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Abstract 
Mobility and economic transition in the 5th to the 2nd millennium B.C. in the 

population of the Central Iranian Plateau, Tepe Hissar 

Zahra Afshar 

Iranian archaeology has had a keen interest in exploring unexplained events 

occurring during the 5th to the 2nd millennium B.C. on the Central Iranian Plateau. This is 

represented by transformations in material culture, a differentiation in mortuary practices, 

and site abandonment and reoccupation, and has traditionally been explained by the 

influx of new populations into Central Plateau sites. The site of Tepe Hissar, the subject 

of this research, located in the north east region of the Central Plateau and appears to 

have undergone these changes during its existence (late 5th to the early 2nd millennium 

B.C.). This research uses a bioarchaeological approach to tests the hypotheses that the 

socio-cultural-economic changes that occurred at Tepe Hissar over time, accompanied by 

influxes of new people into the site, particularly in Hissar periods II and III; ultimately 

impacted on subsistence economy, diet, and general health, and also resulted in a rise in 

tension and interpersonal violence.  

The biological affinity data suggest that the changes at Tepe Hissar were not 

accompanied by large scale population replacement/immigration/or invasion. Rather, 

there was more small scale population replacement over time, although these changes 

were accompanied by interpersonal violence. These changes did not greatly impact on the 

general health of people over time, although people in each period experienced different 

frequencies of stress and disease, and periods of malnutrition; both females and males 

were affected equally in each period.  

The dental disease data showed that changes during Hissar II and III had a 

significant impact on the oral health of people, and Hissar I experienced better oral-health 

compared to later periods; this may be due to changes in subsistence economy and diet, 

food preparation techniques, and how the teeth were used as tools. The data indicate that 

males possibly suffered poorer dental health compared to females at this site; they may 

have had a different diet, or possibly used their teeth as a third hand more than females.  

The isotopic data (C/N) showed that the inhabitants had access to similar food 

resources across all periods; individuals from each period, both sexes from different age-

categories, had a similar diet based on C3 plants and animal protein, as well as a small 

contribution from fresh water resources.   



iii 
 

Overall, this research suggests that the society who lived at Tepe Hissar overall 

may have had an appropriate social structure and adequate food resources to withstand 

socio-cultural-economic changes, enabling the community to be more centralised 

socially, economically, and politically such that the changes and events they experienced 

did not markedly affect their health or nutritional status.    
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Chapter 1 : INTRODUCTION  

Archaeologists usually focus their research on a range of materials that represent 

past peoples and from these finds they attempt to draw inferences about how people lived 

and their general well-being. However, based on archaeological theories that might 

explain similarities and differences seen at archaeological sites, archaeologists have long 

been interested in tracing population movements and biological relationships between 

people who produced the archaeological record (Rouse, 1986:14; Anthony, 1990; 

Hegmon et al., 2000). They have commonly used cultural changes as an explanation for 

population change (Lindauer, 1995). For example, the presence of particular artefact 

typologies at a site, and subsequent changes through time, is often accepted as 

representing different groups of people (Lindauer, 1995; Hegmon et al., 2000). However, 

archaeologists need to consider whether changes in material culture are reflected in the 

biological characteristics of the people who created it (Lahr, 1996:4), or whether the 

changes just reflect acculturation of an in situ population (Rouse, 1986:14; Lindauer, 

1995). It is here that bioarchaeological studies of human skeletal remains can provide a 

unique perspective which cannot be offered by archaeological materials alone, and can be 

a complementary source of information that can contribute to the interpretation of an 

archaeological site. Human skeletal remains offer valuable data for evaluating biological 

relationships/distance between human groups (Pietrusewsky, 2008:487; Walker, 

2008:14), along with suggesting aspects of their lifestyle, mortality rates, diet and 

nutrition, and health and disease (Scott, 1997). This provides an extraordinarily detailed 

picture of the physiological responses of past populations to the stresses and tensions 

posed by their environments (Walker, 2008:15).  

This study explores the value of human skeletal analysis for providing direct 

evidence for population affinity and the impact of socio-cultural and economic changes 

on the remains of people buried at Tepe Hissar, located in north-eastern part of the 

Central Iranian Plateau during the Chalcolithic and Bronze Ages (late 5th-early 2nd 

millennium B.C.). 

1.1. Background to the Project 

For a long time Iranian archaeology has been interested in exploring unexplained 

events that occurred during the 5th to the 2nd millennium B.C. in the Central Iranian 

Plateau, represented by transformations in material culture, including stylistic changes in 

pottery and metallurgy, a differentiation in mortuary practices, standardized craft 
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Questions 

1. Are the data from metrical and non-metrical analysis consistent or inconsistent across 

all individuals from Hissar I, II and III? 

2. Are the funerary and material culture data consistently the same throughout all 

periods? 

Hypothesis 3  

The cultural and economic transitions and possible population changes that 

occurred at Tepe Hissar, and particularly in Hissar II and III, impacted on their 

subsistence economy, the diet people ate, and their general health, and also resulted in a 

rise in tension and interpersonal violence among this population; this also differed 

between males and females. 

Questions 

1. What type of diet did people from each period eat? 

2. What health problems did they suffer? 

3. Did they experience interpersonal violence? 

4. Were there differences between males and females? 

5. If there were differences, do they suggest anything about the status of males and 

females in society? 

1.3. Significance of Research 

Questions about the origin, language, biological affinity, mortality, demography, 

disease, health, conflict, and diet of the population of Tepe Hissar cannot be easily 

answered as there are no contemporary written records that can tell their story. Most of 

what is known about this population is based on inferences derived through analysis of 

archaeological materials.  

Currently, comparative analysis of human skeletal remains is rare in Iran, and this 

study is the first to integrate the archaeological evidence for cultural changes with 

bioarchaeological analysis of the skeletal remains of individuals from Chalcolithic and 

Bronze Age populations of the Central Iranian Plateau. Furthermore, carbon and nitrogen 

stable isotope analysis of the skeletal remains has provided the first such data on diet in 

this population and provides a powerful tool in the quest to understand this population 

during the 5th to the 2nd millennium BC. The skeletal series from Tepe Hissar, with a total 

397 individuals, is the largest human skeletal collection from the Chalcolithic and Bronze 
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Age periods of the Iranian Plateau, provides a particularly good data set for investigating 

these questions, because it contains remains from the early to the late occupation of the 

site.   

1.4. Structure of the Thesis 

This thesis is structured into nine chapters. Chapter 2 gives detailed information 

about the prehistoric Central Iranian Plateau and the Chalcolithic and Bronze Age periods 

of Tepe Hissar (late 5th to the early 2nd millennium B.C.). This chapter also gives a 

detailed description of the archaeological evidence and cultural sequences of this site as 

seen from the excavations, alongside, an overview of the make up of the graves of the 

inhabitants and previous research done on the skeletal remains. Chapter 3 reviews 

metrical and non-metrical trait analysis of skeletal and dental remains. Literature 

concerning the development of the use of skeletal and dental metrical data, as well as 

non-metric traits, to determine biological affinity within populations is outlined. In this 

chapter the contribution of craniofacial and dental metrical analysis in the study of 

ancient Iranian population history is also highlighted. Chapter 4 discusses skeletal and 

dental indicators of stress. In this chapter a detailed description of metabolic and dental 

diseases both based on clinical and paleopathological data is outlined. This chapter also 

presents a description of the study of trauma and interpersonal violence. Chapter 5 

reviews the principles of the carbon and nitrogen isotopes used in this study enabling 

paleodietary reconstruction. Chapter 6 describes the skeletal materials and the analytical 

methods used. Chapter 7 documents the results of the analyses, including comparative 

statistical analysis of the data within and between periods. Chapter 8 discusses the data in 

the context of the research hypotheses and questions, and Chapter 9 presents a conclusion 

of the findings, limitations of the research, and suggestions for future research. 
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Chapter 2 : THE ARCHAEOLOG ICAL CONTEXT OF THE CENTRAL 

IRANIAN PLATEAU  AND TEPE HISSAR 

This chapter provides relevant contextual information regarding the prehistoric 

Central Iranian Plateau- the Chalocolithic and Bronze Age (late 5th to the early 2nd 

millennium B.C.) site of Tepe Hissar, the archaeological sequence of this site, the graves 

of the inhabitants, as well as previous studies of the population. In addition, it explores 

the known socio-cultural and economic changes and events that occurred during the life 

of this ancient site to contextualise the potential impact these events may have had on the 

lifestyle of this population. 

2.1. The Central Iranian Plateau 

2.1.1. Environmental Context  

The Central Iranian Plateau (Figure 2.1) is a huge area of irregular shape which lies 

in the central northern part of Iran with an average altitude of about 1500 m. with high 

mountains extending along the western and northern margins (Ganji, 1978:151). The 

northern part lies in the southern slopes of the Alburz Mountains, in the western part there 

is the largest salt basin (Kavir-e Masileh), and on the north extending from west to east 

there are three smaller basins: Kavir-e Sangfarsh (rock-carpet), Kavir-e Semnan, and 

Kavir-e Damghan. However, the largest salt desert of the Iranian Plateau is Kavir-e 

Bozorg, or Great Kavir, and lies to the south and to the east of these smaller basins. It 

covers over 200 miles length with is more than 40 miles wide extending towards 

Khorasan to the northeast, Sistan and Baluchistan to the east, and Kerman to the southeast 

(Fisher, 1968; Majidzadeh, 2008:9). The climate of the Plateau is semi-arid and arid 

(Bobek, 1968:280). The temperature in summer is very high and almost over 50° C while 

in winter temperatures can drop below freezing point (Fazeli et al., 2002).  

The Plateau is bounded by the Alburz Mountains in the north, which appear as an 

almost continuous wall encircling the coast of the Caspian Sea in the south, and 

continuing eastwards to the northern highlands of Kopet-Dagh (Fisher, 1968:38). Due to 

its high elevation (about 4000 m.), the Alburz Mountains receives a high rainfall which 

feeds several streams and rivers flowing both north to the Caspian Sea and south to the 

northern part of the Plateau (Roustaei, 2006). The interior areas of this region receive 

very little rainfall, about 3.18mm annually, but the exterior parts, especially those in the 

north and in the west, receive a considerably larger amount. The fertile part of the Plateau 
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consists of several geographical regions, including Damghan and Semnan in the 

northeast, Garmsar, Rayy, Tehran, and Karaj in the central part of the northern area, the 

Qazvin plain in the northwest, Saveh to the west, Qum in the central part and Kashan to 

the south (Majidzadeh, 2008:9). The Silk Road (or the Great Khorasan Road) passes 

through the Plateau, suggesting the earliest residents may have built and used this key 

road. Evidence shows that many ancient settlements in the Plateau were located along 

this road, connecting lowland Mesopotamia and South-Western Iran to North-Eastern 

Iran, Afghanistan and China (Voigt and Dyson, 1992a:164, 1992b; Majidzadeh, 2008:66-

67).  

 

2.1.2. Prehistoric Chronological Sequence (Table 2.1) 

In 1942, McCown proposed three phases for the prehistoric Central Iranian Plateau: 

Sialk, Chashmeh Ali, and Hissar Phase (1942:12-13). However, Majidzadeh divided the 

Central Plateau culture into four distinct periods: Archaic Plateau, Early Plateau, Middle 

Plateau, and Late Plateau (1981, 2008:30). Later, Fazeli and colleagues (2004) argued 

that these chronological outlines were based upon individual excavations, site type names 

and phases. However, based on radiocarbon dating, Fazeli et al. (2009) and Pollard et al. 

(2012) have proposed a new chronology and cultural sequence for the Plateau. 
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patterns for this phase were conventional gazelles, rows of birds, floral scrolls and 

humans (Schmidt, 1937:Pl.IV-VI, see Figure 2.4).  

The Hissar IC period began in the early fourth millennium B.C. This phase was 

reported by Schmidt (1933, 1937) and also the restudy project in 1976 by Pigott 

(Thornton, 2009). Both Schmidt and Pigott showed few grey ware sherds among the 

unpainted coarse and painted fine wares from Hissar IC (ibid; Schmidt, 1933:344, 

1937:39). The form of vessels was similar to that of Hissar IA and IB with new elegant 

forms. However, the technology used for painted pottery reached its peak in compared 

with previous phases (Roustaei, 2006). The animal and geometrical motifs were similar 

to Hissar IA and IB, although new motifs were introduced, and the ground colour was 

lighter/grey white in IC (Schmidt, 1937:299,44). The characteristic decorative motifs 

for Hissar IC wares were conventionalized feline forms (e.g., leopard) (ibid:pl.VIII 

H4478, Figure.40 H4479), and ibexes with long curved horns enclosing the sun-symbol 

(ibid:pl.X H802, Figure.37 H4600); these appeared for the first time in Hissar I but were 

important guide pattern for Hissar IC. Again Hissar IC is identical in nature to SialkIII 

particularly to SialIII 6 (see McCown, 1942:10, Figure.4), as well as to Narges-TepeIV 

in the Gorgan-region (Abbasi, 2011:22). Schmidt (1937:299) noticed that some motifs 

such as dancing humans, plant and birds of the previous phase disappeared in Hissar IC. 

The study of the ceramics from the Main-Mound showed that the material and 

manufacturing techniques of all major painted wares such as red and buff ware were 

identical to each other (Dyson, 1985), suggesting the same clay sources were used (buff, 

red and even grey) and they were manufactured at the site (Dyson, 1987). 

(c) Other Material culture 

The archaeological evidence from the earliest settlement of Tepe Hissar showed 

an elaborate cultural assemblage indicating considerable wealth and craft specialization 

(Pigott et al., 1982). In addition to sophisticated pottery, objects such as spindle whorls, 

biconoid and conoid objects, figurines of baked clay, seals and seals-shaped ornaments, 

copper, stone objects (e.g., flint arrows, scrapers and flakes, whetstones), bone objects 

(awls, points), horns, and beads (e.g., gypsum, red-jasper, shell, carnelian, alabaster, 

serpentine, and bitumen) have been found dating to Hissar I (Schmidt, 1933:Pl.XC-

XCIII , 1937:53-59 Pl.XIV-XVIII ). Schmidt (1937:300) indicates that the appearance of 

spindle whorls could be associated with spinning of wool and the production of woollen 

clothing in this period. Copper objects uncovered at Hissar I show that the early settlers 
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basis and can provide an indirect reflection of genetic variation within and between 

populations (Susanne, 1977; Cheverud et al., 1979; Carson, 2006a-b; Pietrusewsky, 

2008:487; Smith, 2009; Konigsberg and Ousley, 2009).  

3.1. Metrical Analysis of Skeletal and Dental Remains (population affinity) 

Osteometrical (measurements of bone), and odontometrical (measurements of 

teeth) data are perhaps the most fundamental data in bioarchaeological studies and they 

play an important role in the understanding of normal skeletal and dental variation 

among individuals and human groups (Pietrusewsky, 2008:487; Mays, 2010:91). 

Researchers have defined hundreds of standard anthropometric landmarks on the 

skeleton, including the skull, although dental measurements are not defined in terms of 

anatomical landmarks (Mays, 2010:95). Measurements taken between anatomical 

landmarks on bones characterize the size and shape of the component parts of the 

skeletons of individuals (Bass, 1995:62; Larsen, 1997:305). In addition to individual 

measurements, standard indices (the ratio of one measurement to another) define the 

shape and size of certain craniofacial components as well as teeth and areas of the 

postcranial skeleton (Brothwell, 1981:87; Bass, 1995:69-79). There are limitations in the 

recording and interpretation of measurements; e.g., factors such as surface damage and 

post-mortem breakage of bones or teeth may make some measurements inaccurate or 

prevent some measurements being taken (Brothwell and Zakrzewski, 2004:27). It is also 

important to note that measurements must be taken to and from the correct and defined 

anatomical points and landmarks to allow effective interpretation and also comparisons 

between studies (Bass, 1995:61). Therefore, researchers should be aware of these 

limitations and measure complete/undamaged parts for bones and teeth. 

Measurements of the skull and tooth crown are commonly taken using two 

methods: manual measurement by using sliding callipers, spreading callipers, and a tape 

measure (Brothwell, 1981:78; Bass, 1995:9), and geometric morphometric analysis, 

which are a recently developed alternative method (Hennessy and Stringer, 2002; Slice, 

2005; González-José et al., 2008; Smith et al., 2009; Mays, 2010:95; El-Zanaty et al., 

2010; Ashar et al., 2012). However, the manual method is still widely used and remains 

an important research tool today, because callipers are relatively cheap, have the 

advantage of being simple to use, and are portable for fieldwork. Metrical analysis 

provides an important source of information about variation within and between human 

populations in time and space; it can help with age and sex-estimation, stature 
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challenges and provides more accurate idata regarding biological distance among 

archaeological individuals and populations (ibid, 1990; Key, 1994). 

The following chapter outlines the skeletal and dental indicators of stress, 

metabolic and dental diseases, and trauma/interpersonal violence. 
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population to buffer itself against these stressors; some individuals may also adapt to 

stress and some may not have the ability to do so (Goodman, 1991; Brickley, 2000:23; 

Roberts and Manchester, 2005:222). 

Stress as a physiological disruption cannot be directly measured; however, 

different skeletal and dental changes may be used to infer stress (Goodman et al., 1988). 

If physiological stress becomes chronic then it may interrupt growth and leave its 

signature on bones and teeth, but it depends on the type of stressor involved (Buikstra 

and Cook, 1980; Goodman et al., 1988; Duray, 1996; Brickley and Ives, 2008). For 

example, health related stressors such as dietary deficiency can cause metabolic bone 

disease with different pathological lesions on both bones and teeth (Stuart-Macadam, 

1989a; Dobney and Goodman, 1991; Aufderheide et al., 1998:405; Ortner et al., 2001; 

Brickley and Ives, 2008). The presence of the pathological lesions can also suggest other 

stressors affecting individuals, for example social/political instability, economic 

transition, population movement, disease, or environmental change, which may have led 

to nutritional stress in that society (Scott and Duncan, 1998:6; Pearlin et al., 2005). 

Nevertheless, the study of multiple indicators of skeletal and dental stress, in 

combination with other types of data, such as is found in archaeological, historical and 

epidemiological sources, has an important position in bioarchaeological research for 

assessing subsistence and dietary changes and general levels of health in prehistoric and 

historic communities (Goodman, 1993; Keenleyside, 1998). This approach has been 

used in much bioarchaeological research (e.g. Cohen and Armelagos, 1984; Lukacs, 

1992; Lukacs and Pal, 1993; Pietrusewsky et al., 1997; Keenleyside, 1998; Lieverse et 

al., 2007; Eshed et al., 2010; Hubbe et al., 2012).  

4.1.1. Skeletal Indicators 

The skeleton of a living person can respond to stressful conditions in various 

ways, providing direct and indirect evidence (Larsen, 1997). The examination of stress 

indicators in skeletal remains is an important area of research in bioarchaeological 

studies (Lewis and Roberts, 1997). Bone forms by mineralisation of new bone by 

osteoblasts. Once formed, it is remodelled by osteoclasts (bone resorption) and 

osteoblasts (bone formation/replacement) working in combination. These bone cells are 

also responsible for the formation and remodelling of pathological lesions (Turner-

Walker, 2008; Stevenson and Marsh, 2007:12). Skeletal lesions are expressed as 

abnormal bone formation, destruction, density, and size and shape which can involve 
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Porotic hyperostosis and cribra orbitalia are characterized by an increase in the 

diploe (hyperostosis), and porosity and thinning of the compact bone of the outer table 

in the form of porotic lesions (Stuart-Macadam, 1987b,1991,1992; Aufderheide et al., 

1998; Schultz, 2001). The lesions can involve both the orbital roof, known as cribra 

orbitalia and the skull vault, particularly seen on the frontal, parietal and occipital bones, 

and known as PH (Figure 4.1). The appearance is in the form of small holes of varying 

sizes (less than 1 mm to united holes) and distribution that penetrate the outer compact 

bone surface (see Resnick, 1995:2138; Schultz, 2001). In adults these lesions may show 

healing where the edges of the lesions have a smoother texture (Larsen, 1987; 

Aufderheide et al., 1998). Some researchers suggest the two pathologies share a 

common aetiology (Stuart-Macadam, 1989a,b; Schultz, 2001), but other 

paleopathological and clinical researchers suggest they often have different etiologies, 

since there is no clear link between the two (Aufderheide et al., 1998; Lewis, 2000:46; 

Walker et al., 2009). Both are frequently seen in skeletal samples from all over the 

world but much more often in non-adults than adults (Schultz, 2001; Ortner, 2003:102). 

Although anemia has received much attention as a possible cause for PH and CO 

(Stuart-Macadam, 1987a-b, 1989a,1991), a number of other aetiologies are associated 

with the presence of these lesions (El-Najjar et al., 1975; Keenleyside and Panayotova, 

2006). These include different genetic factors (Larsen, 1987), inadequate nutrition and 

vitamin deficiencies such as rickets and scurvy (Roberts and Manchester, 2005:230), 

inflammatory processes of the skull vault and scalp (Schultz , 2001), haemorrhagic 

processes affecting the external skull surface, tumours (Ortner, 2003; Schultz, 2001), 

anemia thalassaemia, sickle-cell anemia (Resnick, 1995:2110; Hershkovitz et al., 1997), 

infectious disease (Djuric et al., 2008), parasites such as malaria and hookworm 

(Roberts and Manchester, 2005:230; Sullivan, 2005), and perhaps lead poisoning which 

causes anemia (Stuart-Macadam, 1991; Warren et al., 1998; Crocetti et al., 2004:222). 

Wapler and colleagues (2004), based on histological analysis suggest that marrow 

hypertrophy, inflammation, pathological conditions (e.g., ophthalmic infections), or 

post-mortem erosion can also be linked to cribra orbitalia.  

More recently Walker et al. (2009) argued that a vegetarian diet and lack of 

animal protein, poor sanitation, pregnancy and breastfeeding, vitamin B12 deficient 

maternal diets, and drought induced periods during warfare, famine and socio-economic 

collapse also provide plausible explanations for the high rates of porotic hyperostosis 

and cribra orbitalia in many prehistoric populations. These factors must be taken into 
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particularly osteoporosis, in these individuals increased due to severe nutritional 

deprivation in their early childhood.  

Deficiency in vitamin D (rickets, osteomalacia), vitamin C (scurvy) and the 

presence of osteopenia/osteoporosis may all be related to nutritional stress, lifestyle, and 

metabolic disorders (Hopper, 2000:31; Painter et al., 2005; Mays et al., 2006a-b), 

although most vitamin D is produced in the skin as a result of exposure to ultraviolet 

rays (Mawer and Davies, 2001; Chaplin and Jablonski, 2009). These conditions, 

however, can occur simultaneously with any or all of the other nutritional disorders in 

an individual, so careful attention is necessary to define the pathological features 

associated with each disorder (Ortner et al., 1999; Weisz and Albury, 2013).  

The study of metabolic bone diseases is a particularly valuable source of 

information in understanding stress, diet, subsistence strategies, general living and 

environmental conditions, socio-economic status, cultural practices, and general health 

of individuals and populations, both past and present (Ortner et al., 1999; Painter et al., 

2005; Brickley and Ives, 2008; Mays, 2008a:215). A good understanding of related 

pathological processes, with careful observation and accurate interpretations of relevant 

skeletal and dental lesions, along with having relatively complete and well preserved 

skeletal material makes it possible to diagnose metabolic bone diseases (Miller et al., 

1996; Brickley, 2000:187; Ortner, 2003:393). It should be considered that diagenesis 

can affect preservation of bones so confusion may occur in diagnosis of metabolic bone 

related lesions as with other diseases (Ortner and Ericksen, 1997; Ortner, 2003; Brickley 

et al., 2007; Brickley and Ives, 2008). In the current research paleopathological lesions 

of the skeleton such as those associated with scurvy, vitamin D deficiency- residual 

rickets/osteomalacia, and osteopenia/osteoporosis are described in the following 

sections. 

(a) Vitamin C Deficiency- Scurvy 

Scurvy is the result of an inadequate amount, or the complete absence, of ascorbic 

acid (vitamin C) in the diet (WHO, 1999). Vitamin C is essential for many metabolic 

processes, but its most important role is in collagen formation, which is an important 

protein component for connective tissue and for the cement substance that connects the 

endothelial layers in blood vessels, skin, and cartilage (WHO, 1999; Hirschmann and 

Raugi, 1999). Any defect in collagen synthesis has many consequences, such as a 

tendency to haemorrhage following minor trauma to the fragile blood vessels, delayed 
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al., 1978; Goodman et al., 1980,1984,1987; Martin et al., 1984; Smith et al., 1984; 

Rathbun, 1984; Blakey and Armelagos, 1985; Lanphear, 1990; Goodman and Rose, 

1990,1991; Hillson, 1992; Pascoe and Seow, 1994; Ensor and Irish, 1995; Duray, 1996; 

Stodder, 1997; Hillson and Bond, 1997; Saunders and Keenleyside, 1999; King et al., 

2002,2005; Ogden, 2008; Griffin and Donlon, 2009; Masumo et al., 2013). In the 

permanent dentition enamel defects usually record developmental disturbances 

occurring between about eight months to seven years of age and if the third molar is 

erupted then it presents information from approximately nine to 13 years of age (Skinner 

and Goodman, 1992:163-4 Table 3, Figure 6). The occurrence of enamel hypoplasia 

between the ages of two and four years may be associated with weaning (Skinner and 

Goodman, 1992:167). 

Recording  

Various recording methods for classifying DEH have been developed (Goodman 

et al., 1980; Buikstra and Ubelaker, 1994:56; Duray, 1996). The standard scoring 

method for Developmental Defects of Enamel (DDE) was designed (1982) by the 

Fédération Dentaire Internationale (FDI) Commission on Oral Health (Hillson, 

1996:172). This classification system divided hypoplastic defects into four types: pits 

(type 3), horizontal grooves (type 4), vertical grooves (type 5) and total absence/missing 

of enamel (type 6). The number and demarcation of hypoplasias were divided into two 

groups: single or multiple, and the location of the defect on the tooth was divided into 

sections as: gingival half, incisal half, occlusal, cuspal and whole surface (Hillson, 

1996:174 Table 6.2). This system also describes discoloration and opacities of teeth. 

Nevertheless, because post-mortem changes may affect the colour of teeth in 

archaeological samples, it should be noted that differentiating ante-mortem and post-

mortem colour changes can be challenging. This method of classification has been used 

widely and recommended in a number of modern and archaeological studies as a 

reliable standard (Hillson, 1986:132; Goodman et al., 1987; Goodman and Rose, 1990; 

Skinner and Goodman, 1992:158; Hillson, 1996:172; Santos and Coimbra, 1999; King 

et al., 2002, 2005; Griffin and Donlon, 2009). Developmental disturbances on enamel 

resulting from stress usually affect the part of the tooth that is in the process of forming, 

so the location of an enamel defect on a tooth may provide information about the timing 

of the disturbance (Goodman et al., 1980; Larsen, 1997:48). Thus, given the chronology 

of enamel formation, it is thought possible to calculate crown formation times precisely 
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foods with little or no carbohydrate (Sealy et al., 1992; Schollmeyer and Turner, 2004; 

Hillson, 2008a:112). It is suggested that the prevalence of caries among agricultural 

populations is affected by two factors, malnutrition affecting tooth development and a 

higher carbohydrate content in the diet (Ortner, 2003:591). Unfortunately, there is little 

published evidence of the frequency of dental caries available from the ancient 

populations of Iran (e.g., Hemphill, 2008). 

(iii) Calculus 

Dental calculus (Figure 4.16) occurs in the majority of adults worldwide (White, 

1997). Calculus is the result of mineralization of plaque on the teeth (ibid,1997) and it 

usually survives well on archaeological human teeth (Ortner and Putschar, 1981; 

Hillson, 2002). However, it is vulnerable to post-mortem damage and can easily be 

broken and separated from teeth, affecting the accuracy of recording of calculus. Two 

types of calculus have been recognized in modern and archaeological population, 

supragingival and subgingival (White, 1997; Roberts-Harry and Clerehugh, 2000; 

Hillson, 2008b:312). Calculus on the crown or root surface above the gum margin is 

known as supragingival; this is frequently found in archaeological skeletal remains 

(Hillson, 2002, 2008a:312; Duckworth and Huntington, 2006), and is usually white, 

yellow or light brown in colour (Chamberlain, 2006:164; Waldron, 2009:241). Calculus 

on the surface of the roots in periodontal pockets and below the gum margin is known as 

subgingival calculus, which is much thinner and less obvious (Hillson, 2008b:312). 

Calculus can cause periodontal disease, alveolar resorption, and AMTL (Lieverse, 1999; 

Delgado-Darias et al., 2006; Jowett et al., 2013). The aetiology of dental calculus 

formation and mineralization are little understood (Hillson, 2008b:312). Diet has been 

associated with dental calculus, e.g., it is more common among individuals with a diet 

rich in protein and low in carbohydrate but non-dietary cultural practices such as poor 

oral hygiene, chewing abrasive materials, and the use of teeth as tools, are also 

important and can increase or decrease the extent of calculus formation (Lieverse, 1999; 

Arabaci et al., 2013). Alternatively, an agriculturally based diet has been associated with 

a high frequency of calculus (Hillson, 1979; Eshed et al., 2006), and White (1997:508) 

suggested that calculus formation is population specific and affected by ethnic origin, 

diet, age, oral-hygiene habits, and access to professional care. There are few published 

reports on the frequency of dental calculus available from the ancient populations of 

Iran (Hemphill, 2008). 
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environment of the ancient populations from the Central Iranian Plateau during that 

time; it has not been utilized to its full potential.  

The aim of this study was to test hypotheses outlined in Chapter 1 regarding 

population influxes into the Central Iranian Plateau as reflected in socio-cultural-

economic changes at Tepe Hissar during the Chalcolithic and Bronze Ages, and to 

understand if the changes that occurred at Tepe Hissar over time impacted on 

subsistence economy, diet, and general health of the population, and also resulted in a 

rise in tension and interpersonal violence. In order to address the aim of this study, test 

the hypotheses, and answer the questions set out in Chapter 1, the following methods are 

utilized. It is anticipated that the results of this study will expand our knowledge of one 

of the ancient Central Iranian Plateau populations during the Chalcolithic and Bronze 

Age, providing a foundation for future bioarchaeological research in Iran. 

6.2. Methods  

6.2.1. Skeletal Recording Form 

Since many archaeological human skeletal remains are incomplete, to maximize 

the amount of information retrieved and enable comparative studies, a standard 

recording form is essential in bioarchaeological research (Buikstra and Ubelaker, 

1994:5). In this respect a recording form was developed for the present research 

(Appendix 1). This form was designed based on a modified version of the guidelines 

detailed in Buikstra and Ubelaker (1994) and Brickley and McKinley (2004). A separate 

recording form was used for each individual for recording bone and tooth inventories, 

age-at-death, sex, metrical and non- metric data, pathological lesions and cranial trauma. 

6.2.2. Preservation 

The degree of skeletal and dental completeness for each skeleton was scored 

separately based on the estimated percentage of the skeletal and dental remains 

preserved for each individual. When recording skeleton completeness, factors such as 

post-mortem damage were considered. Diagrams of adult teeth (Buikstra and Ubelaker, 

1994, attachment 14a) and the skeleton (Brickley and McKinley, 2004:58-59) for visual 

recording were attached to each form, and shaded based on the percentage preservation 

of each bone and tooth to illustrate the degree of completeness for each skeleton. All 

teeth and bones were described as: complete when 75% to 100% of a bone/tooth was 

preserved, partial with 25% to 75% of a bone/tooth preserved, and poor with less than 
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archaeological skeletons which use sex-specific DNA sequences, but good preservation 

of the bone and teeth is important for these analyses (Chamberlain, 2006:19). 

The completeness of the skeletal remains is very important for an accurate and 

reliable sex-estimation, particularly in populations with low sexual dimorphism (Mays 

and Cox, 2000:118; Mays, 2010:40). Due to poor preservation of some skeletons from 

Tepe Hissar, a combination of methods of sexing was utilised, as recommended by 

Buikstra and Ubelaker (1994). Estimation of sex in adults was based on sexually 

dimorphic traits of the cranium and mandible (Acsádi and Nemeskéri, 1970; Buikstra 

and Ubelaker, 1994; Bass, 1995; Loth and Henneberg, 1996) and pelvis (Phenice, 1969; 

Acsádi and Nemeskéri, 1970; Buikstra and Ubelaker, 1994:3; Bass, 1995; Brickley, 

2004). Measurements of long bones such as the femoral, humeral and radial-head 

diameters, the femoral-bicondylar width, clavicle length, and scapula-glenoid width 

were also recorded (Bass, 1995). Each skull, pelvis and measured bone was assigned to 

one of the following: male (M), possible male (M?), indeterminate (?), possible female 

(F?), and female (F). However, in order to simplify the analysis and increase the sample 

size for both sexes, the analysis of results considered females and possible females as 

female, males and possible males as male; skeletons with ambiguous traits were 

assigned unknown sex. 

(b) Pelvic sexual dimorphism 

Pelvic morphology is considered to be the most reliable indicator of biological 

sex, with an accuracy of between 90% and 95% (Phenice, 1969; Brothwell, 1981:62; 

Meindl et al., 1985a; Sutherland and Suchey, 1991; Meindl and Russell, 1998). Sexual 

dimorphism in the pelvis is due to functional differences, in particular childbirth in 

females (Saunders, 2000). In this study, 11 indicators of sex in the pelvis were recorded 

including the greater sciatic notch, obturator foramen (Acsádi and Nemeskéri, 1970), the 

pelvic inlet and outlet, acetabulum size, sub-pubic angle, sub-pubic bone length (Bass, 

1995:202), the ventral arc, the sub-pubic concavity, and the medial aspect of the ischio-

pubic ramus (Phenice, 1969), the preauricular-sulcus (Cox, 2000a), and the morphology 

of the sacrum (Bass, 1995). It is recognized that the pelvis in females is usually wider 

and rounder (transversely oval) than in males (Figure 6.1). The male pelvis is a high and 

narrow structure and more robust with well marked muscular impressions (ibid, 

1995:202). The acetabulum in males is larger than in females, and the obturator foramen 
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period to assess the occurrence of differences in height within and between periods by 

sex, and to test the same hypotheses above, as well as to test the hypothesis that cultural 

and economic transitions and possible population changes that occurred at Tepe Hissar, 

and particularly in Hissar II and III, impacted on their general health, leading to 

childhood stress and short stature. 

(i) Craniofacial Measurements  

In the current study, craniofacial data were collected from a total of 133 complete 

and nearly complete adult crania from the three periods at Tepe Hissar. This study 

incorporated 24 standard craniofacial measurements defined by Buikstra and Ubelaker 

(1994), Brothwell (1981), and Howells (1989). These measurements were taken for all 

crania and they are recognized to be highly heritable and suitable for exploring 

biological relationships (Howells, 1973, 1989; Keita, 1988). Standard craniofacial 

measurements, definitions, and codes utilized in this study are presented in Table 6.4 

and Figure 6.15.  
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Measurements taken with digital callipers were read to 0.01 mm, and those taken 

with spreading callipers and a tape measure read to the nearest 0.5 mm. Attention was 

paid to avoid measuring fragmented, broken and deformed bones (Buikstra and 

Ubelaker, 1994). To minimize or avoid inter-observer error, all craniometric data used 

in the present study were recorded by the author and with one set of callipers, and each 

measurement was taken three times before entering in the recording forms. Tests of 

inter- and intra-observer error on 15 skulls showed no evidence of a significant 

difference between measurements (Table 6.11- see below). 

(ii) Stature 

It is suggested that the most accurate stature estimates from regression equations 

will be obtained when the population being examined is as similar as possible in body 

proportions to the population used to create the equations (Raxter et al., 2008). 

However, since genetic relationships and body proportion similarity are not always 

clearly known for most archaeological human populations, the criteria for selection of 

suitable equations are not always straightforward (Vercellotti et al., 2009). 

Unfortunately, there is no appropriate method of stature estimation available for ancient 

Iranian populations. In the present study, stature was estimated by measuring the 

maximum length of the adult lower and upper long bones, and applying regression 

equations derived from modern white males and females from the United States 

developed by Trotter (1970) to the measurements. This method is one of the most 

commonly used regression equations in bioarchaeological and forensic studies (Lukacs 

and Pal, 2003, Maat, 2005; Raxter et al., 2006; Gunn, 2009:146), and stature estimates 

are accompanied by an indication of the 95% confidence intervals (Gunn, 2009:146).  

 Stature estimations were mostly based on the lower limb long bones (tibia and 

femur) alone, or a combination of measurements of both bones when present since they 

best reflect living stature (Feldesman et al., 1990; Brothwell and Zakrzewski, 2004). 

The maximum length of the long bones from the left side was taken using an 

osteometric board and based on the measurement descriptions in Buikstra and Ubelaker 

(1994). When bones from the left side were not available then the measurements from 

the right side were substituted. Pathological and fragmented bones were not used for 

stature estimation. 
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