like age and sex are not 

consistently associated with any particular burial practices, and spatial variables such 

as grave orientation show no obvious correlation with other mortuary traits. The 

provisional conclusion, then, is that the post-urban program of inhumations dealt 

primarily with those aspects of identity shared by the deceased rather than those that 

differentiated them from each other. Indeed, a similar inference was made in the 

preceding chapters for urban era inhumations, suggesting that the general criteria for 

inhumation in a cemetery may have remained the same even when affiliations with 

specific social institutions or cultures changed. One possibility to consider is that 

migration or a social identity contingent on residence change was a prerequisite for 

inclusion in the highly restrictive program of Indus cemetery inhumations.  

The Sanauli Cemetery 

Located between the Yamuna and Hindon Rivers in what today is western Uttar 

Pradesh, Sanauli is one of the few well-documented post-urban mortuary sites of the 

Indus Tradition. D.V. Sharma led excavations from 2005-2006 and discovered 94 

burials and 22 additional associated features across a 1565 m2 area. The full extent of 

the site is unclear, but local residents report finding further archaeological materials in 
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the surrounding fields, suggesting the site could be much larger (Prabhakar 2012). No 

associated habitation area has been discovered yet, but Indus inhabitants likely would 

have enjoyed relatively reliable agricultural production compared to people living in 

more arid regions of the Indo-Gangetic divide. Modern precipitation gradients and 

lithostratigraphic transects for this ecologically transitional region suggest that summer 

precipitation declined steeply in areas to the west and south (Saini and Mujtaba 2012), 

allowing Sanauli residents to conceivably grow more drought-susceptible cereals like 

wheat, barley, and rice. Further, modern topographical observations suggest the site 

may have been adjacent to an ox-bow lake, a now dry remnant of the Yamuna that is 

presently located ~7 km to the west (Prabhakar 2012). In fact, local ecologies were 

probably important influences in the redistribution and transformation of Indus 

settlements across the subcontinent during the post-urban era, and no uniform 

statements can be made about post-urban agricultural production and social 

organization (Weber et al. 2010; Wright and Schuldenrein 2008). Unfortunately, such 

post-urban heterogeneity coupled with the lack of habitation data permit only the most 

tenuous speculations on the broader socio-economic conditions at the site. It might 

even be the case that Sanauli was a stand-alone necropolis used by multiple 

communities in the area. Modern residential and agricultural land-use, however, might 

be concealing the habitation area at the site. 

Domestic context aside, the mortuary material culture at Sanauli has much in 

common with other post-urban Indus sites. Though some specific types are unique to 

the site, much of the ceramic corpus consists of well-fired, wheel-made red ware in 

forms known from other post-urban sites including Bhagwanpura, Hulas, Mitathal, 
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Mandi, and Cemetery H at Harappa (Sharma et al. 2005, 2007; Prabhakar 2012). area 

reliable chronology is unavailable, however, V.N. Prabhakar (2012) used a modified 

version of the classification system advocated by Dales and Kenoyer (1986a) and 

estimated that the cemetery was active during the first half of the 2nd millennium BC. 

Unfortunately, disturbed topsoil makes stratigraphic comparison unreliable. Multiple 

phases of burial activity are apparent, though not precisely defined, suggesting 

relatively long-term use of the site (Prabhakar personal communication). Lastly, the 

presence of multiple gold grave goods further supports a post-urban chronology 

because the precious metal is only rarely found in urban era mortuary contexts.  

Primary Burials and the Osteological Sample 

Though Sanauli can provide vital insight into post-urban Indus life, any 

interpretation of the mortuary program must be preceded by a discussion of bone 

preservation. The vicissitudes of monsoon weather and extensive disturbance over the 

millennia have heavily impacted the cemetery. The skeletal remains in particular have 

been damaged, and even the most complete skeletons are missing various elements. In 

many instances, only highly fragmentary crania or long bones remain. Robust elements 

of the legs and pelvis are particularly well represented, and this bias can give the 

impression of secondary mortuary activity. In each case, however, the preservation can 

be attributed to disturbances such as modern agricultural activity or crosscutting burials 

(Prabhakar personal communication). The latter disturbances appear to be a common 

feature of the broader Indus mortuary program and at Cemetery R-37, at least, have 

resulted in numerous skeletal fragments either isolated or in grave shaft backfill (Dales 

and Kenoyer 1989a). Several recorded features at Sanauli are little more than small 
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piles of human or faunal bone fragments, and they are perhaps best interpreted as an 

unintentional byproduct of repeated digging.  

However, secondary mortuary activity may best explain some aspects of the 

skeletal record. It was noted that the tibia of burial 21 is longer than the associated 

femur and one clavicle of burial 37 is shorter and more robust than the other (Sharma et 

al. 2007; Prabhakar 2012). Attributed to pathology and occupational stress, these are 

nevertheless very unusual conditions and it is difficult to rule out either a technical error 

or the possibility that the skeletons were misassembled during secondary mortuary 

treatment. Given the limited information available, however, the most conservative 

approach for this analysis is to follow the classification of Prabhakar and assume all but 

four of the burials are primary inhumations. The remaining four burials are “symbolic” 

and are discussed below. 

Pooled demographic data from the osteological field analysis and my own 

assessment of the isotopic sample suggest the mortuary population is likely not a 

representative cross section of a breeding population (Table 7-1). Adults are nearly 

twice as prevalent relative to sub-adults among the 35 individuals for whom age 

estimation was possible. This inversion of the mortality profile commonly found in stable 

archaeological populations suggests either that the majority of sub-adult skeletons were 

not preserved, or more plausibly, that sub-adults were less frequently inhumed in the 

cemetery. No such bias appears to have existed based on sex, however, as males and 

females are present in nearly equal proportions. Also, observations from the field 

analysis suggest that females are relatively robust and of slightly greater stature than 

males. Though sample sizes are small, this finding could suggest genetic distance 
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between the sexes, i.e., males and females derived from different populations, as has 

been inferred at Harappa from biodistance studies (Hemphill et al. 1991; Kennedy 

2000). 

The relatively small number of sub-adults suggests the mortuary population was 

structured by cultural practices, but there is little correlation between demographic 

variables and particular mortuary treatments (Table 7-1). One possible exception, 

however, is the inclusion of beads. Out of 13 burials with beads, six are associated with 

sub-adults, three are associated with adults, three are from burials with no age 

estimate, and one comes from a double burial containing the remains of one adult and 

one partial skeleton with no age estimate. In fact, the richest burial in the cemetery is a 

sub-adult adorned with four gold bangles and elaborate gold and copper bead 

necklaces. One possible explanation for the observed distribution of wealth items such 

as beads is that burial was an expensive process reserved for more prominent kin. 

Wealthier families, however, may have been able to bury younger individuals as readily 

as adults, leading to a higher proportion of sub-adults buried with beads. Nevertheless, 

this remains speculative and mortuary samples at other sites are needed to confirm the 

trend.  

The substantial majority of burials at Sanauli is less elaborate and conforms to 

the typical Indus pattern—extended and supine skeletal remains oriented in a northerly 

direction with pottery near the head and modest grave wealth, if any. The local 

expression of the mortuary program varies across a range of traits, most of which are 

known from other cemetery sites. For example, burials are oriented around a NW-SE 

axis, as is the case for Farmana, instead of the N-S trend observed at Cemetery R-37. 
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Four inhumations (16, 18, 25, and 73) deviate furthest from the N-S axis and orient 

nearly west to east, although this alignment does not appear to be associated with any 

other mortuary trait in particular. Like grave orientation, associated ceramics vary in 

ways that are similar to other Indus cemeteries. Pots were sometimes interred at a level 

lower than the body (n=5), suggesting a multistep inhumation process like that known 

from Cemetery R-37 (Dales and Kenoyer 1991). Pots were also sometimes placed 

underneath the pelvic area, along the sides, or at the feet rather than just near the head 

(n=19). No obvious correlation is discernible between these alternative modes of pottery 

placement and other mortuary variables, although comparisons are limited by the highly 

disturbed skeletal sample and the nature of the ceramic analysis. No discussion is 

presented here on the proportions of Harappan vs. non-Harappan ceramics, as was the 

case in Chapter 5, because the Sanauli reports (Sharma et al. 2007; Prabhakar 2012) 

make no systematic burial-specific distinction between pots of the Indus Tradition (e.g., 

Cemetery H or Punjab phase) and pots made in regional styles. 

Symbolic Burials 

The most unusual burials at Sanauli are the so-called “symbolic” burials (14, 28, 

106, and 116). The symbolic burials clearly constitute a distinct class, although a 

spectrum of continuity with other burials in terms of their overall orientation, pottery 

forms, and pottery distribution might suggest a hybridization of mortuary practices. 

Further, intermediate burial forms might indicate interregional interaction between local 

residents and non-locals with diverse cultural affiliations. Unfortunately, skeletal material 

is absent—having been substituted for by several unique ceramic types and various 

ritual objects. Burial 14 contains 18 vessels, three of which are a type of vase found 

nowhere else in the Sanauli assemblage. In place of a skeleton, a copper sheath lies 
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across a dish-on-stand, and situated amongst the pots at the head of the burial with 

blade pointing skyward is a copper “antenna” sword with its diagnostic flanged hilt. Such 

swords are known from archaeological caches of copper artifacts including celts, 

weapons, anthropomorphs and other items that collectively are referred to as copper 

hoards. They are most often found in and around the Ganga-Yamuna doab, but they 

have been recovered from many parts of India—usually as isolated finds without 

associated context (Lal 1951; Gupta 1989). Excavations at Sapai, however, have shown 

them to be contemporaneous with Ochre Colored Pottery (OCP), an archaeological 

complex of the 2nd millennium BC variously deemed a distinct archaeological culture or 

a regional manifestation of the post-urban Indus Tradition (Lal 1972; Dikshit 1979; Singh 

2008:216-218). In either case, the antenna sword of burial 14 suggests that Sanauli 

residents occupied a culturally diverse landscape. 

A mix of novel and ‘typical’ traits suggests that symbolic burials constitute a 

distinct mortuary type expressed partly in terms of the normative mode of inhumation. 

For example, burial 28 consists of 28 copper anthropomorphs laid out in the shape of a 

violin and bounded by a copper strip. The composite copper display is directly adjacent 

to two dishes-on-stands of a unique type that nevertheless seem to reference the way 

that a dish-on-stand supports the pelvis in some extended burials. Burial 106 invokes 

both the violin-shaped display of burial 28 and the copper sheath of burial 14. No 

ceramics are present, but multiple rows of steatite inlays outline a violin-shape with a 

circular “head” along an E-W orientation. A copper sheath lies in the center of the inlays, 

and the entire display is flanked by a mud-brick wall to the north which could possibly be 

one wall of a burial chamber. Two such walls are present at the northern corners of 
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burial 116 which is made up of 15 ceramic vessels adjacent to a copper display. A bowl 

sits in the middle of a violin-shaped display made from approximately 600 faience 

beads. Though highly disturbed, burials 66 and 73 further support the idea of a hybrid 

mortuary program. Both contain fragmentary skeletal remains and are laid out in a 

manner comparable to other inhumations, but they also contain copper items like those 

of the symbolic burials. Burial 66 includes a display of six copper anthropomorphs 

arranged similarly to those of burial 28, and burial 73 has a copper sheath. 

Collectively, the symbolic burials and burials 28 and 73 suggest that participation 

in the Sanauli mortuary program was not subject to the same ideological controls that 

have been inferred for urban era cemeteries based on their relative homogeneity 

(Pollock 2008). At least some residents had leeway to hybridize different modes of 

burial, such that they were very likely aware of the diverse challenges and opportunities 

in a variable social landscape. Hybridized burials may have been one medium by which 

interregional relationships between OCP-producing peoples and other post-urban 

groups were negotiated. Further, migration may have been structured by the 

interactions between OCP sites from the east and south and other post-urban Indus 

sites to the north and west. No tooth enamel was recovered from the hybridized burials, 

but evidence for interaction along these lines may still be observable in the broader 

isotopic sample.  

Results of the Analyses 

Isotopic data and Sr concentrations are presented in Table 7-2. Values of 

87Sr/86Sr range from 0.71254 to 0.72714 with Sr concentrations from 93 to 359 ppm. 

Lead isotope ratios also exhibit heterogeneity with 208Pb/204Pb from 38.156 to 39.478, 

207Pb/204Pb from 15.677 to 15.827, and 206Pb/204Pb from 18.227 to 19.439. Tooth 
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enamel yielded δ18O of -6.6 to -1.7‰ and δ13C of -13.5 to -4.4‰. Means and standard 

deviations are presented for each tooth cohort in Table 7-3. 

No faunal teeth were available at the time of sampling, and sediment leachates 

serve as the only proxy for local environmental variability of Sr and Pb isotope ratios. 

The results of all analyses are given, but data from deciduous teeth (burials 36, 67, 74B, 

95, and 99) are excluded from subsequent figures and interpretations because 

deciduous enamel is presumed to be more susceptible to diagenetic alteration. Data 

from burials 34, 55, and an individual of unknown burial number are similarly excluded 

because of their indeterminate molar position.  

A plot of Sr ratios against the reciprocal of Sr concentration is presented in 

Figure 7-1. Unlike the Farmana sample, the Sanauli distribution suggests a random 

scatter rather than a distinct mixing line between two endmembers. This could mean 

that the geochemical environment was relatively homogenized with respect to Sr 

isotopes. On the one hand, variability is substantial but does not seem to be 

represented by a simple mixing line. On the other hand, high inter-individual variation in 

Sr concentration caused by dietary differences might obscure a linear trend between a 

more radiogenic low concentration source and a less radiogenic high concentration 

source. 

The Pb isotope data, however, show a clear linear trend (Figures 7-2 & 7-3). The 

patterning suggests that individuals at Sanauli were exposed to environmental sources 

with diverse Pb isotope ratios, although the range of values cannot be used to infer 

geographic distance without additional baseline analyses. The data may indicate a two 

component mixing system controlled by a more radiogenic and a less radiogenic 



 

169 

source. Further, local soil ratios cluster at one end of the distribution, whereas the full 

range of ratios is represented by all three tooth types. 

Oxygen isotope values show a clear trend based on tooth type (Figure 7-4). The 

first molar mean δ18O (-4.1‰ ± 1.8 [2σ]) is not significantly higher than that of second 

molars (-0.4‰ ± 1.6 [2σ]), but is significantly higher than the third molar mean δ18O 

(-4.9‰ ± 1.3 [2σ]) (t(34) = 2.867, p = 0.007). The shift was ongoing or not yet begun at 

the time of second molar mineralization, suggesting a change in water source typically 

occurred late in the mineralization process at ~5 years of age. 

Carbon isotope values differ from δ18O in that the mean values remain stable 

across developmental time (Figure 7-5). Mean δ13C for first molars is -12.1‰ ± 1.5 (2σ), 

for second molars is -11.8‰ ± 1.4 (2σ), and for third molars is -12.1‰ ± 1.0 (2σ). 

Further, there is relatively less intra-population variation in the consumption of C3 vs. C4 

foods compared to Farmana (δ13C range = 3.9‰). In other words, there is some 

variation in the diets of individuals, but the relative contribution of C3 and C4 foods is not 

systematically associated with particular stages in life. 

Lastly, plotting isotope ratios of Pb against those of Sr shows a more complicated 

pattern of variability than suggested by either isotope system alone (Figure 7-6). Figure 

7-6 confirms that environmental sources of Sr and Pb are not systematically related to 

developmental stages as is apparent for individuals at Farmana and Harappa. The only 

possible exception is that the overall range in third molar data is slightly less than that 

for first and second molars, which could indicate fewer sources of environmental Sr and 

Pb in late childhood. Overall, the data cluster most tightly near the soil values, 

suggesting most samples were formed under exposure to the local environment. Lastly, 
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at least three linear distributions radiate from the large cluster of ‘local’ values, 

suggesting at least three additional sources of exposure to environmental Sr and Pb. 

The heavy isotope data suggest that most individuals shared a common 

geochemical environment independent of their age. Further, the fan-shaped distribution 

of data points seems to radiate away from locally available sediment leachates towards 

less radiogenic Pb and more radiogenic Sr. Nevertheless, a substantial portion of the 

dataset can likely only be explained by additional exposure to one of at least three 

different geochemical environments. Unlike the heavy isotope data, however, δ18O 

correlates with tooth type, suggesting most individuals experienced a shift in water 

sources around age five. Lastly, there is very little change in δ13C by tooth type 

suggesting that the same range of foods underlies isotopic exposure throughout 

childhood. Further syntheses and interpretations are given in the following chapters. 
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Table 7-1.  Demographic data and mortuary elaboration at Sanauli 

Burial Age Sex Orientation Pottery Qty. Beads Bangles Other Items 

2 3-4 - NW-SE 2 1 agate 
  4 adult F NW-SE - 

 
2 copper 

18 adult F W-E - 8 
  20 adult - NW-SE - 

   21 adult F NW-SE 2 
   22 8-12 - NW-SE 2 
   23 adult M NW-SE 5 2 carnelian 

 25 adult F W-E 2 
   27A adult M NW-SE 6 1 steatite, 1 agate 

36 4-5 - NW-SE - 5 
  37 adult M NW-SE - 1 
  38 adult M NW-SE - 

   42 adult M NW-SE 9 
  

1 gold caplet 

44A 2 adults - NW-SE 4 
   48 1-3 - NW-SE - 2 agate 2 copper 

49 adult M NW-SE - 
   57 adult M NW-SE - 
   60 adult M NW-SE 2 
   61 12-15 - NW-SE - 
   67 1-2 - NW-SE 2 5 

  69 3 adults F/M/- NW-SE 25 
   71 5-9 - NW-SE - 
   74 adult/1-3 F/- NW-SE 

    80 12-15 - NW-SE - 
   85 adult F NW-SE 10 
   93 6-7 - NW-SE 5 5 2 copper 
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Table 7-1.  Continued 

Burial Age Sex Orientation Pottery Qty. Beads Bangles Other Items 

95 2-4 - NW-SE 6 8 carnelian 4 gold gold & copper necklaces 

97 adult - NW-SE - 
   98 adult F NW-SE 1 
   99 4-5 - NW-SE 3 
   112 adult - NW-SE 1 
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Table 7-2.  Sanauli mortuary sample—results of the analyses 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

SYC-1 YC1/2 hearth RM1 0.72078 180 39.317 15.798 19.259 -4.7 -11.8 

SYC-2 YC1/2 hearth RM2 0.72042 217 39.310 15.792 19.265 -5.9 -11.6 

SU3-1/21 unknown 3 RM1/2 0.72064 155 39.261 15.799 19.115 -4.7 -12.7 

S20-p4 20 LP4 0.72714 171 39.079 15.781 19.166 -3.6 -13.3 

S20-3 20 LM3 0.72213 211 38.913 15.748 18.917 -4.8 -12.4 

S22-1 22 RM1 0.71709 254 39.387 15.807 19.312 -4.1 -11.1 

S22-2 22 RM2 0.71693 295 39.298 15.793 19.228 -3.9 -11.1 

S25-1 25 LM1 0.71938 203 39.435 15.816 19.353 -4.1 -10.3 

S25-2 25 LM2 0.71957 234 39.329 15.812 19.248 -3.9 -11.5 

S25-3 25 LM3 0.71984 208 39.291 15.793 19.225 -4.1 -12.2 

S29-p3 29 LP3 0.71962 215 39.169 15.763 19.250 -3.1 -11.5 

S34-1/21 34 RM1/2 0.71984 195 39.282 15.784 19.232 -4.9 -11.6 

S36-d22 36 LdM2 0.71881 193 39.296 15.787 19.221 -4.0 -11.9 

S36-1 36 RM1 0.71876 219 39.444 15.813 19.346 -4.4 -11.9 

S37-1 37 LM1 0.72182 93 38.971 15.750 19.025 -3.7 -11.6 

S37-2 37 LM2 0.72216 98 39.284 15.798 19.205 -4.0 -10.5 

S37-3 37 LM3 0.72213 126 39.330 15.803 19.227 -4.9 -11.4 

S38-1 38 RM1 0.71925 157 38.883 15.730 18.985 -4.5 -13.3 

S38-2 38 RM2 0.71906 208 39.401 15.801 19.290 -5.0 -12.7 

S44A-1 44A RM1 0.71923 133 39.274 15.779 19.211 -4.6 -12.6 

S44A-2 44A RM2 0.71900 174 39.356 15.797 19.267 -5.4 -12.1 

S44A-3 44A RM3 0.71891 156 38.589 15.677 18.752 -5.3 -11.7 

S44B-1 44B LM1 0.72164 127 39.145 15.776 19.008 -4.1 -12.8 

S44B-2 44B LM2 0.72119 209 39.171 15.773 19.073 -4.5 -11.6 

S44B-3 44B LM3 0.72175 170 39.111 15.775 18.992 -5.0 -11.3 

1  indeterminate molar position  2  enamel is deciduous or poorly mineralized 
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Table 7-2.  Continued 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

S44C-1 44C RM1 0.71757 181 39.302 15.786 19.237 -4.6 -12.3 

S44C-2 44C RM2 0.71762 245 39.375 15.807 19.316 -5.2 -11.3 

S49-2 49 RM2 0.72101 158 39.347 15.802 19.287 -4.1 -12.2 

S54-1 54 LM1 0.71894 189 39.026 15.747 19.016 -3.3 -11.6 

S54-2 54 RM2 0.71807 198 39.379 15.805 19.294 -4.4 -10.3 

S55-1/21 55 LM1/2 0.71254 236 38.882 15.716 18.902 -2.7 -4.4 

S58-i2 58 LI2 0.71863 141 38.156 15.725 18.227 -5.4 -12.5 

S61-1 61 RM1 0.71866 191 39.318 15.827 19.439 -3.3 -12.6 

S61-2 61 RM2 0.71851 203 39.255 15.791 19.216 -5.3 -12.8 

S61-3 61 RM3 0.71895 241 39.387 15.801 19.294 -6.6 -11.8 

S67-d22 67 RdM2 0.72209 158 39.405 15.808 19.330 -4.3 -12.4 

S69A-1 69A LM1 0.71983 225 39.089 15.770 19.075 -4.3 -12.1 

S69A-2 69A LM2 0.71950 300 39.095 15.764 19.095 -4.4 -11.6 

S69A-3 69A LM3 0.71899 312 39.293 15.787 19.222 -4.7 -11.9 

S69B-1 69B LM1 0.71816 226 39.314 15.792 19.346 -1.7 -11.3 

S69C-2 69C LM2 0.71953 254 38.755 15.721 18.805 -4.0 -11.8 

S69C-3 69C LM3 0.71909 233 39.244 15.780 19.196 -4.7 -12.0 

S71-1 71 LM1 0.71974 167 39.313 15.791 19.230 -2.5 -12.1 

S71-2 71 LM2 0.71978 183 39.251 15.786 19.187 -4.1 -11.7 

S74A-1 74A LM1 0.71900 160 39.378 15.801 19.289 -3.6 -13.5 

S74A-2 74A LM2 0.71910 183 39.351 15.800 19.261 -2.5 -12.5 

S74A-3 74A LM3 0.72005 164 39.292 15.787 19.191 -4.7 -11.8 

S74B-d22 74B RdM2 0.71893 101 39.110 15.765 19.059 -3.9 -12.7 

S80-1 80 RM1 0.71940 206 39.334 15.791 19.254 -5.6 -12.8 

S80-2 80 RM2 0.71991 278 39.365 15.803 19.257 -4.6 -11.8 

1  indeterminate molar position  2  enamel is deciduous or poorly mineralized 
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Table 7-2.  Continued 

Sample No. Burial Tooth 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

S80-3 80 RM3 0.71875 264 39.444 15.817 19.357 -5.1 -12.9 

S85-1 85 LM1 0.72133 179 39.180 15.787 19.068 -3.7 -11.4 

S85-2 85 LM2 0.72069 213 39.005 15.727 19.122 -4.1 -11.8 

S93-1 93 LM1 0.71953 198 39.345 15.798 19.269 -3.4 -11.9 

S95-d22 95 RdM2 0.71933 153 39.373 15.801 19.293 -4.3 -11.5 

S97-1 97 LM1 0.71905 182 39.064 15.754 19.130 -4.3 -12.8 

S97-2 97 LM2 0.71946 200 39.003 15.747 19.016 -5.0 -12.4 

S97-3 97 LM3 0.71940 180 38.891 15.732 18.966 -4.6 -12.4 

S98-1 98 LM1 0.72021 163 39.372 15.804 19.275 -3.7 -13.1 

S98-2 98 LM2 0.72048 243 39.277 15.794 19.200 -4.0 -12.1 

S98-3 98 LM3 0.72137 217 39.362 15.801 19.259 -4.0 -12.7 

S99-d22 99 LdM2 0.71990 136 39.229 15.790 19.172 -4.4 -11.2 

S99-1 99  LM1 0.72008 178 39.314 15.796 19.237 -4.9 -11.5 

S112-1 112 LM1 0.71846 300 39.478 15.827 19.377 -5.1 -12.3 

S112-2 112 RM2 0.71858 290 39.472 15.824 19.369 -5.0 -12.0 

S112-3 112 LM3 0.71962 359 39.421 15.821 19.316 -4.9 -12.8 

1  indeterminate molar position  2  enamel is deciduous or poorly mineralized 
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Table 7-3.  Sanauli mortuary sample summary statistics—mean±2σ 

Cohort 87Sr/86Sr Sr ppm 208Pb/204Pb 207Pb/204Pb 206Pb/204Pb δ18O δ13C 

All 0.71965±0.00351 200±105 39.221±0.450 15.784±0.060 19.176±0.366 -4.3±1.6 -11.9±2.3 

1st molar1 0.71941±0.00238 185±88 39.210±0.558 15.785±0.056 19.172±0.488 -4.1±1.8 -12.1±1.5 

2nd molar 0.71988±0.00403 217±97 39.242±0.336 15.786±0.053 19.201±0.244 -4.4±1.6 -11.8±1.4 

3rd molar 0.72008±0.00260 218±130 39.197±0.508 15.779±0.079 19.147±0.363 -4.9±1.3 -12.1±1.0 
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Figure 7-1.  Sanauli samples in Sr-Sr space—reciprocal of Sr concentration 

 
Figure 7-2.  Sanauli samples in Pb-Pb space—208Pb/204Pb 
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Figure 7-3.  Sanauli samples in Pb-Pb space—207Pb/204Pb 

 
Figure 7-4.  Sanauli samples—δ18O 
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Figure 7-5.  Sanauli samples—δ13C 

 
Figure 7-6.  Sanauli in Pb-Sr space—87Sr/86Sr 
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CHAPTER 8 
DISCUSSION 

The isotope data presented in chapters 5, 6, and 7 are structured and several 

patterns emerge that require further discussion. In particular, isotope data from 

Farmana and Harappa are structured by tooth cohort and sex. At Farmana, the first 

molar cohort is completely segregated from all other human, faunal, and sediment 

samples by Pb isotope ratios (Figures 5-2 & 5-3), whereas there is little variation in 

87Sr/86Sr (Figure 5-1). The first molar cohort at Harappa overlaps with both the second 

and third molar cohort with the exception that no first molar data plot in the local range 

inferred from the intersection of faunal and human heavy isotope data (Figure 6-6). 

Further, Pb, Sr, and O isotope datasets from Harappa are structured by sex. In general, 

females exhibit a wider range of variation in Pb-Sr space (Figure 6-6), and appear to 

show an increase in δ18O between first and second molars (Figure 6-4), contrary to the 

expected decrease in δ18O associated with weaning (Wright and Schwarcz 1998).  

One possible interpretation is that inhumation at the Integration Era cemeteries of 

Harappa and Farmana was reserved for immigrants who left their natal groups at a 

young age, presumably without the company of their genetic kin. Further, provenience 

data are consistent with origins in the highlands, piedmont, or other hinterland regions 

outside of the foreland alluvium. As such, immigrants may have originated from non-

Indus sites, although the present evidence is insufficient to unequivocally determine 

their cultural affiliations. If confirmed by future research, however, immigration from non-

Indus sites might help explain their distinct cultural trajectories within a broader 

interregional system of economic exchange. Multiple lines of isotopic evidence are 

presented in support of the following claims:  
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 Nearly all individuals inhumed in Integration Era cemeteries were immigrants. 

 The immigrants came from hinterland sites. 

 Initial residence change occurred early in childhood. 
 

By contrast, the isotope data from Sanauli suggest the mortuary population was less 

mobile and that migration largely occurred within the alluvial lowlands. Certain elements 

of the urban era institution of migration may have persisted into the post-urban era, but 

if so, the relationship between institutionalized immigration and cultural identity had 

fundamentally transformed.  

 As mentioned above, additional analyses are needed to resolve issues of 

equifinality in the geographic provenience and cultural affiliation of urban era individuals, 

however,  a model of highland-lowland interaction is proposed predicated on the 

possibility that immigrants originated with non-Indus groups that were trading with 

lowland elites. The model provides an investigative framework for future hypothesis 

testing, and more broadly, demonstrates the need to account for diverse social 

dimensions when interpreting migration and exchange. The mere delineation of trade 

routes and migration paths does little to advance our understanding of past societies 

unless such provenience data are embedded within the social landscape. 

Integration Era Mobility 

Before moving forward with behavioral explanations for the isotope data, the 

validity of the data must be addressed. If the isotopic values had been altered at any 

stage in the post-mortem environment, it would compromise the utility of the data for 

modeling past human mobility. Fortunately, the structure of the data set provides 

evidence that the reported isotope values are representative of biogenic exposure 

rather than post-mortem diagenesis. First and foremost, the isotopic data would not be 



 

182 

patterned by tooth type if diagenesis were a major concern; instead, all teeth would 

display similar isotope values. The urban cemeteries show a trend towards non-local 

isotope values among the first molar cohort, whereas values of the second and third 

molar cohorts tend to plot near local sediments and fauna. Even at Sanauli, where there 

is no single pattern of convergence, intertooth variation appears to be structured along a 

series of mixing lines that cannot be readily explained by isotopic variation in local 

sediments. Therefore, the isotope data from Farmana, Harappa, and Sanauli appear to 

preserve the in vivo signal that reflects ingested environmental sources. It is 

conceivable that some partial post-mortem alteration occurred, thus shifting values 

towards those of the burial environment but not enough to eradicate the intra-individual 

patterns. It is difficult to disprove this possibility for any given sample, but as discussed 

in Chapter 3, the preponderance of data from analyses in a wide range of 

archaeological contexts suggests that enamel provides a high-fidelity record of isotopic 

exposure. Therefore, it is assumed that the isotopic values for Indus inhumations 

accurately represent weighted averages of environmental input at the time of enamel 

mineralization for each individual. 

Immigrant Frequency 

Multiple lines of isotopic evidence suggest that only first-generation immigrants 

received inhumation in the urban era cemeteries at Farmana and Harappa. When 

plotted by tooth cohort, isotope ratios of Pb and Sr show that all or part of early-life 

enamel mineralization occurred during a time when the individuals were exposed to 

non-local environmental inputs. The distinction between local and non-local is 

complicated by the inherent imprecision in any proxy measure of the human dietary 

catchment (Chapter 3). In this case, however, the internal structure of multi-isotope 
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datasets allows for a relatively precise estimate of local ratios. In scatter plots of Pb and 

Sr isotope ratios, the convergent distributions of fauna, sediment leachates, and late-

developing human tooth enamel suggest that a relatively small range of ratios 

characterized the local environments at Farmana (Figure 8-1) and Harappa (Figure 8-

2). Further, it is unnecessarily conservative to adopt the full isotopic range exhibited by 

fauna as the local estimate. Determination of the local range using a multi-proxy multi-

isotope approach remains a visually subjective process in that no precise quantitative 

measure distinguishes between local and non-local within continuous distributions of 

baseline data; however, the increased interpretive power justifies the loss of quantitative 

rigor.  

Several possible explanations apart from migration can explain non-local values 

in first molar cohorts. For example, exposure in childhood to anthropogenic sources of 

Pb could account for intertooth isotopic differences. This possibility will be discussed 

below with regard to the Farmana mortuary population. At Harappa, however, it is highly 

unlikely that anthropogenic exposure could explain sex-based differences in the isotope 

data. First molars of males and females are distinguished by Pb and Sr isotope ratios 

(Figures 6-1, 6-2, 6-3, & 6-4), whereas males and females may exhibit opposite shifts in 

δ18O between first and second molars. Each isotope system is governed by different 

environmental factors, such that only the systematic sex-based application of 

dramatically different water management practices, differential exposure to industrial 

activity or metal-bearing goods, and differential consumption of imported foods could 

account for the patterning in the data set. Thus, anthropogenic sources of non-local 

isotope values can be ruled out. 
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Another possible source of non-local environmental input in early life is the 

maternal contribution imparted by immigrant mothers during gestation and breast 

feeding. In modern contexts, for example, Gulson et al. (2003) have documented the 

mobilization of the maternal skeletal Pb burden into breast milk and its subsequent 

uptake in the deciduous dentition of children. A similar process could happen with Pb 

and Sr in archaeological populations, potentially altering their respective isotope ratios 

which would otherwise reflect local maternal residence. Again, however, the sex-based 

structure of the Harappa data set suggests that it was the individuals themselves who 

moved rather than their mothers. It is highly unlikely that Cemetery R-37 contains only 

the sons of mothers from one region and the daughters of mothers from another region. 

Further, δ18O of enamel formed in utero or during nursing reflects only the isotopic 

composition of maternal body water, a reservoir that is independent of skeletal δ18O. Yet 

mean male and female first molar δ18O differs by 0.5‰, and nearly opposite shifts (~ 

±1‰) are observed between the first and second molars of males and females. This 

difference is only possible if males and females inhumed at Harappa were actually 

raised in hydrologically distinct regions. 

Unfortunately, the lack of reliable sex estimates means that similar interpretive 

logic cannot be applied at Farmana. Further, the 87Sr/86Sr (Figure 5-1) and δ18O (Figure 

5-4) data are equivocal, placing the burden of proof solely on the Pb isotope ratios. For 

many individuals, homogenous 87Sr/86Sr across tooth types is consistent either with 

local origins or with origins from elsewhere in a region of homogenous 87Sr/86Sr. The 

latter possibility is consistent with the published data for the Thar Desert fringe (Chapter 

4), although additional analyses of sediment leachates and archaeological fauna are 



 

185 

needed to confirm this trend. The δ18O data are similarly inconclusive in that the relative 

homogeneity anticipated for much of the Ghaggar-Yamuna interfluve precludes the 

conclusive identification of immigrants. Despite the shift in δ18O between tooth types, it 

is impossible to disentangle the effect of weaning on enamel δ18O from the effects of 

interannual climatic variation, spatial climatic variation, and behavioral variation in water 

management or water metabolism.  

Without corroborating evidence from Sr and O isotope systems, it is difficult to 

rule out the possibility that young individuals were systematically exposed in a local 

setting to anthropogenic Pb of non-local origin. In particular, surma could have been 

applied to the eyes of children as it is today in many parts of the world. If Law’s (2008) 

identifications of Pb-bearing makeup at Harappa and Mohenjo Daro are correct, then it 

cannot be ruled out that individuals at Farmana may have been exposed to similar 

makeup at a young age. As discussed in Chapter 3, the use of surma and kohl is in 

some cases associated with increased blood lead concentration and can therefore alter 

the Pb isotope ratios recorded in tooth enamel. Another possibility is that the first molar 

cohort recorded the skeletal Pb burden mobilized in the breast milk of immigrant 

mothers, although the expectation is that their breast milk should eventually equilibrate 

with local Pb sources as a consequence of bone turnover. A third hypothesis is that 

anthropogenic Pb exposure indicates non-local residence at sites polluted by heavy 

smelting activity. This possibility is discussed in more detail below. 

Immigrant Origins 

The first molars at Farmana have less radiogenic heavy isotope ratios than other 

tooth types, and their distribution in Pb-Pb space suggests a mixing line between local 

values and an endmember that is unique among the environmental samples analyzed 
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for this study (Figure 8-3). No direct association can be made with the natural isotopic 

background of a given region, but there is some correlation in Pb isotope ratios between 

Farmana first molars and samples taken from large archaeological slag heaps at 

Singhana and Ganeshwar, two sites of the Ganeshwara-Jodhpura Cultural Complex 

associated with intensive copper production. The region has long been considered a 

primary source of copper for Indus people, and the non-Indus inhabitants very likely 

traded extensively with their closest Indus neighbors at sites like Farmana less than 

150km to the north. If immigrants at Farmana came from this region, particulate from 

intensive smelting could potentially explain the isotopic similarity between human teeth 

and copper slags. Alternatively, the low Pb isotope ratios may simply reflect an 

uncharacterized background source derived from the Aravallis.  

The Sr and O isotope data do not directly support an immigrant hypothesis, but 

neither do they contradict it. The inferred homogeneity in biologically available 87Sr/86Sr 

for the Thar Desert fringe and nearby areas is consistent with the small range of 

variation in the Farmana data set. Further, limited analyses of groundwater on a 

transect between Delhi and the Aravalli foothills (Bhattacharya et al. 1985) suggest 

minimal regional variation in δ18O. Additional environmental analyses are needed to 

confirm the plausibility of relatively large-scale homogeneity in Sr and O, but migration 

between copper smelting highland sites and agricultural lowland sites remains a viable 

explanation for the intertooth differences at Farmana.  

Some individuals at Farmana are more clearly of non-local origin. Rather than 

low Pb isotope ratios and relatively stable 87Sr/86Sr, three individuals represented only 

by second and third molars have more radiogenic Pb or Sr (Figure 8-1). Their 
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distribution with respect to Sanauli sediment leachates and some of the more peripheral 

Rakhigarhi fauna suggests a residence influenced more by radiogenic Himalayan 

alluvium to the north or northeast than the aeolian sands of the Thar Desert to the 

southwest. Lastly, no distinction can be made between individuals exposed to more or 

less radiogenic environments on the basis of mortuary material culture. The small 

number of more radiogenic individuals (burials 26, 66, and 67) precludes statistical 

analysis, but there is no clear relationship between isotope ratios and variation in 

ceramics, ornaments, burial type, or burial orientation. The radiogenic burials have 

modest quantities of pottery, appear with and without beads, have multiple burial types, 

and multiple burial orientations.  

The isotope data from Harappa more clearly constrain the possible origins of 

migrants. When compared with the environmental samples in Pb-Sr space (Figure 8-4), 

the Harappa data suggest four primary non-local regions. Three data points exhibit 

intermediate values between those of Harappan fauna and the sediment leachates from 

Farmana and Sanauli which may indicate origins somewhere along the Ghaggar-Hakra 

basin. This is supported by a close identification with some of the more peripheral 

Rakhigarhi fauna. Two more data points extend in the opposite direction, towards much 

less radiogenic 206Pb/204Pb, and 87Sr/86Sr of approximately 0.715. No faunal data 

characterize this region, although the Harappan data points exhibit isotope ratios very 

similar to those of first molars at Farmana. Incidentally, this suggests that the 

anthropogenic Pb exposure posited for Farmana individuals may be confined to a 

relatively homogenous Sr province and does not result from a widespread cultural 

practice. A third source region at Harappa is characterized by highly radiogenic 87Sr/86Sr 
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and likely has geochemical origins to the north and northeast in the Himalayan foothills. 

The radiogenic area likely begins at the outer fringes of the Harappan provisioning 

catchment as indicated by three peripheral faunal data points.  

The fourth source region and by far the most significant is characterized by 

87Sr/86Sr between 0.712 and 0.716 with Pb isotope ratios very similar to those of fauna 

at southern sites such as Mehrgarh, Nausharo, and Allahdino (Figure 8-4). This strongly 

suggests an origin along the main Indus catchment upstream of the Western Fold Belt 

carbonate influx. It is difficult to establish precise geographic parameters based on the 

current data set, but a conservative estimate spans the middle reaches of the Indus 

River, beginning upstream of the confluence with foreland tributaries and extending well 

into the Himalayas. Importantly, this region includes many of the source areas from 

which the Harappan mineral assemblage was derived (Law 2008) along with sites of the 

Northern Neolithic and late occurring Kot Diji cultures.  

Figure 8-5 adds further support to a western and northwestern provenience for 

the fourth isotopic region. Two mixing lines are suggested between a single less 

radiogenic end member with high Sr concentration and two low concentration end 

members with relatively high 87Sr/86Sr. Farmana, Sanauli, and most Harappa data 

points above 0.716 plot along a single mixing line that is potentially defined at one end 

by radiogenic contributions to the Indus foreland from the HHC and Lesser Himalaya. 

The other end is characterized by low 87Sr/86Sr aeolian carbonates derived ultimately 

from the Western Fold Belt. The less radiogenic ratios from Harappa (<0.716) plot along 

a separate mixing line, presumably between the Western Fold Belt carbonates and a 

different radiogenic source including the Karakoram drainages. Faunal data from 
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Harappa and Rakhigarhi do not appear entirely comparable to human values, but their 

distribution is broadly consistent with the easternmost aeolian mixing system. 

Thus, Harappan immigrants came primarily from regions in or adjacent to the 

northwestern highlands. A smaller influx of migrants originated from various places in a 

broad swath of territory stretching east and south from the northern foothills into the 

Ghaggar-Hakra basin and Thar Desert fringe. Interestingly, males came almost 

exclusively from the western and northwestern area, whereas females originated in 

each of the proposed source regions. Additionally, isotopic distinction between the 

sexes is consistent with morphometric studies of population affinity at Harappa that 

suggest genetic distance between males and females (Hemphill et al. 1991; Kennedy 

2000). The available archaeological context is insufficient to assess whether or not 

there is a correlation between isotopic origin and sex, although Kenoyer (2011a) has 

suggested that males typically had less elaborate graves. This could potentially be 

related to their origins outside of the Indus heartland, but no conclusive statement can 

be made using the available evidence. 

Mode of Migration 

The timing of migration events in the Farmana and Harappa mortuary 

populations is less clearly constrained than the geographic provenience. If the low Pb 

isotope ratios exhibited by first molars from Farmana are attributed to non-local 

exposure then the data set strongly indicates that migration events began in early 

childhood. The sequential distribution from first to second and then tightly clustered third 

molars is best explained by a change in Pb exposure early in the mineralization phase 

of second molars around three or four years of age (Figure 8-6A). Note that most 

individuals had converged on the local range at some point prior to the mineralization of 
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their third molars which suggests local residence and normalized adult Pb exposure by 

the age of seven or eight (Figure 8-6B). 

Intertooth sequences in Pb-Sr space (Figure 8-6A) show that four individuals 

originate in more radiogenic terrain, and at least two of them had not yet reached 

Farmana at the point of third molar mineralization. However, intertooth sequences also 

suggest that at least two of the more radiogenic individuals had changed residence one 

or more times during childhood. The other two radiogenic individuals are each 

represented by only a single data point. Nine individuals, eight of whom have multiple 

data points, were exposed to less radiogenic Pb exclusively in early childhood (Figure 

8-6B). Again assuming that shifts in Pb isotope ratios reflect residence change, the 

preponderance of data suggests that all individuals first changed residence at an early 

age. Most significantly, no individual displays low Pb isotope ratios into adulthood, 

suggesting that only children migrated from less radiogenic environments. Such young 

migrants would presumably need to be cared for by a local family or kingroup, as there 

is no evidence in the isotopic sample for older individuals having made the same 

journey. 

The opportunistic nature of the Harappa sample precludes a thorough analysis of 

developmental sequences. Only two such sequences can be confidently determined 

based on the available context, and both are consistent with an early childhood 

migration event (Figure 8-7). The sequences indicated on Figure 8-7 are of a first and 

third molar and an incisor and canine, and in both cases, the later mineralizing tooth 

plots closer to the local range at Harappa. The intertooth isotopic shift occurs for ratios 

of Sr and Pb, confirming that the sequence depicts actual residence change rather than 
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anthropogenic Pb exposure. Additional sampling is required to determine whether or not 

the entire mortuary population was mobile in early life. However, the oxygen isotope 

composition of female first and second molars provides one additional clue. The shift 

towards higher δ18O in second molars (discussed above) runs counter to the typical 

weaning related reduction in δ18O, and is therefore consistent with an early life migration 

event. Small sample sizes and a lack of developmental sequences limit the interpretive 

power of individual isotopic measures at Farmana and Harappa, but taken collectively, 

they are highly suggestive of a pattern of early life migration from adjacent highlands 

associated in many instances with non-Indus cultures.  

Localization Era Mobility 

The structure of the Sanauli data set suggests significant changes in the Indus 

mortuary program during the post-urban era. Unlike the all immigrant mortuary profile 

proposed for Farmana and Harappa, Sanauli includes individuals born locally. Sediment 

leachates plot next to a large cluster of data points in Pb-Sr space, suggesting that 

many individuals lived near the mortuary site (Figure 8-8). The local range cannot be 

defined with precision without additional environmental samples, but the central hub of 

the radial distribution of Sanauli data points likely coincides with local isotope ratios. 

Depending on how conservatively one estimates the local range, between 11 and 23 

individuals in the isotopic sample of 33 individuals spent all or part of their early lives 

outside the immediate vicinity of the site. The potential source regions can be 

categorized into three broad groups. Two individuals come from a region with low 

87Sr/86Sr (<0.718) and high 206Pb/204Pb (>19.2) that plots near the most radiogenic 

Farmana data points. This distribution might represent parts of the Ghaggar-Yamuna 

interfluve to the north and east of the Thar Desert fringe. Eight individuals have high 
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87Sr/86Sr (>0.72) and a relatively wide range of 206Pb/204Pb (>18.9), which suggests 

increased proximity to the relatively radiogenic terrain of the Himalayan foothills to the 

north or perhaps the Gangetic River to the east and northeast. Another eight individuals 

have intermediate 87Sr/86Sr (0.718-0.720) and low 206Pb/204Pb (<19.1). Those individuals 

with the least radiogenic Pb isotope ratios plot close to some of the peripheral Harappan 

fauna, suggesting possible origins to the west and northwest in the upper reaches of the 

foreland basin. 

Overall, Sanauli individuals show considerable intertooth variability suggesting 

that migration in childhood was not uncommon (Figure 8-9). There is, however, no 

specific trend in the timing of migration. Some individuals show the most change 

between first and second molars, some between second and third molars, and some 

show relatively little change across all three tooth types. Further, first, second, and third 

molars often do not plot along a linear trajectory. It is unclear whether this indicates 

multiple changes of residence or simply the range of isotopic variation for a given 

region. 

The relatively wide scatter of Sanauli data and lack of structure in the data set is 

most consistent with a typical breeding population. The presence of non-local 

individuals might be attributable to exogamy, although any specific explanations must 

remain speculative. No further clues are found in the mortuary material culture, as no 

obvious correlations with the isotope data can be detected. Sex identifications are too 

few to ascertain any patterning, and each potential source region includes individuals of 

all ages, ceramics of every quantity, and grave goods of all kinds. Even burials with 

more than one individual exhibit a range of isotopic values suggesting the deceased 
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were not united by common geographic origin. Unfortunately, the most unusual burial 

type, symbolic burials, lacked appropriate skeletal material for isotopic analysis. In 

summary, the Sanauli mortuary program was insensitive to or only indirectly concerned 

with geographic origin. The frequency of migration is still relatively high, and therefore 

the kind of person who received inhumation may have tended to be more mobile, but 

the proposed urban era correlation between migration and inhumation had changed. 

Further, the migration patterns at Sanauli suggest that residence change served as an 

internally integrative mechanism, connecting Sanauli to other Indus sites rather than 

settlements in the highlands. 

Dietary Variability 

The carbon isotope data do not show significant shifts between tooth types or 

any sex-based differences at the sampled sites (Figures 5-5, 6-5, & 7-5)). Likewise, they 

do not appear to be structured by mobility. Instead, they are suggestive of agricultural 

adaptations to regional climatic conditions. Harappa and Sanauli both have mean δ13C 

of -11.9‰, whereas the mean value at Farmana is -10.0‰. These data contradict a 

simplified narrative of increasing millet consumption over time, and instead confirm that 

agricultural practices varied at the regional scale. Very few millets or other C4 crops 

were consumed by individuals in the mortuary populations of Sanauli and Harappa, but 

millets contributed significantly to diet at Farmana. Their hardy nature and relatively low 

labor requirements means they could have been used to minimize the agricultural risks 

associated with semi-arid conditions in the Thar Desert fringe. Intertooth δ13C variation 

provides additional insight into the mode of millet consumption at Farmana. Whereas 

intertooth variation at Sanauli rarely exceeds 1‰ for a given developmental sequence, 

δ13C at Farmana varies by as much as 3‰ for the same individual (Tables 5-3 & 7-2). 
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At Farmana then, the decision to eat millets varied from year to year, probably as a 

function of interannual climatic fluctuations. Overall, the data support the notion put 

forward by Weber and colleagues (2010) that Indus agriculture is best understood in 

terms of ecological adaptations at the regional and sub-regional scales.  

Towards an Integrated Model 

Though additional research is needed to fully support the interpretations of 

migration made in the preceding sections, it is worth exploring the potential implications 

for broader Indus society. A model is needed to explain the presence of immigrant 

cemeteries in order to go beyond a simple presentation of data and provide a 

framework for future investigation. This section builds on the proposition that all 

individuals sampled at Harappa and Farmana were immigrants separated from their 

natal groups in the non-Indus highlands early in childhood. It is further proposed that 

during the urban era, the uncommon and relatively standardized practice of cemetery 

inhumation was part of a social institution revolving around particular types of 

immigrants. To reiterate the point made above, non-Indus origins cannot be 

unequivocally determined at this point. Nevertheless, the model outlined here illustrates 

the untapped potential for Indus provenience studies and serves as an important 

example of the analytical and inferential process. Further, it may be validated by future 

research as it fits well with the non-isotopic evidence.  

For example, published studies focused on the physical anthropology at Harappa 

and Lothal (Possehl and Kennedy 1979; Kennedy et al. 1984; Hemphill et al.1991; 

Kennedy 2000) suggest genetic discontinuities that can be explained by systematic 

migration. The long-term maintenance of genetic distance between the sexes at 

Cemetery R-37 and Cemetery H may be better explained by an influx of immigrants 
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rather than ongoing marital exchanges between local and non-local groups. Further, 

skeletal similarities between the Lothal assemblage and contemporaneous hunter-

gatherers in the southern Aravallis have been interpreted as the result of gene flow. It 

may be, however, that the Lothal skeletons belonged to immigrants from hunter-

gatherer populations rather than their locally born offspring. 

The all immigrant hypothesis also fits well with conventional archaeological 

evidence. Given the scarcity of Indus inhumations, it is difficult to model the mortuary 

populations as cross sections of interconnected breeding populations. There simply are 

too few inhumations in too few cemeteries for the collective urban era mortuary 

population to represent an ethnic group. Yet close similarities between inhumations 

from different cemeteries suggest strong ideological controls and common membership 

in an Indus group or institution. Additionally, the exclusive mortuary treatment carried 

out despite years of local residence implies a profound social distinction lasting even 

into death. This distinct social identity could be interpreted as membership within a 

peripheral class of first-generation immigrants attached to or otherwise affiliated with 

local groups.  

The affiliate approach to Indus immigration is poorly explained by conventional 

relations of marriage and consanguinity. For a given kinship system to fit the isotope 

data, it must result exclusively in a mortuary population of individuals that spent their 

early childhood in at least one non-local location. Further, it must account for gender-

based differences in the isotopic data set. Both of these results can be achieved given 

several assumptions. First, the mother of the deceased would have had to marry into 

the local community from non-local locations. On becoming pregnant, she would have 
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had to return to her paternal group for childbirth and nursing, not leaving for several 

years. Eventually, a mothers and her offspring would resume living with the husband’s 

group, but the mother would return one last time to her non-local paternal group for 

burial. Locally born female offspring must follow a similar pattern by marrying outside of 

the local group but returning home to the father’s community for childrearing and 

eventual burial. Male offspring must also marry outside of the local population, but not to 

the same group as their sisters. Further, they would be buried at their adult residence. If 

this residence pattern was maintained between three or more communities, any given 

mortuary population would contain only males and females with different non-local 

isotopic signatures in their early mineralizing dentition.  

The hypothetical marital residence patterns (represented diagrammatically in 

Figure 8-10) result in distinct patterns of residence change that can be tested against 

the isotopic data. Following the three population system in Figure 8-10A for local 

mortuary population B, male dentition will reflect the isotope values at location C in 

infancy, location A in childhood, and finally location B (the adult residence) if they 

moved to their affinal residence before their third molars had finished mineralizing. 

Female dentition would reflect the sequence A, B, and potentially C depending on when 

they moved to their affinal residence. This scenario suggests that male second molars 

should coincide with female first molars, a pattern not supported by the heavy isotope 

data at Harappa (Figure 8-11). A residence system composed of four or more 

populations, as in Figure 8-10B, would result in the same migration sequence for 

females (A, B, and possibly C) but a different pattern for males. Note that males and 

females in Figure 8-10B never live in the same locations in early life, resulting in a male 
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isotopic sequence of D, E, and potentially B. Again, this pattern is not apparent in the 

Harappa data set (Figure 8-11) as males appear only to move between one non-local 

region and the local Harappan catchment.  

Further analyses will permit a more refined test of these scenarios, but two 

additional complications suggest they are not applicable to the present data set. First, 

males who died young would have to be buried at the settlements of their aunts’ 

affines—all without having reached the stage in life where they would have moved there 

in their own right. Further, decades of excavation in South Asia have yet to reveal 

cemeteries that could plausibly represent the complementary kin groups indicated in 

these mate exchange systems. Isotope data aside, too many special arguments are 

required to make a system of marital residence fit the mortuary profile at Harappa.  

An institution of fictive or created kinship, however, is consistent with the isotopic 

data set. It can explain a mortuary population composed entirely of individuals who 

moved as children into lowland settlements from their natal groups in the Indus 

hinterland. It provides an ethnographically realistic context by which genetically 

unrelated children from non-Indus cultures can be fostered and raised under safe and 

healthy conditions within the Indus social system. And lastly, it explains how, despite 

years of participation within Indus society, those individuals could be perceived as 

socially distinct persons even in death as evinced by their inclusion within an 

extraordinarily uncommon mortuary program. 

An Ethnographic Example 

Fosterage, often literally or figuratively tied to the act of wet nursing, has been 

widely used as a strategic means of building alliances in many parts of the world 

including the Middle East and Eurasia (Altorki 1980; Goody 1982; Khatib-Chahidi 1992). 
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The practice was used among the historic kingdoms of the Hindu Kush—an area that 

was once the source for many of the raw materials imported to Harappa in Indus times. 

The rights and obligations generated through fosterage helped create the social 

foundation necessary for hierarchical political alliances between fractious peripheral 

polities (Gwynn 1913; Parkes 2001). Parkes (2001) extensively reviewed the late 19th 

century practice of fosterage in the Hindu Kush region in which fosterage most often 

involved the transfer of elite children to junior households. Foster families owed 

allegiance to the elite lineage and, having become ‘milk kin,’ were forbidden to 

intermarry. Should the elite child rise to power, foster families were compensated with 

land and positions of authority. There was variability in the practice, however, and 

Parkes (2001: 20-21) suggested that successive iterations of milk kinship could create 

relations of dependency between previously intermarrying descent groups. Eventually, 

the prohibitions against intermarriage would completely separate the groups such that 

the initially junior descent group could become a dependent status grade. People of the 

subordinate grade might then be bonded and transferable, potentially reversing the 

physical flow of bodies observed in prior relations of milk kinship. 

It is unreasonable to suppose that the many means of creating kinship recorded 

historically in South Asia and elsewhere ever existed in identical form within the Indus 

Civilization. Projecting ethnography unchanged into the past has long been rejected as 

a valid approach for understanding archaeological peoples. However, a historical 

understanding of the frequency and diversity of ethnographic practices highlights 

common themes that could readily have applied to protohistoric South Asia. The 

ethnographic cases defy a simplistic understanding of the archaeological past, and the 
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often implicit assumptions that people in the past were immobile or that archaeological 

cemeteries always contain breeding populations must be abandoned (Cobb 2005; 

Jackes 2011). Adding to the complexity is the established premise that archaeological 

people, just like modern ones, are capable of appropriating and using non-local material 

culture. For this reason, no one-to-one correlation can be assumed between pottery 

types and ethnic groups (Jones 1997:122-124). In short, the notion that past individuals 

who participated in a vast, technologically sophisticated, and incredibly complex urban 

society were any less capable of transferring children between ethnic groups as a 

means of constructing kinship is wholly invalid. Shedding such implicit assumptions 

about the relationships between past mobility, mortuary practices, and material artifacts 

opens the door to a far richer understanding of Indus inhumations.  

The Indus Model 

In the pre-market economy of protohistoric South Asia, highland and lowland 

groups may have turned to the rights and obligations of kinship as a way of mediating 

economic exchange. Elite Indus groups likely sought economic advantages over each 

other, and they had strong incentives to secure preferential access to exotic raw 

materials. Likewise, highland groups must have desired access to the trade routes and 

sophisticated crafts of Indus merchants. This kind of economic interdependence came 

to define the way of life among Ganeshwar-Jodhpura peoples in the northern Aravallis, 

such that settlements were structured around the production of copper for trade with 

lowland communities (Agrawala 1984b; Rizvi 2007}}{{47 Agrawala,R.C. 1984 a; Rizvi 

2007). A relationship structured by fosterage could have established the framework 

within which goods were exchanged, although it need not have been a relationship of 

equality.  
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Just as kin groups in the historic Hindu Kush kingdoms established asymmetric 

alliances through fosterage, elite Indus groups may have desired a form of kinship that 

prohibited marriage and consequently prevented inheritance claims to their 

accumulated wealth. Marriage creates a shared identity and presupposes relative 

equality between groups that once were socially distinct, but a fostered individual 

generates a different kind of bond. The fostered individual is a constant reminder of the 

obligations between two groups precisely because the individual is a living reference to 

those qualities, those things, and those ways of living that make two groups distinct. 

Through fosterage, an ‘other’ is transformed into a social hybrid that embodies qualities 

of both groups but can never fully become a member of either. In a way, they become a 

living contract, but the contract lasts only as long as the individual. On death, the 

tension of hybridity is resolved, dissolving obligations and requiring a new act of 

fosterage. Offspring of the fostered individual cannot restore the tension of mutual 

obligation because they are not truly of both cultural worlds. They are one or the other, 

but they are not both; and when dead, they are treated as such and granted the 

corresponding mortuary treatment. In the Indus region, only those who were fostered, 

the social hybrids, received inhumation in a cemetery. With their usefulness gone and 

having never acquired the full social identity of their Indus hosts, they were disposed of 

in a unique way that reflected their liminal status. Yet the need for a social hybrid 

remained, and for hundreds of years, new individuals were fostered to re-establish the 

groups’ rights and obligations and in the process, reaffirm their separate cultural 

identities. 
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The asymmetric relationships of fosterage may have influenced broader cultural 

perceptions, much like modern cultural stereotypes of immigrants, and encouraged 

members of both groups to perceive the other as socially distinct. This could have 

reinforced social boundaries, resulting in relatively independent cultural trajectories for 

the highland groups linked in this way. In fact, this scenario is consistent with the limited 

archaeological evidence. Cultures in the highland regions connected by fosterage (e.g., 

late occurring Kot Diji, Northern Neolithic, Ganeshwar-Jodhpura) seemingly adopted 

fewer Indus traits over time than other highland cultures such as the Kulli (Chapter 2). 

Trade and migration in archaeology are often assumed to be integrative, but a close 

consideration of the structures of these phenomena suggests ways to explain alternate 

outcomes that move closer to the nuanced anthropological understandings of modern 

migration. 



 

202 

 

 
Figure 8-1.  Local isotopic range at Farmana—Pb-Sr space 

 
Figure 8-2.  Local isotopic range at Harappa—Pb-Sr space 

 



 

203 

 
Figure 8-3.  Mixing line at Farmana with non-local anthropogenic Pb [slag data from 

Law, R. W. 2008. Inter-Regional Interaction and Urbanism in the Ancient 
Indus Valley: A Geologic Provenience Study of Harappa’s Rock and Mineral 
Assemblage. PhD dissertation (Page 744, Appendix 12.8). University of 
Wisconsin-Madison] 

 
Figure 8-4.  Four source regions at Harappa 
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Figure 8-5.  Two mixing lines in the Greater Indus region suggesting distinct geological 

inputs—Sr-Sr space 
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Figure 8-6.  Intertooth developmental sequences at Farmana in Pb-Sr space showing 

childhood migration to the local area. A) Entire Farmana dataset with inset of 
Figure 8-6B. B) Closeup of Farmana intertooth variation. 
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Figure 8-7.  Intertooth developmental sequences at Harappa in Pb-Sr space showing 

childhood migration to local or near-local regions 

 
Figure 8-8.  Two local range estimates and source regions at Sanauli—Pb-Sr space 



 

207 

 

 
Figure 8-9.  Intertooth developmental sequences at Sanauli in Pb-Sr space showing variation in the timing and direction of 

migration 
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Figure 8-10.  Theoretical marital residence patterns that might produce entirely 

immigrant mortuary populations. A) Marital exchange system with three 
groups. B) Marital exchange system with four or more groups. 
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Figure 8-11.  Early childhood residence and migration by sex at Harappa in Pb-Sr space 

characterized by non-overlapping male and female distributions and male 
residence at a single non-local locality 
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CHAPTER 9 
CONCLUSION 

If confirmed by future work, the model presented above has significant 

consequences for the study of the Indus Civilization and, more broadly, the study of 

mortuary populations and migration. This research challenges the implicit assumption in 

many bioarchaeological studies that cemetery remains are representative of local 

populations. Instead, the social identities of the deceased must be assessed before 

inferences can be made about a particular group. This further requires that 

bioarchaeological studies go beyond the application of analytical methods and are 

instead explicitly informed by models of social organization. In particular, the possibility 

must be considered that a given mortuary population has little genetic affinity with or 

only indirect association with local archaeological cultures. Though such biological and 

social distance may be uncommon, it must nevertheless be ruled out before claims can 

be made about the health, lifestyle, or demography of local cultural groups.  

Further, this research emphasizes a more versatile understanding of the social 

consequences of migration than is typically employed in archaeological studies. 

Migration is often implicitly understood to connect groups and individuals in a way that 

leads to cultural homogenization. After all, an intuitive interpretation of contexts like 

those at Harappa and Farmana in which immigrants are associated with local material 

culture is that non-locals were culturally assimilated. By extension, it might be assumed 

that the sending and receiving societies were blending together or otherwise 

hybridizing. The model presented above, however, highlights the importance of the 

social structure of migration and the specific kinds of relationships that were indicated 

by immigrant bodies, both living and dead. Although different groups may be united in 
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certain ways by the flow of bodies between sending and receiving societies, the context 

of that movement could have reinforced perceptions of alterity. Migration can potentially 

lead to more diverse outcomes than suggested by the implicit diffusionism still present 

in the archaeology of migration, and students of migration must adopt theoretical 

frameworks that accommodate a wider range of cultural outcomes. 

Additionally, the specific model presented above for Integration Era mortuary 

populations must be tested against future research. Further work is needed to better 

understand the nature of isotopic variation in the Greater Indus region and beyond so 

that immigrants can be more accurately identified and provenienced. Ultimately, many 

more baseline samples including sediment leachates and tooth enamel from 

archaeological fauna must be analyzed from a wide range of sites and taxa. The 

creation of a regional isotopic database will benefit not only Indus Civilization research, 

but any isotopic inquiry into past human behavior and ecology within the region. Most 

immediately, the faunal baseline samples from this project must be analyzed for Sr 

concentration to test the above inference that immigrants to Harappa came from one of 

two broad isotopic regions: either the middle and upper reaches of the Indus River 

Valley or the remainder of the western foreland basin. Future sampling must also 

emphasize comparability, such that full regional datasets are developed for each 

sample type (e.g., sediment leachates, Sus tooth enamel). Hypothesized source regions 

such as the northern Aravallis and northwestern Himalayas are especially vital if the ‘all 

immigrant’ model is to be tested. 

In addition to isotopic baseline analyses, the Harappa mortuary population must 

be systematically analyzed for intertooth variation within individuals. If it is determined 
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that all individuals migrated early in life as suggested by the Farmana dataset and 

limited developmental sequences at Harappa, then it lends strong support to the 

premise that mortuary populations were composed of dependent individuals rather than 

independent groups. Similar analyses need to be conducted for other Integration Era 

mortuary populations. The Kalibangan cemetery is particularly promising given recent 

osteological work on the mortuary population by Robbins Schug (personal 

communication). 

More details on mortuary variation are required to validate the primary 

interpretations of mortuary material culture discussed above—that urban cemetery 

mortuary populations are not strongly internally differentiated and are representative of 

a specific sub-population. Forthcoming comprehensive reports on excavations of 

cemetery R-37 (Kenoyer personal communication) will provide the information needed 

for a more nuanced assessment of Harappan mortuary variability. Another possibility 

that must be considered is that the means by which the living invested in mortuary ritual 

are poorly preserved. Feasting or some other form of communal commemoration might 

have been observed, although there is little corroborative evidence in the relatively 

modest mortuary assemblages. Residue analysis of mortuary ceramics, perhaps, could 

assess the nature of consumption associated with mortuary events. Further, additional 

mortuary details might help reconstruct the post-depositional treatment of remains in 

secondary contexts. More deliberate ritually-oriented treatment of human remains might 

suggest a lasting social role for the deceased—potentially leading to new inferences 

about the social role of the inhumed in life.  
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Though the conclusions reached by this research require further validation, they 

have yielded a model that will guide future hypothesis testing. If new evidence 

contradicts the specific interpretations presented above, the degree of isotopic 

variability in the datasets nevertheless demands novel social approaches to 

interregional interaction that emphasize the role of diverse individuals, groups, and 

institutions in structuring the Indus phenomenon. Though valuable in their own right, 

studies limited to the provenience of trade goods and human remains fall short of 

understanding the ways in which interregional interaction helped shape the Indus 

Civilization. ‘Interaction,’ when treated as a generic social process, cannot be the object 

of study. Instead, future work on the Indus Civilization must strive with renewed vigor 

towards a theory of communities and generate new testable models of the relationships 

between groups in the highly diverse and complex social landscape of the Indus 

Tradition.  
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