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Fig. 1. Animal figurines and sickle haft of Tappeh Sang-e Chakhmaq.
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Fig. 2. Human figurines of Tappeh Sang-e Chakhmaq.
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Neolithisation of Eastern Iran : New insights 
through the study of the faunal remains of 

Tappeh Sang-e Chakhmaq
Marjan Mashkour (Central National de la Recherche Scientifique), 
Jean-Denis Vigne (CNRS), Azadeh Mohaseb (CNRS),  Stéphanie 
Bréhard (CNRS), Céline Bémili (CNRS, Institut National de Recherche 
Archéologique Préventive), William Reynolds (Darthmouth Colledge), 
Julie Daujat (CNRS), Karyne Debue (CNRS), Akira Tsuneki (University of 
Tsukuba)

	 Tappeh Sang-e Chakhmaq1 (TSC) is a unique Neolithic site in the North East of Iran 
for documenting the subsistence economies although two other major sites, Yarim Tepe 
(Crawford 1963, Stronach 1972) and Tureng Tepe (Wulsin 1932, Deshayes 1963), despite the 
lack of a secure chronology and proper bioarchaeological data, provide the evidence of early 
agricultural settlements in the 6th mil BC  in this part of Iran. 
	 The site of Tappeh Sang-e Chakhmaq was first excavated by a Japanese team during 
the early 1970s under the supervision of Sei-ichi Masuda. The uniqueness of Tappeh Sang-e 
Chakhmaq is due to the fact that it was investigated in a very large scale and has delivered a 
considerable amount of various archaeological data. Additionally, new recent investigations 
allow refining our understanding of the site and the process of the Neolithisation of this part 
of the Iranian Plateau. Outside the present frontiers of Iran, and on the same scale, the site 
of Jeitun2 in Turkmenistan, excavated first by Russian (Shevchenko, 1960) and then English 
scholars (Legge, 1992), is the immediate pendant of Tappeh Sang-e Chakhmaq, which in turn 
has been the reference of the south central Asian Neolithic for long.
	 The presentation here, prepared for the Tsukuba workshop organised by Professor 
Akira Tsuneki, will be focussing on the archaeozoological results obtained on the Japanese 
faunal assemblage, collected during the four excavation seasons from 1971 to 1977.

Backgroud of archaeozoological studies
	 In the framework of several funded projects by France and Japan3 we investigate the 
origin of domestication on the Iranian Plateau by examining several thousand faunal remains 
of the Marvdasht Plain and Tappeh Sang-e Chakhmaq. Here we will focus on the results 
obtained on the latter.

1 The name of the site has been written in various ways, probably due to the complexity of the its various components and inheriting various French or English transliteration 
traditions. Sei-ichi Masuda himself seemed to be undecided till the end since he wrote the name of the site in various manners:  in 1973 he transliterated it as Tappe Sang-i Cagmaq, 
in 1974  Tappeh Sang-i Caxmaq and also Tepe Sang-i Caxamaq (1974a), in 1977 Tappeh Sang-i Chaxmaq and finally in 1994 Tappeh Sanghi- Chakhmaq. David Harris (2010) 
reported the site as Sang-i Čakmaq or Sang-i Chakmak. Recently a new transliteration has been proposed with the translation of the Japanese report and edited by Ch. Thornton (2013): 
Tappeh Sang-e Chakhmaq (also in an earlier version of the translation Tappeh Sang-i Čaxmaq) as Kourosh Roustaei. We will follow this last transliteration.
2 Also written in the literature Djeitun
3 French-Japanese cooperation research programs funded by the Japan Society for Promotion of Science (JSPS) and by the French Ministry of Culture- Cooperation project (ACR- 
SAKURA), the PPF “Biodiversité actuelle et fossile. Crises, stress, restaurations et panchronism : le message systématique” of the Natural History Museum of Paris. All of these 
institutions are particularly thanked for supporting different parts of this project. 



Fig. 1. The comparative faunal spectra of the previous and recent studies of Tappeh Sang-e Chakhmaq 
East Mound based on weight (g).
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Initial archaeozoological studies
	 After the excavations by the Japanese team the faunal assemblage of Tappeh Sang-e 
Chakhmaq was cautiously brought back to Japan and housed at the Department of Archaeology 
of the University of Tsukuba. Professor Masaki Nishida was the first person to examine the 
faunal remains and to report on them. Later on, between 2000-2002, Sachiko Yano began a 
Master thesis on the faunal remains at the University of Tsukuba, but she did not pursue her 
work.
	  In 2003, following our introductory visit to Japan, we made a first quick expertise 
on the fauna. The assemblage was in a very good preservation condition and all the bones 
were ink marked individually with archaeological records. This is indeed an extremely time 
consuming work which means that the excavators knew the importance of this unique 
material and made their best to save the information. Our archaeozoological project on the 
site began on 2005 and we went later in 2007 to continue the work. 

The archaeozoological results 
	 The first results by Masaki Nishida have been reported in Masuda 1986 p. 49 (translated 
in 1994 Fig 23). The author has summarised the results of his studies in a table presenting the 
faunal spectra based on weight of the bones for the West and East mound, the first referring to 
an earlier settlement.
	 In 2007, while following the archaeozoological studies, it was possible to compare 
our results with those previously observed; It seems that there is a discrepancy in the data 
between the two studies. This mismatching affected mainly the contribution of Cattle and 
Equids. This means either that some of the faunal remains had been lost or extracted from the 



Fig. 2. The faunal spectra of Tappeh Sang-e Chakhmaq West Mound (TSCW), and East Mound (TSCE) according to the 
present study.
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assemblage, which seems not reliable, or that there has been another methodological problem 
during the registration of the data. In any event the current studies provide a totally different 
picture.

The subsistence economy of Tappeh Sang-e Chakhmaq West and East
	 Interestingly the two mounds, West and East, do not show a major difference in the 
exploitation of the animals (Fig. 2). Both economies are based on hunting of wild sheep and 
goat since we have many evidences on the cranial remains (horn cores see Figure 3a and b), 
and Gazelle. Equids (Hemiones) are very little represented in both sites. The remains of Suids 
were allocated to the wild boar, because of their very low representation. The Red Deer is 
also present among the wild hunted species and seems to have been more hunted during the 
later period, in the East Mound. The contribution of carnivores (wolf, dog, fox) is also very 
important in Tappeh Sang-e Chakhmaq and seem to increase in the later period. Bear remains 
were also found in the site. One of the interesting and unexpected features at Tappeh Sang-e 
Chakhmaq is the diversity of the bird remains, most of which belong to wetland species. 
The presence of the gazelles on the other hand indicates clearly the exploitation of steppe 
environment in the same time.
	 The ecological information provided by the wild taxa reflects the presence of a wide 
range of ecological niches around Tappeh Sang-e Chakhmaq in various distance of the site 



Fig. 3a. Examples of wild (up) and domestic (down) goat horn cores.

Fig. 3b. Examples of wild sheep horn core.
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for some, like for the mountainous taxa, that were all exploited by the inhabitants of the site. 
Nowadays the site plain around the site is extremely arid and at least wetlands are totally 
absent from this landscape.
	 As for the domesticates, they are essentially goat and sheep although the sheep is 
much less represented. Cattle is hardly represented in the West Mound and its contribution 
increases in the East Mound where it clearly has a domestic morphology and also genetically 
tested (Bollongino et al 2012).  The scarcity of the data does not allow a clear picture of the 
status (wild or domestic) of the animal during the earlier occupation of the site. 
	 The archaeozoological project of Tappeh Sang-e Chakhmaq has been also the occasion 
to launch a radiocarbon dating of the site supported by the CNRS and the Natural history 
Museum of Paris (PPF program see note 3).
	 The animal bones excavated by the Japanese team in the 1970s have now been directly 
dated by the AMS radiocarbon method. Two very similar dates show that the western mound 
was occupied by 7997 ± 42 BP (7059–6767 cal. BC at 95% confidence), and several new 
dates for the East Mound range from 7182 ± 42 BP (6110–5985 cal. BC) and 6444 ± 42 BP 
(5497–5338 cal. BC). These results confirm that the West Mound was occupied substantially 
earlier than Jeitun whereas the earliest new date for the East Mound is contemporary to the 
occupation of Jeitun at c. 6100 cal. BCE (Harris, 2010). In 2009 Kourosh Roustaei  (Iranian 
Center for Archaeological Research- ICHHTO) conducted a new archaeological excavation for 
a stratigraphic investigation at Tappeh Sang-e Chakhmaq. Here again new radiocarbon dates 
have been performed and confirm that Tappeh Sang-e Chakhmaq predated the occupation of 
Jeitun. 
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Charred remains from Tappeh Sang-e Chakhmaq, 
and a consideration of early wheat diversity on the 

eastern margins of the Fertile Crescent
Dorian Fuller (University College London)

Introduction
	 Although the 1970s excavations at Tappeh Sang-e Chakhmaq did not include systematic 
sampling forarchaeobotanical remains, some concentrations of grains were recovered and 
offer an opportunityto assess the diversity of cereals cultivated and consumed during the 
site’s occupation. As these isvery little evidence of this age between Iraq and the Indus valley, 
such data are important forformulating hypotheses about the multi-regional development 
and dispersal of agriculture in and from the Fertile Crescent. This is especially important as 
it is now evident that the domestication ofcrops and agricultural origins was a protracted 
process that was taking place in parallel over severalparts of the fertile crescent (e.g.Willcox 
2005; Fuller & al. 2012; Asouti and Fuller 2013; Riehl et al2013). Of particular interest in the 
Chakhmaq assemblage are a diversity of wheat remains, whichprobably include all 4 of the 
early wheat species, the histories of some of which are still just starting to be unravelled.

The assemblage
	 The assemblage as received came in 12 boxes of variable content. Most of these 
come from the 1975 excavations of the east mound, and only 6 seeds were assigned to the 
earlierWest mound. One box, consisting of ca. 250 barley grains, lacked context details. 
Nevertheless the assemblage as a whole can be taken as reflecting in part the subsistence 
during the EastMound occupation, roughly contemporary with Djeitun in Turkmenistan, 
which provides an archaeobotanical assemblage for comparison (Bogaard and Charles in 
Harris 2010). The assemblage examined consists in total of 436 grains or grain fragments. 
The vast majority of these are cereals, including 81% barley and 17% wheats. Among the 
wheats, einkorn dominates, including both two-grained and onegrained forms, and emmer/
emmeroid tetraploid glume wheats are next. Only a single grain of freethreshing wheat was 
found. Beyond these a single likely fragment of lentil (cf. Lens culinaris) was recovered, as well 
as a few wild/weedy types (Rubiaceae, Bromus sp.) and one unidentified segmented fruit. The 
lentil is of particular interest, as these have not been found at Djeitun nor Mehrgarh, and there 
is a general impression that pulses were rare or not adopted at all east of the Fertile Crescent 
during the Neolithic.

Barley
	 The staple grain was perhaps barley (Figures 1, 3). Not only were these the most 
abundant but theyare predominantly of the naked type, which is typically grow where barley 
is consumed as human food, as opposed to hulled barleys which are often turned into beer or 
used as animal fodder. Some assymetrcial grains suggest the presence of 6-row hulled barley 
but the high proportion of straight grains suggests that some two-row naked barley may also 
be present. A few grains of hulled barley are present, and might be contanimants or weedy 
forms. In addition a few grains of wild barley were found; these are very likely to have been 
weeds. Despite the presence of wild barley there is no evidence in the current material for 



 

Figure 1. Percentage composition of the charred seed 
assemblage.

Figure 2. The relative proportion of wheat types identified in the 
assemblage.

Figure 3. Example of barley grains from Sang-e Chakhmaq. These are typically plump 
and rounded in cross-section, suggesting a naked barley that would have been 
consumed as staple food.
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local barley domestication; the grains 
are all well within the larger domesticated size range and are mostly of the naked type , which 
represents postdomestication evolution in barley.

Wheat diversity
	 As already indicated the wheat grains present a great deal of diversity, although all but 
one are glume wheats (Figure 2). Recent archaeobotanical work inWestern Asia and Europe 
has made it clear that in addition to the two modern relict glume wheats (diploid einkorn 
and tetraploid emmer) at least two more were important in prehistory and must have had 
separate domestication histories. These wheats, including two-grained einkorn and a striate 
emmeroid glume wheat (or “new type” tetraploid) are important parts of a growing number 
of “lost crops” that were experimented with in the Neolithic Near East, and in some cases 
became important and spread, for example into Europe, but which have not persisted as crops 
to the present day (Fuller et al 2012). Recent work in European archaeobotany especially has 
worked to sort out the identification criteria of these species, but this work is ongoing and the 

material from Chakhmaq 
may be able to contribute.
	 T h e  r e c o g n i t i o n  o f 
2-grained einkorn, which 
can be followed from wild 
through domestication in 
Syria/SE Turkey (seeWillcox 
2005; Fuller et al 2012), is 
reasonably well-established 
a n d  f o c u s e d  o n  g r a i n 
shape criteria (Kruez and 
Boenke 2002). Of more of 
a challenge, however, has 
been to identify the “new” 
emmeroid glume wheat , 
which has  dist inct ively 
striate glume bases. Such 
g l u m e  b a s e s  a r e  v e r y 
c o m m o n  i n  A n a t o l i a n 
Neol i thic  s i tes ,  such as 
Catalhoyuk and Can Hassan 



 

Figure 5. A scatter plot of grains from Chakhmaq showing one pair of metrical indices that are being 
applied to these material to help clarify the divisions between wheat grain types.

Figure 4. A comparison of tetraploid wheat grain types, including more typical emmer and a type, 
suggested to represent the “new” striate emmeroid grain type, which may be realted to the modern 
relict crop Timopheev’s wheat.
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III, and were reported from Djeitun (Bogaard and Charles in Harris 2010). An assemblage 
of grains, in large quantity, from recent work at Catalhoyuk as well as at Stilifried in Austria 
(Kohler-Schneider 2003) suggest that these grains are more flattened and elongated than 
typical emmer, and resemble the modern relict crop Triticum timopheevi. Among the 
Chakhmaq material are twomodalities of emmeroid grains, suggested to include true emmer 
(Triticum diococum) and the striate emmeroid (Triticum cf. timopheevi type) (Figure 4).We 
have been making some efforts to arrive at fairly simplemetrical indices for separating these 
glume wheat times which some promise of success (e.g. Figure 5).



 
Figure 6. A map showing the known distribution on Neolithic site of the “lost” crops of two-grained einkorn and striate 
emmeroid wheat, both of which are suggested to have been grown at Chakhmaq. This highlights links in terms of wheat crops 
with Anatolia and parts of the western Fertile Crescent but not with the southeastern Fertile Crescent.
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Implications for the origins and spread of crops in the greater Near East 
	 The presence of this great cereal diversity at Chakhmaq, as at Djeitun, suggest 
comparisons with some more distant parts of the Near East and differences from other parts 
of Iran and adjacent countries, especially in terms of where these lost wheat originated (Figure 
6). This raises important research questions about where these crops, like striate emmeroid, 
were first brought into cultivation—as this is not yet known from the classic Levantine 
corridor sites of early cultivation, and how these crops dispersed, whether by culture contact 
or migrating farmers, as two-grained einkorn and striate emmeroid are thus far absent from 
the eastern wing of the Fertile Crescent, including Southwest Iran, and they do not appear to 
have made it to the Indus valley.
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Table 1. Preliminary results of the charcoal analysis.

Vegetation of the Chakhmaq site based on 
charcoal identification

Ken-ichi Tanno (Yamaguchi University)

	 Wood charcoals collected at the West and East Tappehs at Sang-e Chakhmaq between 
1973 and 1977 had been placed into long-term storage at the University of Tsukuba. They 
were sent to Yamaguchi University for identification. These samples were not collected using 
water-floatation treatment but were picked up by hand. This means that they are not suitable 
for a perfect reconstruction of the entire vegetation around the site, although they do provide 
an approximate impression of the environment and the use of plants at the site. 

Method
	 Identification was performed based on three planes through a single sample: 
transversal, radial, and tangential sections. Microscopic observation was performed using a 
VHX-D510 electron microscope system (Keyence).

Results
	 As the study is currently ongoing, Table 1 shows only the preliminary results. Populus 
and/or Salix were the most common trees at least in West Tappeh. Both Populus and Salix 
are riparian forest elements that grow under conditions of high groundwater level. In West 
Tappeh, a house named No. W-9 yielded 2.9 cm and 1.5 cm charred twig in radial, whereas the 
floor of structure 9 yielded 3.2 cm and 3.0 cm fragments. These charcoals had homogeneous 
ray tissues, indicating that they were not Salix but were Populus sp. In East Tappeh, a sample 
from Layer V was either Juniperus or Cupressus sp., indicating the possible presence of 
coniferous trees at the site, although the wood might have been brought from elsewhere due 
to its value. 
  



Fig. 1. Populus sp. was most frequently found. Left: transversal (x70), center:radial (x800), right: tangential (x700) sections 
from a sample TSC-W House No.W-9.

Fig. 2. A Conifer, Juniperus/ Cupressus sp. was found from Eastern Tape. Left: transversal, center:radial, right: tangential 
sections, a sample from TSC-E Layer V.
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Table 1. Skeletons examined.

Fig. 1. Human remains No. 201-204 from East Tappeh .

Human remains from Tappeh Sang-e Chakhmaq

Akira Tagaya (Nagano College of Nursing)

	 The human skeletal remains of 140 individuals—107 fetuses/infants, seven juveniles, 
two adolescent males, 12 adult males, 10 adult females, and two sex-unknown adults—
have been unearthed from Tappeh Sang-e Chakhmaq. The bones of the children have 
been reexamined by Miyauchi in order to determine the sex and age composition of these 

individuals with greater precision. In this 
paper,  we scrutinize the burial  forms, 
pathologies, and morphologies of these 
materials (see Table 1).

Burial form
		  The skeletons from the West Tappeh 
were lying on their right sides in contracted 
positions. The body direction was north-
south in three cases and east-west in the 
other three. The skeletons from the East 
Tappeh were lying on their sides in extended 
positions (three on their left and five on their 
right sides). The body direction was north-
south in five cases and east-west in the other 
three. The burial form of the West Tappeh 
(contracted, lying on the side) is common 
in Iran (i.e., at Sialk, Tepe Hissar, Shah Tepe, 
and Shar-i Sokhta), while the extended 
burial position of the East Tappeh is found at 
Mesopotamian sites, such as the Ubaid period 
of Eridu, the Ur, Tepe Gawra, and Telul eth 
Thalathat.

	 	 Three females (Nos. 201-203) and one 
juvenile (No. 204) from the East Tappeh seem 
to have been buried at the same time (Fig. 1). 
Pottery was covering the skull of the juvenile, 
which was buried in a way as if looking each 
other with No. 203, a female with a late-term 
fetal skeleton on her sacrum. No. 201 and No. 
202 were fragmentary remains containing 
fetal bones, suggesting that both or at least 
one was pregnant.

 
Fetuses, infants, and children

	 	 Of the 140 skeletons, 76% were 



Table 2. Estimated stature.

Fig. 3. Feet of No. 305. 
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Fig. 2. Human remain No. 305 from East Tappeh. 

fetuses or infants. Most of these were buried 
in the walls or in floors close to walls; they 
were lying in contracted positions, on their 
right or the left sides. A minority, however, 
were lying on their backs, and two from the 
East Tappeh were in extended positions. No. 
209 from the East Tappeh was in an urn in 
a contracted position, on its left side. Only 
seven skeletons were those of juveniles and 
two of adolescents, while 24 were of adults. 
This distribution seems to indicate a lower 
death rate for children than at Shar-i Sokhta, 
where 38 juveniles, two adolescents, and 45 
adults were excavated.

Craniofacial morphology
		  The cranial and facial skeletons are 
highly homogeneous in morphology. The 
cranial vaults are generally long, narrow, and 
high. The faces are relatively narrow. The 
orbital and nasal index fall into relatively wide 
ranges. A narrow and elevated nasal root is 
a common feature. Among the nonmetric 
traits, the high incidence of hypoglossal canal 
bridging is marked, and in the males, a well-
developed medial part of the superciliary 
arch is evident.

Postcranial morphology
		  The postcranial skeletons are rather 
homogeneous in morphology. The long 
bones of the leg exhibit significant muscular 
development. The high incidence of sacra 
with six vertebrae and of humeri with septal 
apertures are notable common features. The 
estimated stature of the skeletons is taller in 
the West Tappeh for both sexes (Table 2).

Pathology
		  Cribra orbitalia or osteoporitic 
pittings are observed for Nos. 313 and 314 
from the West Tappeh and Nos. 101, 110, 
203, and 317 from the East Tappeh. No. 
416 exhibits severe osteoarthritic changes 
on both knee joints and modifications of 
the articular surfaces of the right shoulder 
joint, which seem to indicate a shoulder that 
was dislocated during early in life and left 
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Fig. 4. PCA based on shape distance by four craniofacial measurements (male).

Fig. 5. PCA based on shape distance by four craniofacial measurements (female).

untreated. No. 202 shows considerable lipping and spur formation on the anterior side at 
both upper and lower edges of the bodies of lumbar vertebrae and at the promontory of the 
sacrum.
	 No. 305 exhibits extensive irregular bony deposits in tibiae and fibulae of both sides 
(Fig. 2). The left metatarsal bones are normal, but the right metatarsal bones show "penciling" 
or "point" formation (Fig. 3) . The phalanges of both feet are absent. These conditions suggest 
leprosy. Although no leprotic changes are observed in the skull and hand bones, leprosy 
without pathological changes at the skull or hands is not rare.

Multivariate comparison of 
cranial measurements
	 A principal component 
a n a l y s i s  ( P C A )  b a s e d  o n 
Penrose’s shape distance was 
employed to compare the cranial 
measurements of 14 male and 16 
female populations unearthed in 
Iran, Mesopotamia, and Caucasus. 
The pooled estimates of the 
standard deviations of Nippur 
and Shar-i Sokhta were used 
for standardization. Maximum 
cranial length, maximum cranial 
breadth, upper facial height, 
and bizygomatic breadth were 
employed.
	 F i g u r e  4  s h o w s  t h e 
re s u l t s  fo r  t h e  m a l e s .  T h e 
f i r s t  c o m p o n e n t  s e p a ra te s 
the later Iranian group from 
t h e  M e s o p o t a m i a n  a n d 
e a r l y  I r a n i a n  g r o u p s .  T h e 
Samthavro population of the 
Caucasus is located close to the 
Mesopotamian populations.
	 F i g u r e  5  s h o w s  t h e 
result  for  the  females .  The 
overall pattern of distribution of 
populations is similar to that of 
the males. The first component 
separates  the later  Iranian 
group from the Mesopotamian 
and early Iranian groups. In 
this grouping, the Samthavro 
population of the Caucasus belongs to the Mesopotamian and early Iranian groups.
	 In both sexes, component I mainly reflects the ratio of maximum cranial breadth to 
maximum cranial length; the cranial vaults of Mesopotamian and early Iranian populations 
were narrower than those of late Iranian populations. There is little variation within the 
Mesopotamian group but a greater one in the Iranian group. Both sexes of the West and East 
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Tappeh of Tappeh Sang-e Chakhmaq fall among the early Iranian populations, close to those 
of Shar-i Sokhta, Sialk I-IV, Tepe Hissar, and the Dailaman dolichocranic type, and also the 
Mesopotamian populations. 
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Fig. 1. Measurements of the bones.
a: Length of petrous part of temporal bone, b: Length of 
basilar part of occipital bone and width of basilar part of 
occipital bone, c: Length of humerus, d: Length of ulna, e: 
Length of radius, f: Length of femur, g: Length of tibia 

Children at Tappeh Sang-e Chakhmaq

Yuko Miyauchi  (University of Tsukuba)

Materials
	 The remains of 102 non-adult human beings were discovered at Tappeh Sang-e 
Chakhmaq during the 1971, 1973, and 1975 seasons. Most were buried in walls or in floors 
close to walls within settlements. Since about 90% of the human remains are non-adults, the 
study of non-adult human remains would greatly aid our understanding of the burial features 
of Tappeh Sang-e Chakhmaq. Therefore, this study examines these burial features through an 
examination of the ages-at-death, burial gifts, and pathologies of the non-adult remains.

Method
Age-at-death estimation 
		  The age-at-death estimation was 
conducted through measurements of skulls, 
long bones,  and  dental  development . 
Unfortunately, calcifying teeth are small and 
poorly preserved, especially in fetuses and 
neonates (Tocheri et al. 2005). Therefore, 
when an age-at-death approximation was 
possible for these categories, it was estimated 
by a regression equation for individuals that 
lived less than one month after birth, and by 
dental development for individuals that lived 
more than two months after birth. 

Measurements
		  The age-at-death estimation from the 
regression equation with bone measurements 
was conducted by the methods of Scheuer et 
al. (1980); Nagaoka, Kawakubo, and Hirata 
(2012); Nagaoka, Abe, and Shimatani (2012); 
Nagaoka et al. (n.d.), and Scheuer et al. (1980). 
The measurements followed the modified 
definitions of Fazekas and Kósa (1978) (Fig. 
1). Measurements were taken by the author 
with a digital caliper (Mitutoyo NTD12P-15C). 
	 Scheuer et al. (1980) has estimated the age-
at-death of late fetal and perinatal individuals 
from limb bone lengths with a regression 
equation.
 



Fig. 2. Age-at-death distributions of non-adults at Sang-e 
Chakhmaq (Frequency).

Table 1. Age-at-death distributions of non-adults at Sang-e 
Chakhmaq (Number of individuals).

	 Fetal age (week) = 0.4585*Humerus (mm) +8.6563
	 Fetal age (week) = 0.5850*Radius (mm) +7.7100
	 Fetal age (week) = 0.5072*Ulna (mm) +7.8208
	 Fetal age (week) = 0.3303*Femur (mm) +13.5583
	 Fetal age (week) = 0.4207*Tibia (mm) +11.4727

	 Nagaoka, Kawakubo and Hirata (2012); Nagaoka, Abe and Shimatani (2012); and 
Nagaoka et al. (n.d.) have estimated fetal age-at-death from temporal bones and the basilar 
part of occipital bones by the regression equation. 

	 Fetal age (month) = 0.194*Length of petrous part of temporal bone (mm) +2.833
	 Fetal age (month) = 0.953*Length of basilar part of occipital bone (mm) -1.693
	 Fetal age (month) = 0.519*Width of basilar part of occipital bone (mm) +2.323
 
Dentition
	 The ages-at-death of non-adult skeletons were also determined by dental development 
(Moorrees et al. 1963a, b; Ubelakar 1989).

Sex determination
	 Sex is normally determined in the adult skeleton through the morphological features 
of the skull and pelvis and the measurement of long bones. Unfortunately, the sexually 

dimorphic characteristics of the pelvis and 
skull do not become apparent until puberty; 
consequently, determining the sex of non-
adult skeletons is problematic; therefore, it is 
not attempted in this study.  

Results
Age-at-death distributions
		 According to the measurements of 
skulls and long bones, the average age-at-
death distributions are as follows (Table 1, 
Fig. 2): The smallest group is composed of 
4 in-utero fetuses aged 7 months. There are 
only 5 in-utero fetuses aged 8 months but 
20 in-utero fetuses aged 9 months. There are 
50 in-utero fetuses aged 10 months, which is 
about 60% of the non-adult individuals. The 
number of individuals decreases to 5 at 1 
month after birth. 
		  There were only 6 individuals that 
are older than 2 months. These ages of 
individuals were estimated by their teeth. 
According to the age-at-death, there is 1 
individual of 6 months (No. 202), 1 individual 
of about 6~9 months (No. 213), 1 individual 
of 2 years (No. 110), 1 individual of 3~4 
years (No. 317), 1 individual of 4 years (No. 
306A), and 1 individual of 6 years (No. 204). 
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a b
Fig. 3. Pathological features in No. 110, a: Criba Orbitalia, b: Cribra Cranii

Fig. 4. Multiple burials No. 306 from East Tappeh.

No individual is 7 or more years old; however, ages-at-death of 12 non-adult individuals could 
not be estimated by either measurements or dentition. The age-at-death distribution did not 
noticeably differ between the East Tappeh and West Tappeh. 

Burial Gifts
	 Burial gifts were associated to 5 
individuals. From the West Tappeh, a 10 
month fetus was buried with 183 shell 
beads and 90 clay beads (No. 319). From 
the East Tappeh, a 8 month fetus was buried 
with a clay ball (No. 320) and a 9 month 
fetus with a bone needle (No. 206), and 
individuals 1 month after birth (No. 306C) 
and 4 years old (No. 306A) were buried 
with beads around their necks. 
	 R e d  o c h r e  i s  o b s e r v e d  i n  5 
individuals from the East Tappeh. They are 
8 month (No. 215) and 9 month fetuses (No. 
306B), and children 1 month old (No. 307), 
4 years old (No. 306A), and of unknown age 
(No. 306D). 

Pathology
	 Cribra Orbitalia are observed in 
individuals that were 2 years old (No. 110) 
(Fig. 3a) and 6 years old (No. 204) and in 2 
individuals whose ages-at-death could not 
be estimated (No. 311?, No. 317). Cribra 
Cranii are observed in a 2-year-old (No. 
110) (Fig. 3b), a 6 year old (No. 204), and 
an individual of unknown age (No. 311?). 
Enamel Hypoplasia was observed in a 6 
year old individual (No. 204). 
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The burial features of children at Sang-e Chakhmaq
	 Based on the re-estimation, about 60% of the non-adult remains are fetuses, 10 months 
in utero. As 10 months in utero is full term pregnancy, we can imagine that many children 
died  related to birth. Moreover, the strikingly high rate of non-adults to adults indicates that 
the former were specifically buried close to or inside the settlement and the latter in different 
places. This finding corresponds to those of other Pottery Neolithic sites in the Near East. 
	 Burying a child with a gift is very rare at Sang-e Chakhmaq. Only 5 individuals have 
burial gifts, but no tendency between gifts and ages-at-death is evident. The 5 individuals from 
the East Tappeh have red ochre on some parts of their bodies. The multiple burials No. 306A-
D (Fig. 4) have red ochre on 3 individuals and burial gifts for 2 individuals. This finding may 
indicate a special burial ritual practiced at Tappeh Sang-e Chakhmaq. 
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Fig.1.  East Mound- a mud-brick wall.

Fig.2.  East Mound-Stratigraphic cut.

St ra t ig raph ic  sound ings  a t  Sang-e 
Chakhmaq Tappehs, Shahroud, Iran;

 April- June 2009
Kourosh Roustaei (Iranian Center for Archaeological Research)

		  The twin mounds of Sang-e 
Chakhmaq l ie  some 8 km north of 
Shahroud city in northeastern Iranian 
Plateau. These mounds were excavated 
by a Japanese team directed by Seiichi 
Masuda in 1970s. In spite of prime 
importance of  the site ,  the results 
o f  e x c a v a t i o n s  r e m a i n e d  l a r g e l y 
unpublished. Starting his prehistoric 
researches in the Shahroud area in 2004, 
the present writer came to a conclusion 
that a survey of cultural development of 
the area would not be possible unless 
having some basic information on the 

early phases of the settled life. Because of 
the special aspects of the twin mound of 
Tappeh Sang-e Chakhmaq, the site would 
be one of the best among the known 
Neolithic sites of the area to answer our 
questions on the cultural developments 
of early settled life.
		  I n  A p r i l  o f  2 0 0 9  a  t e a m 
from Iranian Center for Archaeological 
Research, directed by the author started 
a small scale sounding at both mounds 
to get the basic data to apprehend in 
some details the Neolithization process 
in the area. The fieldwork lasted for 70 
days and stratigraphic soundings at both 
mounds reached virgin soil at the end of 
the season.
	 We made our main stratigraphic 
trench (Trench 1; c. 2.5x1.5m) at East 
Mound on the northern edge of the 
main Japanese trench. After about 4.5 m 
vertical digging we reached the virgin soil 
at the trench. As the uppermost layers 
in this trench were some 2.5 m lower 
than the uppermost parts of the mound, 
we made a small (1.5x1.5 m; Trench 2) 



Fig. 3.  East Mound-Stone beads.

Fig. 4.  East Mound-A sample of the Neolithic pottery.

Fig. 5.  West Mound-stone drills.

trench on the highest part of the 
site to get some samples from these 
layers that had not been encountered 
in the Trench 1. Excavation in this 
trench was halted after exposing a 
mud-brick wall in the depth of 1 m 
below the surface. 
		  In general, in Trench 
1 the sequential deposits were 
composed of some architectural 
layers and some trash deposits. 
While uppermost and lowermost 
layers were trash/pit deposits with 
lots of small finds and potsherds, 
especially the lowermost layers, the 
middle part of the sequence was 
characterized by some repeated 
a rc h i t e c t u ra l  l aye r s  o f  wh i c h 
just patches were remained. The 
mud bricks used in these partial 
architectures were hand-made, oval 
in section and with length of about 
50-60 cm. The most interesting 
a r c h i t e c t u r e  w e  f o u n d  w a s  a 
horseshoe-shaped clay oven/hearth 
partially exposed in the excavated 
area. This type of hearth is very 
common in the Jeitun culture of the 
Kopet Dagh piedmont, some 100-
200 km further north. 
	 The pottery collection of the 
Trench 1 numbered more than 2900 
pieces. Generally speaking, pottery 
assemblage of the East Tappeh is 
rather conservative in many aspects. 
Most physical attributes of the 
ware remains rather the same with 
some developments in decorative 
motifs. Overwhelming majority of 
the potteries have been baked under 
proper temperature, therefore the 
paste shows various degrees of 
blackness, from faint gray to black 
and from a thin line in the middle of 
the sherd section to whole thickness 
of the sherds. Vegetal material was 
the sole temper used; it seems that 
the size of vegetal agent was in direct 
relationship with sherd thickness. 
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  Fig. 7.  West Mound-Stratigraphic cut.Fig. 6.  West Mound-An incised clay figurine.

Some sherds show occasional white inclusions in their paste, maybe as a later product of some 
impurities in the clay. Shiny tiny dots on the surface of sherds probably indicate the presence 
of minor amount of mica in the original clays. 
	 Altogether, more than 1000 small finds were recovered from Trench 1 at East Tappeh; 
Trench 2 provided no small find. The materials used to make different items were more varied 
than those were used in the West Tappeh. In terms of stone, turquoise, marble and shale are 
now used to make some items, while fine siliceous rocks were used to make chipped stone.
	 We made a small trench, 2.5x1m, on one of the northern walls of the polygonal trench of 
the Japanese at the West Tappeh. The trench reached to the virgin soil after 2.45 m of vertical 
digging. Altogether, we discerned 48 loci in the whole excavated sequence, which consequently 
divided into 4 phases. The excavated sequence is characterized essentially by repeated layers 
of pit deposits and architectural remains, the latter in badly state of preservation. 
	 People of the West ound used a restricted spectrum of materials to make different 
items, mostly for daily use. In fact, vast majority of recovered small finds were made either 
from different types of stone or clay, the latter in both baked and unbaked forms. There were 
few items of other materials including bone and shell as well. 
	 There is an apparent temporal gap between West and East mounds of Tappeh Sang-e 
Chakhmaq; while the occupation in the former ends around early 7th millennium BC, the 
earliest deposits of the latter dated to the late of the millennium. Therefore, there is a 500-600 
year hiatus between the end of occupation at West Tappeh and the beginning of occupation at 
the East Tappeh.
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Fig. 1. Grain (caryopse) of one-grained einkorn (Triticum 
monococcum), locus 129, Sang-e Chakhmaq West (dorsal, 
lateral and ventral views).

Fig. 2. Grain of emmer (Triticum dicoccum), locus 129, Sang-e 
Chakhmaq West mound (dorsal, lateral and ventral views).

First archaeobotanical results from the 
2009 soundings at Sang-e Chakhmaq

East and West Mounds
Margareta Tengberg (National Museum of Natural History)   

	 In his book “Origins of Agriculture in Western Central Asia”, published in 2010, the 
late David Harris summarises the available data on the earliest Neolithic communities known 
in southern Turkmenistan and surrounding regions, with a focus on the multidisciplinary 
excavations conducted by British archaeologists, in collaboration with Russian and Turkmen 
colleagues, at early 6th millennium BC Jeitun. Analysis of the archaeobotanical remains 
shows a reliance on cereal cultivation that, combined with hunting and caprine herding, 
constituted the basis of the village’s subsistence economy. Interestingly, in addition to the two 
predominant cereal species - barley (Hordeum vulgare) and einkorn (Triticum monococcum, 
one and two-grained forms) - a previously unnoticed hulled wheat type is cited in the more 
recent publications (cf Charles & Bogaard 2010). This is the so-called “new glume wheat”, 
first described from Neolithic and Bronze Age contexts in Greece, Turkey and eastern to 
central Europe (Jones et al. 2000, Köhler-Schneider 2003). With morphological traits close 

to Timopheev’s wheat (T. timophevii), still 
cultivated on a reduced scale in southern 
Caucasus, the presence of this “new” wheat 
species at Jeitun opens up interesting 
perspectives on the spread of agriculture 
across the Iranian plateau. 
		  On the basis of the results obtained at 
Jeitun and other Neolithic sites in the Kopet 
Dagh piedmont zone, Harris speculates on the 
possible origins of the domesticated plants 
that characterise early production economies 
in this part of Asia.  While he does not 
exclude a local domestication of barley (also 
supported by genetic evidence) he considers 
an origin of the cultivated wheat species to 
the east of the Caspian Sea as unlikely, mainly 
due to the more western distribution pattern 
of their wild ancestors. Still, he stresses the 
necessity to complete the Jeitun record by 
studies of more and earlier (Mesolithic and 
Neolithic) sites in southern Central Asia and 
in northeastern Iran. 
		  Tappeh Sang-e Chakhmaq is one of 
these sites offering us the possibility to fill in 
the gaps and answer some of the important 
questions addressed by David Harris . 
The site’s exceptionally long occupational 
sequence allows us to study crop spectra 



Fig. 3. Spikelet bases of “new glume wheat”, locus 129, 
Sang-e Chakhmaq West mound.

and plant uses in the Sharoud plain during 
a period that starts almost a thousand years 
before the settlement of Jeitun and lasts until 
the mid-6th millennium BC. The present 
paper deals with the first results of the 
analysis of plant remains recovered during 
the stratigraphic soundings of the West and 
East mounds, undertaken in 2009 by a team 
from the Iranian Centre for Archaeological 
Research under the direction of Kourosh 
Roustaei. These samples, most of which are 
rich in plant remains, are at present being 
sorted and analysed in the archaeobotanical 
laboratory at the Natural History Museum 
in Paris. The results presented here have 
been obtained by the study of a yet limited 
number of samples (c. 15% of the total 
flotation samples) and are to be considered 
as preliminary. As the study goes on these 
results will be completed and extended in 

order to allow us to assess more in detail the patterns of exploitation and use of wild and 
domesticated plant resources at Neolithic Tappeh Sang-e Chakhmaq. 
	 One of the objectives of the 2009 soundings was to systematically sample faunal 
and floral remains from the succession of archaeological layers excavated. Thus the team 
collected18 flotation and 20 manual samples from the Pre-Pottery Neolithic West mound 
and 41 flotation and 45 manual samples from the Pottery Neolithic East mound. In terms of 
volume, the flotation samples correspond to 1980 litres of soil from the West mound and 3232 
litres from the East mound. The manual samples consist mainly of larger charcoal fragments 
that will be included in the wood charcoal analysis. Carbonised plant remains, charcoal and 
seeds/fruits, were extracted from the archaeological sediment by bucket flotation. 
	 The first results based on the identification of almost 1400 plant items from 7 different 
contexts excavated at the West mound shows a predominance of seeds/fruits from wild 
species compared to that of crop remains. The latter are composed of almost equal quantities 
of cereal grain and chaff. The crop spectra is similar to that identified at Jeitun with the 
presence of barley, one and two-grained einkorn (Fig. 1) as well as the “new” glume wheat 
type. Emmer (Triticum dicoccum) is identified from a reduced number of spikelets and certain 
grains also present an emmer-like morphology (Fig. 2). However, among the chaff remains the 
“new” glume wheat is predominant (Fig. 3). The samples from the East mound are still to be 
studied but a preliminary analysis shows the presence of free-threshing wheat (Triticum cf 
aestivum), suggesting a change in the crop assemblage through time. 
	 So far, no cultivated pulses have been noted in the samples from Tappeh Sang-e 
Chakhmaq and on this point the first results resemble those of Jeitun where pulses seem to be 
absent too.
	 On the contrary, wild pulses (cf Astragalus) are identified in most samples where 
they are associated with the seeds and fruits of other wild plants, mainly numerous grasses, 
such as Aegilops, Eremopyron and Bromus, and nutlets from plants belonging to the sedges 
(Cyperaceae) and the goosefoot (Chenopodiaceae) family. It is too early to draw any functional 
or ecological conclusions on the basis of the wild plant assemblages but the identified taxa 
may correspond to either weeds cleaned out from cereal crops or plants that were browsed by 
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livestock and accidentally carbonised when dung was used as a fuel.
	 Fragments of charred wood, plentiful in the samples, will be the subject of a separate 
anthracological analysis. Preliminary observations show the presence of both riparian taxa 
(poplar/willow, tamarisk) and juniper, with the latter probably being collected on the nearby 
slopes of the eastern Alborz Mountains.
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