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ABSTRACT

Few skeletal ser:ies of any size have been repo::t-

ed from the laicldle Iìaster:n rtreolithic. The population from

Ganj Dareh Tepe,an Early Neolithic occupation, is comprised

of 49 individuals and forms the study ciroup for this thesis.

A variety of descriptive and anallltical techniques describe

the attributes of these indivicluals and the population in

comparison to other archaeolooical populations.

Postcranial and odontometr:ic data are used to

examine both relative sexual dimo::phism and intra-sex pop-

ulationaf differences. The survivinc{ crania from Gani Dareh

show one of the earliest known annular deformation variants

and are not used for comparative purposes"

Sexual dimorphism in the Neolithic population

from Ganj Dareh Tepe is found to be absolutely and relativetr-y

minor in comparison to that obser:ved for two Bronze Aqe

populations. FurtherrGanj Dareh adult development cliffers

from that observed in Bronze Age adults t^¡it,h males and females

from the former having relativeÌy qreater loncr bone lenqths

and widths, except in the femur. This implies that overall

ì.rn¡lr¡ nrnnar{-ions mav har¡e altefed betWeen NeOlithig andvvul' yr vÌ/v! Ç¿v¡¡r ,,,*J

Bronze Age pe::iods as b,oth ;-;.nrelated Bronze Age popula-

tions shov¡ si-milar tendencies. oclontometrics indicate no re-

lationships k¡etween Ganj Dareh and any other population

examined, These last cornparisons <1o, hoi¡ever, suppl¡z informa-

tion concernino four of the comparative samples. These are
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Erq eI Ahmar, Jericho Pre-Pottery Neolithic B and Jericho

Bronze Age and the Natufian samples. Odontometrics compared

for these populations show that Erq eI Ahmar is not bio-

logically similar to the Natufians although it has been so

considered in the past. rn additionr comparisons suqqest

that the Natufians may be ancestral to the Jericho Bronze

population but not to the earlier group from PPNB.
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CHAPTER 1

Il'ITRODUCTION

This study is an examination of 49 individual

skeletons from Ganj Dareh Tepe, âD Early Neolithic

occupation in lran. A variety of data \¡¡ere collected in

order to achieve two goals of value to osteology and Near

Eastern prehistory. The first of these goals concerns use

of a range of osteological techniques for collection of

data from human skeletal remains. These data charactetLze

this previously unreported series and are presented in

appendices for subsequent osteological research. Further,

these data comprise the basic information required for the

comparisons appearing in ensuing chapters. The second

objective concerns the comparison of Ganj Dareh Tepe

remains, both between distinguishable subsamples. of the

study group, and between Ganj Dareh Tepe and a range of

unassociated archaeological sites. ComparaLive sites with

skeletal remains represent a wide range of geographical

locations and chronology, coming from The Levant, Greece,

Iraq and Iran and dat.ing between Mesolithic and Bronze

Age times.
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The occupation mound designated as Ganj Dareh

Tepe (P.E.L. Smith,'68) is siLuated in the province of
I(ermãnshah. The tepe lies in the Gamas-Ãb River valIey,
one of many such valleys found in the eastern flanks of
the Zagros Mountains of western Iran.

The site (fig. 1) was discovered and excavated

by Dr. P.E.L. Smith and cre\¡/s from the Universitê de

Montréa1 in 1967. This initiat excavation was followed by

three fu]I field seasons in 1969, 197l- and 1974. The

preliminary findings and interpretations appeared as a

series of interim reports (P.E.L" Smith,'67'; '68¡ '70;

'72a, b¡ '74¡'75¡ andtTB). These form the basis for the

brief description appearing below.

The roughly circu.lar mound covers an area of

approximately 1300 m2 and has a maximum d,epth of about

eight meters. The base of the mound l-ies about one meter

below the present surface of the surrounding topsoil. Ex-

cavations through ca. twenty percent of the moundrs volume

exposed five major horizontal, culturally distinctive

levels. These were designated, from upper to lower, Levels

A through E. Carbon samples !üere recovered from four of

these level-s and subjected to radiocarbon dating techniques

( KiqoshL ,'6'7¡ Lawn,'70). The resulting dates, in years

B.C. , are summarized by Singh ('.74) z
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Level A 6960 t L70 (Gak 994)

Level B 6938 t 98 (P 1486)

Level C 7289 1 196 (P 1485)

Level D 70lB t 100 (P 1484)

Level D (base) 8500 t I50 (Gak 807)

The oldest remains were recovered from Level E.

Relative to succeeding deposits, recovery was small but

the assemblage was similar to the Upper Palaeolithic

occupation from the nearby site of Tepe Asiab (P.E.L. Smith,

'78rp.539). Features included a number of "round or oval

depressions cut into virgin soil" that may have been for

the pJ-acement of tents or reed huts (Burney,'77) or¡ for

use as firepits (P. E. L. Smith ,'7 4) . There was no evidence

to suggest that the site had been occupied on any more than

a seasonal basis.

Deposits from LeveI D indicate greater permanence

together with increasing dependence upon locaIly available

resources. Remains from this level include chineh archi-

tecture, similar to that found at Jarmo (Burney r'77), clay

bins and a variety of ceramics. Survival of the pottery

from Level D is attributed to the intense burning of this

occupation (P . E. L. Smith ,' 67 'ì ' 6 B ) . This early occurrence

of ceramics has 1ed to the suggestion that Ganj Dareh Tepe

represents an early and independent center of manufacture

(P.E.L. Smith,'78), possibly the earliest known from the
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entire Near Eastern archaeological record (Burney,,77 rp.32).
Additionar evidence for incipient agricurture

consists of high frequencies of blades and bladelets show-

ing edge polish or "sickle-sheenr, and ground-stone mortars
and pestles (p. 8.L., Smith,'67;,68; et al.; Burney rrTT).
Animal husbandry is suggested by the presence of domestica-
ted goat (Capra sp. ) identified by D. perkins and B. Hesse

(P.E"L. Smith,tT2bì ,74) . Frequencies varied slightly in
upper levels suggesting that a relatively stabre cultural-
tradition persisted through the occupation.

Burial recording forms identify 42 features.
All but four of. these were discrete, with the remaining
f our f eatures con'b.aining two individuals. However, because

of in situ mixing, it is likely that features containing
more than a single individual, with one exception, were

discret.e. This exception concerns three individuals
(G" D. 15, 16 and L7) recovered from a craybrick sarcophagus.

rn addition to the 46 individuals recovered

from the mound, three were associated with a peripheral
feature. while these are not documented by forms, they
are assumed to belong to the Ganj Dareh Tepe series and de-
signed as G. D" 43, 44 and 45.

Of the original 46 individuals, seven are

presently without level associations, rvhile six addition-
a1 individuals have been given tentative association with
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the upper Levels (4, B, C) using information from the

burial recording forms. The remainder are securely

associated to either Leve1 B (three individuals) , Leve1 D

(27 individuals) or LeveI E (three individuals). No

skeletons were recovered from Level C"

When present, grave goods \,ùere f ound with

young individuals rather than adults (P. E. L" Srnith,'78) .

Frequently, fragments of sheep or goat crania and, some-

times, complete skulls were used. Less frequently, human

or animal figurines vrere included. Traces of reed matting

have been recovered with two burials, v¿hile a single young

individual from LeveI D was wearing an exotic olivia-she11

and stone-bead necklace (P. E. L. Smith,'70). Burial forms

suggest that there was no prescription for orientation of

the body or the head, nor for body flexion or extension.

Descriptions of individual skeleton from Ganj

Dareh are provided in Chapter III. Each includes a general

statement on the condition of the skeleton and an enumera-

tion of bones used in assessirìg age and sex according to

a variety of techniques. These are discussed in Chapter II.

The importance of determining age and sex is that, together,

they constitute the criteria for distinguishing between

subsamples within a biological population (i.e. rùales and

females; preadolescents and adults) .

Once separated, samples of males and females
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were charActerized by a Variety of metric and nonmetric

data. Techniques used were selected for their utility and.

applicabitity to the Ganj Dareh Tepe remains. As this

study is intended to be comprehensive, unrelated techniques

Were used to collect data from various parts of the human

skeleton. These, in turn, formed data bases for compari-

sons within and between skeletal groups. Because compara-

tive data were not generally uniform in describing differ-

ent populations, it was convenient to make and discuss

comparisons under three headings that delineate specific

skeletal complexes. These are, a) "The Cranial Complex",

b) "The Postcranial complex", and c) , "The Dental complex" "

The first category includes the cranium and mandible while

the second includes all postcranial bones. The Dental

Complex includes all identifiable teeth. Techniques asso-

ciated with each complex are discussed in chapter II.

The palaeopathology of the series is considered

in Chapter IV. This represents a survey of various bone

and dental changes that are traditionally considered to be

diagnostic of pathogenesis. In most cases, hard-tissue

abnormalities obserVed occur in various frequencies and

with different degrees of severity. Others are rare and

have unknown causes. This chapter also details anomalous

characterist-ics at Ganj Dareh Tepe. Mos.t notabl-e is in-

tentional cranial deformation. Frequencies fof the more
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cornmon anomalies and pathologies are used to comPare

Ganj Dareh to pubtished frequencies for other Near Eastern

skeletal series.

The primary bases for comparisons are the

metric data particular to the three skeletal complexes.

Chapter V, entitled "Analytical Techniquês", discusses

of the nature of these data. An explanation of techniques

used in making inter- and intra-population comparisons

also appears in this chapter, The comparative samples

were selected primarily for the utility of data. Samples

suitable for comparison are discussed in Chapter VI,

together with a brief synopsis of their archaeological

and cultural associations.

Results obtained from the different analytical

techniques are presented in Chapter VII. This chapter is

essentially descriptive, with discussions of the differ-

ent sets of results and brief summaries. The detailed

description of results is intended to extract the maximum

of information and to illustrate the utility of a multi-

faceted analysis. A more general summary of the results

of the study is presented in Chapter VIII, "Summary and.

Conclusions " .

The approach taken in this thesis was to treat

the study series as as a representative sanple of a larger

Early Neolithic population. Following this, the Ganj
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Dareh sample was cornpared to other samples, each rePre-

senting culturally and biologically distinctive populations.

It is anticipated that some important conclusions may re-

sult from this study, particularly concerning inter- and

inl-ra-qâmrì1o netric variability. It is further anticipated

that these results will be useful for both comparative

osteology and for prehjstoric interpretations.
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CHAPTER II

LABORATORY TECHNIQUES

Subsumed under the above heading are two

cl.asses of techniques called "preliminary techniques" and

"techniques of data cotlection". The first is the set of

procedures required for preparing the Ganj Dareh series

for study and include, a) cteaning; b) reconstruction;

c) preservation; d) identification; and e) separation of

mixed burials. Techniques used for determining age and

sex are also considered here.

The second class of techniques includes those

presented by various authors explaining procedures for

collecting metric and nonmetric data. Authorities were

selected to include techniques that would offer the greatest

diversity of data, particularly those that would be suitable

for comparisons. As a result, technigues of data collec-

tion represent a range of more or less traditional proce-

dures, designed first for characterizíng the individuals

in the skeletal series and, second, fot detecting any

significant differences.
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PËeliminary ryhnjgue-l
Procedures for the preparation of archaelogical

human remains are outlined by Bass ('71) and BrothwelI (',72).

Both of these sources v/ere used as general guides during

the preliminary stages.

TheconditionoftheGanjDarehremainsranged

from poor to good with the majority of individuals showing

variable preservation. Few bones had not suffered at least

some posr mortem damage. Most affected were the tabular

bones of the cranium and, particularly, the pelvis. Long

bone and pelvic epiphyses were poorly represented. Bone

frequencies indicate that it is unlikely that burial

customs at Ganj Dareh Tepe included the practice of mutila-

tion or disassociation of the skeleton after death.

Evidence for this practice has been noted for Some sites

in the Levant and Anatolia (Burney,''77,p.fI) '
Elements of the adult d'entitions were con-

sistently well preserved, occurring both in the intact

alveolar bone or l-oose. Frequently, teeth from Level D

had been blackened and shattered by heat. In addition,

bones from this level showed evidence of heat exposure

ranging fro¡n slight blackening, to calcination. Shattered

teeth \,vere rarely identif iable and in many cases, only

root fragments $¡ere recovered. subsequently¡ [o attempt

at measurement was made for such teeth.
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Bones and teeth frorr the series were cleaned

with a brush and dental picks. Ir4any fragments were enveloped

by a fire-hardened matrix of soil that was initially diffi-
cult to remove " When dried out at room temperature, the

matrix could be brushed away. In a few cases, matrix was

removed after softening with water. Blocks of bone-

containing matrix were either water screened or allowed

to soak in tepid water. However, this was found to damage

the exposed edges of the fragments and was discontinued

for larger blocks. T\¿o of these large blocks, both con-

taining the delicate thoracic elements of two differentt
individuals, were not disturbed.

Once f ree of removable soj.l-s, delicate fragm.ents

and particularly well preserved bones were immersed in a

solution of acetone and Ambroid.

Elements of the skeleton were then identified
with the aid of Anderson ('69), Brothwell ('lZ), Bass ('71)

and Gray's Anatomy ('77). Bones were then associated with

individual skeletons. Because there \¡Jere several cases

where more than one individual was called by the same

burial number (G.D. ) , or individuals were without a field
number, a system of laboratory numbers \^/as devised and

new numbers assigned to each identified individual- (Table 5).

The codes used for these laboratory numbers integrate

information concerning vertical provenience, sex and

original Ganj Dareh burial designation.
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Briefly, the initial number of the five

number code refers to the burial provenience. Individuals

were coded by one of six possible numbers to correspond

with the followinq svstem¡

Level A, B or C
(uncertain provenience )

Level B

Level C

Level D

Level E

Unknown

I

2

3

4

5

6

Burial forms record the recovery of six individuals from

slumped earth from the upper levels. These individuals

have been coded with the prefix r'lrt to indicate their

lack of a more accurate level association.

The second number of the laboratory code denotes

the sex. Individuals whose skeletal development is suffi-

ciently advanced to exhibit morphologically distinctive

characteristics associated with secondary sexual develop-

ment (acsádi and Nemeskéri ,'70) \¡/ere assigned to sex and

coded as male ("I") or female ("2"). When adults failed

to consistently disptay characteristics of either sex, or

where an adult was minimally represented, the individual

was coded as adu1t, sex unknown ("0").

Preadolescents, including infants and child.ren,

were coded as r'3rr to indicate that sex determination was
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not possib]e due to the absence of the necessary criteria'

Individuals showing ambiguous sex characteristics because

of skeletal immaturity made determination of sex impossible.

In these cases, individuals $¡ere coded with the number ("3")

Individuals designated as skeletally immature were not

included in metric analyses of the cranial or postcranial

complex" However, where preadolescents were represented

by permanent teeth, the teeth were measured for inclusion

in adult samPles "

Age and Sex Determination

Determination of these two characteristics is

important for ensuring that metric and non-metric data

accurately characte rl-ze Ganj Dareh subsamples. Estima-

tions of age and sex relied on comparisons of developmental

and morphological characters of the individual skeleton to

pre-e*isting standards developed by a number of authors.

The foll-owing techniques were used to determine

age. The results of age and sex assessment are presented

in Chapter III (table 5). When teeth from preadolescents

\¡/ere present, age was suggested on the basis of tooth

eruption standards (schour and Massler,'41) . The the

absence of erupting teeth, â9€ is assessed by measuring

long bones and comparing results to standards of known

age(Johnston,|62¡Sundick,'78).Longbonesrepresenting

older preadolescents and young adults displaying different
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degrees of epiphyseal fusion were aged af,ter the techniques

of Krogman (t73). In a few cases where adults were re-

presented by teeth alone, BrothweIl's standards of attri-

tion were used ('72,p.69) . It is impOrtant to note that

these attrition standards were developed using a British

Iron Age population whose attrition rates were influenced

by factors not present at Ganj Dareh Tepe " It should be

noted, therefore, that this technique gives an estimate that

only approximates the true age.

Exocranial (olivier ,'69 ,p.L72) and. endocranial

synostosis (Gray ' s Anatomy ,' '17 ,p . 6 9 ) were also criteria

for age estimation, These estimations should be regarded

with caution as cranial synostosis is weakly correlated

with age (Brooks, '55; Singer, '53; Anderson ,'69) '

The basic techniques for determinations of sex

consist of thirty criteria given by acsádi and Nemeskéri

('70,pp.90-9f) . These summarize the traditional differ-

ences characteristic of sex. These criteria illustrate a

variety of sex associated differences in cranial and

postcranial development related to size and shape. Of the

thirty traits, only 22 were used. Excluded traits include

those nurnbered 13 through 19 because they apply t'o pelvic

examination, and Ganj Dareh Tepe pelves were poorly re-

presented. Criterion 23, cranial capacity' was also

omitted because most crania show changes associated with

artificial- cranial- deformation (Chapter IV)'
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Techniques of Data Cglection
Metric and nonmetric data from the adults

\,rere collected from three complexes representing the human

skeleton. This was done partry to facilitate discussion of
the following techniques, but principally to deal with the

kinds of results that are expected. The three complexes

distinguished here are, a) "The Cranial Compex"t b), "The

Postcranial Complex"; and, c), "The Denta1 Comp1ex".

Metrj-c data were collected wit.h a variety of
standard instruments and these are described by Bass ('71) ,

Wolpoff ('7I) , Brothwell ('lZ) and Howells ('73) . All
metrics are reported in millimeters except where noted.

The Cranial Complex

Included here are the techniques used to

collect metric and nonmetric data from adult crania and

mandibles. Definitions for most of the craniometrics were

Èaken from Howells ('73,p.162) who offers a total of 7A

possible definitions. However, not all of these \^rere

possible as the cranium must be complete. Subsequently,

26 definitions were used and these appear in Table I, with
corresponding biometric symbols. some of these definitions
had been used by it4artin ('26). These are noted by the

addition of Martin's corresponding numbering system.

Tab1e 2 lists twelve mandibular dimensions from Howells ('73)

and Olivier (r69). Three letter biometric desiqnations
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TÀI3LE 1

CRÀN IOT'TETRIC VARIA'II] S

Dimension Mari-in
TÍ

l-ìiometric
SynboI

glabeIlo-occipii:al length

basion-nasion length

maximum cranial breadth

maximum frontal breadth

bistephaníc L¡readth

orbital height

hi ilroal hrearll-h

nasal breacìth

^^r -+^ ì^-^^.rÈh
I/Õ¿A Ug U! gqlr L

bifrontal breadth

biori¡ital breadtir

naqì on-ìrreolna chord

nasion-bregma subtense

nasion subtense fraction

lrrecrma- I anrhri¡ chord

hrorrma- I ¡rnhd.a SubLense

l-rr,ocrmn c,nhf cn se f ractiotr

I amh,la-nr"ri qf lrion chorc.l

1 ^-,1-.¡^ ^'^.: ^.t.iofi SUbte¡fSe-L d.lrtJJL¿cl- IJtJ r J ur r

lambda subi-ense fraction

frontal arc

--^-.i ^+--'lPO.r _LE LA-L A! v

I

5

B

IO

10b

52

4s(r)

6l

44

29

GOL

Bi{L

XCB

XFB

STB

OBIi

JUI]

\lLli

MAJ

trl4l-l

EKB

FRC

F'RS

FRF

PAC

PAS

PAII

OCC

rlaq

OCF

FiìK

P'\l(

30

1t

26

21
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Dimension Martin, Biometric
!, I o,.-L ^ 

.r 2{i ' Symbol

occipital arc

vaul-t thickness G i:regma3

vault thickness G lambcia3

vault thickness L¿ gtabella3

¿,o OCK

v'.llll

VTL

VTG

after Martin ('26)

after Howells ('73)

Represents a non*class-ic es cirriate of vault tiricl<ness aL
the appropriate landrna¡-k talien with si)reading ç¿fipers.
The VTG variate is taken oll Lhe frontal bone. VTIJ is a
measUre of the aver.ìgc tllicl<iìcss of the tl..¡o 1'.r.r.rie1-aI bones
VTG is the thickness of Lhe occi¡-iit-,al "
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TA]]I,E 2

MANDII]ULAiì VARIÀTIlS

Dimension ¡rr.i ^in-. I [i.ì om.Jfrir: SrzmbOIS
Svurlcolsa L U R+

biconrlylar breadth

bigonial breadth

mandibular length

oblique ramus height b

vertical ramus height

rnandibular angle

minimum ramus breaclth

breadth of corpus G Mt-1,12 b

l¡readth of corpus e P:-P¿ b

symphyseal height
h

symphyseal anqle "

.Ì3C13

]3GÌJ

I'flJL

RÀ]J

¡4ÀA

i{Iì¡

SYTi

BC]3

rì õlì
D(jrlj

¡4I] I,

II.IIL Rl1R

AVL AVR

Àl'il, ARI'4

Pll.L, IìtsR

LCI1 RCI,I

LCP iìCP

SYiJ

ÄNS

a af ter Holvells ( '73)
b after olivier ( '69 )
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were devised f,or the two variates taken frorn Olivier ('69)

Howells' ('73) set of biometric symbols were modified to

include codes that would distinguish between left (1) and

right (r) sides, a distinction not made in the originals.

Collection of nonmetric data was based on the

list of 30 "epigenetic traits" supplied by Berry and Berry

('67) . It was anticipated that the condition of the Ganl

Bareh crania would preclude collection of several of these

traits. These 30 traits are presented in Table 3.

Six crania, representing adults and pre-

adolescents, exhibit changes due to artificial deformation.

This and other anomalies and pathologies is discussed in

Chapter IV. Because crania from Ganj Dareh were deformed

they were not used for metric comparisons.

The Postcranial Complex

Eighty-one dimensions and six circumferences

2l bones of the postcranial complex were examined (table

Definitions, with two exceptions, are from Oliver ('69).

The exceptions were taken from the patellae and served to

define the width and heiqht. Definitions are:

Patellar width - The patella is held so
that sliding calipers span the distance between
the most lateral projections of the medial and
lateral edges. This includes the most lateral
projection of bone adjacent to the latera1 fac-
et forming the articular surface for the exter-
na1 condyle of the femur on one side and, on
the other, includes the medial border of the
internal articular facet" This diameter is
taken perpendicular to the patellar height.

of

4).
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'l'Aiìi,il ¡l

SUM¡,IARY OF POSTCFJ\NIAL VARIATES

Dimens ions Left Right

HUI"IERUS

Maximum l-ength

Physiological Iength

Perimeter on deltoid
tuberos rtY

Perimeter distal to
delioid tuberosit,i

Maximurrr diameter of
diaphys i s

Minimum diameter of
diar¡ir1'5 i-*

RADIUS

iì.xl, i'l-"'iR

I]J?L IIPR

iiMl, li}'lD

Pi"ll, Pt4l)

tir,D iilìi)

IIGD III)D

I (X l, lr-)i lì

RI?L iìi? l).

Piìt, r4lìL

JìXC] iìXD

Rl_,(ì R i,l)

uxr, u){iì

UPL UPJì

ti}lt, ljtilj.

ULNA

¡¡-,¡.im*n¡ l.--,'f iLvIaxriltuilt -Leti9 L1-l

Physiological length

Minimum circurnf erence

It4aximum transver s c cl i alnc t.:r
of clial:h1'srs

Minimum t-ransverse di¿ì1.ìe [.ul-
of cliaf¡hys j :;

M¡wimrrrn lencJ-h

Þì-rr¡qinlnrri ¡al I onrrJ- ìt+v*v:: *---).-.-

lvlinimum circumf erellce

Transverse diarneter ¿it i¡rferi-
or margin of radial lrol-ch U'I'L U'fR

Ant-erô-oÕsl_erior cliancLcr l.Jz\il ijÄR
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TABLE 4 - -Cot',ti-rlued

Dimensions Left Rì ght

FEMUR

Maximum length

Oblique length

Trochanteric Iength

Maximum antero-Posterior
diameter of diaP)tYsrs

Subtrochanteric antero-¡:ost -

diameter of dia'¡hl'sis

Maximum transverse dia¡'¡c-'t-cr
of dia¡:nysis

Minimum transverse cliarti:t-r:r
, Of Cial¡iìr,.S r S

Vertical di ameter of irc,-'¡ì

Ilorizorital dianeter c.lf i'i.r¡tcl

Breadth of lowe:: extreitj,t-v

TIBIA

Maxir¡unt Iength

Pltysiological Iengi-jr

I'linimum peri-neter

Antero -Po s ter ior c.li anc: ti.:r-

Transverse diametcr

FIBULA

lr4.aximum length

t.'X L

I¡OC

r,'Tl,

AI,P

Fl''iL

F'TG

I,TF

trDI-

iiDi,

CCh]

'I i,rl

O'I]L

P'lt(l

'lT'I)

c'.i'L

¡':{R

]¡OJì

ilT'Ìì

AIìP

I'}4R

IJT'D

IìTF

!'I) R

IiDR

CGI^/

T ii'.l'

OTR

i:Jt)

,!TG

C'IR

IXL IXR
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'l'/rlìl,lì 4 -r'cììt j, llìl

Di ¡ncnsio¡rs (l-(Iilf_

PÀTELLA

.lulax intulri ìre iqì-r t

11.rx i:ttr-t:lt ir¡: e.rd Lir

AX] S

lul¿rx inrunr irc iqht

TALUS

Maxintrnl lcngth

It{a-x imurn }:read th

Maximum height

CALCANEUS

i Max inunt l cng i-h

Max inrriirr l'lr,-. atj tit

Ma x i nrunt )r,-. j ç¡ ir t

CLAVICLE

l'iÀ)1

Ila:<il.iuln lcngtl-r

Pcrilitt:tr'r

Ma>r i rlrirrri l..l i-t: ra.ì. ) ,r

)iTI,

'll I'i l ,

ll'1'L

rìlil,

, 'i 1i ,

iir'1,

)(fR

'Ì' ¡ i ll.

i J,f Iì

: ,l(

ìi l1 l l)

): l,íj

I l)l-'

":ií;

c( ^.BiOmetf iC svmbol s \^/êrê r:r'rclr-rì for t-h,- r¡ost--cf anial

";;;;-ü;;"-i;;;;;= I 
-* orãl'.-, r.ìã- "àii"i"= arc cris

h¡w 1- ha I af tc¡ R Of the |gf f ar n rìonan.ri ¡o on whr.L tl f uç¡Jvr¡u!1rY vr¡ YYlre

code conflicte.d with one of rhose already in use.
variates were distinquished Ï,.:v either the letters

vari a te s
l-in¡:riqharl
ther the

Left side
L or G.
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Patellar height - This dimension is
taken in the midline with sliding calipers and
is the distance between the superior border of
the bone and the most distal projection of bone
for the attachment of the ligamentum patellae.

These two measurements have been defined to

characteríze the patella. Because the patella occupies

a position at the tibio-femoral joint, it functions to
protect the joint from the front (Gray's Anatomy,'77).

Past studies, notabl-y those of Dwight ('04), Parsons ('14)

and van Gerven ('72), have shown the width of the disLal

femoral extremity to be a good sex indicator. Patellar
measurements were included to examine its potential utilitv
as a sex indicator.

The Dental Complex

Metric and nonmetric data were collected from

permanent teeth. Odontometrics in the form of mesiodistal
(m-d) and buccolingual (b-1) diameters were recorded after
Goose's definitions ('63) for a total of Bl maxillary teeth

and 113 mandibular teeth. These data \Árere used to calculate

dental indices for individual teeth. These indices include

a) the product of the mesiodistal and buccolingual diameters

called, alternatively "crown area", "occlusa1 surface area"

(Wolpoff,'7I) or "the index of robusticity" (p. Smith,'70) i

b) the proportion of length (m-d) to breadth (b-f) expressed

as a percentage and termed, "crown index" (Wolpoff,t7l-)¡

c) the reciprocal proportion of breadth to length, expressed
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as a percentage and called the t'shape indexrt (p. Smith,'70)

and, d) the "crown module", a value that is ten times the

average of the sum of the length and breadth of the tooth
(Ialolpoff ,'71) . It should be noted that "robusticity" is
not properly an index for the reason that a true index is
unitless. Instead, robusticity is an approximation of

occlusal area and as such, the product of length and breadth

is expressed ín units2 (i.e. **2). Values for robusticity
and the indices described above are presented for each tooth,

and each tooth class in the Appendix.

Elements of the dentitions were examined for the

presence/absence of several morphological variants. Molars

from upper and lower arcades \^¡ere classified on the basis

of cusp number and pattern. The presence of several

possible accessory cusps was also noted. These include

the Carabelli cusp or tubercle, a trait that sometimes

occurs on the side of the mesiolingual cusp (protocone) of

maxillary molars (Dahlberg,' 63,pp "L57-l6I) , the protostylid,

found in association with the mesiobuccal cusp (protoconid)

of mandibular molars (Dahlberg,'50), and the paramolar

tubercle, a more general classification for accessory

cusps that may occur on the buccal surfaces of either

maxillary or mandibular molars (oahlbergr'45) 
"

Incisor teeth were examined for shovel-shape,

a continuous morphological trait generally associated

with mongoloid populatons (Hrd1iðka,t 20 ; Riesenfieldn' 56;
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Dahlberg, t 63) " Shovelling is characterized by the presence

of an elevated enamel border (cingulurn) on the mesio-

and/or distolingual sides of the incisor, enclosing a "pro-

nounced holIow on the lingual surface... (Hrdliðka,'20,p.430)"

Less frequently, the cingulum can also occur on the mesio-

and/or distolabial- sides of the same teeth in association

with the above to result in a variant of this trait (double-

shovel). Shovelling is found most frequently on upper

central incisors with decreasing frequency, on the adjacent

lateral teeth, and more rarely, on the lower incisors

(Hrd1iókã, o 20,p. 437 ) "

Both shovelling and accessory cusps, when

present, have been found exhibiting various degrees of

expression. In this examination, however, these degrees

of expression were not considered because discounting the

highly subjective classes of Dahlberg ('63) would both

augment the samples for possible analysis and eliminate

problems associated with inter-observer error.

Finally, all teeth from Ganj Dareh dentitions

v/ere examined for changes. Recognizer pathologies

included deposits of salivary calculus (Black,'20) and

abnormal deposits of cementum on tooth roots (hypercementosis)

BrothwelI, '63,pp .282-283¡ Black ,'20) . Frequencies of carious

lesions r^¡ere also determined. Other abnormalitíes such as

enamel hypoplasia (Kreshover, | 60 ; McHenry and Schultz, t 7 6 ì

Rose ¡177) were also noted.
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CIÍAPT]]R TIr

DESCRTPTION OF TNDIVTDUALS

This chapter clescribes the 49 indivitiuats
comprising the skeletal series from Ganj Dareh Tepe. Each

incl.ividual is discussed v¡ith respect to its representation,
preservation, and v¡hen determinable, to age ancl sex" rn

cases v¡here a preadolescent is represented by measurable

l-ong lrones, metrics usable for estimating aqe are recorde<l.

These appear -in the appropriate description" some refer:ence

is made to the observabre patholoqies shown by the skeletons

while a more complete discussion is presented in chapter rv
(Anomalies ancl Patholoqies) 

"

Individual descriptions are qiven in the order
of their discovery in the field" Tabre 5 shov¡s the summary

of vital statistics usinq this same order. This table also
shorvs the list of corresponding raboratory numbers used in
the analysis of the series" These laboratory numbers sum-

marize a) provenience, b) sex, c) âg€, and d) the oriqinal
buríal number assigned to each individuar" t{ethods used to
determine age are noted for each individual in table and text.
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TABLE 5

BURÏAL DESTGNATIONS AND LABORATORY NUMBERS:
GANJ DAR.EH TEPE

Burial
Number Level

Estimated
Aqe

Laboratory
Sex Numbers*

r: 1-l 'l

G.D. Ia

G.D. 2

G.D.3

G.D. 4

G.D. 5

G. D. 6+

G.D" 7

G.D. B

r:n q

G. D. 10

c"D.1t

G.D.I2

c. D. t3

c. D. 13

c. D. 14

G. D" 15

c.D"16

c. D. 17

1^Lr.U.Jö

15

0

rl

1B

10

0-
1B

10

30

0

17

25

5\

I2

6

15

25

a,bJb mo.
d

b mo.
h

6Þ, yr."
^aI \tr

c¿J yr.

1) \rr a
l- o

u *".o
25 Yro"'*

Ãã r¡r *
l- '

rlr
1) \7r q,v

J*.

ô40 yr.*
nb mo.

õ¿L yr.
ô28 yr.*
^l-6\ yr .o'u
h16 yr."'
-1-B yr.o'u

1a .t* Crê
lL '

ê4{ r¡r

?

4 3001

4310r

43002

43003

22004

13005

10006

23007

12008

11009

1301_0

11011

230l-2

62013

61113

6 3014

620l-5

6 301_6

610 17

40 018

f

m
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TABLE 5 -Continued

c. D. 19

c.D.20

G.D.2t

G.D "22

c"D.23

G.D.24

c"D.25

c.D.26

G "D "27

c.D.28

G. D" 2B

ê n ?q

c. D. 30

G. D. 31

c.D" 32

G.D.33

c. D. 34

c. D. 35

c. D. 36

c"D.36

G.D" 37

c. D. 38

c. D. 39

G. D.40

{ 35 yr.

20 22 yr.
(0 L2 mo.

35 yr"

23 25 yr.

< 20 yr.

6-24mo.

0 - 6 mo.

{0 6 mo.

adult
( 3 yr.

adult

adult

28 35 yr.

0- 6mo.

> 18 yr.

adult

30 35 yr.
( 15 mo.

adult

< 20 yr.

15 30 mo.

30 42 mo.

19 24 yr.

f

fa

d

b

¡ l'r

b

r l-r

: l^r

41019

4I020

4302]-'

42022

62023

5l-024

43025

43026

43027

40028

43I28

42029

42030

410 31

43032

42033

510 34

41035

43036

401-36

51037

43038

43039

42040

q

T.

f

ê

b
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TABLE 5 -Continued

c.D.41 4

G.D.42 4

18 20 yr. s

q
aoult

m 41041

? 40042

Excavation
unit 1151 6 25 - 29 yr. s f- 62043

6 18 - 20 yr. c ? 60044

6 infant g 
63045

a Schour and Masslerr'4i-t'44 e Brothwe\L,172
hf Johnston r'62ì Sundick r'78 ' Andersonr'69
c Krogman ,'73 I irrtrr=eries comparison
rl+* Grayrs Anatomyr'77 unavailable for study

*
column 3 in the laboratory
numl:ers is reserved for
multiple individuals with
the same burial number
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43001 (G"D. 1) This burial includecl the remains of
two young individuals. The first is clesignated by this
laboratory number (43001) ancl is represented by a nearly
complete postcraniar skereton eviclencinq exposulîe to heat.
som.e distortion is apparent in the remains, particurarllz
in the lower rimb elernents. postcranial remains inclucle
seven cervical, 10 thoracic and five lumbar vertebrae,
bones of the hands and feet, both clavicles, and several-

long bone fragments. The onry parts of the cranial complex

include a rarge mandibular fraqment and a small_ part of
the basi-craniurn. one tooth is stirl seated in the mandible.

Age estimates were made using lonq bone measur-

ments (Johnston, | 62; sundÍck ,'78). Measurecl bones in.cruded.

Ieft and right clavicles (63 mm, esL"/64 mm) , ancl the right
radius (76 rrìÍÌ, est" ) . From these l:ones an estimate of 15

24 months (Sundick,'78, staqe 3) is obtained" An additional
estimate is based on the d_egree of tooth eruption shown by

the dml in the mandible. A sliohtty oreater aqe estimate
is approximately three \¡€ârs (Schour and l4assler, r44). The

age of the individual is in the range 15 36 months.

43101 (c"D. Ia) This indiviCual was distinquishecl
from the former by the presence of a nearlv complete but
naturally deformed cranium r.zith an associated basi-sphenoid.
The proximal right ulna rvas also present. Both elements

\¡/ere present for rndivicual 43001" rn this case, measurement
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was not possible" Age is estimated from the rleqree of de-

velopment shown by the proximal ulna in comparison to two

more complete individuals for r.vhich age could be metrically

determined. Development at the site is not as oreat here

as it is for 43001- but there is more development fo¡:42L0L

than for 23007 (below). Age, therefore, is estimated to

be between 6 - 15 months. Sex is not knorvn.

43002 (c"D" 2) This unsexed indiviclual is represented

by moderately burned fraqments of a cranium, ribs, pelvis

and lonq bones. Lengths of tlo complete long bones, a right
femur (231 mm) and a riqht humerus (163 mm) srrsqest an age

of ca" 54 64 years (Sundick,'78, stage B) 
"

43003 (G.D. 3) The rna-jor:ity of a ser¡er:ely calcined

and fragmentary skeleton represents this younc{ unsexed indi-

vidual. Reconstruction offers the distal thircl of the l-eft

humerus, a badly deformed fragment of the left tibia, a por-

tion of the left ischium and three teeth" No epiphyseal

fusions are apparent in the skeleton. Tvro teeth v/ere identi-

fiecl as the riqht maxillarv canine and second incisor.
Age is estimated from the degree of v¡ear on

the identified teeth. From the times suqgested for the

respective eruption and occlusion of the canine and incisor

(Schour and l4asslerr'44) , an ase of 7 - 9 years is sugcested"

22004 (e .o. 4) This young adult is represented try

several laroe h'one fraqments and loose teeth" Several centers
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of epiphlzseal fusion locateti on the distal humerus (left),

distal radius (right) and the femoral head (riqht.) sugoest

an age between 18 and 23 years at death (Krogman,'73).

Seventeen permanent teeth associated with this

individual consistently show deposits of hypercementosis.

Also present were traces of enamel hynoplasia and d-eposits

of salivarv calculus.

13005 (c.D" 5) This individual is represented by a

fragment of the left mandible with the canine stíIl seated.

The tooth is not ful1y er:uptecl an<1 since fulI eruption

occurs at aqe 12 years + 6 months (Schour and l'rassler r'44),

the indiviclual is less than 12 years" The degree of eruption

itself suggests an age of between 10 and 12 years" Sex

is indeterminate.

10006 (G.D.6) This burial is represented by a

since I970. Furthersingl-e tooth that was apparently lost

information is not available"

23007 (c.D. 7) T,arsely completen thís índividual

is either a foetus or a neonate assessed using a number of

bone measurements. These include the followinq: paired

left and right femora (65 mm/ 64mm) ; tibiae (57 nm/ 58mm);

a left humerus (57 mm); a ricrht radius (45 mm) and ulna

(52 mm); and a left ilium (30 mm) " These results establish

an age between birth and six months (Sundickr'78, stage 1)"

As these measurements are at the lower ranqe for stacfe 1
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or faII below it, the burial may be foetal. Sex is indeter-
minate.

10008 (c.D" B) This individual is represented by two

mandibular fraÇmentso from the areas of the mandibular angles.

The left fraqment incorporates condyloid and cor:onoid pro-

cesses antl part of the corpus. The other fraqment includes

a complete M3 alveolus that serves as the criterion for ase

estimation" Tentatively, the degree of bone actívíty in-
dicates that the tooth v¡as erupting at the time of death.

Grayrs Anatomy ('ll) sugoests an age range for this as

18 25 years" Schour and l4assler ('44) qive an estimate

of 2I * 3 months" Because of the instability of the M3

eruption time, both of these estirnates should be reqarded

as tentative. Age for this individual is, therefore, more

accurate using the broader ranoe (19 25 years) 
"

Determination of sex is based on the qracile

appearance of the bones and the lack of marked muscle mark-

ings. The individual is tikely a female.

11009 (c,D. 9) This indivÍdual is represented by

an isolated cranial fracrment." This fraoment incorporates

a portion of the riqht parietal and temporal bones in the

area posterior to the mastoid anqle" The squamosal suture

between them is reported to fuse at about 37 years of age

(9r.ay's Anatomy,'77) " On this basisr âg€ ís probably less

than 40 years at death. The size and rugged appearance of
of this bone is taken as the criterion for sexing, Features of
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this cranial fraqment suggests that a male is represented"

13 010 (G"n" t0) Represented by a fairly complete

but fragmentary skeleton, this individual is assígned an

age of I0 years + 9 months based on the eruption of the

mandibular teeth (Schour and l{assler,'44) " An estimatecl

measurernent from an incom.plete fibula (260 rnm, est.)

suggests that the age may be hiqher at L2 15 years

(Sundick,tTB). The final age estimate for this individual

is given as I0 12 years at death"

Ename1 hypoplasia is present on aII intact teeth

in conjunction vrith unusual blue-clreen stainino" Further

discussion of this appears in Chapter IV"

1r0tl (c"D. 11) This individual is represented by

a few cranial fragments and a mandik¡ular permanenL 142. Age

is between 30 40 based. on the rlegree of attrition" Deposits

of salivary calculus are present on buccal an<l lincrual tooth

surlaces.

there is a depression fracture located- on the

outer table of the posterior por:tion of the riqht paríetal.

The inner table shows no siqns of trauma. The outer table

has healed making it unlikely that the v¡ounrl contributed

to this individual's death. Sex is male based on the robust

appearance of the cranial remains.

23012 (c.D. 12) A nearly complete skel-eton rvithout

the craniurn or mandible represents this unsexed preadolescent"
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Age is estimated from the follorvínq osteometrics (Sundickr'78):

humeri (66 nm/ 66 nm, est" ) ; tibiae (69 nm/ 69 mm); fíbulae
(63.5 mm/ 63.5 mm) ; ulnae (59 rïrrì, esL"/ 59 mm) r right clavicl_e

(43 mm); and left femur (74 nm, est" ). AlI measurements

falI within the ranqe for Sundick's ('78) stage l-. A-qe,

therefore, is betrveen birth and 6 months.

620L3 (c"D" 13) Two individuals rvere initially id-
entified by this burial number" The first to be consídered

is a young adult represented by a portion of the craníum,

parts of the tibiae and fibulae, the proximal end of the

humerus and several r:nfused epiphyses" The partial union

of the humeral head suggests an age of ca. 21 years as a

maximum while the nonunion of the femoral epicondyles sug-

gests that the above age estimate is hiqh" Krognnan ('73)

suegests that the femoral epicondyles are united to the

femur at cg" 17 years of age. Together¡ âgê is taken to
be between 18 and 2l years"

Sex is determined on the basis of mastoicl size,
cranial shape and features and the general sLze and rucrosity

of the postcraníar erements. Tnclividuar 62013 is probably

a female.

6 1113 (c"D" 13) rhe second individual in burial 13

is distinguished try the presence of a complete mandible"

Its robustness suggests that it. is from a male whose aqe

exceeds that estimated for the female. For the maler age
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age is based on the cleclree of attrition (Rrot-hweLlr'72)

and an age of ca" 25 30 years is suggested from the

second molars" The right r41 shows unusual \^rear in the form

of a mesiodistal trouqh alonq the axis and the loss of

the buccal side of the tooth. Adjacent teeth show no such

changes" The left f2 an<f canine have been lost and their

alveoli have been subsequently obliterated- by resorption.

Both features are discussed m.ore fully in Chapter fV.

63014 (G.D. 14) E-'l-ements of this índividual include

the majority of an arLificially deformecl cranium, a nearly

complete mandible, several vertebr:ae and num.erous loncr bone

and rib fragments" Age is deterrnined usinq the d,ental

eruption shown by mandibul-ar teeth (Schour and Masslerr'47r'44)

and usino osteometrics (Sundick,'78) " The cLental eruption

pattern corresponds to age 6 years + 9 months v¡hile bone

measurements gíve an aqe of 5\ to 6l years " The follov¡inq

measurements were used: right femur; length (215 rnm), heacl

(24 mm) n maximum width of dístal extremity (left, 46 ITun, esL./

right, 46 mm)" All of these measurements fall in or near

Sundick' s ( ' 78 ) stage B. This concorclance of acre estimates

from the two separate techniques inrìicates their utitity,

particularlv in cases where remains are unsuited to usinq

both.

620L5 (G"D. 15) This skeleton was one of three ex-

Several intactcavated from inside a mud-brick sarcophacrus.
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long bones and several other fragments represent an aclult"

Reconstruction of the cranium offered an almost complete

example of an artificially cleformed skul1"

Sex of this individual is female based on the

general size of elements and the sliqht rlevelopment of

muscle markings"

Al1 teeth present are seated in the alveolar

bone of the maxilla and mandible" They are fu1ly erupted

and show some v/ear" The deqree of wear suggests an age

of between I7 15 years (BrothweLL,t12,p"69) " Another

assessment of age is L2 16 years (Sundickn'78). Measure-

ments from several bones are presented here.

humerus - maximum lenqth with eoiphyses fused. (290 mm/ - )

- maximum rvidth of the epiphlzsis for capitulum (25 mm,/)

raclius - maximum lencrth without epiphyses (215 mmrest./ - )

ulna - maximum lenoth rn'ith proximal epiphysis (245 mm/ - )

femur - width of the distal epiphysis (59 mm/ )

- maximum díameter of the head (43 mm-esL./ 43 mm)

- maximum width of the qreater trochanter ( - / 27 mm)

tibia - maximum width of the proximal epiphysis ( / 54 mm)

Several age stages are represented by the above measurements.

These include stages 11 (widtfr of the clistal femoral epiphysis)

through staoes 15 and 16 (radial maximum lenqth). Conside¡:-

ation of alI of these possibilities indicates a probable

age ranqe of L2 16 years.
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63016 (c.n" f 6) The second indiviciual from the

sarcoprhaqus is a preadolescent of undetermined sex. Elements

include a well preserved mandible, both maxillae, the cranium,

a number of intact teeth and several major postcranial bones.

The cranium is deformed h'oth artificially and. from ground

forces. Age is determinecl from the degree of tooth eruption

shown by the vrear on the lower ricrht MI and. the occluding

upper molars. An estimate of se. 7 years results (Schour

and l4asslern'44) . This estimate falls in the range of 54

B years (Sundick,t78, stages B - 9) resultinq from osteo-

metric comparisons. Measurements were as follows: left

humerus (185 mm,est. ) ; ricrht raclius (I28 mm) ; clavicle (90 Iïm,

est. ) ; and ilium (78 ilfl, est" ) " An age between 6 and B years

is sugøested f or this inclivirlual 
"

61017 (c.D. L7) This individual is the third of the

sarcophaeus burial sroup and is complete except for several

vertebrae and portions of the skull and pelvís. The mandible

and both maxillae are weII preserved. Generally, lar:ge

and ruqged musculature suçrgest that this is a mal-e ruhose age

estimated from epiphyseal fusions (Kroqman,'73) i= g" 15

18 years at cleath" Another estimate of age is based on the

degree of dental attrition (Broth¡,veLLr'72) and- a comparable

age results. Several criteria are present for an acre estimate

usincr Kroqman's technÍques. These include the proximal

radius, the proximal humerus anti d.istal ulna. Fusion at the
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two proximal sites indicates an a!,re of about IB years of age

while Kroqman ('73) sugqests an ase of 19 years for the degree

of fusion shown by the riistal ulna. Brothrvellts ('72) tech-

nique qives an aqe between 16 and 19 years from the wear on

Ml and l{2 teeth. Third mandibular molars are partially er-

upted.*ïnffi=:':::":':'""::-":::"*J::.'"-""::.,"'

the basal elements" The vault is deformed artificially and

is the best example of the Ganj Dareh deformation style (chap-

ter IV, Cranial Complex; Anomalies, fig" 4)"

Ieeth show deposits of salivary calculus in the

anterior arcades but no other patholooy is present"

40018 (c"D" 18) A sinqle rootless left molar and a

left lateral incisor vlere excavated from llnit 66J-. The r.nolar

is likely a lorver first. Both teeth show advanced attrition

and this suggests an age of bettveen 25 45 years (Brothrvell,

172) " Estimation of sex v/as not attempted"

41019 (c"D. 19) This indir¡idual is represented by an

isolated fracrment of the cranium incorporatinq par:ts of the

occipital and right parietal bones" The l.ambdoidal suture

between them is closed endocranially sugoestinÇ an age of

less than 35 years (Gray_le Aqat,omy,'77). Both the thíckness

and the ruoged appearance of the bone suggests that sex is

male "

4L020 (G.D" 20) The r:emains of an apparently complete
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but hicrhll¿ fraqmented skeleton represents a male individual

of ca" 20 22 years of aqe" Age is determined from the

degree of development of the left cl-avicle (Krogman ,t73,p.34)

and the desree of fusion of the left femoral lateral epi-

condyle (Andersonr'69). Sex assessment is l:asecl. on the

robust appearance of the cranial fraqments.

Several loose teeth and two sti1l in their

alveoli represent both arcades" AIl teeth shov¡ a<lvanced

attrition v¡ith the exception of the third molars from the

mandible" These show no occl-usal wear. One of these from

the riqht side has fused roots. Hyoercementosis is visible

on a1l exfoliated teeth" There is some variation in the

size of these deposits " A sinole rictht(?) maxillary central

incisor shows traces of a cingulum and is classed as shovel-

shapecl.

4302L (c"D" 2l-) Either foetal or infant, this indivi-

dual from Level D is represented by a cranium and many elements

from the postcranial skeleton" The entire skeleton is cal-

cined and some distortion is apparent, particularly in the

cranium, Age is determined on the bases of tooth clevelopment

and osteometric comparison (Sundick,'78) " In the mand.iblen

undeveloped teeth inclutle the left deciduous first and second

molars, Þremolar and j-ncisors as well as the riqht dm2. None

of these teeth shovred any siqns of eruption. l4easu::ements ef

the less severely deformed postcranial elements all gave

ffiÊ uNrY€æ
%:". 
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results smaller than Sundickrs staoe 1 ('78). Therefore, this
individual is Iike1y foetal" Ricrht sid"e measurements are from

the tibia (57 mrnrest. ) , fibula (54 mm) r humerus (Sq mmrest. ) ,

and clavicle (33 mm,est"). A sinqle left ulna (50 mm) and the

paired ilia (25 mmrest"/27 mm) yield measurements.

42022 (c.D" 22) This older individual is rer:resentecl

by cranial fracrments , teeth, verteþrae, lonq bones and elements

of the hands and feet.' A partial innominate is also present.

Sex is determined to be female from the broad sciatíc notch

and the gracile morphologv in areas of muscle attachment. Aqe

is estimated from the r,,rear on 12 teeth and the sliqht degree

of alveolar resorption in the maxj-1la. Generally, tooth v¡ear

is extreme for this indiviclual and age is 25 35 years

(BrothweIl-ttT2) " Because alveolar resorption is present and

the maxillary central incisor has been lost anlg ¡¡orLem, it

is likely that the true age is closer to the upper end of the

rangle.

lhe maxillary first molar from. this individual-

shows unusual wear similar to that noted for fndividual 61113

except in this case the mesiodistal trough is present on the

upper tooth. Both examples are described more fully in Chap-

ter fV"

62023 (C.o" 23) Ir4ost of the elements of this skeleton

are represented by fraqments while the right femur, tibia and

fibula are absent. Several loose teeth evid-ence sliqht h¡ear.
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Age is determined from the degree of fusion observed at the

proxirnal end of the left femur. This sives an age of 23

25 years (Kroqman,''73) " Sex from the partially preserved

face an<1 right side of the cranium is probably female.

5L024 (c"D" 24) This individual is minimally repres-

ented by small fragments of the pelvis, femora, tíbiae and

the left radius and uIna. Also present are a talus and

calcaneus" The generally heavy muscle markings on the fem-

ur and fibula suqoest that this is a male.

technique

nrac# flra

and ulna.

43025 (G"D. 25) This darkened but unburned skel-eton

is nea::ly complete" A well preserved mandible in which teeth

are present suggests an age of ca. I 2 years (Schour and

Massler ,'44) " An additional estimate of age is based on

measurements of the riqht ilium (47 mm). This represents

Sundick's stage 2 ('78) for an age of 6 - 15 months. These

two estimates suqqest an acle range of 6 - 24 months"

43025 (G"D" 26) This individual, represented by a

nearly cornplete skeleton, is severelv calcined and brittle.

Long bone lengths frorn the fem.ora (80 mm rest./ B0 mmrest"),

the right humerus (79 mmrest" ) and ulna (63 mmrest. ) suqgest

an acre between 0 - 6 months (Sundick r'78, stage 1) " Sex is

Age is sugcrested to be ca" 20 years usj-ncr Kroc¡manrs

('73)" Sites of epiphyseal fusion include the iliac

femoral head ancl the proximal end.s of the radius
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indeterminate "

43027 (c"D. 27) This very younq individual is also

severely calcined and fragmentary. Long bones are present

but not sufficiently complete for estimating aqe. Most use-

ful is the complete mandible. Because it is edentulous, age

is estimated from its size in comparison to several other

more complete individuals from the series " This manclible

is much smaller than mandibles from either 43025 or 43026.

On this basis, age is estimated to be new born or foetal"

4TO2B (c.D" 28) This skeleton is poorly preserved

and representecl by fragments of the mandible, vertebrae ancl

lonq J:ones" Several teeth are stilt seated. in the mancfible

but the tooth cro\,vns have been lost post_ rn'ortem" The ruggecl

appearance of the avail-able frasments indicates the presence

of a male individual" No attenpt was made to tletermine the

age of the inclividual as there \^¡ere no relial:Ie elements stilt

intact. It is called "adult".

43L28 (c.D" 28) Labelled in the field. as either c"D.

28 or G.D"T. 28/ 29, this infant is

small articulatinq cranial fracrments

Age is ca. 3 years or less based on

members of the series"

42029 (c.n" 29) This

represented by several

" Sex is ind.eterminate 
"

comparisons r¡ith other

indivitlual is incomplete and

poorly represented while the

Amoncr the lonq bone fraq-ments

frag.rnentary. Long J:ones are

skull and pelvis are missinq.
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are the distal end of the rioht humerus, part of the tibia

and part of the right femur" Fusion of the associated epi-

physes was difficult to assess ancl no attempt to age can be

made" It is callec1 "ac1ult" and is like1v a female.

42030 (c"D. 30) This is a female of arlvanced age.

The remains are partialty burned but they are not calcined

like several other specimens. Bones present include a por-

tion of the pelvis incorporatinc¡ the sciatic notch. From

its breadth sex ís probably female. The reconstructed

cranium, minus face and clentition, also shols some female

traits" The skull is artificially deformed and the vault
appears to be abnormally thickened. The mandible ís present

but the few remaininq teeth are unidentifiable. Here an

accurate acre estimate cannot be made for this "adult" "

4103 1 (G.D. 31) I^Jith the exception of the flatten-

ed cranium, the condition of this skeleton is excellent"

The cranium is severely broken and- reconstruction ís not

possible. The size of the fragments and the nearly intact

long bones indicates that this individual is male" An age

of 28 - 35 years is assessed on the l-rasis of tooth wear

(Brothwe1-L,'72) because aIl epiphyses are fused. The stature

of the inclividual is ca. I77 cm using the formula for v¡hite

males (Trot_ter and Gleser ,'52) "

\n additional feature of this skeleton is the

presence of osteophytes associated with desenerative ioint
disease. This is discussed in Chapter IV"
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(c"D" 32) Thís 'i s a heavily calcined and frag-

mentary preadolescent inclividual. Several f::aqments repres-

ented loncr bones but no measurements can be taken as these

have been badly deformed post mo_r:t-em. Both ilia are well

preserved and measurements are possible here. These are

34 mm and 34 mmrest" and suggest an age of 0 - 6 months

(Sundick ,'78, stage 1) Sex is indeterminate.

42033 (c"D" 33) An adult female is representetl l:rv a

number of smal-l fragments from an incomplete skeleton. Açte

is based on the degree of fusion of the proximal fibular epi-
physis (Kroginan r'73) " These standards sussest an age of ca.

18 years at death. Generally small bone size and mild de-

velopment of muscle markinqs indicate the sex.

51034 (c"D. 34) This fraqmentary burial includes

a large portion of a single innominate and a distorted, but

almost complete cranium showínq intentional deformation. The

narrow sciatic notch and a well developed mastoid process

indicates a male individual" No accurate ase can be sugqested

and the individual is called "adult".
41035 (c.D. 35) Reconstruction of this frasmented

individual results in a nearly complete cranial vault n:rtq

of the maxillae, a f racrment of Lhe left mandible v¡ith seven

seated teeth and several postcranial l:ones v¡ith fused epi-

physes" The skull is characterized by pronounced thickeninq

and massivness, possibly due to anemia. The thickness may

have been exaggerated by exposure to heat (f-ubetl et al.,'75).
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From the size and shape of the mastoid process, this individ_
ual is probably male.

Examination of the dentition shorvs that the wear
on the teeth from both arcades is pronouncecl and even. This
individual is likely betvreen the ages of 35 45 years
(Brothwe II , ' '7 2) "

43036 (c.n. 36) This skeleton was recovered from a

matrix of fired earth. The tho::acic elements (ribs and vert_
ebrae) sti1l remain in the earth trrock. Erements recovered
include the right side of the mandible with several deciduous
teeth and two measurable femora (9S 100 mm,est. ). These

estimated measurements suggest an aqe of less than l-5 months
(Sundick,'78, stac¡e 2) " The d.egree of tooth development

suqgests a slightly younqer acre of sg" 6 months on the basis
of intra-series comparisons.

40136 (c.n" 36) This individual was oriqinallv as_

sociated with the above burial but is distincruishabl.e because

several phalanges from an adult are present. The sex ís
not known.

53037 (c.D. 37) Remains of this unsexed a<1ult include
fragments from the entire skeleton. rr{ost of these, and par-
ticularry those from the tongr bones are severely crushed.
The only el-ement useful for age determination is the distal
end of the humerus and associated epiphysis. Age from this
site is ca. 20 years (Krooman,'73).

43038 (c"D. 38) This individual is represented by a
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poorly preserved, but apparently con.plete skel-eton" Measure-

ments from several reconstructecl long bones give an aqe bet-

ween 6 and 30 months (Sundicli, '78, staoes 2 4) . l4easure-

ments included lengths of the paired humeri (l-I2 mm/ LI-2 m¡r),

the left femur (150 mm) and the left ulna (99 mm). Sex is

indeterminate" The mandibular dml is fully erupted while

the first incisor is partially erupted" This sugsests that

the age of this preadolescent may be closer to aoe 4 years

(Schour and t4asslerrt44). However, since these two teeth

are the only ones present, the estimate obtaíned from osteo-

metrics is preferable"

43039 (G.D" 39) The cranium, face and most of the

postcranial skeleton for this individual have been badly

crushed i:r situ. The mandible is compar:ati.¡ely rvell pre-

served and al-l teeth are present. This rientition is developed.

to the same deqree as that representincr 43038 and suggests

the age of 4 years t 6 months (Schour and Massler,'44)"

One measurement for the length of the humerus (128 mm.rest. )

is sliçrhtly greater than those for the humeri from 43038. Age

is estimated to be ca. 30 42 months (Sundick,'78, stase 5).

Sex is indeterminate.

42040 (G.D" 40) This burial represents the complete

skereton and dentition of a younq female adult. l4ost of the

postcranial skeleton is well preserved l¡ut the skull ís bad-

1y broken and flattene<1. The lenqth of the clavicle (130 mm)

suggests an age of ca" 2L Yêars (Suntlick,'78) " Its
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developmental stage suegests an age of cp. 19 24 years

(Krogman,'73) " The decrree of fusion of the humeral p::oximal

epiphyses sives an additional estiniate of 18 20 years.

Sex is determineC as female fr:om the small

sizes of the skeleta] el-ements and the lacl< of weII devel-

oped muscle markinqs"

fhe dentition shows a variety of notable feat-

ures including, a) pronouncecl maxillary overjet (overbite) r

b) tooth crowding in the anterior teeth of both arcades, c)

heavy anterior tooth involr¡ement with calculus, oarticularly
in the lower arcade, d) enamel hypoplasia, and e) one loose

maxillary M3 showing hypercementosis.

4IO 4I (c.D. 41) This individual was initially desig-

nated in the field as c.D. 4Ia, b and c because of apparent

míxinq +l slt_9. Because fracrments from each desiqnation

were subsequently found to articulate, all three were combined

under the single laboratory clesiqnation. The condition of

the remains is very poor as the bone fragments are completely

calcined and delicate. OnIy the mandible could be removed

from the enclosinq matrix and this element is used for deter-

mining age and sex. The size of this element stronqly sug-

gests it to l:e male"

Age is determined from the wear on the riqht

second premolar, the only tooth stil-I intact in the arcade"

The very sliqht attrition indicates an aqe of ca" 18 20

years at death" I{hile the 143 teeth are missinq, their
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alveoli are sharply defined indicating that they hTere both

erupted v¡hen lost (Schour and ltlassLer,'44; Brothwell-,'72).

40042 (c.D. 42) This individual is identified bv

a sinqle tooth that was oriqinally thouqht to l:relonq to

the faunal component of the recoveries. Dr. D. Perkins'

findinqs are qiven âSr "Tooth Llpper right premolar, Adult".

This prem.olar shorvs "medium $r€âr" J:rut in the absence of

other skeletal remains, is not useful. for determininq acte

or sex.

62043 (Excavation Unit 1l-51) rtris individual is the

first of three not desionated by J¡urial numbers. Rather,

they \^7ere l-abellec1 rvith the provenience number 1151" In-

dividual 62043 is poorly represented by a sincrle larqe fraq-

ment of the skulI" Age, determined from intraseries comp-

arison, is like1y between 25 and 30 year.s. The sex is

probably female from the slicrht morphological development

of the cranial fraqment. A sma1l portion of the left disLal

humerus is also present and may heloncl to this inclividual.

60044 (Excavation Units 1151-1150) Burial forms

indicate that this unsexed adult was recovered from the

two units mentioned. I.Ihile several elements are avail-able

for study, they are badly crushed and broken. Âqe is

determined from the deqree of fusion of the left humeral

epicondyle as 18 20 vears (Krogman,'73).

63045 (Excavation Unit 1151) rfre third in<liviclual

with this provenience is an unsexecL infant represente<1 by
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several smarr articulating cranial fragments. The age is
estimated to be less than 3 years on the basis of intra-
series comparisons "
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CHAPTER IV

ANOMALIES AND PATHOLOGIES

Several different anomalies and pathologies

were observed on individuals from the Ganj Dareh Tepe

series. The various types are reported in this chapter

by complex in the form of individual occurrences and

frequencies. Anomalies include variations in growth and

development represented by epigenetic traits from the

cranium, abnormalities in the postcranial skeleton and non-

metric traits from the dentition. Pathologies were identi-

fied by the presence of hard tissue modification resulting

from infection due to the action of septic organisms, or

resulting from dietary or metabolic disorders. Cases of

physical traumata were considered to be pathological and

are discussed under this heading.

The Cranial Complex (Tabl-e 6)

Anomalies

Intentional- Deformation

Six individuals represented by largely complete

calvaria showed changes associated with artificial cranial
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deformation (Table 6). Trvo of these individuals

associated with radiocarbon dates are securely dated

Level D (Individual 42030 and Individual 51034) . Deformed

crania, representing adults of both sexes and preado-

lescents; consistently show at least one of three bony

changes that, together, characteríze the Ganj Dareh style
of deformation (figs. 2 4).

All deformed crania exhibit a postcoronal

depression that runs slightly posterior to the coronal

suture. This depression is linear, runníng bilaterally
from the area behind bregma to a point slightly superior to
the temporal fossae. At this point, the depression becomes

indistinct.

The second character is shown by five crania as

an elevated area of bone that runs parallel and posterior to

the postcoronal depression. This elevation, running bilater-
ally from apex to the area superior to the area of attachment

for the temporalis muscles, is apparently a variation in the

direction of parietal growth, rather than a manifestation

of hyperostotic modificatíon (see Pathologies, Systemic

disorders).

The third character, a vertical flattening in
the area of lambda, is seen in the lateral view. Expres-

sion of this feature varies from a slight concavity on

Tndividual 42030 to absence on Individual 51034. The area

at lambda on the skulI of Individual 63014 (fig. 3) also
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I.ig" 2 Cranial deformation on Individual 6301-6, an un-
sexed preadolescent" Elevation of the vault is
apparent in conjunction with the postcoronal
depression. (Drarvn f rom photog-raph. )

I | _t*__f_____!_"
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dhu

5cm

I

Fig" 3 Cranial deformation on Individual 63014, an un-
sexed preadolescent. Anomal-ous foramina are shown
in t.he lower anterior parL of the right par:ietal.
Misalignment of the parietals and the occipital_ is
evident in the area of laml:da, (Drawn from photo-
^--*t^ \Y!q¡/rrô ¡/

?L'
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appears misaligned at the juncture of the occipital and

parietals. In this case, the parietals seem "pulled"
towards the front of the skul1 and away from the occipital
bone. This has resulted in the slight overlapping of the

parietals by the occipital. The good fit at the suture

lines in the reconstruction, suggests that post mortem

deformation was not responsible for this feature.

Classification of crania showing cu1Lurally

induced variations in shape has been attempted by a number

of authors usj-ng different typologies (Broca, J.B75¡

Oetteking, ' 30; Aichel, ' 33; Falkenburger, ' 3B i Stewart ,' 4Lì

and Neumann,'41). The resulting shape of a deformed spe-

cimen depends upon the interaction of cultural and mechanical

variables, including the required or preferred shape the head

musË assume, the type and force of the deforming apparatus,

the age of the individual at the time of the initial attempts

to deform the. skulI, and the length of time the device is
worn (Fall<enburger, ' 3B ; Stewart ,' 4L; Neumann, ' 41) . None

of the following typologies is considered, by itself, to

be adequate for accurate description or crosscultural

comparisons. There is, however, some utility in discussing

them in light of the criteria used in developing them.

In 1839, l4orton (in Falkenburger,'38rp.2)

developed a deformation typology based upon the resulting

shape of the deformed cranium. Four modal variants were

distinguished including, 1) occipital-frontal; 2) frontal-
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sincipital-parietal; 3) irregular compression; and,
4) quadrangurar. The four types were intended to crassify
any deformation type but lacked the precision required for
classification of skurl-s showing mild degrees of expres-
sion or changes characteristic of other types of deforma-
tions. This typology was modified by Goss (1g99; in
Falkenburger,'38) to incrude some of the other possible
deformation typel. However, this ne$/er classification
still coul-d not account for variations from the modal forms.

As early as 1875, Broca (in Falkenburger,,38)
established a different typorogy based on the process
invol-ved in deforming Lhe bones, particularly the frontal
bone- categories included deformation types calred

i

1) simple;2) annular;3) frontar simple;4) front.al
tabular (flattened); and, 5) frontal elevated. In Broca,s
opinion, process was restricted to producing two major
groups of deformation; annular and taburar. one short_
coming of this typorogy was its rack of incision in
defininq the deformation devices. Neverther-ess, this
cLassification has the advantage of incruding variations
from modal shapes.

rn a recent study on Bronze Age series from
Byblos, özbek (r74) noted the exclusive deformation of
female crania. Two annurar types variations were identi-
fied and designated as rByblos type a, and rByblos type b,.
The mechanism involved was a bandage, used singry for
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ttype b,, or with another bandage to cause type a.

Byblos 'typ" a I invol_ves the use of two narrow

bandages, the first running from the area of bregma on both
sides of the coronal suture, paraller to the suture, and

underneath the body of the mandible. The forces applied
by this bandage caused depressions in parts of the bones

not covered by muscl-e, i.e., above the temporalis muscles,

on the frontal bone and on the inferior part of the mandibular
body. The second bandage runs across the forehead to the
nuchal area. Depressions are evident in both areas of
bandage attachment (Özbek,, 7 4) .

The 'type b' variant was caused by a single
bandage running from a broad area of attachment on the frontal
bone to the nuchal area. özbek ilrustrates a single depres-
sion in the occipitar area, but no change on the frontal
area (Ozbek,'74, fig. 5).

It¿lodifications to the Ganj Dareh Tepe crania were

likely caused by the 'type a' bandage pattern. Tvo minor

differences are, a) the positioning of the postcoronar depres-
sion, and b) the lack of change in the mandibre. The post-
coronal- depression in the Byblos 'type a' variant incorporates
the coronal suture whereas, this depression is posterior to
the suture for the Ganj Dareh specimens. Mandibular involve-
ment for Ganj Dareh is not apparent though the orientatj_on

of the postcoronal depression suggests that the gonial areas

were used to attach the bandage.
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The occipital flattening on the Ganj Dareh

crania is best explained with reference to a second bandage

running from lambda and covering a large area of the frontal

bone (fig. 4). While the frontal bone shows no trace of

depression it is likely that a bandage spread over a large

area of bone would exert only a slight force on the bone

per unit area, relative to a bandage covering less area

while exerting the same force.

It is apparent that the deformation of the Ganj

Dareh crania is due to the action of two bandages, the

first running antero-posterior and connected at the occipital

and frontal bones, and the second¿ approximately perpendicular

to the first, with attachment behind the coronal suture and

beneath the mandible (fig" 4) . Cranial deformation is known

to involve a compensatory deformation of the mandible either

tlrrough direct application of a device (Ozbek,'74) t ot,

indirectly (Björk and Björk, ' 64; Rogers ,'75) . None was

observed at Ganj Dareh Tepe. Direct mandibular involve-

ment is inferred by the position of the postcoronal depres-

sion, the one characteristic found consistently on the

specimens from Ganj Dareh' Frontal bandage attachment is

inferred from the changes at lambda. The antero-posterior

forces exerted by this bandage were responsible for the

lamboidal flattening and the parietal elevation. Because

the normal growth of the parietals was impeded by the ban-

daqe, elevated growth was promotecl because this vector was
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Cranial deformation on rndividual
male. (Drawn froil photograph. )

been added to show the probable
attachment (bandage a). Bandage

61017 r âû adult
The mandible has

area of bandage
b is also shown.

&@*¡--*¡-"r*æLç*¡

Fig. 4



'6 3-

least impeded bY bandage forces '

At least two other sites from the Near East

have associated deformed cranial remains. These are the

Iranian sites of Seh Gabi and Ali Kosh. Date for Seh Gabi

of ca. 4000 years B. C. rnakes these burials contemporaneous

with those from Byblos (Meiklejohn, pers. comm.). Dates

from AIi Kosh range from 6750 6000 years B.C. (Hole,

Flannery and Nee1y,'69,p.347). Crania with annular defor-

mations have been recovered from both Seh Gabi and A1i Kosh.

At the later site, several preadolescents show deformation

caused by a single bandage involving fronto-occipital

binding (Meiklejohn, pers" comm.). At least two adult

individuals from Ali Kosh, a female from Level B2 (burial 34)

and an unsexed individual from the same level (burial 33),

show an unspecified type of deformation. This is apparently

annular (Hole, Flannery and NeeIY,'69,Plate 12b) . Other

burial-s hrere apparently unaffected.

Chronologically, dates from Ali Kosh, Level 82,

are only slightly younger with those from Ganj Dareh for

Level A (ca. B.C.). Thus, Ganj Dareh specimens from Levels D

and E are approximately 1500 years earlier than those from

Ali Kosh. Relative to seh Gabi and Byblos, deformation

at Ganj Dareh Tepe predates these two sites by as much as

4500 years as these two are dated ca. 4000 B.C" (Ozbek,'74,

p.455; Meiklejohn' pers. coÍìm.; Young and Levin€r'74,P.15)-
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Epigenetic Traits

Epigenetic traits are difficult to compare

between populations (Pardoe, pers. comm.). Thirty traits

(Berry and Berry,t67) comprised the set of observations

examined for Ganj Dareh Tepe adult crania. Results are

tabulated in Table 7 as ratios of presence to absence of

each trait for each sex. Traits not observed because of

damage to the bones were eliminated from the list in

column 1. The results were examined for the occurrence

of any significant between-sex differences using the Fisher

exact test (sokal and Rohlf,'69). No significant differences

were found (at the p = 0.05 level).

Sutural- Variations

The final stages of fusion of the cranial bones

to their proximate elements is termed "cranial synostosis"

(olivier,,69). Researchers have attempted to develop

standards for age estimation on the degrees of synostosis

shown by the various cranial sutures (Todd and Lyon,'24ì

Krogman,,73). In assessing the reliability of these

techniques, subsequent researchers have noted the extreme

variability of suture closure and have stressed its lack

of utility in age determination (singerr'53; Brooks,'55i

BrothwelL,'72¡ Sundick,'78). It follows that any variability

in suture closure should be regarded as normal in the context

of the population, rather than as anomalous. HoweVer, cranial

deformation has been known to influence the growth and develop-
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TABLE 7

EPIGETTE']'rC FREQUril,rCrES
FROI'I THE CRAÀ]]UT"Í

Traita
Number

ry4l,qS

pres-en:9 ^l-^^*+autctf, L

After Berry and Berry ('67)

FEI\iALES

present absent
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9
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ment of the skul1 (Moss,'54; Ossenberg,'70i Gottlieb,'7B¡

EI-Najjar et â1.,'7il) , and, particularly, the development

of the sutures and intersutural (wormian) bones (EI-Najjar

et aL. ,'77; Gottlieb ,'78). Therefore, more obvious syn-

ostotic variati-on is examined in the context of cranial

deformation in the Ganj Dareh Tepe series.

Three of the more complete crania from the

series show unusual sutural variation (Table 6) . Two of

these cases involve saq'ittal closure while a third case

invol-ves the metopic suture. Individual 6I017, a d.eformed

specimen, exhibits sagittal suture variation involving an

open anterior aspect and a fully obliterated posterior

aspect. Synostosis in the suture begins ca. 18 mm posterior

to bregma and continues from this point to lambda. The

point of initial closure is approximately half way across

the postcoronal depression. A second deformed specimen,

Individual 42030, shows a very different pattern in sagit-

tal suture closure. In this case, the point of initial

closure is ca. 25 mm posterior to bregma, but synostosis

continues for only IB - 20 mm. After this point, the

suture is open to lambda. Contrasting to the former

specimen, suture closure has not occurred in the post-

coronal depression. However, in both specimens, the suture

is fused where it traverses the parietal elevation. No

other sagittal variations !,rere observed from the remainder

of the series.
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The rnetopic suture is t.he forward extension

of the interparietar or sagittal suture (Grayrs Anatomyr'77,

p.101) " The two halves of the frontal bone are usually
fused by about six years of age (Anderson,,69) and the

suture obriterated shortly after. The metopic suture has

persisted on rndividual 62023, an adult female with no

apparent deformation changes. The suture begins at nasion

and continues superiorly for about 20 mm. After this point,
the suture is completely obliterated.
Wormian Bones

Wormian bones or ossa triquetq are small ir-
regular bones that interpose between the bones of the

cranium rvithin the sutures " As the skulr develops, t.hey

interdígitate with adjoining bones. They are found most

frequently in the l-ambdoidar suture. wormians are formed

from separate centers of ossifi-cation, and are of various

shapes and sizes. Sometimes called "joint mice", these

become synostosed with the suture. while wormians occur

most frequently in the lambdoid suture, they can occur in
the sagittar suture and more rarely in the coronar suture.

They are not known to occur in the metopic suture. some

of the possibl-e variations that can occur in the lambdoid

suture when wormi-ans are present have been illustrated by

Brothwell (' 72,fiT.15,p.41) .

Wormian bones \,vere present in seven of the Ganj

Dareh Tepe series (Table 6). Of the five individuals with
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well preserved larnbdoidal, sagittal and coronal sutures,

wormians were observed in the lambdoidal suture four times,

in the sagittal suture twice, and in the frontal twice.

There was apparently no interdependence for wormians and

in one case, they \,.üere exclusively present in the sagittal

suture " One skull exhibited them in the coronal and lamb-

doid sutures only.

Other Anomalies

Seven small foramina on the right parietal of

Inidividual 63014 represents a cranial anomaly that is best

explained with reference to artificial cranial deformation.

The foramina enter the outer table of the parietal bone in

a postero-medial direction from a small area v¡ithin and

anterior to the postcoronal depression (fig. 3). The

affected area is approximately 22 mm by L2 nìm. Foramina

are not patent and do not reemerge from the outer table

of the bone.

The position and orientation of the foramina

suggest that they \,vere alternative path\days for venous

transmission or nerves normally found in the scalp. Further,

it is suggested that the bandage causing the postcoronal

depression \¡/as also responsible for redirecting the blood

vessels and./or nerves by truncating their normal paths.

This modification to the parietal was not bilateral and

was not observed in anv of the other crania.



-69 -

Pathologies

Eight crania exhibit bony changes associated

with physical traumata, infectious agents, or systemic

disorders (see Table 6) .

Physical Traumata

Evidence of cranial injuries consists of a

single healed depression fracture found on the posterior

portj-on of the right parietal (Individual 11011). Steinbock

('76,p.24) suggests that such an injury can be caused by

accidental falls or by blows from heavy objects. As there

is only one other case of a healed fracture (Postcranial

Complex; Pathologies) , it is likely that bone fractures

were rarely sustained by members of the Ganj Dareh Tepe

group 
"

Systemic Disorders

Porotic hyperostosis, symmetrical osteoporosis,

hyperostosis symmetrica, and hyperostosis spogiosa (spongy

hyperostosis) are terms used by various authors to describe

the abnormal bone changes associated with anemia (Zaino,'64,

'67¡ Armelagos,'67ì Carlson et aI.,t74¡ EI-Naj jar et aI.,'16i

Lallo et aI.'77). Structural changes occurring in the cra-

nium are caused by hyperplastic growth of the interposed

marrow reflecting increased production of red ce1ls and red

celI precursors within the diplöic spaces. Marrow prolifera-

tion results in expansion of the active diplöe and rarifica-
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tion of the outer table of the bone. In cases showinq

complete destruction of the outer tab1e, the underlying

diplöe is exposed as an irregular area of round or oval

holes joining a series of hypoplastic trabeculae represent-

ing diplöic proliferation. Zaino ('0¿) and others have

pointed out that suture lines are not involved in this
process.

While exposed diplöe presents a gross "spongy"

appearance, radiographs reveal a "hair-on-end" pattern typi-
cal of a number of the anemias (Steinbock,'76). ïn severe

cases, porotic hyperostosis implicates other parts of the

cranium and the postcranial skeleton not normally associated

with red cell production. These include the maxilIae,

zygomatic bones, the greater wing of the sphenoid, the

orbital plate of the frontal bone, the sternum and the

scapulae (Ange1 ,'67,p.37 9 and p.381) . Also the long bones

and ribs of young individuals may show changes consistent

with marrow expansion (Angel ,'67 ,p.3Bl) .

Porotic hyperostosis has been accepted by some

authors as the definitive term to describe the phenomenon

of diplöic proliferation and tabular rarification in bone

(Lallo, êt â1.,'77). Thus, Lhe occurrence of these changes

in the superior orbital borders (cribra orbitalia), or on

the parietal, occipital and, sometimes, on the frontal bones

(cribra cranii) are all regarded as variations of porotic
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hyperostosis, "whese lesions should all be distinguished

from generalized osteoporosis ín which...rapid bone involu-
tion takes place (Armelagosr'67 ,p.7)',. Foltowing the

suggestion that lesion severity should be taken into account

when making diagnoses (Nathan and Haas,,66), Armelagos ('67)

subdivides cases of cribra cranii on this basis. Simple

pitting of the surface of the bone should be called "osteo-
porotic pitting" to distinguish such cases from more severe

kinds with attendant growth of new diplöe and table destruc-
tion. These should be called hyperostosis spongiosa

(Putschar , | 66 , in Armelagos ,' 67 ,p " 7 ) .

Bone changes consistent with the above descrip-

tions have been observed in both Old and. New World pre-
ì

historic populations. In the Old Wor1d, porotic hyper-

ostosis incidence has been primarily associated with two

of the hereditary hemolytic anemias; thalassemia (Cooley's

Anemia) (Motulsky ,'60¡ Zaino ,'64i Angel ,'67) ¡ and sickle-
cel1 anemia (sicklemia) (Motulsky,'60; Angel,'67). Both

of these anemias are caused by the presence of abnormal

hemoglobins in the human population. These balanced poly-

morphisms confer an advantage to individuals who are hetero-

zygous for the frait by protecting against malarial (PIas-

modiurn falciparum) infection" It has been noted that the

geographical distributions of malaria and hemoglobinopath-

ies, thalassemia and sicl<Iemia, are very s.imilar (Ange1 ,,66ì
Zaino,' 64,fig.Ii Motulskyr t 60) .
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Researchers concerned with the occurrence of

porotic hyperostosis in geographic areas without endemic

malaria have determined that deficiencies of iron are also

responsibl-e for bone changes similar to those encountered

in association with malaria. Inadequate intake of dietary

iron has been suggested for prehistoric populations whose

subsistence included a heavy dependence on maize or cereals.

Dependence on maize was noted for a number of Eastern

Woodland groups from the New World (Lallo et â1.,'77), and

for Anasazi and Pueblo Indians from the Southwest (E1-Najjar

et aI.,'76¡ Zaino,'67) . In the OId World, dependence on

cereals contributed to low iron in both prehistoric and

historic Nubian groups (Carlson et âI.,'74). The presence

of fluctuating frequencies of the lesions in Mediterranean

populations led Angel ('66) to suggest that iron deficiency

anemia contributed to these fluctuations, and that the

deficiency was related to the adoption of farming. Even in
the presence of marginal dietary sources iron deficiency

anemia can result fromt ox become exacerbated by, cultural

factors incl-uding multiparity, weanling diarrhea and pro-

Ionged suckling, or by environmental factors such as the

parasitic infections involving hookworm and bacillary dysen-

tery (Angel ,' 66; Lallo et aI. , | 77 i Carlson et â1. , '7 4) .

Authors have noted the prevalence of porotic

hyperostosis in young individuals in various populations;

from the Americas (Williams,'29i Hrdliðka ,'L4i Zaino ,'67 ì
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Hootonr'30i E1-Najjar et aL. ,'76¡ La1lo et â1. o 
t77) ¡ the

Pacific (Zaino and Zaino,'75\; and, the Eastern Mediterra-

nean and the Lower NiIe areas (Hrdliðka,'L4ì 4nge1,164,,66,

' 67 ¡ Zaino ,'67 i Carlson et â1. , '7 4) , in association with
either hemolytic or iron deficiency anemia. Lal_Io and his

coworkers ('77) suggest that iron deficient individuals
from an Ohian population who were "below the age of 5 are

most likely to develop porotic hyperostosis, and those above

the age of 10 least likeIy. The age class 1 to 1.9 years

is the most crucial period with respect to the likelihood
of developing the cranial l-esions ('77,p.47 8) ". In cases

where females reach parity and the foetus has been exposed

to iron-rich intrauterine supplies, the neonate is born

with reserves of iron that compensate, for a short period,

for any lack of the metal obtained through suckling. These

reserves are normally depleted at about the sixth month,

at which time, the infant becomes dependent upon dietary

sources of iron for normal development (Carlson et aI.r'74,
p.a08).

With decreasing milk intake and more sotid food,

the infant is susceptible to weanling diahrrea" This further
d.epletes the store of iron while preventing the infant from

absorbing the iron in the foods. Paradoxi-cally, iron

deficiency leads to anemia whil-e conferring some imrnunity

f rom inf ection ('!nutritional immunÌtyt') (Weinberg , | 7 4) -
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rn the presence of the hernolytic anemias, young

individuals who are homozygous for the abnormal hemoglobin

do not live to reproductive age (Angel,r66). There are no

data avai-lable to compare the frequencies of infant and

child infection due to thalassemia or sickremia to the

prevalence of hyperostotic lesions at ages of less than ten

years. Presumabry, younger individuals with thalassemia or
sicklemj-a in the heterozygous state wourd deverop bone

changes in childhood, as indicated by frequencies presented

by Angel for Greece and Cyprus (Angel,.66,Table 1).

Five adult crania, four males and one female,

from Ganj Dareh Tepe showed bony changes that were classified
as "osteoporotic pitting". These consisted of relatively
minor changes on the parietals superior to the temporal

l-ines, and on the occipitals superior to the nuchal 1ines.
No cases of either cribra orbitalia or severe spongy hyper-
ostosis 't¡¡ere observed and notably, none of the preadolescents

showed any cranial aberrations.

Zaino ('64,p.403rfig.1) documents the modern

dj-stribution of thalassemia showing that the porymorphism

exÍsts in the generar area where Ganj Dareh Tepe is situated.
This shows that the modern environment is favorable to
Plasmodium sp., but it is unknown whether this was the case

when the site was occupied.

The osteoporotic pitting in this series is likely
the result of iron deficiency anemia for severar- reasons.
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First, if any metabolic polymorphisrns were implicated, then
we should expect that abnormal bone changes, (e.g. cribra
orbitalia) , would be present for young individuals. The
same should be true if Ganj Dareh individuals were subject
to iron deficiency during their lifetimes. However, bone
chanqes at Ganj Dareh Tepe occur only in the adults, suggest_
ing that adurts ingested quantities insufficient to prevent
the onset of anemia. The distributi-on suggests that the
cause was a postadolescent dietary shift. As only one
female cranium shows osteoporotic pitting, it seems un-
1ike1y that pregnancy or lactation is involved. Murtiparity
cannot, however, be discounted as the age of female , 42030,
is greater than Ganj Dareh females showing no bony changes
(62015, 62023) .

Ages of the four affected males range from
more than r-6 (51034) to approximately 30 (41031 and 41035).
One individual_ (4I028) is designated only as ,,ad.ult,,.

slight contrast is offered by a single unaffected mar-e
(61017) aged between 15 and 1g years.

Another reason for suggesting.that iron_
deficiency anemia caused. osteoporotic pitting comes from
the archaeobotanicar- analysis from which severar- cereal
grains were identif ied (p.e.L. smitho ,79) . This f_indinq
in the context of a permanent habitation site, suggests
the presence of incipient agriculture (Chapter ï) and at
least some dependence upon cereals.
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Isolated Patholoqies
4

A number of smal1, sharply defined irregular
lesions on the frontal, parietal and occipital bones of
rndividual 42030 identify several areas of locarized
infection" These are best described as osteolytic as

erosion of the outer tabl-e has exposed the underlying

diplöe. These areas of exposed diplöe show some remodel-

ling. No cause of these lesions is suggested.

The Postcranial Complex

Anomalies

Only a single anomaly from the postcranial
skeleton of 43001 was observed. For this individual, aging

techniques give conflicting results. Both dental eruption
sequence (Schour and l4asslerr'4Lrt 44) Iong bone metrics
(Sundick,'78), provided consistence with estimates of
15 * 36 months. However, these did not agree with an age

based on vertebral- fusion. The neural arches of the

cervical vertebrae are almost completely fused to their
cen'tra, a developmental stage more usually found between

the third and sixth year (Gray's $.atomy_,.'77,p.131). This

discrepancy is abnormal in terms of the age results from

the two other techniques, but may represent a simple

developmental variation in the Ganj Dareh population"
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Pathologies

Three different isolated pathologies were

observed in the postcranial complex. The first of these

abnormarities is attributed to trauma suffered by a humerus

and reflects the response during bone growth. The second

case affects a tibial diaphysis and response to infection.
The third example is degenerative in nature, affecting two

adjacent vertebrae. T\¿o related díseases may be distinguished

in this last case

Physical- Taumata

Individual 62015, a female age sA. 20 years,

is represented by paired humeri, radii and ulnae. The radii
and ulnae are incomplete at their distal ends white the

humeri are intact. All of these bones, with the exception

of the right humerus, are gracile showing líttl-e develop-

ment in the areas of muscle attachment. In contrast, the

right humerus is markedly robust. Insertions for the

deltoid and latissimus dorsi muscles are more developed

and rugged in comparison to those on the left humerus.

Differences are illustrated metrically, as the maximum

length of the right humerus (HXR) is ca. 30 mm shorter than

the left. Right side width measurements exceed those from

the left by as much as 20 nìm (HMD) . The shaft of the right
humerus shows some degree of bowing in comparison to the

left. Also, it is possible that the right ulna has been

broken as well as it is also sJ-ightly bowed relative to
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the Ieft.

Radiographs of these bones show a line of

fracture on the right humerus ca. 18 mm distal to the head

(Byrne, pers. comm.). Bowing of the shaft may be due to

the growth response subsequent to breakage. In addition,

a second fracture has been suggested, although radiographs

do not appear to show this clearly. No fracture line was

observed on the ulna.

Infection

The second case of postcranial pathology occurs

on the tibia of Individual 63014. The right tibia is re-

presented by the greater part of the diaphysis but lacks

both proximal and distal ends. The proximal end of the

shaft incorporates the nutrient foramen on the medial-

surface and, directly opposite, a large hole in the

cortical bone. This hole measures ca. 15 by B mm and runs

longitudinally down the shaft. Its anterior and posterior

edges are sharp and characteristic of a post mortem break.

At the proximal and distal edges, the bone

shows reactive areas characteristic of osteomyelitis " At

the distal edge, there is an area showing a sub-cortical

bone bridge" At the proximal edge there is a small, but

distinct, nodule of bone beneath the periosteum. A large

number of microscopic cloacae for drainage can be observed

in the involucrum.
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Steinbock ('7 6 ,pp.6 A-7 4) distinguishes two

kinds of osteomyelitis. The first is characterízed, by the
absence of localized trauma that would indicate skin per-
foration fracture. This is hematogenous osteomyelitis
as septic mi-croorganisms causing bone reaction have spread

from the location of the fracture to other areas of the
body. one highly susceptible area is a growing metaphysis,

in this case, of the proximal tibia. The origin of the
infectious bacteria may also be introduced through skin
lesi-ons, subcutaneous abcess r or furuncres. The avenue of
transmissionr äs implied by the term, is the circuratory
system (Steinbock, | 76,p.60; Brothwel_I,, 72,pp.134_I35;

Morse ,'69 , pp.17-19 ) . The circulatory system carries pus_

producing organisms from these areas of primary infection
and often several bones can be infected. pyogenic micro-
organisms include staphylococci, thought to be responsible
for 90 percent. of. all cases of osteomyelitis, streptococci,
meningococci, pneumococci, typhoid and colon bacil_1i which

cause the remainder (Morse,, 69,p.18; Steinbock, r76,p.61) 
"

Osteomyelitis can al_so be caused by direct
infection at the point of skin perforation caused by a

compound fracture. The organisms causing inflammation of
the bone are the same but remain at tì-re site of the insult.

rn this case, it is not clear whether infection
resulted from hematogenous or direct infection. However,

there are several reasons for suggesting the former. First,
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the lesion is near the growincy end of the tibia. The
metaphysis is most frequentry implicated in cases of
hernatogenous infection" Usua1ly, lesions caused by
direct infection are found at the site of a compound

fracture (steinbock,''/6,p.73) , and no evidence for such
a wound could be found. Second, a high percentage of
acute osteomyeritis due to direct infection is found Ín
adult individuals. This is due to the higher incidence
of long bone fractures, chronic soft tissue infections
and periodontal disease in older individuals (Steinbock,
'76,p.73 ¡ Wilensky, '34¡ . This contrasts to high fre_
quencies of acute hematogenous infection for age 3 - 15
years (steinbock,'76) - Finarly, the crose proximity of
the nutrient foramen to the lesion is highly suggestive
of the hematogenous route of infection outlined by
Steinbock ('76 ,fig"26) .

Degeneration

The third pathology is degenerative, occur_
ring on two adjacent lumbar vertebrae from rndi_vidual
41031' osteophytes were present on the superior and
inferior central margins of L2 and L3, and on the inferior
articul-ar processes of L2. These processes were lost from
L3 " No other vertebrae from this individual were re-
covered.

Osteophytes are characteristic of two tvpes of
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pathology. Both are degenerative and are termed osteo-

arthritis and osteophytosis. The distinction between the

two is based upon the site of irritation. osteoarthritis,
or degenerative joint disease (Morse,,69,p.l2) , identifies
degenerative changes in true synovial joints (Morse ,, 69 ì

Steinbock,'76,p.287) . Osteophytosisr on the other hand,

describes similar morphological alterations at sites lack-
ing a synovial membrane (Morse ,,69,p.f 3) . In this case,

such "joints" are represented by the membranous inter-
vertebral discs interposed between the vertebral centra.

Morse ('69) points out that the degenerative

diseases, osteoarthritis and osteophytosis, frequentry occur

together ('69,p.13). Two lumbar vertebrae from rndividual
4103I show both of these diseases in the form of osteo-
phytes on the centra (osteophytosis) and on the articul-ar
processes of L2 (osteoarthritis). The osteoarthritis is
bilateral but osteophytes are more developed on the left
facet. rt has been suggested that the greater left side

of involvement is due to the presence of a minor infec-
tion or irritation on the facet (pardoe, pers. com.)"

A small area in the center of the facet appears to be

reactive bone, the cause of which is unknown. Whi1e

eburnation can occur in more serious cases of osteoarthritis
(Morse ,' 69 ,p.I2) , none was observed.

As both osteoarthritis and osteophytosis are

degenerative diseases, they are commonly found on older
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individuals. The former occurs after age 50 and the

latter after age 30 (Steinbock,tT6 op.27B, p. 287) . The

age of 41031 is estimated between ca. 28 and 35 years

from dental attrition (BrothweLL,tT2) . As osteoarthritis
and osteophytosis most frequently occur in robust, well-
muscled individual-s in association with strenuous exercise
(Steinbock,'76,p.287 ,p.278) , then the incidence of both

diseases is not unexpected for this male.

The Dental Complex

Anomalies

Molar Cusp Patterns

To examine cusp patterns, it is necessary that
the occlusal surfaces be rerativeJ-y free from wear caused

by attrition. Heavy use of the teetìi, in conjunction with
a coa,rse or gritty diet, and factors such as bruxism, can

reduce and obscure cusps and fissures. Extreme examples

of molar wear are characterized by dental pulp exposure and

deposits of secondary dentine. Frequentry, pulp exposure

resuJts in infection and. eventual tooth 1oss. Molars not
showing moderatery oistinct cusp patterns were not con-

sidered here.

An additional problem in defining cusp patterns

is that sometimes measurable teeth are not suitable for
classification. This is because part or parts of the tooth
crown, rrot required for measurement, have been broken awav
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and lost, This occurred when shattered teeth were onlv

partially reconstructed t ot when helicoidal wear rr;as

extreme.

Helicoidal wear is characterized by planed

occlusal surfaces. The angled occlusion planes bring

teeth together to form a grind.ing surface more efficient

than the original surface (Mol-nar ,'7l-). The helicoidal
plane is produced through cuspal attrition on lingual
surfaces of maxillary teeth and occluding buccal surfaces

of mandibular teeth. Several cases were observed on

mandibular molars from Ganj Dareh Tepe. These teeth display

distinct cusps on the lingual side of the occlusal surface

and pulp exposure on the buccal side. These have been noted

in the descript.ion of individuals (Chapter II). Because the

cusps have been destroyed, no attempt was made to determine

surface patterns.

A final sample of 44 molar teeth from Ganj Dareh

Tepe were selected from a possible 69 " Turner ('67) Iists
a number of precise categories describing morphological

variability in molar teeth. However, as very few of the 44

teeth were f ree f rom \"Jear and cuspal modif ication, Turner's

categories were modified to classify teeth that had lost
precise diagnostic features. The categories are given

with their subsumed variants (Turner,t67) as follows"

Tritubercular maxillary teeth were grouped as tr3rr to in-
clude 3 and 3* variants. In the mandibular molars, +5 and
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X5 patterns were grouped as tr5trr- y6, +6 and X6 patterns as
rr6rr' and Y4 and X4 patterns as rr4rr. Two patterns, the y5

and *4, v¿ere retained because they could be accuratery

discerned in relatively high frequencies.

This sampÌe of 44 teeth was also examined for
prrmary accessory cusp formations. These incruded the

carabelli tubercle found on the maxillary molars, and the

protostyrid on the rower molars. paramolar tubercles were

not encountered.

Not incl-uded in the following tables are fre-
quencies of incisal- shovelling" The trait was observed

only once in a sample of 25 central incisors (41020) and

not at all in a sample of 2I lateral incisors.
Table B shows the incidence of mol-ar cusp

patterns using the above categories. The frequencies

show whether the pattern occurred in one or both antimeres

(u and b); the number of teeth showing the pattern (fo);
and the percent of these teeth of the totar number examined

(?o) " In addition, frequencies are supplied to show the

number (fi) and percent (ui) of individuals with specific
cusp patterns for a given molar tooth. Thus, considering

the 4+ pattern for the first molar, there was one case

each observed unilaterally and bilateralry on two of five
individual skeletons (fi), with three of eight first molars

showing the same pattern (fo).
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The incidence of Carabellirs tubercle and the

protostylid on molars is shown in Table 9 using the same

format.

Pathologies

A r¡ariety of pathologies was observed on the

permanent teeth from the Ganj Dareh series. Some, such

as the deposits of cementum on the tooth roots (hyper-

cementosis) and calculus on the perienamel surfaces' were

fairly common. Others, including dental caries, enamel

hypoplasia and abnormal attrition occurred less frequently.

These pathologies and their etiologies are discussed

below.

The incidence of each pathology is presented

based upoh the number of possible observations. These

sample sizes normally represented the number of intact

and identified teeth in the arcade as in the case of dental

caries or calcufus, corresponding to the sample sizes used

in the metric analyses. However, sample sizes used to

determine the incidence of hypercementosis were reduced

for two reasons. First, loose teeth are required for

observing the deposits. Second, tooth roots with deposits

but without association with a morphologically identifiable

crown could not be positioned in the arcade. As a result,

frequenci-es of hypercementosis only approximate the true

frequencíes observable only through the use of radiographs.
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Frequencies of the three most comnon dental

pathologies are presented in Table 10. Four aspects of

the examination are reported as follows:

1) fo labeIs the frequency of infected teeth from a

specified position in the arcade compared to the total

from this position. The corresponding percentage is given

as ?o.

2) fO reports the frequency of infected teeth in the

arcade compared to the total from the 16 positions in that

arcade. The percentage is labelled as %0.

3) FO reports the frequency of infected teeth from both

arcades compared to the total sample. The percentage is

shown as F%.

4) fi represents the number of indj-viduals having in-

fected teeth, compared to the number of individuals re..rê-

sented by teeth. The percentage is shown as eoi.

Calculus

Calculus (salivary calculus) affected teeth

from four individuals (6113,22004,61017 and 42040). When

both antimeres were available, calculus was seen bilateral-
Iy. Calculus deposits are extremely durable salivary
precipitates whose primary composition is calcium phosphate

and calcium carbonate (Black ,'20 , p.73) . These irregular

formati-ons are found in the area of the cervica] neck

above the gingival line. Initially deposited as a soft

"agglutinin" (Black,'20,p"73) , calculus hardens after
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24 hours. Subsequently, "it continues to increase in
hardness for one or two months, and at this time is furlv
hard" (B1ack ,'20 ,p.7 4) .

Deposits of salivary calculus were observed on

11.6 percent of all teeth examined (10.3 percent maxillary
and L2.6 percent mandibular) representing 44.4 percent of
individuals (maxillary %i). Generally, deposits were

concentrated in the anterior dentitions. The prevalence

of carculus on anterior teeth is unexpected as these would

be relatively easy to cl-ean. The cheek teeth, particularly
the buccal aspect, would be more difficult to clean.

Hypercementosis

rrregular incremental formations of cementum in
the periapical areas of the tooth roots were observed. on

the loose teeth from four individuals (2204,41020,42022 and

53037). These are deposits of avascurar cementum laid down

in response to movement of the root in the arveolus (Brack,

'20,p.33). Cementoclasts from the periodontal membrane

are responsible for resorption of cementum, dentin, and

tooth pulp, as well as the membrane itself, during ex-

foliation of deciduous teeth. Resorption also occurs when

permanent tooth roots move against the periodontal membrane

securing them within the alveolus, or when a partial de-

tachment of the tooth from the membrane occurs (eIack ,,20 ,

p.33). Subsequent repair is made by cementoblasts from

the membrane by deposit.ing cementum around the traumatized



-9 1-

area, Deposits may obscure the root of individual teeth,

or may more exLend to roots of adjacent teeth" This latter

condition recluires consicterable destruction of the inter-

cleni-al alveolar bone and usually occurs in the premolar-

molar area of the arcade.

Table 10 shows that four of seven individuals

e><amined had deposits of hypercementosis in both arcades "

Deposits were found most frequently in mandibular teeth,

i^¡ith only sporadic inf ection in maxillary teeth. Lower

t-v¡o-rooted molars show between B0 and 50 percent involve-

ment (%o; IlI and M3), while the more securely rooted

-.^.,i 1l ^*., -.^'ì¡rlc¿^r¿¿a!J rLLvrârs show no trace of hypercementosis. The

total f recluc.rrcy (f t ) shows that 3B . B percent of loose teeth

had been traumatized to some desree.

Caries

Enamel- destruction caused by cariopathic micro-

organisms was observed for two adult individuals. Indivi-

duaL 6l-11-3, represented by a complete mandible, has lesions

on both third molars and on the lef t It42 and P3. These

lesions and another: on a lower P3 from fndividual 4l-020

were found in the occlusal sulci of the teeth and no case

of interproximal caries were observed. Examination of

deci-d.uous t-eeth showed two smal1 occlusal caries on the

ilnil of Inclivicual 13010. This observation was not included

in calcul-ation of f requencies "
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Concerning the etiology of caries, Hartles

and Leach ('75) suggest that lesions are caused by micro-

organism metabolism biproducts produced at the plaque-

enamel interface. Plaque formations are essentially food

residue and present an ideal medium for the proliferation

of cariogenic microorganisms, especially if the residue

contains particles of "those carbohydrates capable of being

fermented to acid by the bacterial aggregates. . . (Hartles

and Leach,'7 5 rp. I37) " . Other factors influencing caries

frequencies, consist of the types of food, the length of

time it is retained in the mouth (P. Smith,''70,p.23) , food

texture, repeated actions of traumata, and ethnic factors

(i.e., cooking techniques) (Janssens,'70,p.94) .

In populations dating before and after the

Neolithic, there is litt1e evidence to show that an in-

creased dependence on cereal foods was directly responsible

for any increase in caries. This is based on data from

the Levant, the area for which there is most information

(p. Smith,'70). Data for six Natufian sites show caries

frequencies ranging from 6.8 percent for Nahal Oren, to

0.0 percent for HaYonim, with an average incidence of 2.5

percent. Incidence for Jericho Pre-Pottery Neolithic B

and the later Jericho Bronze Age components are slightly

lower than the Natufian averagfe, ât L.7 and 2.3 percent,

respectively (p. Smith,'70, Tab1e 16). Ganj Dareh Tepe

is comparable to the Natufian average at 2.6 percent (Tab1e 10)
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collectively, these sites are quite similar and show a

COntraSt to fana FI 'i qcar r.rh,6ss frequenCieS f_or individUal

tooth groups range from 5.8 to 4L.2 percent (Krogmanr'38,

p.s3).

fsolatecl Dental Patholoqies

Connsiclered under this heading are several-

patholoqies observed in row frequencies and for rvhich com-

parative data are unavairabre. These include idiosyncratic
tooth wear, enanel hypoplasia ancl tooth colour:ar,ion-

tr{ear, To.oth Lo,s.s and Alveola_l tes_orpt_ion

As mentioned above in the section on morar cusp

morpholoqy, advanced attrition removes the enamel from the
occluding tooth surfaces. rn such cases tÌrere is progres-
sive exposure of the cientin ancl the putp chaml-rer. rn itself ,

this exposure of the un<1erlyinq tooth structures is nor
pathological but may leaci to sepsis. Advanced attrition is
is common in populations whose diet includes coarse or orittv
food, sand or clay particles (!i=olpoff ,t7L¡ Scott,,79) , or in
populations showing longevity.

The norrnal response to dentin exposure is the
formation of secondary dentin" This acts as a buffering
tissue to seal- avanues to the pulp chamber aqainst invasion
by septic orqanisrns. second.ary clentin al-so p::ovides an

efficient, thouqh less c1u::abre repracement for lost enamel.

Abnormaf attrition patterns were observed on

teeth from trvo indivi<luals from Ganj Dareh Tepe. Tndividual_
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61113 shov¡s excessive wear on the kruccal sirles of the

front molars and the right second molar. Exposed areas are

covered by well polished secondary dentin while lingual

aspects of the occlusal surfaces show only slight wear.

A similar pattern is evident on the right mandibular molar

from Individual 42022. Again, the lingual surface of the

tooth shows litt1e \À/ear on the surf ace. The buccal side of

this tooth is represented by a thin enamel ridge rising to

just below the original occlusal plane. A deep d.epression

runs paral1e1 to the mesio-distal axis berween the intact

linguaÌ cusps and the buccal enamel ridge" Polished secondary

dentin is present in this depression protecting the pulp

chamber.

Both individuals show some evidence of alveolar

resorption causing exfoliation of permanent teeth. Indivi-

dual 61113 has lost the left canine and adjacent incisor.

Both alveol-i have been obliterated by subsequent resorption"

This individual is between 25 and 28 years of age" The

second individual is between 30 and 35 years of age. In

this case the left central incisor has been lost and some

resorption is apparent" These were the only cases of

mortem tooth l-oss.

ante

Ename1 Hypoplasia

EnameI

tally aligned pits

teeth (IrfcHenry and

and Banding-

hypoplasia is characterized by horizon-

of grooves, or both, in the sides of

Schultz,'76) " It is regarded as a
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response to an array of systemic disorders caused by

infection. In nonhuman animals, the enamel defect occurs

in mice and guinea pigs with tuberculosis, and in dogs and

swine with rickets (Kreshov€Í,' 60,pp.163-164) . In humans,

defects occur in conjunction with rickets, scarlet fever,

rubella, varicella, rubeola and herpes zoster (Kreshoverr'60,

pp"163-164; Brothwell,'72,P.f52) . Trauma experienced by

the foetus before or during birth might also be implicated

(Black,'20). However, EI-Najjar and his coworkers ('78)

suggest that enamel hypoplasia is idiopathic and, there-

fore, not the result of, nor symptomatic oÍ, other diseases.

Dentitíons from three individuals show changes

characteristic of hypoplasia. These include a 10 year old

preadolescent (13010) and. an 18 year old female (22004).

fndividual (42040) , with a variety of other dental abnormal-

ities (Chapter III), also shows enamel hypoplasia. The

permanent teeth have enamel in the form of multiple

horizontal ridges. Ridges were not well developed and no

pitting was observed. Mo1ars were not affected.

AII teeth from Individual 13010 with enamel

hypoptasia also show distinct bands of blue-green coloura-

tion, both interspersed between the enamel ridges and in

the area of the cervical neck. No explanation is offered

for this colouration hut it rnay better result of a metabolic

abnormality.
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Ground and stained (Prussian Blue) transverse

thin sections were obtained from an affected premorar frag-
ment. whire the original colour was removed through decar-

cification, microscpoic examination revealed numerous brown

coloured club-Iike pro'jections radiatinq throuqh the dentin
from the pulp chamber. These are of various lengths and

the majority stop just short of the inner margin of the

enamel. They are generally in the same oríentation as the

dentin tubules but are consister\ry many times the diameter

suggesting that the projections are not simpry the resurt
of tubule sclerosis. while thei:: origin appears to be the
pulp chamber (or. R.J. Trott, t)r. R. Holland, pers. comms. ) ,

the cause of these projections is not yet known and this
type of Looth restructuring has not been previously reported"

One sugqestion for the cause of these projections
is that they are the result of some metabolic disturbance,
possibly the same disturbance responsible for the presence of
enamel- hypoprasia on the same teeth. ExaminaLion of the

unerupted mandibular canine shows that both conditions are

present sriqhtly above the cemento-enamel junction. This

indicates that the cause of each was operating simultaneously.
rt is not likely that the colouration occurs as the result of
teeth being exposed to a colouring agent poat mortêm because

the canine is still well bel-ow the level of the alveolar bone

in which it is seated.
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CHAPTER V

ANALYTICAL TECHNIQUES

Samples of mandibular and postcranial variates

from males and females, and odontometric samples with sexes

pooled are used to examine between-sex, within-sex and

between-site differences and similarities. It is assumed

that the Ganj Dareh samples are sufficiently large to

examine the ubiquitous differences associated with sexual

dimorphism within and between populations, as wel-l as those

associated with the relative development of each sex from

different sites. Samples of Ganj Dareh Tepe tooth measure-

ments and their derived indices are also used in comparison

with similar samples representing other biological popula-

tions. The various techniques used in these separate

analyses are discussed below by anatomical complex.

Composi,tiop of Samples

Because of the sma1l sample sizes, the following

procedure \â/as used to augment the number of observations "

Previous studies have shown no significant differences

between bilateral measurements (Parsons,'L t Trotter and

Gleser, t5B i van Gerven,'7 4) . This rel-ationship is assumed
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for bilateral measurements from Ganj Dareh Tepe " Observa-

tions from the right side comprise the base sample for each

variate. When observations were bilateral, left side

measurements were excluded. When a measurement was ob-

served only for left side, it was included in the sample.

The finai number of observations in any sample represents

a maximum number of skeletons.

Following this procedure, mandibular and post-

cranial summary statistics were calculated for each variate.

These are termed "modified summary statistics" to distinguish

them from the sample statistics calculated for each side

separately ("unmodified sufirmary statistics", Appendix B) "

Modified statistics are shown in Tables l-I 14, and, for

bilateral variates, are denoted by the biometric symbols

for the right side. Odontometric statistics are also

modified and are shown in Chapter VI (Comparative Samples).

The Cranial And Postcranial Complexes

Student's t-Test

The Studentrs t-test, ot L-statistic, is a

parametric statistic designed for use with small samples

(Soka1 and Rohlf,'69). The test determines a score that

estimates the probability that the samples have been drawn

from different populations. The weightecl distributions of

the samples are considered by the test ln determining the
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TARLE 11

MODIFTED MÀNDTBULAR SUMMÄRY STATISTICS
GANJ DAREI{ TEPE, MALES

Dimension n X -^ mrn max

BCB

BGB

MBL

RHR*

AVR*

ARM*

tüJ.È( ^

RCMr*

RCP*

SYN

l-\I\ J

2

a

3

2

3

2

¿r

4

4

A

5

1TI.5
ql n

84.3

59.0
114. 3

35"5
lb. u

32.8
34"8

10.61
8.49
ó" l¿!

6.36
5 .57
q ?ñ

2.00
6 "24
?-"36

5.70

104

B5
1a

56

53

1r1
33

23

29

33

75

'tlo

YI

94

65

o4

118

41

A1Lit ¿

38
qo

*Ief t side onl-y
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TABI,E L2

MODIFIED MANDIBULAR SUMMARY STATTSTICS
GANJ DAREII TEPE, FEM/\LtrS

Dimension crl mln max

BCB

BGB

IqBL

RHR

AVR

ARIq

RBR*

RCI"l

RCP*

SYN

ANS

94

3I

B4

n

1

0

0

0

0

I

IL

I

0

1

,)t
¿t)

*left side onlv
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TAiJI,tr } 3

I"ÍODTFIED POSTCR"ANIAL SUM¡,1ARY STATISTICS
GANJ DARNTI TEPE, M'\LES

Dimension X ^^ mi-n 1t I c1^

HUI,IERUS

HXR*

HPR*

H}.1R

PMD

HRD

HDD

RAÐIUS

FJR*.
RPR*

PRL

RXD

RLD

ULNA

UXR*

UPR*

UMR

UTR

UAR

FEMUR

FXR

FOR

FTR

ARP

I
I
4

ll

4

¿t

329

324

69"0
64.3

19.0

¿Jó

¿4 t

40.3
I5.0
12 " 0

¿tY

248

39"3
20"8
z5 " e+

?'t rl

q q6

8.69

11aJ"l_o

5. 06

^ 
1Å

r"41

2"99
3.r1
2"6L

4 "24

6l

.)n

t6

') /,

I2
II

BO

¿\)

23

46

1B
1a
l-J

'1 ')

¿o

27

I

I
I

T

2

â
L

1

I
4

5

5

I¡

0

0

2

35

l8
¿U

JA¿.ö
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TABLFI t3 --Continued

DimensÍon s"d. mJ-n max

FEMUR (Cont" )

FMR

FTD

RTF

FDR*

HDR

CGW

3

¿

2

2

¿

ô

27 .7
?? ô

¿.! " v

47 .0
49 .5

41" B

44. B

57"5
43.5
30"0

77.0
/^ tl

?o rì

4 .04

1 .07

4 .24
0. 00

J. f,¡¿

aA ItL'' J L

28 38

^-¿L ¿I

(47)

4t 3¿

TTBÏA

TRT

OTR

PTD

TTD I

CTR

PATELLA

PXR

PBR

AXIS

XAX

TÃTUS

XTR

TT4R

HTR

CA.T-CAI{EUS

CXR

CMR

IICR

n

0

0

0

36

3.40
2 .50

? aa

A 't'7

r.55

À ')A

1 1\'7

39

42

46

4B

33

6

b

6

2

I¿

52

3B

29

73

23

3LT

ql

LA

44
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TABLE 13 --Continued

Dimension n x s"d. min max

CLAVTCLE

XRGO-
RPCO-
CXDO-

*left side only



-104-

IAIìLE L4

MODTIITI]D POS'ICIIÀNTAL SUM.FÍ-ARY STÀTISTTCÉJ
G.ì\NJ DAR-EII TtrPE, I¡EI"ÍALES

Dimension õ.1
nr_Ln max

IIUMERUS

rt Jt.t(

HPR

HMD

PMD

HRD

ITDD

RADIUS

RXR*

RPiìr
ñnr

RXD

RÏ,D

UI,NA

UXR

UPR

UMR

UTR

UAR

FEMUR

FXR*

FOR*

F'TR*

ARP

¡.IIR

¿

6

7

?no 
^

?f\t 
^

56.1
1ñ I

r.5"b

'ì cl Q^

I C arl

s"40

1.5I

I 70

2 .07
1 lr

294
,/\-lll

50

50

1B

13

Itr
JJ

t?

J

?t a

o¿i

25
f"l

40
l?

l')J.L

I

¿

5

5

¿¿o

1? ')

-lÅ 
^

10"4

¿¿¿. I

?? o

la A

¿u"3

446

44A

420
)1 1

23 " B

1.5 " 01

8"15
¿"¿ö
1 1A

? no

250
)1-7

30

L7

L7

27A

232

Jf,

)n

23

?n

26

3

5

5

6

i.

1

I

6
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TABLE l4 --Continuecl

Dimension n min max

FBMUR (Cont" )

FTD

RTF

FDRT

HDR*

CGT{*

TfBIA*
TRT

OTR

PTD

TTD

CTR.

FTBULA'I

IXR

PATELLA

PXR

PBR

AXIS

XAX

TALUS

XTR

TMR

I]TR

CL:\VICLE

XRC*

RPC*

CXD*

5

5

4

I

29.4
24"4

42 "3
t4

2"70
Ì.23
2.50
? Rq

¿o

22

39

JY

340

35

35

,lJ

44

35t)

4L

4I

1

1
-t
f

I
I

370

367

33

25

72

345.0 '1 
^1

06

o

,1 ().

Jv"

2.00
?."20

35

5

5

q

I

2

I

52"8
/11 t1

l-34

33.0
19

3 " 63

u¡"0/.'

2 "28

¿.óJ

/o
=-J

35

25

l1

55
/1 O'Êu

3t

'rl-ef {: side only
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t score" The smaller the value of "t[r the more tikely

that the samples represent the same population.

ft is conventional to accept a probability of

0.05 or less as a critical leve1 for rejection of the null

hypothesis. The p a O " OS tevel is used for all comparisons

involving Lhe t-test and mandibular and postcranial variates.

Two formulae for calculation of t*scores are

shown in Table 15. Formula 1 is used when the number of

observations in neither sample is less than two (n, ) \a 1).

Formula 2 is used when one of two samples is comprised of a

single observation,

As the numerator for both formulae is the

difference between male and female sample means, the value

from the test can be either negative or positive. There-

fore, in testing for differences between sexes, the female

mean is subtracted from the male sample mean. In compari-

sons to determine differences between samples of the same

sex from different sites, the comparative mean value is

subtracted from the mean representing Ganj Dareh Tepe.

Positive and negative values of t, degrees of freedom for

the test, and exact probabilities to three decimals are

presented in later tables.

Index of Sexual Dimorphism

In cases where metric data are available for

both sexes and the same variate, between-sex comparisons

are made using Formula 3 (after Black ,'78,p.78) . This
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TABLE 15

FORMULAE

Studentr s t -Test: corn¡:arison of
known distributions inclicated Ì:rv

two sanples v¿ith
variance (c') 

"

r)

t -Test variant I

with a sample rvj_

r:omparison of e sinq_l-e ok_:servation
Lir known distribution"

t(o"r.)
x Ol¡serr¡aLion.sanìple l_

eri""""sample

tSO : Index of Sexual Dìmorphisr,.r,

rsD = ( (;mate ,/ if.*.'.) * 100) .- r00.

ïSC : Index of Sexual Difference.

= ((x,-^,. / i-^- ) x 1.00) I00.sexl same sex?' --

determi ninq s " c1. f rom the SEr:

ïsc

Formula for

n (SE¡"1)
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results in a value for ttthe Index of Sexua1 Dimorphismil

t- \ - *^-^'tre of the difference between male and female(r^^/, d. lLlcctst
Þu

sample means for a class of variates, expressed as a per-

cent difference from 0.0 percent. This latter value

represents the result from a comparison of identical means

and signifies no sex difference. The tro i" expressed as

either positive or negative according to the value for the

quotient" Positive values result when the male mean is

the larger of the two means, while a negative index results

when the female mean is the larger-

The Index of sexual Dimorphism d.iffers from the

t-test in several ways. Results are not affected by sample

sizes, nor is sample variation considered. In ad.di'Lion,

the problems associated with Type I and. Type 2 errors and

Ievels of significance are eliminated.

For comparative purposes, the Index is used to

compare Ganj Dareh to Tepe Hissar and Lerna using modified

data for the mandible (representing the cranial complex) and

for the postcranial complex" Comparisons are made when

indices can be calculated for Ganj Dareh Tepe and at least

one comparative sample. In several cases, the absence of

data from Ganj Dareh Tepe preclude-s makino a ntnmber of

comparisons "

Index of Sexual Difference

Metric data from the mandible and postcranial

skeleton are used to compare variates from one Sex from
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Ganj Dareh Tepe to the same sex f,rom Tepe Hissar and Lerna"

The Index of Sexual Difference (ISC) is used for this

purpose. The ISC differs from the lro because here com-

parisons are made between the same sex, represented by male

and female samples, and between different sites. Calculation

of the Ir" euantifies metric differences (or similarities)

that may be the result of cultural and/or environmental

influences experienced by the various populations under

study (Brues ,'59 ì Stini ,'7l-). .

The Index of Sexual Difference is a non-classic

rneasure with regard to the data it compares " It is calcula-

ted using the same basic formula as that used for the ISD,

except that the standardized mean in the denominator is that

for the compared Ganj Dareh Tepe variate (Formula 4 ' sexl) "

Here, percent difference is evaluated with respect to Ganj

Dareh Tepe sample means in each case. Like the tSD' com-

parison of two identical means results in a percent differ-

ence of 0.0. In addition, positive and negative results

are possible. A negative index indicates a small-er mean

for Ganj Dareh Tepe. A positive result indicates the

opposite relationship.

Thf: DenFl Complex

Distributions of p

Samples of teeth from Ganj Dareh are compared

to samples reported by P. Srnith ('70) and Dahlberg ('60)
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using the t statistic. The values of t and the corres-

ponding probabilities are calculated, but instead of

examining only significant results, a11 probabilities are

treated as indicators of relative distance between Ganj

Dareh and the comparative sample. Positive and negative

signs, indicating the direction of difference, are determined

from the value of the numerator that results from subtrac-

ting the comparative sample mean from the appropriate Ganj

Dareh mean.

Probabilities are graphed and the positions of

Ganj Dareh samples are assessed relative to the positions

of selected comparative samples " The results of examination

of the distributions are presented in Chapter VII.

Dental Shape and Robusticity

Indices of shape and robusticity are calculated

for samples of individual upper and lower teeth. Results

are presented in Table 40, accompanied by the results from

Natufian and Jericho samples presented by P. Smith ('70,

Table 8).

The formula used by P. Smith ('70) for the shape

index appears in Table 39. The resulting computation is the

reciprocal result of that used by Wolpoff ( t 71) for the

index of shape" The index of robusticity (P.Smith,t70) is

the product of multiplying the mesiodistal dimension by the
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buccolingual dimension. This operation is the same as that
for wolpoff's 'crown areat (,71¡. These index values are
presented in Appendix A (Tables A-10 and A-I1).

Because raw data for Smithrs samples are un_

available, comparisons are made between averaged Natufian
indices for each tooth and samples from Ganj Dareh Tepe,

Jericho PPNB, Jericho Bronze, and the Natufian sampre from

Erq e1 Ahmar. This last sampre is excluded in carculation
of Natufian group means because Erq el Ahmar indices are

consistently outside the range of the combined Natufian
groups. The two Jericho groups are included because thev
post-date the Natufian and are culturally different. Also,
the skeletar morphology of the ppNB group is different from
Natufian finds (p. Smith,,70, citing McCown,'39). The

Jericho Bronze group is compared in order to examine any

biological relationships that it may have to the ppNB group.

Data for the calcuration of indices for Jarmo are unavaila-
ñtô

rn this analysis, differences are suggested when

a comparative index is rarger or smaller than the Natufian
group mean by more than two standard deviations. Because

the Natufian group is approximately two millenia earlier
than the comparative samples, differences shoutd be expec-

ted.
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CHAPTER VI

COMPÃ.RATIVE SA¡,IPLES

Data describing the three anatomical complexes

were taken from several sources dealing with different.

skeletal samples. With the exception of a mod.ern sample

from Chicago (Dahlberg,' 60), samples represent prehistoric

populations living between 10,000 B.C. and 6000 B.C.

(Table 16), in the Near East and the Mediterranean (fig. 5).

During this period, several major changes occurred in the

Near East in technology (Braidwoodr'58; Dyson,'68), settle-

ment patterns (Mortensen,' 72) and subsistence (Cohen, | 77) .

The latter shift was from a long tradition of hunting and

gathering, dating from pre-9J{lrm times to ca. 8500 8000 B.C.

(Braidwood,'58; I{right,'76), to an economy based on plant

(Harlan , ' -J 5 ) and animal (Protsch and Berger, ' 73 ) d.omesticates .

Lithic technology was replaced by metallurgy and invention

of pottery"

In the selection of comparative samples r pr€-

ference was given to sources describing skeletal material

from sites in the Near East dating near the beginning of

the Holocene. As several examinations carried out in this
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work involve between-sex cornparison, information concernj-ng

age and sex estimates was necessary. Zawi chemi shanidar

v¡as excruded because these data were not supplied (Ferem-

bach,t70). Finally, it was desirable to use sources when

some data manipuration was required such as was the case in
following the procedure for maximizing sample sizes and

standardization of classes (Chapter II). yet the data

supplied by these sources vrere sometimes not direct.ry com-

parable to those from Ganj Dareh. These have been modified

following the techniques appearing below in descriptions of
the appropriate samples.

It should be noted that craniometric comparisons

were not attempted in this work. Despite the previous work

on crania from the Near East (Finkel,'76) and Greece (Anger,

'7r on Lerna), there are no studies concerning artificiarly
deformed specimens. Ganj Dareh craniometrics are reported

in appendices. The mandibre represents the craniar complex

in subsequent comparisons.

No comparisons were made using cranial epigene-

tic traits or dental non-metrics. For Ganj Dareh, these

were represented by very small frequencies and have not been

systematically collected for other Near Eastern samples.

Si-tes l/tith Cranial and Postcranial Data

Bronze Age Samples

Tepe Hissar, Iran
Tepe Hissar is located near Damghan, north-
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eastern rran, near the south shore of the caspian sea. The

extensive rranian central Plateau irnpedes contact with the

east, vrhile strong western influences, characterized by

stylistic changes in pottery at the beginning of the Hissar

f I Level, are apparent (Bray and Trump , r'7 5 ,p " 104 ) .

Hissar by

'72,p.312)

Three periods have been identified from Tepe

Schmidt (' 37,p.320; in Krogman,' 40a,p.6; Dyson,

, âs follows:

Hissar I - ca. 4000 B.C. to ca. 3000 B.
Hissar II
Hissar rrr ca. 2600 B.C. to cã. 2000 B.

Burney ('77,p.la9) suggests that Hissar II

î

T

bêgan with an invasion that came from the area of the

Turkoman steppe. This change of curturar infruence is
marked by sudden replacement of the previous pottery by

Gurgan grey-ware. schmidt recovered skeletar remains re-
presenting in excess of 1600 individuals from these three
cul-tura1 periods. However, Nowe1l (,78,p"27L) points out

that fewer than 250 individuals comprised the sample used

by Krogman ('40a,b,c). Nowell ('ZB) suggests that Schmidt's

excavation techniques were inadequate as many skeretons

r¡/ere surface finds and the remainder, found berow the ground

surface, were excavated without sufficient control.
Krogman ('40a) provides mandibular and post-

craniar measurements for this sample (Krogman ,, 40a, Tables

A - D). A total of 89 adult males and 44 adult females

were represented. summary statistics for right side variates,
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by sêx¿ are presented in Tables L7 18 for the mandible

and Tables 19 - 20 for the postcranial complex"

I¡€Ifiâ ¿ Greece

Lerna is located near Argos in the Peloponnese

(fig. 5, site 3). Levels from this site represent com-

ponents of a continuous occupation dating from the Neolithic

Age (ca. 6000 B"C. ) to Roman times (ca. 200 A.D. ) (Caskey'

'56, Angel,'7L). The rnajority of human remains from Lerna

date to the lttiddle Bronze Age (ca. 2000 B.C. and 1600 B.C. )

(Angel ,'7I) " This subsample is comprised of 65 adults

r:epresenting 39 males and 26 females. These results were

supplied as raw data (Angel,'7I, Tables L4 15). Data

from,the right side $/ere used to cafculate summary statis-

tics by sex for comparisons wj-th Ganj Dareh. Sample para-

nteters are reported in Tables 17 thrc'uqh 20 for both sexes.

Sites Wit.h Dental Data

Measurements for comparative samples are sup-

plied by (Dahlber9,'60) and P. Smith (r70). T\¿elve samples

were used including 11 from archaeological sites dating

between 10r000 and 4000 B.C" and one modern North American

sample of European derivation (table 16,P.114). Figure 5

shows the location of the archaeological sites. They are

distril¡uted over a large geographical area v¡hose past

environment and resources were similar. Vegetation inclu-

ded large stands of potential domesticates, particularly
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barley (Hordeur.n EE-" ) (van Zeist ,'67 ", Harlan and zohary ,, 66 i

Wrightr t66) . Animals included goats and sheep, The palaeo-

climatic evidence suggests that the coo1, moist conditions
in the Levant and southern rran persisted from 20,000 B.c.
onwards (Butzer,r75,p.404) .

p. smith (,70, Tables 4 _ 7) supplies summary

data from nine Levantine samples. These data are not sub-
divided by sex. Reported statistics incl-ude frequencies,
means and standard deviations for mesiodistal and bucco-

lingual measurements. Mean va]-ues for size and shape

indices v¡ere al_so provided (p. Smith ,'70, Table g). The

raw data, howevern were not available.
Dahlberg ('60, Table l) provides data for

mesiodistal and buccolingual diameters for three samples.

These presented as sample sizes and. means for two samples,

measures of dispersion using the standard error of the
mean (tur) are supplied. This statistic was not provided
for the Jarmo sample.

P. Smith ('70) reports data from both sides of
the arcade separately. Dahlberg ('60) reports data only for
the right side. Tables 20 23 reproduce right side data
from P" Smith ('70) and Dahlberg (r60) with Ganj Dareh

staÈistics.

The samples of, teethf representing archaeologi-
cal populationsr are discussed helow \tith reference to the
characteristics of their individual cultural contexts -
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Each comparative sample is designated by an alphabetical

symbol that serves as an abbreviation of the site name in

some subsequent figures and tables.

Epipalaeoli thic Samples

Natufian Sites

dentitions

Dahlberg ('

and includ.e

Shukba (S);

Ahmar (A) ;

unspecified

A total of eight epipalaeolithic sites yielded

suitabLe for examinations by P. Smith ('70) and

60). Seven of these lvere reported by the former

the following: EI Wad or Mugharet eI Wad (W) ;

Kebara (K) ; Eynan (E); Nahal Oren (O) ; Erq eI

and, HaYonim (H) [One further sample, from an

site, is termed "Natufian" by Dahlberg ('60).l

Representing a common culture, the Natufian

sites contained arti-facts indicative of a subsistence base

dependent upon a broad spectrum of resources (Braidwoodr'58;

Butzer r'7I; Cohen,'77) . Sickle blades have been reported

from alt sites while mortars and pestles were absent only

from Shukba. The presence of these artifacts strongly

suggests that plant processing \^ras performed at these sites.

There is no evidence to show that plants v¡ere

domesticated by the Natufian (Harlan,'75ì Cohen,'77,pp.136-

137), despite the availability of wild cereals. While

Harlan ('67) has promoted acceptance of the idea that the

numerous sickleblades could have been uged for cereal

harvesting, other artifacts such as mortars, pestles andn

particulâry, subsurface pits and bins have received some
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attention outside the context of plants and plant domestica-

tion (Braidwood, t69; Butzer,''7I; Binf ord, t6B; Cohen,t77).

Alternate suggestion for their use include in situ roasting

and the storage of invertebrates (Cohen,''77,p"135).

As well as exploitation of wild plants, Natufians

subsisted by hunting a variety of hoofed animals such as

sheep, goat and, especially, gazelle, and supplemented their
diets with marine resources. Evidence for fishing comes

from barbed spears or harpoons and bone fishhooks from

Nahal Oren, Kebara, El Wad, Erq eI Ahmar and Eynan (Ain

Mallaha) (P. Smith ,'70, Burney ,'77; Cohen ,'77; a1so Garrod.,

'58; Perrot,'68). This broad-spectrum resource base re-

presents a much reduced dependence on large game animals

that were characteristically utilized by Upper Palaeolithic
groups in the Levant (Butzer,'7I; Cohen,'77). However,

despite this diversification, species are generally believed

to be v¡ild rather than domesticated" It should be noted

that this opinion is held in spite of the recovery of wheat

from Nahal- Oren (Noy et aI.,'73) showing morphological

changes from the wild type (Cohen,'7'7 ,p.135) .

Aceramic Neolithic Samples

Jericho PPNB

Sites with assemblages characteristic of a

food-producíng economy in the absence of a ceramic tradition

fa1I under the above classification. fn the Levant, several
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levels at Jericho and Beida are pre-pottery or Aceramic

Neolithic on this basis (Burney , r'li ¡ Cohen ,,77) . These

aceramic levels date between c-a. 9000 and 6000 B"C. (Burney,
t77¡ Cohen r'77 rpp"139-l-40) , and are roughly contemporaneous

with the occupation at Ganj Dareh Tepe.

Two levels at Jericho are designated as ppNA and

PPNB, signifyino the absence of ceramics. The earlier of
these, the PPNA, is dated to ca. 9000 B.c" and is character-
ized by houses with circular floor-p1ans, l:rick construction
and low frequencies of stone projectile points and blades.

During the 7th millenium 8.c., architecturar style suddenry

alterec with multi-roomed rectilinear structures repracing
the circular sty1e. This level also contained qreated fre-
quencies of denticulate blades, sickles and arrow-heads of
both flint and obsidian (eurney,.77,pp.17-18). In the ahrsence

of ceramics, the later ppNB occupation is thought by some

to represent part of the Tahunian culture (Burney r'77 rpp.17-
18) " This group is thouqht to have been from the north
from the vicinity of Tell Ramad"

other lithics associated with prant processincr

found in the PPNB level included ground-stone querns, stone

rubbers ancl flaked-stone sickles. Emmer and einkorn wheats

were also recovered with two-rov¡ed barley all of whích showed

morpholoqical changes from the wild types and taken as evÍ-
dence for domestication. other potential domesticants were

peas, lentils and horsebeans (Harlan ,'75, Table 1; Cohen rtTT,
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and citing Hopf,r t69). Sirnilar finds have been reported

from Beida rI and IïI in Jordan and Ha ilar (Cohen ,r77,
p"140).

Nine individuals represent the early ppNB

agricultural population. In an earlier study by McCown

( | 39) , these remains \dere compared to the Natufian, repre-
sented by a sample f rom Mugharet eI V'Iad. The ppNB sample

was found to be "more developed and finer than the typical
Natufians. .. (McCown,' 39, cited by p. Smith,'70,p.7) ."

Statistics for mesiodistal and buccolingual

dimensions representing the ppNB are supptied by p. smith
('70, Tables 4-7)" Derived dental indices are also supplied.

As there is no provenience for individuals comprising the

sample, it is not known whether they are the same plast-
ered skulls reported by Kenyon ('72), or a combination of

these and other individuals.

Ceramic Neolithic Samples

Qa1at Jarmo

Jarmo (J) is situated on the bank of one of the

numerous wadis on the Chemchemal intermontane plain in Iraqi
Kurdistan (fig. 5, site 4) (Braidwood and Howe,,60,p"26) 

"

Though radiocarbon dates first suggested that the site had

been occupied for a duration of ca" 7000 years, these have

been questioned by most authors, including Briadwood (r74,

p"77) ¡ as inaccurate. An alternative duration, based on

bone collagen assays (protsch and Bergêr,'73,p.235) is
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about two nùIlenia. Braidwood also rejects this estimate,

preferring to accept an initial date of ca. 6000 B"C. and

a duration of only 500 years (Braidwoodo'74,P.77) ' apparently

because the artifact assemblage at Jarmo is very similar to

that from the securely dated Turkish site of Cayöntl.

Prior to the initial date for Jarmo, several

sites were occupied in thís general area by groups charac-

terized by big-game hunting in the Upper Palaeolithic tra-

dition. This is cal-Ied Zarzian after the site where it was

first identified (Garrod, | 30) . The Zarzj-an is characterized

by a microlithic industry and the presence of some ground-

stone artifacts (Braidwood and Howe,'60). Subsurface pits

have also been found in association with the Zarzian (Cohen'

'77). Other sites with typically Zarzían assemblages in-

clude Palegawra (Braídwood and Howe,'60), Shanidar (Solecki,

'64) and Zawi Shemi (Solecki ,'69) in Iraq, and in Natufian

sites (Cohen n '77 citing various authors,p.135) . Faunal

remains from these sites included undomesticated

pig, goat, cattle, sheep, gazeLLe and deer. These were

identified from the Palegawran Zarzian (Braidwood and

Howe,'60) dating ca. 7000 years before Jarmo (Braidwood,

'74) "

Later, during the Jarmo occupation, subsistence

resources included domesticated einkorn, etttmer and hulled

two-row barley and domestiaàted goat, sheep, Pig, and

possibllz, dog (Har1an ,'75,pp.179-180 and Table 1) . This
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is the earliest domesticated pig find for the Near East.

Lit.hics at the Jarmo site also differ from the Zarzían with

microliths occurring in reduced frequencies and chipped-

stone tools in greater f:iequencies. Numerous celts, mortars,

pestles and elaborate bowls represented various utilitarian
aspects of a well developed ground-stone industry that in-
cluded bracelets, rings and beads (Braidwood and Howe,r60,

pp.4s-46 ) .

Ceramics in the form of pottery, nonportable

basin rims and figurines were fou.nd in the upper one-third
of the site (Braidwood and Howe,r60i Meiklejohn, pers. comm.)

Excavations through t6 levels of Lauf con-

struction recovered remains of seven individuals. Braid-

wood and Howe ('60,p.194) suggest that these flexed sub-

f loor interments \^¡ere probably kiIled by roof cave-in.

Successive structures had been built over the rubble.

They also suggest that the inhabitants normally buried

their dead outside the l-imits of the seven acre mound

(Braidwood and Howe ,'60,p.46) .

A total of 96 permanent teeth represent the

Jarmo (J) sample used in this study. Dahlberg ('60, Ta-

ble 1) reports mesiodj-stal and buccolingual measurements

in suÍrmary form" Because raw data are made by treating the

reported mean values as observations representing indivi-
duals (Chapter V, formula 2) .

for this sample.

Indices were not calculated
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Bronze Age Samples

Jericho Bronze

The latest prehistoric sample from the Near East

is from Bronze Age levels at Jericho. This component is
divided into Early (E.8.), Midd1e (M.8.) and Late Bronze

Age Periods on the basis of architectural changes (Burney,

'77). An intrusion of Hurrian peoples from eastern Anatoria

marked an end of the E.B. period. These people may have

come through syria into the Plain of Antioch and the Levant

(Burney,' 77,p. 101; Meiklejohn, pers. comm. ) . The Jericho

settlement is dated from ca. 4000 to 1000 B.c" during which

time, Jericho represented an important center of Hyksos

resistance of Eglzptian expansion during the 18th Dynasty

(Burney | 77 ,p. I01) .

During the Bronze Age, Jericho was an impor-

tant. econoùic center controlling the Dead Sea salt re-
sources (Burney ,'77 ì Whitehouse and Whitehouse 'r''75) . There

is also evidence for Jericho's importance as a trade center.

This is based on the presence of a variety of clay tokens

and bullae at Jericho and at a large number of other sites
to the west and south. Tokens and- bullae similar to these

have been reported from Ganj Dareh Tepe (Schmandt-Besserat,

'78) "

Odontometrics supplied by P. Smith ('70) re-
present 10 individuals from the Early Bronze Age component
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at Jericho (.9a, the beginning of the Fourth Mil1enium B.C.) .

The dentitions from this level sampre the population living
júst prior to the Hurrian intrusion marking trre beginning

of the Middle Bronze period. summary statistics from tooth
diameters and d,erived indices are used in comparisons with
Ganj Dareh Tepe.

Modern Samples

Chicago

Dahlberg ('60) offers no information concerning

either the basis for selection or the geneti_c and socio-
economic backgrounds of the white male individuals comprising
his chicago sampÌe. presumably, arr of these individual_s

v/ere hybridized to some extent as undoubtedly the popula-

tion of chicago was originatry derived rrom a number of
different areas in Europe. The Chicago sample (C) is used

in comparison with the segregated male sample from Ganj

Dareh Tepe.
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CHAPTER VI]

RESULTS

Preliminary discussion of results pursuant to
the various techniques described in Chapter V is presented

in this chapter. Emphasis is placed on description with
attention to detairs contained in the resulting information.

_A 
more general sunìmary and discussion is presented in

Chapter VIII. It has been noted that data from Ganj Dareh

and from selected comparative series were examined for
similarities and differences using the Student's t-test
and indices; the index of sexual dimorphism and the index

of sexual- difference, IrO and tSC, respectively.

In tables containing t-test (results), para-

meters of each test (t-score and degrees of freedom) are

given with the resulting exact probability. Between sample

differences are denoted by a single asterisk when significant
at the level p 1 0.05 and by two asterisks when significant
atlevelp10.001.

fn tables showing the results of calculatiorrs

using either the index of sexual oimorphisrn or the index

of sexual dif,ference, signs are used to denote direction.
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Each index

when males

Dareh Tepe

appropriate

situations.

val-ues for

is displayed with no Sign when positive (i.e.

are J-arger than females for IrO and when Ganj

is larger than Tepe Hissar or Lerna for the

sex), and rvith a negative sign for the opposite

Signs shown for the indices correspond to t-
the same variates.
ïn tables illustrating results the IrO compari-

sons, the last column shows values for the range established

by the high and low index values in each comparison. These

are accompanied by one of three possibre symbols showing the
posj-tion for Ganj Dareh relative to those frorn Tepe Hissar

or Lernar or both. rf the Ganj Dareh value is the highest,
the symbol used is a plus (+). If median, the range is
given with an asterisk (*), rf the Ganj Dareh index is the

lowest, a minus sign (-) is used. This system is not used

with the index of sexual difference as the rsc compares

the relative position of Ganj Dareh in calculation (formula

4, Table 15) .

Sexual Dimorphism

The Cranj-al Complex

Mandibular variates were examined using t-tests
to determine the presence of significant between-sex differ-
ences (tanle 25) . In addition, variates were examined for
metric differences between means using the rso. The results
appear in Table 25.
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Results of t-tests

_ Two mandibular variates, higonial rviclth (BGB)

and maxirnum ramus breadth (RBR) \.,/ere availabfe for aII three

sites. I.lhile there \./ere no differences at Ganj Dareh, both

\^/ere highly significant at liissar and Lerna (p < 0" 001) . I,ione

of the other four Ganj Dareh variates r,"'êre significanc.

Results of comparisons using foO
Indices of sexual dimorphism vrere calculated for

mandibular variates (Tabre 26). ¡,t Ganj Dareh, the feral-e bi-

gonial width is slightly faroer than for males. Olivier
( o 6,9 , p. 186 ) has suggestecl that this is not uncor'ìrnon. In this

case, the inclex is sliohtly Ìr-iased for: fernales (-Z.Z percent) .

At both Hissar and f,er:na, males are sliohtly l-aroer. The

index for the rninirnum ramus breadth (RRIì) is positive fo::

Ganj Dareh with canj Dareh anrl Lerna shov¡-incr sinilar values.

At both sites, mal.es are larqer than fernales by about eleven

percent. 
^t 

i|er¡e llissar, the index for: this variat-e is also

positive thouoh sl-ightly reducecl in value. It shoulcl be noted

that deforrnation influences were not obserr¡ed on the Gani ì-lareh

mandibles even thouqh nandibul-a-r shape is comnonllz rnoclifieil in

the context of cranial Cefo::nation (Brör1-. ancl Bjðrk,'64'i

Iìosers ,'J5) .

The Postcranial Cornplex

Resul-ts of t-t-ests

In Table 27 , three v¿¡'i ¿tes from Ganj Dareh
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TABLE 26

INDICES OF SEXUAL DIMORPH]SM FOR MANDIBULAR VARIATES

FOR THREE POPULÀTIONS

Ganj Dareh Tepe r..êrn âTepe Hissar

Dimension

BGB

RBR

, RCM

RCP

SYN

10"9

-16"1

5.8

L.2

6.4 8.7 rI.9-
7.I 1I.0 3"9*
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Tepe are significant. These are the hurneral ninimum dia-

meter(p(HRD)=0.036),thefenoralantero-posterior

subtrochanteric diameter (p (FMR) = 0"046) and the maxi¡num

patellar width (p (PBR) < 0.004). Probabilities from Tepe

Hissar and Lerna are highly significant for the majority of

comparisons. At Tepe Hissar, the ARP probability is not

significant, but approaches the critical level of p < 0"05

(P (ARP) = 0.053) '

ManysignificantdifferencesatLernaarenot

significant at Ganj Dareh Tepe. These include, humeral

I{XR and FIDD; radial RXR; ulnar UXR; femoral ARP, FTD and RTF;

and talar xTR, Tl[R and HTR. At Tepe Hissar' three upper

long bone lengths are significant (HXR' RXR and UXR) below

thelevefp10.00r-
Results of calparileqt using IrO

Five comparisons were coÍImon to all three sites

including HXR, RXR, UXR, ARP and FTD variates. The first

three are lengths while ARP maximum femoral antero-posterior

and FTD maximum femoral transverse diaphyseal are the breadths '

ïn two lengths, Ganj Dareh Tepe consistently shows the least

dimorphism while the radial RXR is approximately midrange'

Sexual dimorphism at Ganj Dareh Tepe is greatest in the

femoral diameters (ARP and FTD, Table 28) '

Indices representing Ganj Dareh - Lerna com-

parisons shows that Ganj Dareh exhibits the greatest

dinorphism for three long bone diameters (HDD' HRD and FMR),
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TABLE 28

INDICES OF SEXUAL DIIUORPHISM IN POSTCRANIAL VARIATtrS
FOR TI{REE POPULATIONS

Element Dimension
êr n i ñr r,ah rfianauq¡rJ vcr!u¡¡ IClrE

rllar¡a T-Ii qqer
r vl/v

T ^ -- -!gIlta

Humerus

Radius

Ulna

Femur

TaIus

HXR

IIPR

HMD

PMD

HDD

HRD

RXR

RPR

PRL

RXD

RLD

UXR

UPR

UIqR

UTR

UAR

A.RP

FMR

FTD

RTF

FDR

HDR

XTR

. TMR

HTR

PXR

PBR

6"8
6.6

L4 "4
1q a

22.0
10"7

9{

ó"¿

L4.6
lli t1

7"8
11 " 4

'to o

l? n

L4.2
1r.9
16.4
L2.2
0"0

11.1
17"0

Rq

7.9
l-0 .0

]4"9

ö"o

9.4

q7

ôô()"o

9.6

1) )

L2 "2

:

tr .0

7"2
13.r

B"B
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while one index (RTF) is reduced relatíve to Lerna. Three

other variates conmon to both Ganj Dareh and Lerna are from

the talus. The length (XTR) at Ganj Dareh is slightly

greater while breadth (TMR) and height (HTR) indices are

slightly smaller.

Summary, Sexual Dimorphism

Comparisons of mandibul-ar and postcranial var-

iates made between the sexes fronr Ganj Dareh, Tepe Hissar

and Lerna show several important differences. These dis-

tinguish Ganj Dareh from the two Bronze Age samples. The

Ganj Dareh series is characterized by slight sexual dimor-

pñism for the majority of postcranial variates with few

significant differences. In later samples, significant

differences between the sexes were common. These significant

differences and the generally larger index values indicate

that sexual dimorphism is marked for the Bronze Age popula-

tions and is slight for Ganj Dareh Tepe. The frequency of

significant differences encountered at Tepe Hissar and Lerna

suggests that sample variances from these two sarnples are

relatively smaller, indicating a greater statistical Sepa-

ration of males and females.

Mandibular comparisons show less dramatic sexual

dimorphism for all three sites. While more sexual homo-

geneity is apparent, indices for Tepe Hissar and Lerna stil1

show relatively greater dimorphism.
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Comparisons using tSO show sexual dimorphism

to be much less than suggested by use of the t-test alone "

Relative to Lerna, indices show the sexual dimorphism at

Ganj Dareh as slight for long bone lengths and, conversely'

as marked for transverse and antero-posterior breadths.

Even in the absence of significant differences, these

variates for Ganj Dareh show greater dimorphism when sample

means are used without reference to sample distributions

(s.d.) . Therefore, indices indicate that, relative to

Lerna r f¿rhere long bones tend to be relatively longer and

more narrow, Iong bones from Ganj Dareh are shorter and

broader. While observations frorn Tepe Hissar are limited,

the same relationship is maintained, though to a lesser

degree.

Cross-Samcle Sex DifferencesÆ
The Cranial Complex

Results of t-tests
MaIes Five variates were available for males

from the three sites. These include the bicondylar breadth

(BCB), bigonía1 breadth (BGB), mandibular length (MBL) 
"

minimum ramus breadth (RBR) and syrnphyseal height (SYN).

The first three of these variates (Table 29\ show probabi-

lities calculated from negative t-scores. Only the l{BL

comparison is significant with males from Ganj Dareh

shorter Lhan those from Tepe Hissar. This variate was not

available for Lerna. The remaining probabilities are
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TABLE 29

STGNIFICANT SEXUAL DfI¡FER-trNCESA I}T

MANDIBULAIì VARIAT]1S FOIì Tb]O

POPIJLATIONS AI.]D GANJ DARL]H

rll ar¡r: tÌ'i q q: r Lerna

Dimension t d. f. P t d.f" p

IttÕrcÐ

BCB -0.948 7L <0.40 -1.252 29 <0"20

BGB -1"185 BB 0.239 -I"866 39 0"070

MBL -8"682 B0 < 0"00I** -
syN L"72g 46 <0.19 5"158 26 <0.00r**
RBR 1"634 91 <0.20 2"395 4l <0"02 *

females

BGB I"204 40 0.236 0.466 l7 0"647

RBR 2 "B7B 42 < 0.0I * 1.240 lB < 0 .20

ounderlined probabilities are estinated from Tabl-e A
(Rohlf and Sokal ,'69 ,pP.160-161) .

* P4 o.o5** p. 0.001
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calculated from positive t-scores with two from Ganj Dareh

Lerna comparisons (SYN and RBR) being significant.

Females T\¿o variates each from Tepe Hissar

and Lerna were available fol between sample female compari-

sons. The resulting t-scores were positive and the Ganj

Dareh Tepe/Tepe Hissar RBR comparison was significant

(p 1 0.01 estimated) . This shows that the female minimum

ramus breadth for Ganj Dareh is broader than that for Tepe

Hissar.

Þg!!Ê. of comparisons using Ir"

l{a Ie s Indices of sexual difference calculated

for nAndibular variates (Table 30) show males from comparative

sites to be consistently larger than Ganj Dareh males in the

following: mandibul-ar length (MBL), and bigonial and bicondy-

lar breadths (BGB and BCB). Males at Ganj Dareh are larger

in the two remainins comparisons (SYH and RBR).

Females The two available indices for females

in comparison are positÍve (Table 30) . This illustrates

that Ganj Dareh madibles tend to be slightly wider (BGB)

and l-onger (RBR) for females.

The Postcranial ComPlex

Results of t-tests

Males Postcranial comparisons for males

(Table 3I) show several significant results (p Í 0.05) -

These occur ìn femoral- and calcaneal variates from Tepe



INDICES Otr
VARIATES

-158-
TABLtr 30

S]]XUAL DIFFERENCE IN
FOR T!.JO POPULATI.OI.JS

DAR-iiH T}JPE

I{ANDIBULAR
AIJD GANJ

rTrona Iìi qq¡r
¿vYv

MAICS

Lerna

males

BCB

BGB

MBL

SYH

RBR

?5

I.B

-22 "2

8.4

d,R 2"6

??

L9 .2

8"7

A1

ln ?
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TABLE 3]

SIGI\JIFICANT SEXUAT DTI¡FERENCES II.J POSTCRANIAL
VARIATES FOR T\^JO POPULAT]ONS AND

GANJ DARXII TEPE, }4ALES

Tepe l{issar Lerna

t AT t'lr äf

I]UMERUS

RADIUS

ULNA

FE¡,lUR

1.007

L.829

0 "758

2 "302

o "2L6

0 " 320

0 .075

0 "4s3

0 "027

0 .830

1.659

0 .920

1 )6,Ã

1.751

1.660

" 
ñt'7

-3.296

3"970

-2 "252

I. ¿T)

1.192

-0.666

-2"676

n ll,

0 .364

0 .2l-6

0.097

0.115

0 .004 *

0 " 002 *

0 .00r **

0.030 *

0"234

0 "243

0"511

0.0]5*

TALUS

CALCANEUS
CXR

HXR

HRD

HDD

RXR

UXR

FRX

ARP

FMR

FTD

RTF

XTR

ÍMR

I{TR

36

JI

35

?il

34

20

30

30

t9

L7

JI

34

a^

35

29

?n

29

I9

p'
^¿-}J-

0. 05
0.001
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Hissar and Lerna in comparison rtith Ganj Dareh Tepe" Ïn

the femur, the ARP variate is significant for Tepe Hissar

(p = 0.027) and for Lerna (p = 0.004). These two t-scores

are positive. The FTD variate is positive for both sites

but, in this case, is only significant at Lerna (p 1 0.001).

FMR and. RTF probabitities at Lerna are significant and their

t-scores negative.

, The CXR variate from Lerna is derived' from a

negative t-score. The probability (p = 0.015) indicates

that the tength of the calcaneus is significantly longer

for Gani Dareh.

Females Female postcranial comparisons show

several differences occurring for the Hissar ARP (p' 0.004)

and the Lerna ARP, FMR, FTD, RTF, UXR, IXL and XTR. A few

of these significant differences are conmon to males and

females. These include Lerna ARP ' FMR, FTD and RTF from

the femur, and Hissar ARP. Most coÍlmon comparisons to

both females and males, are not significantly different'

A single variate, the maximum length of the ulna (uxR) 
'

shows a significant femafe value at Lerna (Tab1e 32) 
"

Results of comparisons using Ita

DÍfferences between the Ganj Dareh males and

females and the comparative samples of males and females

were also examined using the index of sexual difference

(I^^) (Table 33).
ÞU
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TABLB 33

INDICES OF SEXUAL DIFFERENCE IN POSTCRAN]IAL VARTATES
FOR MALES AND FEMALES FROIVI TI^iO POPULATIONS

A-T'TD GANJ DÀR.BII TEPE

Element
Tepe Hissar

males females

Lerna

males females

Humerus

HXR 4"6 6.4
HRD

HDD

Radius
RXR 11"1 9.7

UIna
uxR 4.1 5"9

Femur

FRX 5. B

ARP 20 "2 16 "9
FMR

FTD 1.5 6"1
RTF

FibuIa
IXR 1.4

TaIus
XTR

TMR

HTR

Calcaneus
CXR

Clavicl-e
xcR 2.5

6"0 B.B
?q no

5"6 3.3

8.3 9"8

7 "6 0.9

I4.2
23"0 L7.9

-15"9 -I7 "6
21.8 18.0

-l,I"I 0"8

13.0

10.4 8.8
2"6 6"4
0.7 3"7

3.4

2"6
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Males Generally, long bone indices compara-

b1e between Tepe Hissar aud are positive. Ganj Dareh Tepe

males are consistently larger in the maximum lengths of

the humerus, radius and ulna, and in the humeral width

measurements. However, some variation is encountered in

the femoral variate FTD, the diaphyseal transverse diameLer.

blhereas Hissar and Lerna variates for males tend to be

positive in their indices by similar magnitudes, the FTD

for Tepe Hissar is greatly reduced relative to the index

for Lerna. The ARP comparison for both sites illustrates

Bronze Age site similarty. In this case, both ARP indices

are very close and different from the larger Ganj Dareh

ma1es.

Females Females show some of the same trends

mentioned for the males. For the humerus, radius and ulna,

indices are positive and, in most casesn d.iffer by approxi-

mately the same magnitude as in males. In the femur, the

ARP variates from Tepe Hi ssar and Lerna differs by approxi-

mately the same magnitude (16.9 and 17.9' respectively).

The FTD variate shows a different relationship in com-

parison to Ganj Dareh compared to Lerna. Here, the Hj ssar

variate is smal-l showing Tepe Hissar females to have

markedly large femoral transverse diameters.

Summary, sexual difference

Significant differences were encountered in
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comparisons of mandibular variates for males and females.

These were not necessarily showed by both sexes from one

sìte, nor by the sane sex between sites. Male breadth mea-

surements (BCB and BGB) appear similar for all three

populations but, there were significant differences for
males in MBL, SYN and RBR comparisons.

There were also sic{nificant differences for both

sexes in femorar variates at repe Hissar and, more frequently,
at Lerna. comparisons of the upper long bone variates were

notabry not significant with the exception of the Lerna

female UXR.

Values of t and the indices for several femoral-

variates show some negative signs thaL are common to both

sexes at Lerna.

Generally, results show Ganj Dareh males to be

stight.ly larger than either comparative site in measure-

mänts of the upper limbs. This is also apparent for females.

fndices from the femur indicate rnarked divergence between

the three groups. The levels of significance and the sign

chanEes suggest that femora from both mares and females

representing ar1 three sites are very different in their
overall shape.

The Dental Complex

Results of t-tests

Student

ships between Ganj

's t-test was used to examine relation-
Dareh Tepe tooth samples and those re-
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presenting eleven other po:pulations described in Chapter

IV (Tables 2L 24) . Results of the comparisons appear in

Tabl-es 34 37 for tooth groups in both mesiodistal and

buccolingual dimensions " As before, probabilities are

shown to be significant by the addition of asterisks for
p < 0.05 and p'0"001. Discussion of these results is

limited to Ganj Dareh Natufian and Ganj Dareh Jarmo

comparisons.

To ilfustrate the relationships, exact probabi-

lities shown in Tables 34 37 are also plotted in figures

6 through 9. Natufian samples are retained for comparison

bècause their dates are similar to those from Ganj Dareh

Tepe, and because the Natufian samples represent a range

of biological variation within a geographically finite

area" Th.e Erq el Ahmar sample is treated as though it were

not Natufian. Later, it will be compared to, rather than

ihtegrated with, the larger and more certain Natufian

group.

The Jarmo sample is also retained for compari-

son with the Natufian group " For comparative purposes, it

is assumed that Jarmoites represent a population that is

biologically different from either the Natufians or the

inhabitants of Ganj Dareh Tepe. At the same time, the

location and the artifactual remains of Jarmo appear to be

similar to Gani Dareh Tepe.
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The following figures show samples positioned

according to probabilities and directional signs r:esulting

from t-test comparisons. Each figure is concerned with the

relative positions of the individual samples compared to

the position of Ganj Dareh Tepe in upper and l-ower mesio-

distal and buccolincrual dimensions.

The position of sample plots shows a general

relationship to the central axis representing Ganj Dareh

Tepe. fn addition, plots show a tendency to cluster

according to their presumed temporal, gieographical and

cuftural affinities. Samples showing statistically sig-

nificant differences are plotted to the extreme left and

right of the graph for each tooth measurement. Plots to

the left of the graph represent negative t-scores whil e

those to the extreme left are highly significant. Plots

a,g the right of the graph represent the opposite.

Maxillary mesiodistal dimensions Figure 6

illustrates plotted probabilities from comparisons of

rnaxil-lary mesiodistal dimensions. The graphs for M3-P4,

and the P3 and 11 indicate that Ganj Dareh mean tooth size

is generally Iarger than comparative sites excepting Jarmo.

The P4 plot for Jarmo was derived from a negative t-score

and is significant. Molars, for Jarmo and the Natufian

sampl-es cluster to the right of the axis and many are

significant. For the Natufian samples, this relationship
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ohtains in the premolars contrasting to the Jarrno P3'

located cl-ose to the p = 1.000 axis (p (JP3) = 0"966).

The relationships mentioned above alter for

the canine and first incisor. Probabilities for these

are rarely significant. The canine is larger for all but

Shukba where small canines are present. The LZ distribution

is sinilar to those shown by the molars and the P3. Again

Jarmo is the exception falling within the middle of the

Natufian M2 cluster.

Þlaxillary buccolingual dimensions Figure 7

illustrates the positions of plots of maxillary breadths.

with the exception of the Ir43, graphs for the molars, Pfe-

molars and the canine show plots on both sides of the axis.

Therefore, the majority of the maxillary samples express a

large range of breadth variation. Jarmo t.eeth are con-

sistently narrower than Ganj Dareh and all Natufian first

molars and lateral incisors -

The third molars and incisors show distributions

similar to those observed in the preceding figure for cheek

teeth and the first incisor. Buccolingual plots for in-

cisors show moderate ranges to the right of the axis with

no significance. M3 plots are also placed to the right but,

in this case, four Natufian samples and the Jarmo sample

are significantlY different.

Mandibular mesiodistal ditnensions Plots for 112,

C, 12 and 11 teeth are all positive (fig- 8) - The Jarmo
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values for lt3, Mlo P4 and P3 teeth are negative. In rela-

tion to the ranges for tJatufian M3, M2, P4, P3, C and Il,

plots for Jarmo indicate that teeth from this site are

relatively shorter" In three cases, (M3, P4 and P3), Jarmo

teeth are shorter than corresponding teeth from Ganj Dareh

Tepe. For Jarmo, the first molar is longer than those from

the Natufian samples, but is smaller than Ganj Dareh. The

plot for the lateral incisor from Jarmo is within the Natu-

fian range. Part this range lies close to the central

axis. It is apparent that the 12 length is the most variabl-e

of mandibular teeth.

Considering the ranges for individ.ual teeth,

the central incisor exhibits the least variabilit.y. The

plots for the Natufian lateral incisor are not significant

but the range shows the most variability. Jarmo plots

frequently approximate the position of Ganj Dareh Tepe - In

one case, the 12, the Jarmo plot is positioned within the

distribution formed b1' remaining 12 plots. The same range

al-so incorporates Gan j Dareh Tepe.

Mandibular buccolingual dimensions Figure g

shows the pJ-ots for comparisons of mandibular breadths.

Ranges for molars canine and 12 are extensive. Plots for

all Jarmo teeth, excepting M3' are on the right side of the

graph, indicating that these teeth are narrov"er relative

to Ganj Dareh. In addition, Jarmo canine and P4 plots
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are close to the axis indicatinq some similarity in size

between the two samples" Jarmo teeth are commonlv found

within the ranqe formed by the Natufian plots" only three

tooth plots frorn Jarmo are found outside the Natufian

range; l{3¡ 112 and P3. In greneral, there is no clifference

between Natuf ian and Jal:mo in the anterior dent-itions.

In contrast, only the pr:emolars fr:om Gan j

Dareh are not v¡ithin the Natufian lîanc{e. Thís range is

extended, however, by the somewhat isolated plots for

Kebara (Tl) and Nahal Oren (r'11) anrl these trvo cases may be

anomalous. ff these are excluded, then the Natufian range

for= each tooth is substantially dÍminished ancl the Ganj

Dareh teeth are no lonoer incorr:oatecl into the ranqes "

lumm?ry, odontometrj-c comp.ar.ilons

The four precedinq figures (fiqs" 6 9) show

the positions of probability plots resultino from compari-

son_s made between several Natufian samples antl Ganj Dareh

Tepe and between Jarmo and Ganj Dareh Tepe. Probabilities

are taken to reflect the similar:iJ:-ies and d-i-ffe::ences en-

countered in these compar-isons ruhether siqnificant or not"

Table 38 serves to illustrate the relative

differences between Natufian samples an<l Jarmo by examinincJ

the freguencíes of simil-arities and differences accordinq

to whether plots for a given tooth are a) sionificant, b)

not significant, c) computed from a positive t-score, or

d) computed from a neqative t-score. Four classes are shown.
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The first class is denoted by the column heading > and.

tþ. second by the heading

subdivided by the addition of an asterisk to denote two

subclasses of significant directional differences. These

are denoted by >* and <* to represent frequencies of sig-
nificantly longer or narrower teeth and conversely, si9-
nificantly shorter or broader teeth.

Table 3B shows that Natufian maxi_l_lary samples

are shorter in M3 through P3 with the incisors showing a

similar tendency. rn contrast the canine is srightly ronger

i¡ reration to Ganj Dareh. overall, mesiodistal and bucco-

linguar dimensions are significantry small-er j-n arl maxillary
teeth excepting tLre canine.

Natufian mandibular teeth show considerable

variation in both dimensions of molars and incísors.
Generally, molars appear to be significantly short while
breadths are only slighi:ly smarl. The premorars are smarr

in both rength and breadth dimensions but not significantty.
canines show some breadth variation while lengths for alr-

Natufian samples is reduced. rncisar lengths are signifi-
cantly sma]1 while breadtbs exhibit no consistent differ-
ences relative to Ganj Dareh. Both the upper and lower

canines are markedly sma1l lenqths.

It is apparent that the generally small maxiltary
arcade is due to the collectively small. sizes of molars and
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premolars in conjunction with snal,l incisors. In the man-

dible, teeth contributing to a decreased arcade are the

premolars, the canine, and, notably, the incisors. Con-

versely, upper canines and lower molars are the largest

components in their respective arcades. Frequency totals

and percentages show a marked similarity between upper and

lower frequencies in mesiodistal and buccolingual dimensions.

For the Natufian, frequencies differ by no more than two

percent for directionality, and between two and fourteen

percent for significance.

Generally, maxillary teeth from Jarmo are smaller

than either Natufian or Ganj Dareh teeth. However, the

consistently smaII molars and incisors are not significantly

different and are comparable to Ganj Dareh Tepe" fn the

mandible, consistently shorter and narrower canines and

incisors are encountered. Breadths are smaIl for premolars

and molars. Molars and premolars are generally longer

than either Gani Dareh or Natufian samples.

In comparison, Ganj Dareh is characterized by

longer and broader teeth. Relative to the Natufian Group,

many teeth are significantly larger in the maxilla and

anterior mandible. Such contrasts are much less apparent

for Jarmo. While Ganj Dareh d.entitions are generally

largern exceptions were encountered once each for the upper

canine length, and the lower molar length in which cases
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the Natufian Group was larger (column 3). No teeth were

significantly lons or broad for the Jarmo dentitions (col" 7) 
"

' Differences in the maxilla compared to the

mandible were similar for the cumulative directionalitv

exhibited by the Natufian dentition" The pattern of no

differences for Jarmo still obtains for the mandibular teeth"

Results of p.+4ysis of dçntal shape and r.oÞgstiç_ily

Mean indices describinq tooth shape and estima-

ting tooth size (robusticity) are reproduced in Table 39 for

all prehistoric samples" Values for Natufian and Jericho

samples have been taken from P. Smith ('70)" In additiono

table 39 shows mean index values toqether with maximum and

minimum values for each tooth class from Ganj Dareh Tepe.

For the individual Natufian samples, indices

were treated as representinq six discrete observations for

use in computinq a qrand mean for the Natufian Group. These

values together with associated sample parameters, n and

standard deviatíon appear in Tabl-e 40 " This composite sam-

ple constitutes a comparative base for examinations of Ganj

Dareh Tepe, the individual from Erq er Ahmar and the Jerichos.

Indices representinq these samples (fable 39)

were examined for differences using two separate criteria.

trtrren an index was greater or less than the correspondinq

Natufian Group index, it was regarded as a directional dif-

ference. Further, when an index value differed from the

Natufian index by more than two standard dor¡ì¡l-inn. it was
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regarded as significant. lihen an index is. greater and

significant, a plus sign is used, while a minus sign in-
dicates the opposite relationship.

Comparisons show that none of the non-Natufian

samples nor Erq e1 Ahmar is similar to the Natufian Group.

AIso, comparative samples are themselves dissimilar based

on frequencies for the occurrence of significantly differ-
ent directional indices (Table 41).

Robusticity Values approximating occlusal sur-

face areas differentially show directional significance for
each of the four sites. Frequencies for each site, shown

as Total Differences in Table 4I, indicate the extent to
which the sample differs from the Natufian Group. These

vary from nearly nineteen percent (18.75) for Jericho PPNB,

37.5 percent for Jericho Bronze , 44 percent for Ganj Dareh

to 50.0 percent for Erq el Ahmar. Differences for Erq el
Ahmar occur in both directions more frequently than for any

other site. This was unexpected as Erq el Ahmar has

generally been regarded as culturally and biologically
Natufian (P. Smith, '70) .

between

results

Jericho

smaller

ences.

Robusticity values in Table 4L show similarities

arcades Erq e1 Ahmar and Jericho PPNB. Contrasting

, however, are exhibit.ed by Gan j Dareh Tepe and

Bronze. The latter site is represented by I2/L6

differencesf and the formero by B/L6 larger differ-
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Figure 10 lists directional srgns for each

comparative sample. Juxtaposition of signs for occluding

teeth shows that significantly sma11 teeth are present at
Erq el Ahmar and Jericho PPNB. For significant teeth from

Ganj Dareh Tepe and Jericho Bronze, teeth demonstrate opposite

directionality. The Ganj Dareh dentition has four maxj-11ary

and four mandibular teeth (B/16) showing significantly
large robusticity values. At Jericho Bronze, significant,ly
small teeth are represented by four mandibular and eight
maxillary differences (I2/L6) .

Shape Significantly different shape indices

are also presented in fig. 10. All show some relat.ive
differences. Frequencies (Table 4f) for Jericho ppNB re-
present only 3/L6 differences while Erq el Ahmar shows the

greatest number (7 /I4) . Tn comparison to Ganj Dareh

maxillary teeth and those from the two Jericho samples,

the MI and P3 from Erq eI Ahmar both show significance.
Summary, size and shape

Robusticity Indices from Erq el Ahmar, Jericho

PPNB, Jericho Bronze and Ganj Dareh Tepe \4rere compared to
the Natufian Group. A number of significant differences

\^rere found (Tables 39-42i fig. 10) in this comparison as

well as between these four samples.

Previous researchers have recently showri

evidence for the occurrence of two different dental metric
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trends, characterized by size clecrease or increase through

time. The former was demonstrated by lrrolpoff (r71) following
¿

Dahlberg ('45), Brothwell ('63), Brace ('67) and others as

dental size reduction. This hypothesis was later supported

by Frayer ('77). The reverse was suggested by Scott ('79),

and characterized, not by a size reduction but, rather, by

an increase.

Generally, the changes observed indicate a

dental size reduction through the period delineated by the

dates for the Natufian samples and those for the Jericho

Bronze occupation (Tab1e L6, Chapter VI) . The distribution

of large and small differences (Table 42) in upper and

lower arcades indicate progressively smaller teeth in

chronologically la.ter populations " In addition, the size

of some teeth is relatively stable, characterized by the

absence of siqnificant size differences.

Teeth showing small size, relative to Natufian

and Ganj Dareh Tepe, include molars (particularly the M2),

the premolars and the incisors from both arcades. Teeih

with few or no indicators of size changes in robusticity

include the lower Ml, upper and lower canines and the

lateral incisors.

Shape fn comparison to the Natufian Group,

tooth proportions of the comparative samples alter randomly

throuqh time. Previous studies have not considered t.ooth
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shape and its utility is not fuLly understood. However, the

shape index may help discriminate between dissimilar popula-

tfons as in the case of Erq el. Ahmar. Results presented

eárlier strongly suggest that the teeth from the Erq eI

^Ahmar burial are sufficientry different from Natufian teeth
and it shoufd be considered as non-Natufian.

Assuming that the shape index discriminates
successfully, then the two Jericho samples may be compared

for evidence of biotogical affinity. comparisons show a

certain consistency in patterns of significantly different
shapes of teeth. The Jericho upper and lower M3 teeth
afe both significantry different in breadth, while the M2,

P4 and II differences are not significant (fig. l0). The

remaining differences between the Jericho sarnples are

unexpected assuming that reduction affect the arcade, rather
than specific teeth. specificalry, lengths for the rower

MÏ and P3 increased rerative to their breadths over time.

This is also the case for the upper p3 whose rength increases

from PPNB to Bronze Age" rnitiarly, this tooth is signifi-
cantly different in proportion but in the later sample,

length relatj-ve to breadth has reduced, making the shape

value insignificant. Thus, whire smarr dentar diameters

are apparent for the later sample (Tab1e 42) , significant
differences are unj-directional (fig" 10) suggesting that the

two samples may be from the same population, but from

dif ferent ti-mes "
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CHAPTER \/III

SUMMARY AND CONCLUSTON

This study has placed emphasis on a broad range

of metric and nonmetric data describing the Neolithic pop-

ulation from Ganj Dareh Tepe" Individuals comprising the

sample \^rere described according to age and sex and were char-

acterized collectively by frequencies of anomalous and path-

o1ógicaI conditions. Ir4ales and females were compared separ-

ately to sampres of similar make-up from two other populations

from later cul-turaI periods to assess morpholoqical chanqes

over time. These same samples were also compared to examine

the rel-ative differences resulting from sexual dimorphism.

Otñer comparisons \^rere made for Ganj Dareh with several

other populations usinq odontometrics and dental indices"

General summaries for each area of investiqation arrpea.r below.

The Ganj Dareh Tepe Series

Forty-nine individuals are represented in the

Ganj Dareh series " Of 28 adults, 13 males and 11 females

\,vere aged" Also present were 20 preadolescents. Provenience

was ascertained for 39 individual-s representinq B0 percent

of the skeletal series. Of these, 27 individuals or 69

percent originated from Level D.
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The series was characterized by intentional
cranial- deformation on several males, females and preadoles-

cents. Deformation was accomplished by bandages producing

an annular variant. cranial nonmetric traits \,irere tested

for significant associations by sex but no associations

were found.

Pathologies incruded mil-d hyperostosis symmetrica,

probably caused by iron deficiency anemia, on 50 percent of
the adults. No preadolescents were affected. rn the post-
cranial comprex, there was a singre case of osteomyetitis
and a single case showing both osteoarthritis and osteophytosis.

Physical- traumata were seen in a singre adult cranium and in
the humerus of a different adult. Both fractures were

healed. Dental traumata were from hypercementosis and

enamel breakage, both caused by mastication. Dentitions
were characterized by a l-ow incidence of dental caries and

a high incidence of calcurus. rsorated cases of arveorar

resorption and ante mortem tooth loss were found. one case

of enamel hypoplasia occurred in association with ante

mortem staini-nq in cervical areas.

Piorphological variations in adult dentitions
were frequently bilateral " In upper molars, the 4+ cusp

pattern occurred with greatest frequency in M3 and M2. For

the Ml, 4 and 4+ patterns occurred equally. Tritubercular
teeth were observed only in second and third mofars. In
the lower molars, M3 patterns include Y5, +4 and 4 variants
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in the same proportion. M2 patterns, in order of descend-

ing frequency, were *4 , 4 and 6 . For the first molars,

paÉterns were similar to those for the M3 with patterns of

Y5, 4 and +4. Carabellj-rs cusp was observed in forty per-

cent of second mol-ars and twenty percent of first molars.

None was observed on thircl molars and the protostylíd was

completely absent. A sinqle maxillary II was shovel-shaped.

Differences Based On Sex

Differences attributed to sexual dim.orphism tì/ere

observed for each ponulation but particularly for Ganj Dareh

and Lerna. There was an insufficient number of variates for

Teþe Hissar for intensive comparisons to be made (fiqs. 1l--12).

Comparisons of male and female variates shows

a significant amount of sexual dimorphism at both Ganj Dareh

Tepe and Lerna. However:, there are differences between these

popurations in the magnitude of individual variates as shown

byrtheir respective indices" The dimorphism between males and

females from Ganj Dareh is far less marked than dimorphism for

the Bronze Age populations. For both these sites, comparisons

for males and females were often siqnificant usinq the t-test

while only three variates from Ganj Dareh were moderatly so.

Patellar breadth appears to be a qood sex indicator with p =0.004"

Figures lt and L2 illustrate plotted index values

for individual bones with two or more compared varíates (fiq"

11) and for lengths and widths from bones examined collective-

ly accordinq to the definecl anatomical orientation of the

bone for'taking the measurement (fiq. 72). Fiqlure 11 shov¡s the
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difference ùn the humeral length to he less at Ganj Dareh

¡¡hlle breadlhs show greater dirnorphisrn. With the exception

of the RTF d.iscrepatrcy, femoral diameters differ propor-

tionately with Ganj Dareh, again, showing greater dimorphism

:Ln these breadths. In the talus, the length-breath relation-

ship noted for the humerus and femur is rer¡ersed with

greater dimorphism for Ganj Dareh occurring in the length.

In the second figure, sexual dimorphism at

Ganj Dareh is small for lengths and generally greater in

transverse and anteroposterior breaths. The corresponding

Lerna variates show the same results but with greater

and lesser magnitude, respectively, fot lengths and breadths.

Differences IndePendent of Sex

Figures 13 and L4 illustrate plots of the ISC

for male and female variates compared separately. Long

bone lengths and talar dimensions are reduced relative to

Ganj Dareh Tepe. This is cofilmon to both sexes with the only

difference being one of magnitude. There is some distinc-

tion between Hissar and Lerna in the two femoral widths.

Here trends show by both sexes are virtually identical, but

the FTD for females is, not smaller, but larger than Ganj

Dareh (fig. 14). Other comparisons are mainly between Ganj

Dareh and Lerna. As above, males and females frOm Lerna

show the same general tendencies to proportionally larger

or snaller size " These occur in humeral widths and femoral

widths¿ respectively. Therefore, snaller upper long bones
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sizes are present at the later sites. Also, the later
sites have wider lower long bones 

"

Metric Denta1 Trends

ft is generally held that during hominid

evolution, there has been an overall reduction in the size
of teeth (Oahlberg , , 45 ¡ Brothwel_l, ' 63; Brace ,' 67 i Brace

and Mahler,'7L¡ Sofaer,rTL; Wo1poffotTI; Sofaer et al .,r73ì
Frayer,uTT ì but c.f. scott,''lB). Tooth reduction appears

to have been accomplished by simprification of molar cusp

patterns with a corresponding ross of occrusal surface area

(Greene r'70np.278), and by selection for large early
developing teeth at the expense <¡f small early developing

homologues (Sofaer et aI. , , 71; Sofaer ,'73). Denta1 re-
duction appears to have been pleiotropic to some degree as

Sofaer ('73) and his co-workers ('Zt) have suggested,

Thus, tooth size diminuation occurred harmoniously rvith
jaw reduction (Sofaer,,73,p.427). Such changes in mandibular

teeth have been observed in Nubian populations by carrson
and van Gerven (r77). Jaw size diminuatj-on occurs in the
Nubians in association with repositioning of the facial
skeleton in relation tothe cranial vault. carrson and. van

Gerven ('71) suggested that size reduction has implications
for reduction in dental caries while simultaneousry reflec-
ting decreased dependency on a coarse or gritty diet and

increasing reliance on softer, more highly processed foods

(also GreeneroT0). However, despite sma-ler tooth size in



-205-

more recent samples, Brothwell (172) notes an increase

in caries incidence. This is due to the introduction and

continued use of what Greene ( I 70) calIs "cariogenic

carbohydrate-cooked foodsrt. Armelagos (r6B) acknowledged

that "teeth with complex fissure patterns and five cusps

have a higher incidence of lesions in a caries - producing

environment than simpler teeth" (greene,'70). This ob-

servation tnras also made in a later study by Anderson and

Popovich ('77).

In several studies exploring the relationship

beLween dental attrition and tooth size, P. Smith ('76¡

'77a,b) questions the hypothesis that size reduction in

the teeth operated in response to functional demands. Using

tooth samples from the Riss, Riss-Wtlrm, Wtlrm I-II and Wtlrm

III-IV, and distinguished by geographic location (the Near

East, Western and Central Europe), P. Smith attempted to

show that síze red.uction is not closely associated with a

reduction in the severity of functional stress. P. Smith's

attrition data lead her to suggest that ". . .observed re-

duction in tooth size. . "has outstripped. . .any concomitant

reduction in functional demands made on teeth (p. Smith,'76,

p"150) " " This implies that reductj-on trends observed by

other researchers are ind.ependent of, rather than the

result of masticatory function. The Nubian dietary shift

from gritty to softer foods (Car1son and van Gerven r'77)

may not, therefore, have prompted dental size reduction,



-206-

despite the reduction of functionaJ denands (Greene,r70¡

Carlson and van Gerven,rTT) 
"

P. Smithts study of functional demands examines

dentar attrition in a population relative to the average

attrition shown by the second molar (p. Smith,'76). This

tooth is used as a constanL against which other teeth in
the arcade are gauged for their degrees of attrition.
This presupposes, however, that the eruption time of this
tooth and the entire eruption sequence of any comparative

population are the same. Therefore, it should be cautioned

that conclusions based upon this technique should be ten-
tatively expressed in light of the results presented by

Carlson and van Gerven ('77), Sofaer et al. ('Zt), and

Sofaer ('73) .

In comparison to the Natufian group and the

Jericho samples, Ganj Dareh shows a minor but distinct
tendency to have larger maxillary teeth, excepting the

canine (fig. 15), and larger madibular premolars and central
incisors (fig. 16). Excepting maxillary molars and the

mandibular premolars, the modal Ganj Dareh dentition is
most similar to the Natufian dentition. This is indicated

by the j-nterrelationships of the teeth comprising each

comparative arcade. The molars and premolars mentioned

ahove are interesting because they constitute the milling
or gri-nding surface. In both upper and lower milling areas,

smaller sizes are apparent, but only differences are gieneral-
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slight and affectinc¡ in clifferent teeth. The total oc-

clusal area in the Ganj Dareh rnaxillary arcade is maintain-

ecl by Ia::qe molars (l{3,1'12 ancl l{1) ancl moclerately larqe

prernolars " f n the manriible, prer".o-la::s maíntain the larqe

millincr sur:face, .r,,rhile molar sizes are si¡¡ila.r to both

Natufian and ,Jericho samples" Even though the specific

teeth responsible for rnaintaininq a la:rge occlusal area

in maxillary and mandibular arcad,es are clifferent, a

generally laroe millincr sur:face is apparent.

Conclusions

The conclusions that malz be <lrav¡n fr:om t.his study

are as folloi,vs.

1. fn cornparison to unrelaterl later populations from

Tepe Hissar and Lerna, the population from Ganj Dareh Tepe

is char:acterizecl by an almost- complete lack of metric

sexual dim.orphism.

2. In the later populations, both sexes have short upper

limbs and different long bone shapes in comparison to Ganj

Dareh males and fem.ales. This characte::izes both Bronze Acle

oroups. \'lhile there are some differences betv¡een Tepe

llissar ancl. Lerna \{hen their respective sexes are compared,

the Cifferences shorvn by one sex are stronoJ-y palîelIeled

by the other sex from the same site. This tends to in<licate

thc ôt..lêrãt i on of sirnilar envir:onmental stresses rather than

similarities resultincr f::r:m oenetic af finitÍes.
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3. Ocì.ontometric cornoar:isons shorv Jarmo to Ìre the

most closell: related to Ganj Dareh Tepe 6f sites con-

si<lered. Hov/e\/er, similarities a.l:e rernote in many of the

comparisons involvincr c,l.entaI clianreters. The::e are even

fewer similarities I'rett¡een Gani Dareh ancl the Jericho

r.l.rrìrrl aJ- i nn q In relat'i On tO the ÌlatU€ian r¡ônìrl at'i nn -: r(rLu r(.rlr t/vl/(r!qLr\r¡r,

Ga-nj Dareh dentitions are l-east simi.l-ar" Com.narisons of

tooth shape and robusticitf indicate that canj Dar:eh Tepe

is unrelated to olloups rrom Erq el Àhnar, the ,Terichos ol:

the j\iatuf ian "

.4, AII- compar:isons j-nr¡olvincr Frcf el Ährnar and. the

Natufian population in<licate that the forrner is not relat-

eC to the l-atter. Às such, Ilrq el- Ahr"ar shoulcl not be

included as Natufian in future studies until ít has been

re-examined.

5. Con.parisons of clental inrlices frorn Jericho PPNB and
j

Jericho Rronze crroups inclicate that the later: Rronze Ase

group might have descenCed frorn, either the Jericho P.r-'}NR

group or frorn t-he earlier llatufians" If it ís assumed that

clental- size reduction \,,7as operant for these ol-oups, then

eviclence points to the Natufians as

.-Iericho l?ronze nopulation as sôme

increase in size refatir¡e to l:roth

the ancestors of the

r-he Jericho PPNB teeth

J-he nJ-her nnoulations"¡-.,t

of

çf
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89 .lCl

98.61

95.90

90, ?8

96.97

89.87

91.58

I tt ol

I l0 ,00

132.86

l0i.3B

I04.49

tt9..rB

I l5 .00

L1.3.75

I 16.4

t2) .8

llJ.9

L21 .B

I2'¿ .6

]:J I.6

r31.8

110.3

I)l.t

10.1 .0

102.4

L2A.O

llB.4

lo1 .2

I07.5

115.0

14 5 .4

r29 .4

103.8

91.0

Tì5.7

107.6

Ltl.9
t0t.4

LO4.2

ì lô Ê

I01.0

ttt.2

IO6. B

84.8

75.2

94.9

95.6

Bl .6

87.0

87.9

ì

7.9

7 .9

1.8

7.0

Áo

6.1

8.2

8.?

el

8.0

8.0

6.6

6.8
'l {i

7 ,g

6.7

6.{
7l

7q

9-J

o1

').¿
.tl

t0.5

lc.L
qn

r0.1
qn

9,7
ql

8.6

1^

B..l

10.5

r0.l
nc

8,6

aÃ

B.B

ts,2

?.8

u..r

7"0

I.J

7.4

1a

6.6

t.a

t.ó

o.l

7,0

tn
q?

8.9

a1

8.0

il.o

9t.0

90.0

84.,j

90. c

88.0

81.5

8t.0

82.îJ

oÞ - f,

17 "5

63.0

93..)

95.0

86.0

83.0

86.0

8ì.0

78.0

ëu. )

80.5

15 .5

67.lr

I ¿.)

I¿.)

68.5

(,5,0

75.0

73.0

80.5

8]- 5

95.5

91.0

84.5

86.0

85.5

t2 61017

,l 2022

62023

4IO3I

{I015

42040

r

II 22004 r,

620r5 l.

61017 L

62023 l.
)Fi-'

4t031 r.
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TÀaLE À-10--Cont inuccì

Tooth I ndividuaL
llrcadLh Robusticity Crown Ir¡(.ley
(b-r) (r,'3) \(L/B\

x I00)

Modul.e Shapc Ir;dex
( (L+B¿/2\ ( (B/L)
x I0) x].c0)

l,enç t h
( rn-d )

50037 r.

42040 I.

6204 I r.

u¿uJ.J t.

78,O2

64.8C)

66 .4 l

62.79

í6,43

6L 60

.ì13.21;

r.25.00

L23 .29

l3t.e8
124.66

125.7t

ctô

9.0

9.1

9..1

8.8

7 .3

l.J

?.0

Õõ. )

8l .0

80.5

82 ,0

79.0

oo a

80.0

8t. L

?5.8

80.2
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'l'¡rD!,E 
^-l 

I

tu\l'J DÀ'l^ ¡\:JD.tf.lt)ICIiS t'ROt4 C^NJ t;,Àiìlill ,\1i\tJr)lL(.t1,^t) t,EIìl',i^tltiti't TtiETtl

'J'()c t |t I r¡cl i vi Cu.r I
tsrc.ìC Llì l(()lrr)s: t. i ('i t t, Crorvn I lrdr_.i<

(b-l) (l,rf]) ((r,/t)l
x t00)

lç1Ðdulc 5h.ìpc frìdcx
( (L+B/ 2l | (t3/ r.l
x I0) x 100)

1,,,¡¡.¡ t lr
(m-d)

Ill l¡20ì5

. 42022

6202 3.

4l0ll

¡t2040

6Ììtl

tI8.?2

lìr.lB

l2I.B0

I06.09

I05;.04

ttt.l0

ll2.J2

t1.7.66

113.40

tl2.tl

l2t,.Bo

126.50

I ìt 1¡

L2't .6.:

L27 ,65

ltB.56

r26.56

l?6.54

I20.84

IIO.ÞJ

110.24

t 15.54

96,60

oq ?.,

1I5,00

103 .07

t 1¡. ?a

105.4',

141.96

140.42

Ì40.40

1. 14.55

rlt"08

I22.0t)

105.66

106.86

110.18

t00.00

I02.91

I00.95

)0l.tl 1

104,72

t06.71

97 .22

109.90

tl5.38

1.04,5s

t04.42

I01.60

101.60

t09.60

99.t2

I02 .7C

Iì.s.18

t05 .60

10I.92

t02.81

1t4.Il

It3.6B

115.0ù

91 .39

l00.rJ7

lt6.B4

I03.l9

99 . r6

t02 .56

98.29

97 .41

L02 -15

]0010

I t0t L

620I5

4IÙ20

42022

tI.2

l-0.9

II.6

t0.l

t0..1

t0.6
ìô o

ìt ì

tt ì

t0. 5

lI.t
tl n

tt.5
tl.8

Ll.5

ì. I.2
1I..1

lr.4
ì) -ì

t0.6

r0.9

t0. 5

10.8

ìì (

i0.t
ìt 7

]I.I

r2 .2

l.)..8

]2.0

tl..l
ìì 7

t0.6

lu.¿

I0.5

t0.3

r0, t

t0.5

I0.4

1.0.6

10. B

I0.I

t0.4

lr.0
ìt -ì

tt.1

11 r

10.4

11..3

l- r ..t

t0"6

I0.7

L0.4

t0.6

9.2

aq

t0.0

I0.7

Lr.b

ìì (¡

tì ?

1ì 7

I1..6

t0.9

109,0

I0.5.5

1t0.5

r03.0

Ì02.5

l-05.5

106.0

l0B.5

107.5

I06.5

106.0

I l-2 .0

Ì12.5

Ill.0

1t3.0

109.0

tì? q

IL¿.>

Ll2.0

tI0,0

Ì05.0

I07.5
qn q

L0l. s

I07.5

I04 ,0

tìr, q.

)03.0

120.0

IIÙ.5
ì ìa q

It6.0
I14,5

I t0. 5

94,6

)-t,o

90. 5

100.0

97.1

99.0

)6.2

95.4

Q1 Á

102.8

91.0

86.6

95.6

95.8

96.5

YO. )

).00.I

97 ,4

at ô

94.6

98.I

t00.1

87 .6

88.0

87.0

I05.9

99. I

u).b

Yõ. I

IOO. B

97 .5

I01.7

.t 02 .6

l.

I

t.
t'.

t.
r.

t.

[r7 22jti4 I.

100t0 t.

620ts t.

6tot7 t.

r.

42022 l.

62021 t.

4t031 I.

50037 I,

42040 r.

6204i t.

22004 L.

ç.r0t7 l.

I.

::.

1.

t.

t.
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Tr\¡f,û À-l I --Co!ìt irltred_

'fooLiì I¡r<ìivicìual
Lr: ng th

(m-rl )

nrrráÀr'h n^Ì\rrcf i -i l.r

(b-r) (r-.8)
(:ro!,,rì Irrdcx

( (t'/ ttl
>: 100)

v^d!tl¡ qh^ôÞ ln¡CX

((r.+3/2) ((B/1.)
.x l0) x I00)

P3 22004

t00I0

620Ì5

6l0t7

400I8

¡t1020

42022

62023

.lt03I

õ¿v¿J I -

r.

4I03t t.

4Ì035 I.

50037 l.

4?040 }.

r.

6204I l.

61rl.l r_

f¡20.1 5 ì.

6ICt7 1.

ì

42022 I.

b2o23 I .

4103I I.

42040 1.

41041 )..

62043 1..

6Il. Il r.

I3B . B8

t21,42

138.04

I¿ t -þ)

i29. B0

L23.r2

lll.14

I36.tJB

It2.tI

tL¿-¿t

127.68

rr'2,2'1

66 .40

60.04

7i.08

76.00

(,9 . t?

7t.00

66.22

60.2q

61.00

55.86

91.9ì

57 .21

60.48

64.60

69.84

61.84

7t.6I

l¿.to

<Á f I

60,06

68.ß1

61.84

0(). flll

5l . ()tt

tl-0.7t

84.29

97.48

96.52

ì0r.82

105.56

t04.,1 2

10I.72

I09.90.

]05. B3

TOI.?9

94 .50

96.l9

96.20

81 .23

8,1 .21

?'),00

79.00

aq qt

8r.10

89.29

8l, r5

90. L0

83.13

85.7

89.4I

94.67

74.23

90,48

82.80

91.t8

t05.50

98.7I

7l.l0

90.4I

fì6.'lr,

't J ,80

1I8.0

lar.)

I l7 <

113.0

llt.0

TII.O

lì.0.5

1t7.0

t06 .0

r06.0

1I3.0

.L0f¡ .0

8t.5

BB.O

o1 I

8{.0

89.5

11 I t

78.0

?o c

81.5

96 .0

76 .0

78.0

80.5

73,0

84 .5

80.0

85.0

85.0

75.0

?7 q

84.0

B0 .0

82.0

7.1 .0

(¡ô ì

l1ð.o

I02.6

103.6

98.2

94.'t
.¡q a

98.l
qì n

94 .4

98.2

I05.8

I01.8

t03.9

114.6

II8.B

L'J..'

126.6

1II,6

I22.8

II2. O

120.3

ìlt o

L20 .2

II6.6

rt r,8

I05.6

134.7

1r0.5

I20 .8

I n? a

94.A

t0t.2

t16.6

I10.5
ì 1( q

I15. 4

t7.l

t0.2

l¡.u

tì ì

ìì 2

ì1..4

1.t .8

tl.8

ìl I

10.9

11..4

i0.3

8.0

rì.2

8.0
I ','

7.9

11

7.0

't .4

9.t

b.v

7.1,

7,2

7.6

11

8.2

11

ft

1.6

't.6

(, .2

tì ,

t2.t
]t q

II. O

IO, B

tl.3

ll.6

tc. I

10. l
ì't t

t0.9

ð. J

9.4

9.6

10.0

8.6

ö.o

8.4

8.9

1.0.I

o1

8.4

8.5

9.7

8.4

q1

8.8

?ì

,.o

g.7

8.4

rl .8

8,4



-229-

TAlJl,E i\-] I--Cort t I rttrccl

Too th I trrì i v j. Ju¡ I
IìobusLicity C¡oç,:t Indc>:

(t,tU) ( (1.,/ll)
X IOO)

ç1ocìule Shapc Inclcx
( (t.+L\/2t ( (û/L\
x ]0) x i00)

Lengtlì
(rn-<l)

!l reðd t h
(l)-l)

d2040

62043

l¡1ll.l

7.8

7.8

7.0

6.8

8,0
of

ó.Õ

7.('

11

6.8

7.0

o-o

5.9

8.0

?t

aì

6.4

qe

5.7

6.1

tr.J

4.9

6,8

qc

8.0

1A

a')

62. {0

62.40

56.00

51.L2

60.00

15 .4'1

76,56

54.72

q a ? r¡

56 .2L

5': .7 6

6t.42

58. r0

55.44

Jq ?n

48.]B

34. BL

b). þu

56.09

46.15

37.t2

19.6Û

3"t .t2

40.I2

37 .62

40.87

40.12

29.B)

40,20

41.48

45.24

52. B0

50.05

47.'¿2

Jt). )ö

97 .'.¡O

9?.50

87.50

80.95

r06.67

89 . I3

I0l.l5

t05.56

I00.00

94.81

82.93

89.16

84.34

98.59

90.41

100 .00

97.'¿6

89. B7

I09.21

90.63

I0l.2l

90.63

86.76

P6.36

91.04

q8.44

80.33

ttt.67

III.48

7,1 .16

ì ?ì ?r

ItB,46

t0r.I0

105,08

?a ô

79.0

76.0

B?.0

8? .5

74.0
-1't.o

75,0

?5.0

la <

74.5

?0.5

o). )

59.0

8t .0

/).u

68.0

6r.0

61.0

6l .0

ti-J.)

62.0

64 .0

61.5

64.5

68.0

73.0

7I.0

69.0

bu. f,

ì02.6

IUI-Þ

Lt4.2

L¿J.)

91.8

98.8

94.1

I00.0

105.4

11) )

rI8.6

I06.9

t0l.4

llu.b

I00.0

102 .5

ìì | ?

qt q

It0.3

96.8

I10.3

I t< ì

115.8

t09 .8

Ì0I.6

89 .6

nq ?

114,4

ó2.>

84.4
qt Á

l.

t. 8.C

6.0

8.0

8.4

9.2

8.7

"t .7

11

a.2

8.3

8.1

11

7.1

7.3

ó.¿

?q

a.s

6'. 4

Þ.¿

6.4

6.8

6.6

6.7

6.0

6.r
?.8

6.6

6.5

6.6

5.9

I2

620Ì5 r.

{,10I7 L.

4IÛ20 I.

62023 t.

4ì03I r.

41035 t.

420.r0 L.

i6LLL3 r.

I001.0 r.

61017 l-,

4I020 .t.

62021 t.

f.

4I035 l.

4 204 0 l. .

6IIll r.

lr)0lr) ì.

620r5 I.

6I0ì7 1..

62021 I.
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TÀBI,E A-Il ---Contlnrr(]d

'tooth Inclividual
Breadth nobusticiÈi- Crown Indc;<

(b-r) (r,dD) ( (1./Ûl
x l(r0)

l.{oduIe Shaoc Index
( (L+ß/21 ( (rr/L"t
x Ì0) x l-00)

Lerìg Lh
(nr-d)

41035 l.

42040 I.

r-

34.10

11.00

39.60

40 ,26

1I2.73

I l2 .00

I t 0.00

t0B.1t0

C'.6

6.6

6,6

0.u

b.r

58.5

58.0

o).u

61.5

oÕ.,

75.8

90.9

92.4
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'l'Àlt l,l:; tJ - l

1"1.,\Li:l CRÀNIOÌ-,llilfRICtì : IqIìÀÌ',t (x), S,IÀ.iJt)r1,tìi)
DJ:ìr.rI¡1'1gir¡ (s "c1. ), f{1. NI¡{Uf{ Aijt) t.1¡it(l¡.1Uil

VÀLUElj / cÀÌ.J,1 l)Àlìui{ Ttiplì

D Íinen s io n 'ì rl mt ì^,

GOi,

XCJ3

)i l:'Lì

ST]3

oBl{

JU]]

blLl3

MAil

ÌTTlR

Hüß

I¡RC

T'RS

trIìF

i)Àc

PAS

Pl\ r

OC]C

OCS

O(JI¡

FRÌ,{

PÀ¡i

0L't(

ì I .! 11.
l.lri f¿,)

2',t l l.

| '.- .\',
\ ., !.r ,l

j

3

3

I

I

l

l

L.

?.

t

I

L

to

4

4

':¿

i

.1"

0

0

rI

i

I iiI.3

.L ¿D " /

I l.,i .0

i_:r.5 . 0

38.0

r.21..0

?_'¿ . a

65"0

.18.U

ì 00.0

Il_4.0

22.t)

58.0
'11ôrlr r.al. ci

2.1 .A

?0.0

95.t)

21 .0

r.ì8. i:

95.0

i:.5

).l

ri.J

r-88

LJl.

il_7

,1 '\

a')) -L

?o

rl lì

\-J 4

L75

I1.1

109

Qi I rll

.l I r, 1 ??
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TliBLiì Il'- I Colr L j. nrrt,.r_i

Ðinensiol'l ll x s;.d. tni.n. fiìax.

V']'B

VTL

VTG

2 iì.0 0.0 (B)

2 j.0 l.;l i; B

0-
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TABLE B_2

MALB MANDIBULAR METRICS: MEAN (i) , STANDARD
DtrVIATION (s.d.), rvtlNIltut4 AND

MAXIMUM VALUES, GANJ DARETI TEPE

Dimension s"d. mln " max.

BCB

BGB

MBL

RF]R

AVR

ARM

RBR

RCM

RCP

SYN

ANS

,)
L

¿,

¿

1

2
.)
.L

^a

A

n

5

tl_1" 5

q1 n

65

)v "u
114"3

34 "5
25 "5
J¿ " T'

24"8
83"0

7"5
6"0
8"5

4"5

11 1

r"5
t;A

2"0

104

B5

77

53

Itc) .5
3l
¿J

29

33

119

Q'7

94

64

118

41

21

LrZ

3B

90
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M,ALiÌ PoSTCRÀ1.1r.¡rr, l'1iii|R. tciì ; ì.iu.¡rlJ (r, ) , si'I'Ar,rDAIrt)
lJii\,i IÄ'f IOli ( s . cì . ) , t.Ì'lD l,jINI j\itji,t Ài.¡ì) t,1,^XI¡.lrJ¡4

VAi,llES : Crìi¡.) D^fìiìil ,f iipE

Dimens ioi': :ì rl nìIn. m¿ìx .

IJUMT]RUS

IIXL

IIXR

] I Ë,I,

IiI)R

illll!

H¡4Iì

I' l1 1:

P þii)

IIl,l)

III)R

I ICìD

ti t)D

IìADIIJS

Ri( t,

iìXR

RPL

lì1,) Ììì

RPL

MiìL

JìXC

Iì )i l)

ì?a

lî/

65.3

70.5

s7.3

60.1

.l:2 . 6

24.0

I8.7

l_

0

l_

0

2

3

3

J

2

J .t)

'i .3

8.1

6.0

t.'Ì

l.'i

l.?

2.1

6i

6t;

ii0

ii5

'), (.)

23

L6

r6

1Á

16

61

7t)

21

25

't.'l

l9

I

0

I

0

2

3

L

253

2. tt ''l

4'

40.'7

t{j

Itl .5

/l (.1

r-I

')l

itl

'1 À

lq

46

ql)

IQ



TABLE B-3 -Continued

Drn¡ens ion .t I1ìIrì. nìa:.: .

RLG

R]-,1)

ULNA

UXI,

UXR

UPL

'JPR

LirriL

UiqR

U?L

u'.1'R,

U;\P

UAR

T'IìMUR

FXI,

lÌ;{ tì

I¡OG

iloR

liTL

I.'TIì

ÀLP

ÀRI)

I''MI,

Ir i,i il.

i3.0

12.0

t

2 1Af -.t

_Ì.7

j -lt

?.5

2.8

2.5

llj.2

1.5

'l .0

'Iì t')

I

0

l

0

l

3

4

5

4

6

:¿l ()

248

.10

39.3

21..)

2t.0

2 ) .i.l

'23.'Ì

lt n

29.'l

.¿i .l

?.6

J)

lo

iI

20

') /^ì

-tL

26

')1

)1

-ìl

tl

0

0

0

0

0

0

2

.J

.l

L

2B

2B

.\A
L.,
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TABLE B-3 -Continued

Dimens ion t: ¡ì ììl l l ì lt¡G-{ .

rm^
f_ I ta

FTD

],TF

]ìTF

FDL

I¡DR

r]DL

]IDR

CCIV

CGI,'J

TtrtrÀ

IiLT

TIìT

OTL

O1'Jì

T) .lr r'-! r\-l

PTI)

,1'T'D

rrìrlra

C]'L

CTIì

l¡l iltiL^

j:íL

-I.Xìì

I
2

2

'¿

2

0

2

I

0

0

38

-l2.(r
..,) ll ô

47

4q.0

50

5.6

4.;:

:2.1

0.0

3.5

2B

2)

,21

n'1

36

27

1AL,l

l|,1-r\

q')

(j

0

0

0

0

0

0

0

0

0
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TA"BLE B-3 -Continued

Dimens ion ;nt lr

PATELLA

PXL

PX Iì

P]3L

PBR

l\f, I ò

XAX

TALUS

XTL

X']]R

.l'!1L

TI'1R

II'IL

I ]'.]' Iì

CALCÀNEUS

C]iL

(i l: iì

cl'i1.,

CrrlR

L]CL

IICR

2

'2

I

3

1l-- /\.J J . L]

/l r- r\

¡r- 1

l-'t'.5

56.0

4Ì.5

30.3

:¿1) .3

17.tt

t-)

,l{l " t)

2.4

.l ,.1

)4

j(ì

')Q

4)

l^

11 ,1

.a) . ?,

5.11

2.6

1.u

0.:l

5.6

,1.,,]

_19

43

il'¿

44

:;'t

52

_lB

39

29

).9

?ì

') 'ì

46

^'i

48

4B

62

ri l-

50

33

30

BI

'2.9

36

1

4

4

.4

4

4

:¿

t

?

1

t

I
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Dime¡rs-i-olr ,-. . Jìr " (l " iltltì,

CLAVICLE

)il,c

vE,/-

i,PC

]ìPC

a\v îUAU

CXD

0

0

0

()

0

0

'. _..- --,.'.'.--_..--. ;¡



-240-

TABLE B_4

l¡l:li.'1Àl,jì Clì^NIOI'1IìTiìl Clì : rll'li\i\j
Dllvl^]'IoN (s.d. ), :"i1.Ì! tr,ltji'l

V^LU1ìS , (l.A¡i.I n¡\lìlìll

( ;-: ) , :-;'l'^i'J t)A Iì i )
¡\ Ì'J I) I'i¡\ )( .l l'1 U Þi

'I',l,l t) j,ì

Dimens io n Inl-t] _

GOI,

XCIJ

XFi]

s'illl

ollii

JUB

NI,]]

MÀI]

PI,1II

lìlill

TIìC

trRS

Í'R.F

PÀC

rl.\)

PÀF

(]CC

OIIS

OCF

T'RK

FÀK

0CK

1.7 í., . ,j

.l li) .7

1.i4.7

103.0

tc.7

51 .0

tl.5.t)

?l ..i

'rc)..l

l.0 il . 'r

22.0

4rJ.5

.1,'t 9 . .1

)',ll) . n

i lt,.:¡

2.5

ì {) . í)

l?

t.(t

'). .'j

lt.0

l-.0

,i.0

,l .0

:Ì.1

!).1)

I.i . /l

7 .3

8.1

(-) . .i

l-1/,

ì..tI

Ll.2

i0l_

T7

4A

rl4

24

:) rl

9fl

1:;

3:1

lll
I l_9

Il.L

I il0

)- !,2

Il6

Ì{)r;

l1!,L

6?-

tl_6

32

60

L()2

?_9

50

L25

135

ì :10

tl

1

3

0

0

0

0

0

0

c

-l

3

3

')

3

.J

?.

2

3

3

')



-24t-

TABLE B-4 -Continued

Dimens ion TI ^ .-l

\¡TB

VTL

Vl-ti

J

3

l.

r¡J

6.1

l_(;"0

I C-',r,-J

0.:i

l

1

4

6
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TABLE B-5
FEIV1ALE MANDIBULAR METRICS: IvltrAN (X) , STANDARDÐEVIATION (s"d"), MINIIIUM AND ¡r15¡¡¡4g,

VALUES, GANJ DAREH TEPE

Di-mension s"d" Inl_n 
" max.

BCB

BGB

MBL

RHR

AVR

ARM

RBR

RCM

RCP

SYN

ANS

0

1

0

0

0

0

1

¿

I
U

I

94

32

27 .5
32

B4

ar
2926
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TABLE B-6

irEil;\l,I:l P OS TC iì¡\ì'J t r'i i,
DI\.i -l À'j'ION (s . rl . )

VÀLULJÍì:

,\iì:ì i'iì tr,lÍì ; 11[^ì'] 1;ì ) , Íjll'.irl,Jl)Ãiìf)
,. .¡ri'iij i,,iIÌi.ti.iLJ:,,1 jil.l) r.1i\ jj t_ llt.rì.i
(.;ÀÌl.j IlÀlìllìi 1.'li j) li

Drnrens i on ¡: /1 iÌì.ì. lì. Ilì.f )i

HU}1IÌ RUS

I{XL

IiXR

IIPL

i-t Il tì

II]VIL

iÍlvlR

PI.lL

Pf\{ll

lil.l-)

it tìi)

IJGD

IiDD

IìÀD I US

iìXI,

iìliR

iìl)1,

lìF tì

PììL,

i'l J\tJ

iì:; (;

lìl{D

308.0

?.62

3 04 . 0

258

:i'i . .1

$.5 . .¿

56 " tì

i)6 . I

20 .:i.

Lt) . ti

li¡"7

L6.l

t9.fi

19. B

6.9

7.0

5.9

'J.g

2.iì

2.2

I.6

?.()

i.rr

1.9

l.ii

2.3

2

l

2

l-

1

6

6

6

t)

7

6

1

')(ìt

290

:j0

:15

ir0

i)5

Iil

,t ij

l3

1:l

l5
j5

ti

12.

)' 2.'t)

3IB

6u

1A

61

69

2lr

'll
LJ

r-/

.1 9

i1

,{0

il

17

I

0

I

0

r',
!

5

ll

5

2 ,/',

3íi. ir

'j'J '\

I ft 
^

r .,1 .4
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TABLE B-6 -Continr-red

Dimens iorr .. ,.ì nlÌrì.

RLG

lìLt)

UI,NA

UXI,

UXiì

UPL

IJPR

UML

UMlì

U',f ].

UTR

L]AP

UAR

ITE}1UR

FXI,

FXR

i..OG

troiì

ii'TI,

F'_f R.

¡lLP

ÀlìP

10.5¡

9.fi

l-.2

0.ij

ìu t

I0.{;

r0.6

0.7

l.:)

0.9

lri

2 .1¡

0"8

'ì ')

I r'\

!l

(l

4

5

25()

26,t.0

2?.4 . it

2',2 6 . '.)

30.5

:I S.B

)9.?.

l_9. B

22 .0

250

2I7

219

J (,1

32

II

I7

\1

?-I

2..i

2S

1.2

tl

216

¿J¿

?,3 4

3t

35

20

,l 1LL

2)

23

l_

2

2

4

4

5

t1

A

l_

0

l-

0

I

0

t)

3

¡1¿]()

,i40

4 :i0

?-1.]

2R. -ì

30

_? _l
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TABLE B-6 -Continued

D-intension ,- .l )ìl I ì1 Jrìa){ .

FI'TL

FMIì

n¡tr^

F.I'I)

LTF

RTI.-

ITDL

trt) R

}iDL

lt DiÌ

C]Ci\J

CC;\{

TIB]A

'lLil

'r'l:ì'I'

O']IL

o'_t'lì

P'IG

ll'1. D

'f îtc

'iTl)

C'IL

c r'ìì

?? Q

') a) ')

:)q rì

') ,1 1\

'\^ 
^

¿'ll ì

6

3

l:

_1

5

3

4

0

J

0

.l

0

I.3

1"..1

')..)

1.0

1..:l

1.0

:¿ .5

23

;ì3

26

2.6

2?,

?-'J

ì(l

26

2l¡

3:ì

3?.

25

?-5

(!a

|t4

l

0

t-

0

.i

0

l

0

.t

U

-ìo2.ii¡a IAL,J

-,1 r,

,)Lì /

') ri

J70

'1 1
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TABLE B-6 -Continued

Dimension e-i lYì I lì max.

trIRUI,A

IXL

I)iR

P/\TT]LLA

PXL

PXR

F ]JI,

PL]R

ÀXIS

i(A)(

TALI.JS

XTL

XTIì.

1ì-'lv1L

T}1R

Ìill.L

il,f R

CALCÀNEUS

CXL

CX Ii

C,^{1,

e ¡1Ìì

I

I

350

3,1 0

.i rl

38.0

J/ "1

.l¡J. i,

:ì8..1

2 -2

3.3

?..1

'2.'i

5

lr

rj

5

35

J2

ì1-l

1A

/1 1

,4)

,,1 ì't.L

^1'ia

5

3

5

3

I

l

f:') (ì
JL.Õ

55.'i

4i ¡

40"1

:r8.3

2Ll .3

2.5

4.6

?-.()

:¿..)

'?- 
"0

49

!i3

35

38

?- lt

'26

51

5B

4Í)

4¿

j0

30

0

r.)

0

0
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TABLE i3-6 -Continued

Dimension ,: rì Ìl ì ll

lici,

lICR

ÜL,\V I C,I,Iì

)iLC

]{ RC

l,pc

JìPC

,_r v r__
LJ\\J

il ): i)

0

0

1

0

2.

t)

l.

0

!-i¡l

I.l

l(l

)çl ìl 1 (::
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