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ABSTRACT

Few skeletal series of any size have been report-
ed from the Middle Fastern Neolithic. The population from
Ganj Dareh Tepe,an Early Neolithic occupation, is comprised
of 49 individuals and forms the study group for this thesis.
A variety of descriptive and analytical techniques describe
the attributes of these individuals and the population in
comparison to other archaeological populations.

Postcranial and odontometric data are used to
examine both relative sexual dimorphism and intra-sex pop-
ulational differences. The surviving crania from Ganj 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 relatively
minor in comparison to that observed for two Bronze Age
populations., Further, Ganj Dareh adult development differs
from that observed in Bronze Ace adultswith males and females
from the former having relatively greater lona bone lengths
and widths, except in the femur. This implies that overall
body proportions may have altered between Neolithic and
Bronze Age periods as both unrelated Bronze Age popula-
tions show similar tendencies. Odontometrics indicate no re-
lationships between Ganj Dareh and any other population
examined., These last comparisons do, however, supply informa-

tion concerning four of the comparative samples. These are
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Erg el Ahmar, Jericho Pre-Pottery Neolithic B and Jericho
Bronze Age and the Natufian samples. Odontometrics compared
for these populations show that Erg el Ahmar is not bio-
logically similar to the Natufians although it has been so
considered in the past. In addition, comparisons suaggest
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

INTRODUCTION

This study is an examination of 49 individual
skeletons from Ganj Dareh Tepe, an Early Neolithic
occupation in Iran. A variety of data were 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 characterize
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 subsampleskof the
study group, and between Ganj Dareh Tepe and a range of
unassociated archaeological sites. Comparative sites with
skeletal remains represent a wide range of geographical
locations and chronology, coming from The Levant, Greece,
Iraq and Iran and dating between Mesolithic and Bronze

Age times.
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The occupation mound designated as Ganj Dareh
Tepe (P.E.L. Smith,'68) is situated in the province of
Kermanshah. The tepe lies in the Gamas-Ab River valley,
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 crews from the Université de
Montréal in 1967. This initial excavation was followed by
three full field seasons in 1969, 1971 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; and '78). These form the basis for the
brief description appearing below.

The roughly circular mound covers an area of
approximately 1300 m2 and has a maximum depth of about
eight meters. The base of the mound lies about one meter
below the present surface of the surrounding topsoil. Ex-
éavations through ca. twenty percent of the mound's volume
exposed five major horizontal, culturally distinctive
levels. These were designated, from upper to lower, Levels
A through E. Carbon samples were recovered from four of
these levels and subjected to radiocarbon dating techniques
( Kigoshi ,'67; Lawn,'70). The resulting dates, in years

B.C., are summarized by Singh ('74):
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Limits of excavation at Ganj Dareh Tepe, Kermanshah Province,

Iran.

(after P.E.L.Smith,n.d.)




Level A 6960 + 170 (Gak 994)
Level B 6938 + 98 (P  1486)
Level C 7289 + 196 (P  1485)
Level D 7018 + 100 (P  1484)

Level D (base) 8500 + 150 (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,
'78,p.539). Features included a number of "round or oval
depressions cut into virgin soil" that may have been for
the placement of tents or reed huts (Burney,'77) or, for
use as firepits (P.E.L. Smith,'74). There was no evidence
to suggest that the site had been occupied on any more than
a seasonal basis.

Deposits from Level D indicate greater permanence
together with increasing dependence upon locally available
resources. Remains from this level include chineh archi-
tecture, similar to that found at Jarmo (Burney,'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; '68). This early occurrence
of ceramics has led 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



entire Near Eastern archaeological record (Burney,'77,p.32).

Additional evidence for incipient agriculture
consists of high frequencies of blades and bladelets show-
ing edge polish or "sickle-sheen" and ground-~stone mortars
and pestles (P. E. L., Smith, '67;'68; et al.; Burney, '77).
Animal husbandry is suggested by the presence of domestica-
ted goat (Capra sp.) identified by D. Perkins and B. Hesse
(P.E.L. Smith,'72b; '74) . Frequencies varied slightly in
upper levels suggesting that a relatively stable cultural
tradition persisted through the occupation.

Burial recording forms identify 42 features.
All but four of these were discrete, with the remaining
four features containing two individuals. However, because
of in situ mixing, it is likely that features containing
more than a single individual, with one exception, were
discrete. This exception concerns three individuals
(G.D. 15, 16 and 17) recovered from a claybrick sarcophagus.

In 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, while six addition-

al individuals have been given tentative association with



the upper levels (A, B, C) using information from the
burial recording forms. The remainder are securely
associated to either Level B (three individuals), Level D
(27 individuals) or Level E (three individuals). No
skeletons were recovered from Level C.

When present, grave goods were found with
young individuals rather than adults (P. E.L. Smith,'78).
Frequently, fragments of sheep or goat crania and, some-
times, complete skulls were used. Less frequently, human
or animal figurines were included. Traces of reed matting
have been recovered with two burials, while a single young
individual from Level D was wearing an exotic olivia-shell
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 assessing 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. males and
females; preadolescents and adults).

Once separated, samples of males and females



were characterized by a variety of metric and nonmetric
data. Techniques used were selected for their utility and
applicability 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

characteristics at Ganj Dareh Tepe. Most notable is in-

tentional cranial deformation. Frequencies for the more



common anomalies and pathologies are used to compare
Ganj Dareh to published 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 Techniques", 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 séts 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 sample of a larger

Early Neolithic population. Following this, the Ganj



Dareh sample was compared 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
intra-sample metric variability. It is further anticipated
that these results will be useful for botﬁ comparative

osteology and for prehistoric interpretations.
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CHAPTER II

LABORATORY TECHNIQUES

Subsumed under the above heading are two
classes of techniques called "preliminary techniques™ and
"techniques of data collection". The first is the set of
procedures required for preparing the Ganj Dareh series
for study and include, a) cleaning; 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, techniques of data collec-
tion represent a range of more or less traditional proce-
dures, designed first for characterizing the individuals
in the skeletal series and, second} for detecting any

significant differences.
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Preliminary Techniques

Procedures for the preparation of archaelogical
human remains are outlined by Bass ('71) and Brothwell ('72).
Both of these sources were used as general guides during
the preliminary stages.

The condition of the Ganj Dareh remains ranged
from poor to good with the majority of individuals showing
variable preservation. Few bones had not suffered at least

some post 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
custoﬁs 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.l1l1).

Elements of the adult dentitions were con-
sistently well preserved, occurring both in the intact
alveolar bone or loose. Frequently, teeth from Level D
had been blackened and shattered by heat. In addition,
bones from this level showed evidence of heat exposure
ranging from slight blackening, to calcination. Shattered
teeth were rarely identifiable and in many cases, only
root fragments were recovered. Subsequently, no attempt

at measurement was made for such teeth.
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Bones and teeth from the series were cleaned
with a brush and.dental picks. Many 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. Two of these large blocks, both con-
taining the delicate thoracic elements of two differentt
individuals, were not disturbed.

Once free of removable soils, delicate fragments
and pérticularly 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 ('72), Bass ('71)

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

individual skeletons. Because there were 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 was 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 following system:

Level A, B or C

{(uncertain provenience) 1
Level B 2
Level C 3
Level D 4
Level E 5
Unknown 6

Burial forms record the recovery of six individuals from
slumped earth from the upper levels. These individuals
have been coded with the prefix "1" 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 (Acsadi and Nemeskéri,'70) were assigned to sex and
coded as male ("1") or female ("2"). When adults failed
to consistently display characteristics of either sex, or
where an adult was minimally represented, the individual
was coded as adult, sex unknown ("0").

Preadolescents, including infants and children,

were coded as "3" to indicate that sex determination was
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not possible due to the absence of the necessary criteria.
Individuals showing ambiguous sex characteristics because
of skeletal immaturity made determination of sex impossible.
Tn these cases, individuals were 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 characterize Ganj Dareh subsamples. Estima-
tions of age and sex relied on comparisons of developmental
- and morphological characters of the individual skeleton to
pre-ekisting standards developed by a number of authors.

The following techniques were used to determine
age. The results of age and sex assessment are presented
in Chapter III (Table 5). When teeth from preadolescents
were present, age was suggested on the basis of tooth
eruption standards (Schour and Massler,'4l). The the
absence of erupting teeth, age is assessed by measuring
long bones and comparing results to standards of known
age (Johnston,'62; sundick,'78). Long bones representing

older preadolescents and young adults displaying different



-15-

degrees of epiphyseal fusion were aged after the techniques
of Krogman ('73). 1In a few cases where adults were re-
presented by teeth alone, Brothwell'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.172) and endocranial

synostosis (Gray's Anatomy,'77,p.69) were also criteria

for age estimation. These estimations should be regarded
with ¢aution 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 Acsadi and Nemeskéri
(*70,pp.90-91). 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 numbered 13 through 19 because they apply to 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 Collection

Metric and nonmetric data from the adults
were collected from three complexes representing the human
skeleton. This was done partly 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"; b), "The
Postcranial Complex"; and, c), "The Dental Complex".

Metric data were collected with a variety of
standard instruments and these are described by Bass ('71),
Wolpoff ('71), Brothwell ('72) 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 éraniometrics were
taken from Howells ('73,p.l62) who offers a total of 70
possible definitions. However, not all of these were
possible as the cranium must be complete. Subsequently,

26 definitions were used and these appear in Table 1, with
corresponding biometric symbols. Some of these definitions
had been used by Martin ('26). These are noted by the

addition of Martin's corresponding numbering system.

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

and Olivier ('69). Three letter biometric designations
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TABLE 1

CRANIOMETRIC VARIATES

Dimension Martin Biometric
it L Symbol
glabello-occipital length 1 GOL
basion-~nasion length 5 BNL
maximum cranial breadth 8 XCB
maximum frontal breadth 10 XFB
bistephanic breadth 10b STB
orbital height 52 OBH
bijugal breadth 45 (1) JUB
nasal breadth 54 NLB
palate breadth 61 MA3
bifrontal breadth - rPMB
biorbital breadth 44 EKB
nasion~bregma chord 29 FRC
nasion-bregma subtense - FRS
nasion subtense fraction - FRF
bregma-lambda chord 30 PAC
bregma-lambda subtense - PAS
bregma subtense fraction - PAF
lambda-opisthion chord 31 occ
lambda-opisthion subtense - 0Cs
lambda subtense fraction - OCF
frontal arc 26 FRK

parietal arc 27 PAK
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TABLE 1 - -CONTINUED

Dimension Martin Biometric
# 1 Symbol

occipital arc 28 OCK
vault thickness @ bregma3 - VB
vault thickness @ lambdas - VTL
vault thickness @ glabella3 - VTG
1

after Martin ('26)
2

after Howells ('73)
3

Represents a non-classic estimate of vault thickness at
the appropriate landmark taken with spreading calipers.
The VIG variate is taken on the frontal bone. VIB is a
measure of the average thickness of the two parietal bones
VIG is the thickness of the ovccipital.
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TABLE 2

MANDIBULAR VARIATES

Dimension Original Biometric Symbols
Symbols a L U R
bicondylar breadth BCH BCB
bigonial breadth BGB BGB
mandibular length MBL MBL
obligue ramus height b RHL RHR
vertical ramus height RAH AVL AVR
mandigular angle MAA ANL ARM
minimum ramus breadth WREB PR L RBR
breadth of corpus @ M1-M2 P LCM RCHM
breadth of corpus @ P3-P4 b LCP RCP
symphyseal height SYH SYH
symphyseal angle b ANS

& after Howells ('73)

b Jfter Olivier ('69)
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were devised for the two variates taken from 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 Ganj
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 of
21 bones of the postcranial complex were examined (Table 4).
Definitions, with two exceptions, are from Oliver ('69).
The exceptions were taken from the patellae and served to
define the width and height. 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 lateral fac-
et forming the articular surface for the exter-
nal 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.
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TABLE 4

SUMMARY OF POSTCRANIAL VARIATES

Dimensions Left Right
HUMERUS
Maximum length HXL HXR
Physiological length HPL HPR

Perimeter on deltoid _
tuberosity HML, HMD

Perimeter distal to
deltoid tuberosity PML PMD

Maximum diameter of

diaphysis HLD HRD
Minimum diameter of
diaphysis HGD HDD
RADIUé‘
Maximum length RX L RXR
Physiological length RPL RPR
Minimum circumference PRL MRL

Maximum transverse dlameter
of diaphysis RXG RXD

Minimum transverse diametoer

of diaphysis RLG RLD

ULNA
Maximum length UXL IXR
Physiological length UrPL UPR
Minimum circumference UML UMR

Transverse diameter at inferi-
or margin of radial notch UTL UTR

Antero-posterior dliamcter UAD UAR
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TABLE 4 - -Continued

&

Dimensions Left Right
FEMUR
Maximum length PXL FXR
Oblique length FOG FOR
Trochanteric length FTL IR
Maximum antero-posterior
diameter of diaphysis ALP ARP
Subtrochanteric antero-post.
diameter of diaphysis FML FPMR
Maximum transverse diameter
of diaphysis PTG PTD
Minimum transverse diamete
‘ of diaphvsis LTF RTF
Vertical diameter of head FDL DR
Horizontal diameter of hoad HDL HDR
Breadth of lower extremity CCW CGW
TIBIA
Maximum length TLT TRT
Physiological length oL OTR
Minimum perimeter PrG PTD
Antero-posterior diametor D TTG
Transverse diametoer CIL CTR
FIBULA
Maximum length IXL IXR
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TARLE 4 -Con

Dimensions Lefc Right

PATELLA

Maximum helgh IR PN

Maximun breadth st IESSEN
AXIS

Maximum height YA
TALUS

Maximum length NTL TR

Maximum breadth TMLL THR

Maximum height WL PR
CALCANEUS

gMaximum length XL MR

Maxinum breadth LM Ui

Maximum height TSP HOR
CLAVICLE

Maximum length VO RELLS

Perimetaor LiC

Maximum lateral breadren

Biometric symbols were coded for the postcranial variates
using three letters. Right side variates are distinguished
by the letter R or the letter D, depending on whether the
code conflicted with cne of those already in use. Left side
variates were distinguished by either the letters 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
characterize 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, notably those of Dwight ('04), Parsons ('l4)
and van Gerven ('72), have shown the width of the distal
femoral extremity to be a good sex indicator. Patellar

measurements were included to examine its potential utility

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 81 maxillary teeth
and 113 mandibular teeth. These data were used to calculate
dental indices for individual teeth. These indices include
a) the product of the mesiodistal and buccolingual diameters
called, alternatively "crown area", "occlusal surface area"
(Wolpoff,'71l) or "the index of robusticity" (P. Smith,'70);
b) the proportion of length (m-d) to breadth (b-1l) expressed
as a percentage and termed, "crown index" (Wolpoff,'71l);

c) the reciprocal proportion of breadth to length, expressed
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as a percentage and called the "shape index" (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
(Wolpoff,'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 in units2 (i.e. mm2). 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 were classified on the basis
of cuép 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.157-161), the protostylid,

found in association with the mesiobuccal cusp (protoconid)

of mandibular molars (Dahlberqg,'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 (Dahlberg, '45). Tffff
Incisor teeth were examined for shovel-shape,

a continuous morphological trait generally associated

with mongoloid populatons (Hrdlidka,'20; Riesenfield,'56;
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Dahlberg,'63). Shovelling is characterized by the presence
of an elevated enamel border (cingulum) on the mesio-

and/or distolingual sides of the incisor, enclosing a "pro-
nounced hollow on the lingual surface...(Hrdlicka,'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
(Hrdlicka,'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
were examined for changes. Recognizer pathologies
included deposits of salivary calculus (Black,'20) and
abnormal deposits of cementum on tooth roots (hypercementosis)
Brothwell, '63,pp.282-283; Black,'20). Frequencies of carious
lesions were also determined. Other abnormalities such as
enamel hypoplasia (Kreshover,'60; McHenry and Schultz,'76;

Rose,; '77) were also noted.
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CHAPTER ITI

DESCRIPTION OF INDIVIDUALS

This chapter describes the 49 individuals
comprising the skeletal series from Ganj Dareh Tepe. Each
individual is discussed with respect to its representation,
preservation, and when determinable, to age and sex. 1In
cases where a preadolescent is represented by measurable

long bones, metrics usable for estimating age are recorded.

These appear in the appropriate description. Some reference

is made to the observable pathologies shown by the skeletons

while a more complete discussion is presented in Chapter IV
(Anomalies and Pathologies).

Individual descriptions are given in the order
of their discovery in the field. Table 5 shows the summary
of vital statistics using this same order. This table also
shows the list of corresponding laboratory numbers used in
the analysis of the series. These laboratory numbers sum-
marize a) provenience, b) sex, c) age, and d) the original

burial number assigned to each individual. Methods used to

determine age are noted for each individual in table and text.
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TABLE 5

BURIAL DESIGNATIONS AND LARORATORY NUMBERS:

GANJ DAREH TEPE

Burial Estimated Laboratory
Number Level Age Sex Numbers*
G.D. 1 4 15 - 36 mo.2’P - 43001
G.D. 1la 4 0 - 6 mo.” - 43101
G.D. 2 4 5% - 6% yr.P - 43002
G.D. 3 4 7 - 9 yr.2 - 43003
G.D, 4 2 18 - 23 yr.°© £ 22004
G.D. 5 1 10 - 12 yr.@ - 13005
G.D. 6+ 1 ? ? 10006
G.D. 7 2 0 - 6 mo.P - 23007
G.D. 8 1 18 - 25 yr.¢rd £ 12008
G.D. 9 1 <40 yr.9 m 11009
G.D.10 1 10 - 12 yr.2sP - 13010
G.D.11 1 30 - 40 yr.© m 11011
G.D.12 2 0 - 6 mo.P - 23012
G.D.13 6 17 - 21 yr.© £ 62013
G.D.13 6 25 - 28 yr.© m 61113
G.D.14 6 5% - 6% yr,2rP - 63014
G.D.15 6 12 - 16 yr.P £ 62015
G.D.16 6 6 - 8 yr.2rP - 63016
G.D.17 6 15 - 18 yr.r® m 61017
G.D.18 4 25 - 45 yr.© ? 40018
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TABLE 5 -Continued

G.D.19 4 ¢ 35 yr.9 m 41019
G.D.20 4 20 - 22 yr.Crf " 41020
G.Dp.21 4 <0 - 12 mo.P” - 43021
G.D.22 4 35 yr.© f 42022
G.D.23 6 23 - 25 yr.2 £ 62023
G.D.24 5 » < 20 yr.© m 51024
G.D.25 4 6 - 24 mo.2P - 43025
G.D.26 4 0 - 6 mo.> - 43026
G.D.27 4 <0 - 6 mo.? - 43027
G.D.28 4 adult © m 40028
G.D.28 4 ¢ 3 yr.? - 43128
G.D.29 4 adult © £ 42029
G.D.30 4 adult © f 42030
G.D.31 4 28 - 35 yr.© m 41031
G.D.32 4 0 - 6 mo.2 - 43032
G.D.33 4 » 18 yr.© £ 42033
G.D.34 5 adult © m 51034
G.D.35 4 30 - 35 yr.© m 41035
G.D.36 4 <15 mo.P - 43036
G.D.36 4 adult °© ? 40136
G.D.37 5 <20 yr.© m 51037
G.D.38 4 15 - 30 mo.2rP - 43038
G.D.39 4 30 - 42 mo.2P - 43039

G.D.40 4 19 - 24 yr. £ 42040
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TABLE 5 -~Continued

G.D.41 4 18 - 20 yr. ¢ m 41041
G.D.42 4 adult 9 ? 40042
Excavation
Unit 1151 6 25 - 29 yr., 9 £ 62043
6 18 - 20 yr. © ? 60044
6 infant 9 - 63045
2 Schour and Massler, '41,'44 € Brothwell, '72
b Johnston, '62: Sundick,'78 f Anderson, '69
c Krogman,'73 9 intraseries comparison
d Gray's Anatomy,'77 * unavailable for study
*

column 3 in the laboratory
numbers is reserved for
multiple individuals with
the same burial number
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43001 (G.D. 1) This burial included the remains of

two young individuals. The first is desianated by this
laboratory number (43001) and is represented by a nearly
complete postcranial skeleton evidencing exposure to heat.
Some distortion is apparent in the remains, particularly
in the lower limb elements. Postcranial remains include
seven cervical, 10 thoracic and five lumbar vertebrae,
bones of the hands and feet, both clavicles, and several
long bone fragments. The only parts of the cranial complex
include a large mandibular fragment and a small part of
the basi-cranium. One tooth is still seated in the mandible.
Age estimates were made using long bone measur-
ments (Johnston,'62; Sundick,'78). Measured bones included
left and right clavicles (63 mm,est./64 mm), and the right
radius (76 mm, est.). From these bones an estimate of 15 -
24 months (Sundick,'78, stage 3) is obtained. An additional
estimate is based on the degree of tooth eruption shown by
the dml in the mandible. A slichtly greater age estimate
is approximately three vears (Schour and Massler,'44). The
age of the individual is in the range 15 - 36 months.

43101 (G.D. la) This individual was distinguished

from the former by the presence of a nearly complete but
naturally deformed cranium with an associated basi-sphenoid.
The proximal right ulna was also present. Both elements

were present for Individual 43001. 1In this case, measurement
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was not possible., Age is estimated from the degree of de-
velopment shown by the proximal ulna in comparison to two
more complete individuals for which age could be metrically
determined. Development at the site is not as careat here

as it is for 43001 but there is more development for 42101

than for 23007 (below). Age, therefore, is estimated to
be between 6 - 15 months. Sex is not known.
43002 (G.D. 2) This unsexed individual is represented

by moderately burned fraoments of a cranium, ribs, pelvis
and long bones. Lengths of two complete long bones, a right
femur (231 mm) and a right humerus (163 mm) sugaest an age
of ca. 5% - 6% years (Sundick,'78, stacge 8).

- 43003 (G.D. 3) The majority of a severely calcined

and fragmentary skeleton represents this young unsexed indi-
vidual. Reconstruction offers the distal third of the left
humefus, 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. Two teeth were identi-
fied as the richt maxillary canine and second incisor.

Age is estimated from the degree of wear on
the identified teeth. From the times suaggested for the
respective eruption and occlusion of the canine and incisor
(Schour and Massler,'44), an age of 7 - 9 years is suggested.

22004 (G.D. 4) This young adult is represented by

several larce bone fragments and loose teeth. Several centers
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of epiphyseal fusion located on the distal humerus (left),
distal radius (right) and the femoral head (right) suggest
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 hypoplasia and deposits
of salivary calculus.

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

fragment of the left mandible with the canine still seated.
The tooth is not fully erupted and since full eruption

occurs at ace 12 years + 6 months (Schour and Massler, '44),

the individual 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

single tooth that was apparently lost since 1970, Further
information is not available.

23007 (G.D. 7) Largely complete, this individual

is either a foetus or a neonate assessed using a number of
bone measurements. These include the following: paired
left and right femora (65 mm/ 64mm); tibiae (57 mm/.58mm);
a left humerus (57 mm); a riocht radius (45 mm) and ulna

(52 mm); and a left ilium (30 mm). These results establish
an age between birth and six months (Sundick,'78, stage 1).

As these measurements are at the lower range for stage 1
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or fall below it, the burial may be foetal. Sex is indeter-
minate.

10008 (G.D. 8) This individual is represented by two

mandibular fragments, from the areas of the mandibular angles.

The left fragment incorporates condyloid and coronoid pro-
cesses and part of the corpus. The other fragment includes
a complete M3 alveolus that serves as the criterion for age
estimation. Tentatively, the degree of bone activity in-

dicates that the tooth was erupting at the time of death.

Gray's Anatomy ('77) suggests an age range for this as
18 - 25 years. Schour and Massler ('44) give an estimate
of 21 + 3 months. Because of the instability of the M3
eruption time, both of these estimates should be regarded
as tentative. Age for this individual is, therefore, more
accurate using the broader range (18 - 25 years).
Determination of sex is based on the gracile
appearance of the bones and the lack of marked muscle mark-
ings. The individual is likely a female.

11009 (G.D. 9) This individual is represented by

an isolated cranial fraoment. This fraament incorporates
a portion of the riaght parietal and temporal bones in the
area posterior to the mastoid angle. The sguamosal suture
between them is reported to fuse at about 37 years of age

(Gray's Anatomy,'77). On this basis, age is probably less

than 40 years at death. The size and rugged appearance of

of this bone is taken as the criterion for sexing. Features
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this cranial fraoment suggests that a male is represented.

13010 (G.D. 10) Represented by a fairly complete

but fragmentary skeleton, this individual is assigned an
age of 10 years + 9 months based on the eruption of the
mandibular teeth (Schour and Massler,'44). An estimated
measurement from an incomplete fibula (260 mm, est.)
suggests that the age may be hicgher at 12 - 15 years
(sSundick,'78). The final acge estimate for this individual
is given as 10 - 12 years at death.

Enamel hypoplasia is present on all intact teeth
in conjunction with unusual blue-green staininco. Further

discussion of this appears in Chapter IV.

11011 (G.D. 11) This individual is represented by
a few cranial fragments and a mandibular permanent M2. Age
is between 30 - 40 based on the degree of attrition. Deposits

of salivary calculus are present on buccal and lingual tooth
surfaces,

There is a depression fracture located on the
outer table of the posterior portion of the riaght parietal.
The inner table shows no sians of trauma. The outer table
has healed making it unlikely that the wound contributed
to this individual's death. Sex is male based on the robust
appearance of the cranial remains.

23012 (G.D. 12) A nearly complete skeleton without

the cranium or mandible represents this unsexed preadolescent.
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Age is estimated from the following osteometrics (Sundick,'78):
humeri (66 mm/ 66 mm, est.); tibiae (69 mm/ 69 mm);: fibulae
(63,5 mm/ 63.5 mm); ulnae (59 mm, est./ 59 mm); right clavicle
(43 mm); and left femur (74 mm, est.). All measurements

fall within the range for Sundick's ('78) stage 1. Age,
therefore, is between birth and 6 months.

62013 (G.D. 13) Two individuals were initially id-

entified by this burial number. The first to be considered
is a young adult represented by a portion of the cranium,
parts of the tibiae and fibulae, the proximal end of the
humerus and several unfused 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 high. Krogman ('73)
suggests that the femoral epicondyles are united to the
femur at ca. 17 years of age. Together, age is taken to

be between 18 and 21 vyears.

Sex is determined on the basis of mastoid size,
cranial shape and features and the general size and rugosity
of the postcranial elements. Individual 62013 is probably
a female,

61113 (G.D. 13) The second individual in burial 13
is distinguished by the presence of a complete mandible.
Its robustness suggests that it is from a male whose age

exceeds that estimated for the female. For the male, age
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acge 1s based on the deagree of attrition (Brothwell,'72)

and an age of ca. 25 - 30 years is suggested from the
second molars. The right M1 shows unusual wear in the form
of a mesiodistal trough along the axis and the loss of

the buccal side of the tooth. Adjacent teeth show no such
changes. The left I2 and canine have been lost and their
alveoli have been subseguently obliterated by resorption,
Both features are discussed more fully in Chapter IV,

63014 (G.D. 14) Elements of this individual include

the majority of an artificially deformed cranium, a nearly
complete mandible, several vertebrae and numerous lonag bone
and rib fragments. Age is determined using the dental
eruption shown by mandibular teeth (Schour and Massler,'41,'44)
and using osteometrics (Sundick,'78). The dental eruption
pattern corresponds to age 6 years + 9 months while bone
measurements give an age of 5% to 6% years. The following
measurements were used: right femur; lenath (215 mm), head

(24 mm) , maximum width of distal extremity (left, 46 mm, est./
richt, 46 mm). All of these measurements fall in or near
Sundick's ('78) stage 8. This concordance of age estimates
from the two separate technigues indicates their utility,
particularly in cases where remains are unsuited to using
both.

62015 (G.D. 15) This skeleton was one of three ex-

cavated from inside a mud-brick sarcophagus. Several intact
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long bones and several other fragments represent an adult,.
Reconstruction of the cranium offered an almost complete
example of an artificially deformed skull,

Sex of this individual is female based on the
general size of elements and the slight development of
muscle markings.

All teeth present are seated in the alveolar
bone of the maxilla and mandible. They are fully erupted
and show some wear. The degree of wear suggests an age
of between 17 - 15 years (Brothwell,'72,p.6%). Another
assessment of age is 12 - 16 years (Sundick,'78). Measure-
ments from several bones are presented here.
humerus ~ maximum length with epiphyses fused (290 mm/ - )

-~ maximum width of the epiphysis for capitulum (25 mm/)

radius - maximum length without epiphyses (215 mm,est./ - )
ulna - maximum length with proximal epiphysis (245 mm/ - )
femur - width of the distal epiphysis (59 mm/ - )

- maximum diameter of the head (43 mm-est./ 43 mm)

- ﬁaximum width of the greater 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 (width of the distal femoral epiphysis)
through stages 15 and 16 (radial maximum length). Consider-
ation of all of these possibilities indicates a probable

age range of 12 - 16 years.
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63016 (G.D. 16) The second individual from the

sarcophagus 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 bhoth artificially and from cground
forces. Age is determined from the degree of tooth eruption
shown by the wear on the lower riocht M1 and the occluding
upper molars. An estimate of ca. 7 years results (Schour

and Massler,'44). This estimate falls in the range of 5% -

8 years (Sundick,'78, stages 8 - 9) resulting from osteo-
metric comparisons. Measurements were as follows: left
humerus (185 mm,est.); right radius (128 mm); clavicle (90 mm,
est.);‘and ilium (78 mm, est.). An age between 6 and 8 years
is suagested for this individual,

61017 (G.D. 17) This individual is the third of the

sarcophagus burial group and is complete except for several
vertebrae and portions of the skull and pelvis. The mandible
and both maxillae are well preserved. Generally, large

and rugged musculature suggest that this is a male whose age
estimated from epiphyseal fusions (Krogman,'73) is ca. 15 -

18 years at death. Another estimate of age is based on the
degree of dental attrition (Brothwell,'72) and a comparable
age results. Several criteria are present for an age estimate
using Krogman's technigues. These include the proximal

radius, the proximal humerus and distal ulna. Fusion at the
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two proximal sites indicates an age of about 18 years of age
while Kroaman ('73) suggests an age of 19 years for the degree
of fusion shown by the distal ulna, Brothwell's ('72) tech-
nigue gives an age between 16 and 19 years from the wear on
M1l and M2 teeth., Third mandibular molars are partially er-

upted. Gray's Anatomy ('77) gives an age between 18 - 25,

The reconstructed cranium is complete except for
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).

Teeth show deposits of salivary calculus in the
anterior arcades but no other patholoagy is present.

40018 . (G.D. 18) A single rootless left molar and a

left lateral incisor were excavated from Unit 661, The molar
is likely a lower first. Both teeth show advanced attrition

and this sugaests an age of between 25 - 45 years (Brothwell,
'72). Estimation of sex was not attempted.

41019 (G.D. 19) This individual is represented by an

isolated fragment of the cranium incorporating parts of the
occipital and rioght parietal bones. The lambdoidal suture
between them is closed endocranially suggesting an age of

less than 35 years (Gray's Anatomy,'77). Both the thickness

and the ruaged appearance of the bone suggests that sex is
male.

41020 (G.D., 20) The remains of an apparently complete
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but highly fragmented skeleton represents a male individual
of ca. 20 - 22 years of age. Age is determined from the
degree of development of the left clavicle (Krogman,'73,p.34)
and the degree of fusion of the left femoral lateral epi-
condyle (Anderson,'69). Sex assessment is hased on the
robust appearance of the cranial fragments.

Several loose teeth and two still in their
alveoli represent both arcades. All teeth show advanced
attrition with the exception of the third molars from the
mandible., These show no occlusal wear. One of these from
the right side has fused roots. Hypercementosis is visible
on all exfoliated teeth. There is some variation in the
size of these deposits. A single right(?) maxillary central
incisor shows traces of a cingulum and is classed as shovel-
shaped.

43021 (G.D. 21) 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 development
and osteometric comparison (Sundick,'78). In the mandible,
undeveloped teeth include the left deciduous first and second
molars, premolar and incisors as well as the right dm2. None
of these teeth showed any sions of eruption. Measurements of

the less severely deformed postcranial elements all gave
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results smaller than Sundick's staae 1 ('78). Therefore, this
individual is likely foetal. Right side measurements are from
the tibia (57 mm,est.), fibula (54 mm), humerus (54 mm,est.),
and clavicle (33 mm,est.). A single left ulna (50 mm) and the
paired ilia (25 mm,est./27 mm) yield measurements.

42022 (G.D. 22) This older individual is represented
by cranial fragments, teeth, vertebrae, long bones and elements
of the hands and feet. A partial innominate is also present.
Sex is determined to be female from the broad sciatic notch
and the gracile morphology in areas of muscle attachment. Age
is estimated from the wear on 12 teeth and the slicht degree
of alveolar resorption in the maxilla. Generally, tooth wear
is extreme for this individual and age is 25 - 35 years
(Brothwell,'72). Because alveolar resorption is present and

the maxillary central incisor has been lost ante mortem, it

is likely that the true age is closer to the upper end of the
range. -

The maxillary first molar from this individual
shows unusual wear similar to that noted for Individual 61113
except in this case the mesiodistal trough is present on the
upper tooth. Both examples are described more fully in Chap-
ter IV,

62023 (G.D. 23) Most of the elements of this skeleton

are represented by fragments while the right femur, tibia and

fibula are absent. Several loose teeth evidence slicht wear.
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Age is determined from the degree of fusion observed at the
proximal end of the left femur. This gives an age of 23 =~
25 years (Krogman,'73). Sex from the partially preserved
face and right side of the cranium is probably female.

51024 (G.D. 24) This individual is minimally repres-

ented by small fragments of the pelvis, femora, tibiae and
the left radius and ulna. Also present are a talus and
calcaneus. The generally heavy muscle markings on the fem-
ur and fibula suggest that this is a male.

Age is sugaested to be ca. 20 years using Krogman's
technique ('73). Sites of epiphyseal fusion include the iliac
crest, the femoral head and the proximal ends of the radius
and ulna.

43025 (G.D. 25) This darkened but unburned skeleton

is nearly complete. A well preserved mandible in which teeth
are present suggests an age of ca. 1 - 2 years (Schour and
Massler, '44). An additional estimate of age is based on
measurements of the right ilium (47 mm). This represents
Sundick's stage 2 ('78) for an age of 6 - 15 months. These
two estimates suggest an age range of 6 -~ 24 months.

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

nearly complete skeleton, is severely calcined and brittle.
Long bone lengths from the femora (80 mm,est./ 80 mm,est.),
the right humerus (79 mm,est.) and ulna (63 mm,est.) suggest

an age between 0 - 6 months (Sundick,'78, stage 1l). Sex is
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indeterminate.

43027 (G.D. 27) This very young individual is also

severely calcined and fragmentary. Long bones are present
but not sufficiently complete for estimating age. 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 mandible

is much smaller than mandibles from either 43025 or 43026,
On this basis, age is estimated to be new born or foetal.

41028 (G.D. 28) This skeleton is poorly preserved

and represented by fragments of the mandible, vertebrae and
lona bones. Several teeth are still seated in the mandible

but the tooth crowns have heen lost post mortem. The rugged

appearance of the available fragments indicates the presence
of a male individual. No attempt was made to determine the
age of the individual as there were no reliabhle elemeﬁts still
intact. It is called "adult".

43128 (G.D. 28) TLabelled in the field as either G.D.

28 or G.D.T. 28/ 29, this infant is represented by several
small articulating cranial fraoments. Sex is indeterminate.
Age is ca. 3 years or less based on comparisons with other
members of the series.

©42029 (G.D. 29) This individual is incomplete and

fragmentary. Long bhones are poorly represented while the

skull and pelvis are missing. Amona the long bone fragments



-46-

are the distal end of the richt humerus, part of the tibia
and part of the right femur. Fusion of the associated epi-
physes was difficult to assess and no attempt to age can be
made. It is called "adult" and is likely a female.

42030 (G.D. 30) This is a female of advanced age.

The remains are partially burned but thev are not calcined
like several other specimens. Bones present include a por-
tion of the pelvis incorporatina the sciatic notch. From
its breadth sex is probably female. The reconstructed
cranium, minus face and dentition, also shows some female
traits. The skull 1is artificially deformed and the vault
appears to be abnormally thickened. The mandible is present
but the few remaining teeth are unidentifiable. Here an
accurate age estimate cannot be made for this "adult".

41031 (G.D. 31) With the exception of the flatten-

ed cranium, the condition of this skeleton is excellent.
The cranium is severely broken and reconstruction is 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 basis of tooth wear
(Brothwell,'72) because all epiphyses are fused. The stature
of the individual is ca. 177 cm using the formula for white
males (Trotter and Gleser,'52).

An additional feature of this skeleton is the
presence of osteophytes associated with degenerative joint

disease. This is discussed in Chapter IV,
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43032 (5.D. 32) This is a heavily calcined and frag-

mentary preadolescent individual. Several fraoments repres-
ented lona bones but no measurements can be taken as these

have been badly deformed post mortem. Roth ilia are well

preserved and measurements are possible here. These are

34 mm and 34 mm,est. and suggest an age of 0 - 6 months
(Sundick,'78, stage 1). Sex is indeterminate.
- 42033 (G.D. 33) An adult female is represented by a

number of small fragments from an incomplete skeleton. Age
is based on the degree of fusion of the proximal fibular epi-
physis (Krogman,'73). These standards suggest an age of ca.
18 years at death. Generally small bone size and mild de-
velopment of muscle markings indicate the sex.

51034 (G.D. 34) This fragmentary burial includes

a large portion of a single innominate and a distorted; but
almost complete cranium showing intentional deformation. The
narrow sciatic notch and a well developed mastoid process
indicates a male individual. No accurate age can be suggested
and the individual is called "adult".

41035 (G.D. 35) Reconstruction of this fragmented

individual results in a nearly complete craniél vault, parts
of the maxillae, a fraoment of the left mandible with seven
seated teeth and several postcranial bones with fused epi-
physes. The skull is characterized by pronounced thickening
and massivness, possibly due to anemia. The thickness may

have been exaggerated by exposure to heat (Lubell 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 shows that the wear
on the teeth from both arcades is pronounced and even. This
individual is likely between the ages of 35 - 45 years
(Brothwell,'72).

43036 (G.D. 36) This skeleton was recovered from a

matrix of fired earth. The thoracic elements (ribs and vert-
ebrae) still remain in the earth block. Elements recovered
include the right side of the mandible with several deciduous
teeth and two measurable femora (95 - 100 mm,est.). These
estimated measurements suggest an age of less than 15 months
(Sundick, '78, stage 2). The degree of tooth development
suggests a slightly younager age of ca. 6 months on the basis

of intra-series comparisons.

40136 (6.D. 36) This individual was Qriqinally as-
sociated with the above burial but is distinguishable because
several phalanges from an adult are present. The sex is

not known.

53037 (G.D. 37) Remains of this unsexed adult include

fragments from the entire skeleton. Most of these, and par-
ticularly those from the long bones are severely crushed.
The only element useful for age determination is the distal
end of the humerﬁs and associated epiphysis. Age from this
site is ca. 20 years (Kroaman,'73).

43038 (G.D. 38) This individual is represented by a
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poorly preserved, but apparently complete skeleton. Measure-
ments from several reconstructed long bones give an age bet-
ween 6 and 30 months (Sundick,'78,stacges 2 -~ 4). Measure-
ments included lengths of the paired humeri (112 mm/ 112 mm),
the left femur (150 mm) and the left ulna (98 mm). Sex is
indeterminate. The mandibular dml is fully erupted while
the first incisor is partially erupted. This suggests that
the age of this preadolescent may be closer to ace 4 years
(Schour and Massler,'44). However, since these two teeth
are the only ones present, the estimate obtained from osteo-
metrics is preferable.

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

postcranial skeleton for this individual have been badly
Acrushea‘ig_gigg. The mandible is comparatively well pre-
served and all teeth are present. This dentition is developed
to the same degree as that representing 43038 and suggests

the age of 4 years + 6 months (Schour and Massler, '44).

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

is slightly greater than those for the humeri from 43038. Adge
is estimated to be ca. 30 - 42 months (Sundick,'78, stage 5).

Sex is indeterminate.

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

skeleton and denfition of a youna female adult. Most of the
postcranial skeleton is well preserved but the skull is bad-
ly broken and flattened. The lenath of the clavicle (130 mm)

suggests an age of ca. 21 years (Sundick,'78).‘ Its
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developmental stage suggests an age of ca. 19 - 24 vyears
(Krogman,'73). The dearee of fusion of the humeral proximal
epiphyses gives an additional estimate of 18 - 20 years.

Sex is determined as female from the small
sizes of the skeletal elements and the lack of well devel-
oped muscle markings.

The dentition shows a variety of notable feat-
ures including, a) pronounced maxillary overjet (overbite),
b) tooth crowding in the anterior teeth of both arcades, c)
heavy anterior tooth involvement with calculus, particularly
in the lower arcade, d) enamel hypoplasia, and e) one loose
maxillary M3 showing hypercementosis.

41041 (G.D. 41) This individual was initially desig-

nated in the field as G.D. 4la, b and ¢ because of apparent
mixing in situ. Because fraoments from each designation
were subsequently found to articulate, all three were combined
under the single laboratory desianation. The condition of
the remains is very poor as the bone fragments are completely
calcined and delicate. Only the mandible could be removed
from the enclosing matrix and this element is used for deter-
mining age and sex. The size of this element strongly sug-
gests it to be male.

Age is determined from the wear on the right
second premolar, the only tooth still intact in the arcade.
The very slight attrition indicates an age of ca. 18 - 20

years at death. While the M3 teeth are missina, their



-51-

alveoli are sharply defined indicating that they were both
erupted when lost (Schour and Massler, '44; Brothwell,'72).

40042 (G.D. 42) This individual is identified by

a sinale tooth that was oriaginally thought to belona to
the faunal component of the recoveries. Dr. D. Perkins'
findinags are given as, "Tooth upper right premolar, Adult".
This premolar shows "medium wear" but in the ahsence of
other skeletal remains, is not useful for determinina age
or sex.

62043 (Excavation Unit 1151) This individual is the

first of three not designated by burial numbhers. Rather,
they were labelled with the provenience number 1151, In-
dividual 62043 is poorly represented by a sinale large frag-
ment of the skull., 2Age, determined from intraseries comp-
arison, is likely between 25 and 30 years. The sex is
probably female from the slight morphological development

of the cranial fragment. A small portion of the left distal
humerus is also present and may helong to this individual.

60044 (Excavation Units 1151-1150) Burial forms

indicate that this unsexed adult was recovered from‘the
two units mentioned. While several elements are available
for study, they are badly crushed and broken. Adge is
determined from the decgree of fusion of the left humeral
epicondyle as 18 ~ 20 years (Krogman,'73).

63045 (Excavation Unit 1151) The third individual

with this provenience is an unsexed infant represented by
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several small 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 (Table 6)

Anomalies

Intentional Deformation

Six individuals represented by largely complete

calvaria showed changes associated with artificial cranial
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deformation (Table 6). Two 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, characterize 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, running 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 modification (see Pathologies, Systemic
disorders) .

The third character, a vertical flattening in
the area of lambda, 1s seen in the lateral view. Expres-
sion of this feature varies from a slight concavity on
Individual 42030 to absence on Individual 51034. The area

at lambda on the skull of Individual 63014 (fig. 3) also



~56~

Fig. 2 Cranial deformation on Individual 63016, an un- an
sexed preadolescent. Elevation of the vault is
apparent in conjunction with the postcoronal
depression. (Drawn from photograph.)
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Fig. 3 Cranial deformation on Individual 63014, an un- A
sexed preadolescent. Anomalous foramina are shown
in the lower anterior part of the right parietal.
Misalignment of the parietals and the occipital is
evident in the area of lambda. (Drawn from photo-
graph.)
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appears misaligned at the juncture of the occipital and
parietals. 1In this case, the parietals seem "pulled"
towards the front of the skull 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 culturally
induced variations in shape has been attempted by a number
of authors using different typologies (Broca, 1875;
Oetteking,'30; Aichel,'33; Falkenburger,'38; Stewart,'4l;
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
must assume, the type and force of the deforming apparatus,
the age of the individual at the time of the initial attempts
to deform the skull, and the length of time the device is
worn (Falkenburger,'38; Stewart,'4l; Neumann,'4l). 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, Morton (in Falkenburger,'38,p.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) quadrangular. The four types were intended to classify
any deformation type but lacked the precision required for
classification of skulls showing mild degrees of expres-
sion or changes characteristic of other types of deforma-
tions. This typology was modified by Goss (1899; in
Falkenburger,'38) to include some of the other possible
deformation types. However, this newer classification
still could not account for variations from the modal forms.

As early as 1875, Broca (in Falkenburger,'38)
established a different typology based on the process
involved in deforming the bones, particularly the frontal
bone. Categories included deformation types called
1) siﬁple; 2) annular; 3) frontal simple; 4) frontal
tabular (flattened); and, 5) frontal elevated. 1In Broca's
opinion, process was restricted to producing two major
groups of deformation; annular and tabular. One short-
coming of this typology was its lack of incision in
defining the deformation devices. Nevertheless, this
classification has the advantage of including variations
from modal shapes.

In a recent study on Bronze Age series from
Byblos, 8zbek ('74) noted the exclusive deformation of
female crania. Two annular types variations were identi-
fied and designated as 'Byblos type a' and 'Byblos type b'.

The mechanism involved was a bandage, used singly for



-60-~

'type b', or with another bandage to cause type a.

Byblos 'type a' involves the use of two narrow
bandages, the first running from the area of bregma on both
sides of the coronal suture, parallel 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 muscle, 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 (bzbek,'74).

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. Ozbek illustrates a single depres-
sion in the occipital area, but no change on the frontal
area (0zbek,'74, fig. 5).

| Modifications to the Ganj Dareh Tepe crania were
likely caused by the 'type a' bandage pattern. Two minor
differences are, a) the positioning of the postcoronal depres-
sion, and b) the lack of change in the mandible. 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 orientation
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
through direct application of a device (0Ozbek,'74), or,
indirectly (Bj®rk and Bj®rk,'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-

dage, elevated growth was promoted because this vector was
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\\\ /
Cranial deformation on Individual 61017, an adult
male. (Drawn from photograph.) The mandible has

been added to show the probable area of bandage
attachment (bandage a). Bandage b is also shown.
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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. makes these burials contemporaneous
with those from Byblos (Meiklejohn, pers. comm.). Dates
from Ali Kosh range from 6750 - 6000 years B.C. (Hole,
Flannery and Neely,‘69,pl347). Crania with annular defor-
mations have been recovered from both Seh Gabi and Ali 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 ah unsexed individual from the same level (burial 33),
show an unspecified type of deformation. This is apparently
annular (Hole, Flannery and Neely,'69,Plate 12b). Other
burials were apparently unaffected.

Chronologically, dates from Ali Kosh, Level B2,
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. comm.; Young and Levine,'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,'67) 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,'24;
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 (Singer,'53; Brooks, '55;
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

EPIGENETIC FREQUENCIES
FROM THE CRANIUM

MALES FEMALES
Trait®
Number present aksent present absent
1 3 0 1 4
2 1 0 1 2
3 2 0 0 3
4 2 0 4 1
5 Q 5 0 1
6 1 4 0 1
7 1 4 1 1
8 0 2 0 1
9 - - 0 1
10 0 3 - -
11 - - 0 4
12 0 2 1 3
13 - -~ 2 0
14 1 0 2 2
15 0 1 0 4
17 - - 0 1
22 - - -1 0
23 - - 1 1
24 0 1 1 1
25 - - 1 2
26 1 0 2 1
27 2 0 4 1
30 - - 0 3

a
After Berry and Berry ('67)
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ment of the skull (Moss,'54; Ossenberxqg,'70; Gottlieb,'78;
El-Najjar et al.,'77), and, particularly, the development
of the sutures and intersutural (wormian) bones (El-Najjar
et'al.,'77; Gottlieb,'78). Therefore, more obvious syn-
ostotic variation 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 sagittal closure while a third case
involves the metopic suture. Individual 61017, a deformed
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 brégma 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 18 - 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 were observed from the remainder

of the series.
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The metopic suture is the forward extension

of the interparietal or sagittal suture (Gray's Anatomy,'77,

p.101). The two halves of the frontal bone are usually
fused by about six years of age (Anderson,'69) and the
suture obliterated shortly after. The metopic suture has
persisted on Individual 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 triqueta are small ir-

regular bones that interpose between the bones of the
cranium within the sutures. As the skull develops,. they
interéigitate with adjoining bones. They are found most
frequently in the lambdoidal suture. Wormians are formed
from separate centers of ossification, 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 sagittal suture and more rarely in the coronal suture.
They are not known to occur in the metopic suture. Some
of the possible variations that can occur in the lambdoid
suture when wormians are present have been illustrated by
Brothwell ('72,fig.15,p.41).

Wormian bones were present in seven of the Ganj

Dareh Tepe series (Table 6). Of the five individuals with
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well preserved lambdoidal, 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 were 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 within and
anterior to the postcoronal depression (fig. 3). The
affected area is approximately 22 mm by 12 mm. 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 were alternative pathways for venous
transmission or nerves normally found in the scalp. Further,
it is suggested that the bandage causing the postcoronal
depression was 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 any of the other crania.
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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
portion 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,'67; Carlson et al.,;'74; El-Najjar et al.,'76;
Lallo et al.'77). Structural changes occurring in the cra-
nium are caused by hyperplastic growth of the interposed
marrow reflecting increased production of red cells and red
cell precursors within the dipl&ic spaces. Marrow prolifera-

tion results in expansion of the active dipl8e and rarifica-
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tion of the outer table of the bone. 1In cases showing
complete destruction of the outer table, the underlying
dipl8&e is exposed as an irregular area of round or oval
holes joining a series of hypoplastic trabeculae represent-
ing dipl8ic proliferation. Zaino ('64) and others have
pointed out that suture lines are not involved in this
process.

While exposed dipl&e presents a gross "spongy"
appearance, radiographs reveal a "hair-on-end" pattern typi-
cal of a number of thé anemias (Steinbock,'76). In severe
cases, porotic hyperostosis implicates other parts of the
cranium and the postcranial skeleton not normally associated
with red cell production. These include the maxillae,
zygomatic bones, the greater wing of the sphenoid, the
orbital plate of the frontal bone, the sternum and the
scapulae (Angel,'67,p.379 and p.38l). Also the long bones
and ribs of young individuals may show changes consistent
with marrow expansion (Angel,'67,p.381).

Porotic hyperostosis has been accepted by some
authors as the definitive term to describe the phenomenon
of dipldic proliferation and tabular rarification in bone
(Lallo, et al.,'77). Thus, the 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, "whose lesions should all be distinguished
from generalized osteoporosis in which...rapid bone involu-
tion takes place (Armelagos,'67,p.7". Following 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 diplde 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 0ld and New World pre-
histofic populations. In the 0ld World, porotic hyper-
ostosis incidence has been primarily associated with two
of the hereditary hemolytic anemias; thalassemia (Cooley's
Anemia) (Motulsky,'60; Zaino,'64; Angel,'67); and sickle-
cell anemia (sicklemia) (Motulsky,'60; Angel,'67). Both
of these anemias are caused by the presence of abnormal
hemoglobins in the human papulation. These balanced poly-
morphisms confer an advantage to individuals who are hetero-
zygous for the trait by protecting against malarial (Plas-

modium falciparum) infection. It has been noted that the

~geographical distributions of malaria and hemoglobinopath-
ies, thalassemia and sicklemia, are very similar (Angel,'66;

Zaino,'64,fig.1l; Motulsky, '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
responsible 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 al.,'77), and
for Anasazi and Pueblo Indians from the Southwest (El-Najjar
et al.,'76; Zaino,'67). In the 01d World, dependence on
cereals contributed to low iron in both prehistoric and
historic Nubian groups (Carlson et al.,'74). The presence
of flﬁctuating 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 from, or become exacerbated by, cultural
factors including multiparity, weanling diarrhea and pro-
longed suckling, or by environmental factors such as the
parasitic infections involving hookworm and bacillary dysen-
tery (Angel,'66; Lallo et al.,'77; Carlson et al.,'74).

Authors have noted the prevalence of porotic
hyperostosis in young individuals in various populations;

from the Americas (Williams,'29; Hrdlicka,'l4; Zaino,'67;
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Hooton, '30; El-Najjar et al.,'76; Lallo et al.,'77); the
Pacific (Zaino and Zaino,'75); and, the Fastern Mediterra-
nean and the Lower Nile areas (Hrdlicka,'l4; Angel,'64,'66,
'67; Zaino,'67; Carlson et al.,'74), in association with
either hemolytic or iron deficiency anemia. Lallo 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 likely. The age class 1 to 1.9 years
is the most crucial period with respect to the likelihood
of developing the cranial lesions ('77,p.478)". 1In 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 al.,'74,
p.408).

With decreasing milk intake and more solid food,

the infant is susceptible to weanling diahrrea. This further

depletes the store of iron while preventing the infant from
absorbing the iron in the foods. Paradoxically, iron
deficiency leads to anemia while conferring some immunity

from infection ("nutritional immunity") (Weinberg,'74).



-74-~

In the presence of the hemolytic anemias, young
individuals who are homozygous for the abnormal hemoglobin
do not live to reproductive age (Angel,'66). There are no
data available to compare the frequencies of infant and
child infection due to thalassemia or sicklemia to the
prevalence of hyperostotic lesions at ages of less than ten
years. Presumably, younger individuals with thalassemia or
sicklemia in the heterozygous state would develop bone
changes in childhood, as indicated by frequencies presented
by Angel for Greece and Cyprus (Angel,'66,Table 1).

Five adult crania, four males aﬁdcme 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
lines, and on the occipitals superior to the nuchal lines.

No cases of either cribra orbitalia or severe spongy hyper-
Ostosis were observed and notably, none of the preadolescents
showed any cranial aberrations.

Zaino ('64,p.403,fig.1l) documents the modern
distribution of thalassemia showing that the polymorphism
exists in the general 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 several reasons.
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First, if any metabolic polymorphisms 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
changes at Ganj Dareh Tepe occur only in the adults, suggest-
ing that adults ingested quantities insufficient to prevent
the onset of anemia. The distribution suggésts that the
cause was a postadolescent dietary shift. As only one
female cranium shows Osteoporotic pitting, it seems un-
likely that bpregnancy or lactation is involved. Multiparity
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 16 (51034) to approximately 30 (41031 and 41035).
One individual (41028) is designated only as "adult".
Slight contrast is offered by a single unaffected male
(61017) aged between 15 and 18 years.

Another reason for suggesting that iron-
deficiency anemia caused Oosteoporotic pitting comes from
the archaeobotanical analysis from which several cereal
grains were identified (P.E.L. Smith,'78). Thisg finding
in the context of a permanent habitation site, suggests
the presence of incipient agriculture (Chapter I) and at

least some dependence upon cereals.
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Isolated Pathologies

A number of small, sharply defined irregular
lesions on the frontal, parietél and occipital bones of
Individual 42030 identify several areas of localized
infection. These are best described as osteolytic as
erosion of the outer table has exposed the underlying
dipl8e. These areas of exposed dipl8e 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 Massler,'41,'44) long 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
centra, a developmental stage more usually found between

the third and sixth year (Gray's Anatomy,'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
abnormalities 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. Two related diseases may be distinguished
in this last case.

Physical Taumata

Individual 62015, a female age ca. 20 years,
is represented by paired humeri, radii and ulnae. The radii
and ulnae are incomplete at their distal ends while the
humeri are intact. All of these bones, with the exception
of the right humerus, are gracile showing little develop-
ment in the areas of muscle attachment. 1In 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 mm (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 slightly bowed relative to
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the left.

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. 1In 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 8 mm and runs
longitudinally down the shaft. 1Its 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 ('76,pp.60-74) distinguishes two
kinds of osteomyelitis. The first is characterized by the
absence of localized trauma that would indicate skin per-
foration fracture. This is hematogenous osteomyelitis
as septic microorganisms 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
lesions, subcutaneous abcess, or furuncles. The avenue of
transmission, as implied by the term, is the circulatory
system (Steinbock,'76,p.60; Brothwell,'72,pp.134-135;
Morse, '69,pp.17-19). The circulatory system carries pus-
produéing 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 bacilli which
cause the remainder (Morse, '69,p.18; Steinbock,'76,p.61).

Osteomyelitis can also 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 the site of the insult.

In 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 growing end of the tibia. The
metaphysis is most frequently implicated in cases of
hematogenous infection. Usually, lesions caused by
direct infection are found at the site of a compound
fracture (Steinbock,'76,p.73), and no evidence for such
a'wound could be found. Second, a high percentage of
acute osteomyelitis due to direct infection is found in
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). Finally, the close proximity of
the ﬁutrient 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 Individual
41031. Osteophytes were present on the superior and
inferior central margins of L2 and L3, and on the inferior
articular processes of L2. These processes were lost from
L3. No other vertebrae from this individual were re-
covered.

Osteophytes are characteristic of two types 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. Osteocarthritis,
or degenerative joint disease (Morse,'69,p.12), identifies
degenerative changes in true synovial joints (Morse,'69:
Steinbock,'76,p.287). Osteophytosis, on the other hand,
describes similar morphological alterations at sites lack-
ing a synovial membrane (Morse,'69,p.13). 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, frequently occur
together ('69,p.13). Two lumbar vertebrae from Individual
41031‘show both of these diseases in the form of osteo-
phytes on the centra (osteophytosis) and on the articular
processes of L2 (osteoarthritis). The osteoarthritis is
bilateral but osteophytes are more developed on the left
facet. It 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. While
eburnation can occur in more serious cases of osteocarthritis
(Morse, '69,p.12), none was observed.

As both osteoarthritis and osteophytosis are

degenerative diseases, they are commonly found on older



-82-

individuals. The former occurs after age 50 and the
latter after age 30 (Steinbock,'76,p.278, p. 287). The
age of 41031 is estimated between ca. 28 and 35 years

from dental attrition (Brothwell,'72). As osteoarthritis
and osteophytosis most frequently occur in robust, well-
muscled individuals 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 relatively free from wear caused
by attrition. Heavy use of the teeth, in conjunction with
a coarse 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. Frequently, pulp exposure
results in infection and eventual tooth loss. Molars not
showing moderately distinct 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, not required for measurement, have been broken away
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and lost. This occurred when shattered teeth were only
partially reconstructed, or when helicoidal wear was
extreme.

Helicoidal wear is characterized by planed
occlusal surfaces. The angled occlusion planes bring
teeth together to form a grinding surface more efficient
than the original surface (Molnar,'71). 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 thé description 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) lists
a number of precise categories describing morphological
variability in moiar teeth. However, as very few of the 44
teeth were free from wear and cuspal modification, Turner's
categories were modified to classify teeth that had lost
precise diagnostic features. The categories are given
with their subsumed variants (Turner,'67) as follows.
Tritubercular maxillary teeth were grouped as "3" to in-

clude 3 and 3+ variants. In the mandibular molars, +5 and
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X5 patterns were grouped as "5"; Y6, +6 and X6 patterns as
"6"; and Y4 and X4 patterns as "4". Two patterns, the Y5
and +4, were retained because they could be accurately
discerned in relatively high frequencies.

This sample of 44 teeth was also examined for
primary accessory cusp formations. These included the
Carabelli tubercle found on the maxillary molars, and the
protostylid on the lower molars. Paramolar tubercles were
not encountered.

Not included in the following tables are fre-
quencies of incisal shovelling. The trait was observed
oﬂly once in a sample of 25 central incisors (41020) and
not at all in a sample of 21 lateral incisors.

Table 8 shows the incidence of molar 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 total number examined
(30) . In addition, frequencies are supplied to show the
number (fi) and percent (%i) 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 bilaterally 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 Carabelli's tubercle and the

protostylid on molars is shown in Table 9 using the same

format.
Pathologies
A variety 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 upon 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 calculus, 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,
frequencies of hypercementosis onlyvapproximate the true

frequencies observable only through the use of radiographs.
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Frequencies of the three most common dental
pathologies are presented in Table 10. Four aspects of
the examination are reported as follows:

1) fo labels the frequency of infected teeth from a
specified position in the arcade compared to the total

from this position. The corresponding percentage is given

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 individuals having in-
fected teeth, compared to the number of individuals repre-
sented by teeth. The percentage is shown as %i.
Calculus

Calculus (salivary calculus) affected teeth
from four individuals (6113,22004,61017 ana 42040). When
both antimeres were available, calculus was seen bilateral-
ly. Calculus deposits are extremely durable salivary
precipitates whose primary composition is calcium phosphate
and calcium carbonate (Black,'20,p.73). These irregular
formations are found in the area of the cervical 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 fully
hard" (Black,'20,p.74).

Deposits of salivary calculus were observed on
11.6 percent of all teeth examined (10.3 percent maxillary
and 12.6 percent mandibular) representing 44.4 percent of
individuals (maxillary %i). Generally, deposits were
concentrated in the anterior dentitions. The prevalence
of calculus on anterior teeth is unexpected as these would
be relatively easy to clean. The cheek teeth, particularly
the buccal aspect, would be more difficult to clean.

Hypercementosis

Irregular incremental formations of cementum in
the éeriapical areas of the tooth roots were observed on
the loose teeth from four individuals (2204,41020,42022 and
53037). These are deposits of avascular cementum laid down
in response to movement of the root in the alveolus (Black,
'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 (Black,'20,
p.33). Subsequent repair is made by cementoblasts from

the membrane by depositing cementum around the traumatized
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area. Deposits may obscure the root of individual teeth,
or may more extend to roots of adjacent teeth. This latter
condition requires considerable destruction of the inter-
dental alveolar bone and usually occurs in the premolar—.
molar area of the arcade.

Table 10 shows that four of seven individuals
examined had deposits of hypercementosis in both arcades.
Deposits were found most frequently in mandibular teeth,
with only sporadic infection in maxillary teeth. Lower
two~rooted mclars show between 80 and 50 percent involve-
ment (%o0; M1 and M3), while the more securely rooted
maxillary molars show no trace of hypercementosis. The
total freguency (F%) shows that 38.8 percent of loose teeth
had been traumatized to some degree.

Caries

Enamel destruction caused by cariopathic micro-
organisms was observed for two adult individuals. Indivi-
dual 61113, represented by a complete mandible, has lesions
on both third molars and on the left M2 and P3. These
lesions and another on a lower P3 from Individual 41020
were found in the occlusal sulci of the teeth and no case
of interproximal caries were observed. Examination of
deciduous teeth showed two small occlusal caries on the
dml of Individual 13010. This observation was not included

in calculation of frequencies.
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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,'75,p.137)". 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 little 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 average, at 1.7 and 2.3 percent,
respectively (P. Smith,'70, Table 16). Ganj Dareh Tepe

is comparable to the Natufian average at 2.6 percent (Table 10).
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Collectively, these sites are quite similar and show a
contrast to Tepe Hissar whose frequencies for individual
tooth groups range from 5.8 to 41.2 percent (Krogman, '38,
p.53).
Isolated Dental Pathologies

Connsidered under this heading are several
pathologies observed in low frequencies and for which com-
parative data are unavailable. These include idiosyncratic
tooth wear, enamel hypoplasia and tooth colouration.

Wear, Tooth Loss and Alveolar Resorption

As mentioned above in the section on molar cusp
morphology, advanced attrition removes the enamel from the
occluding tooth surfaces. In such cases there is progres-
sive exposure of the dentin and the pulp chamber. In itself,
this exposure of the underlying tooth structures is not
pathological but may lead to sepsis. Advanced attrition is
is common in populations whose diet includes coarse or gritty
food, sand or clay particles (Wolpoff,'71;: Scott,'79), or in
populations showing longevitv.

The normal response to dentin exposure is the
formation of secondary dentin. This acts as a buffering
tissue to seal avanues to the pulp chamber against invasion
by septic organisms, Secondary.dentin also provides an
efficient, though less durable replacement for lost enamel.

Abnormal attrition patterns were observed on

teeth from two individuals from Gan3j Dareh Tepe. Individual
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61113 shows excessive wear on the buccal sides 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 little wear on the surface. The buccal side of
this tooth is represented by a thin enamel ridge rising to
just below the original occlusal plane. A deep depression
runs parallel to the mesio-distal axis berween the intact
lingual 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 alveoli have been obliterated by subsegquent resorption.
This individual is between 25 and 28 years of age. The
second individual is between 30 and 35 years of age. 1In
this case the left central incisor has been lost and some
resorption is apparent. These were the only cases of ante
mortem tooth loss.

Enamel Hypoplasia and Banding

Enamel hypoplasia is characterized by horizon-
tally aligned pits of grooves, or both, in the sides of

teeth (McHenry and 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 (Kreshover,'60,pp.163-164). In humans,
defects occur in conjunction with rickets, scarlet fever,
rubella, varicella, rubeola and herpes zoster (Kreshover,'60,
pp.163-164; Brothwell,'72,p.152). Trauma experienced by
the foetus before or during birth might also be implicated
(Black,'20). However, El-Najjar and his coworkers ('78)
suggest that enamel hypoplasia is idiopathic and, there-
fore, not the result of, nor symptomatic of, other diseases.

Dentitions from three individuals show changes
characteristic of hypoplasia. These include a 10 year old
preadolescent (13010) and an 18 year old female (22004).
Individual (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. Molars were not affected.

All teeth from Individual 13010 with enamel
hypoplasia 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 but it may better result of a metabolic

abnormality.
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Ground and stained (Prussian Blue) transverse
thin sections were obtained from an affected premolar frag-
ment., While the original colour was removed through decal-
cification, microscpoic examination revealed numerous brown
coloured club-like projections radiating through 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 orientation as the
dentin tubules but are consisten;ly many times the diameter
suggesting that the projections are not simply the result
of tubule sclerosis. While their origin appears to be the
pulp chamber (Dr. R.J. Trott, Dr. R. Holland, pers. comns., ) ,
the cause of these projections is not yet known and this
type of tooth restructuring has not been previously reported.

One suggestion 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 hypoplasia on the same teeth. Examination of the
unerupted mandibular canine shows that both conditions are
present slightly above the cemento-enamel junction., This
indicates that the cause of each was operating simultaneously.
It is not likely that the colouration occurs as the result of

teeth being exposed to a colouring agent post mortem because

the canine is still well below the level of the alveolar bone

in which it is seated.



-97-

CHAPTER V

ANALYTICAL TECHNIQUES

Samplés 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 well 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 technigques used in these separate

analyses are discussed below by anatomical complex.

Composition of Samples

Because of the small sample sizes, the following
procedure was used to augment the number of observations.
Previous studies have shown no significant differences
between bilateral measurements (Parsons,'14' Trotter and

Gleser,'58; van Gerven,'74). This relationship 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
megsurements were excluded. When a measurement was ob-
served only for left side, it was included in the sample.
The final 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
éeparately ("unmodified summary statistics", Appendix B).
Modified statistics are shown in Tables 11 - 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 Student's t-test, or t~statistic, is a
parametric statistic designed for use with small samples
(Sokal and Rohlf,'69). The test determines a score that
estimates the probability that the samples have been drawn
from different populations. The weighted distributions of

the samples are considered by the test in deterﬁining the
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TABLE 11

MODIFIED MANDIBULAR SUMMARY STATISTICS
GANJ DAREH TEPE, MALES

Dimension n X s.d. min max
BCB 2 111.5 10.61 104 119
BGB 2 91.0 8.49 85 97
MBL 3 84.3 8.74 77 94
RHR* 2 60.5 6.36 56 65
AVR* 3 59.0 5.57 53 64
ARM* 2 114.3 5.30 111 118
REBR* 4 35.5 3.79 33 41
ROM* 4 26.0 2.00 23 27
RCP* 4 32.8 6.24 29 42
SYN | 4 34.8 2.36 33 38
ANS 5 83.0 5.70 75 90

*left side only
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TABLE 12

MODIFILED MANDIBULAR SUMMARY STATISTICS
GANJ DAREH TEPE, FEMALES

Dimension n X s.d. mnin max

BCB
BGB
MBL
RHR
AVR
ARM
RBR*
RCM
RCP* |
SYN
ANS

N H O O O OO
i
]
{
|

3]
(8]
Ut
L)
Ul
oI
A
[
[\
(o)}

o
!
|
i
I

*left side only
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TABLE 13

MODIFIED POSTCRANIAL SUMMARY STATISTICS
GANJ DAREH TEPE, MALES

Dimension n X s.d. min max
HUMERUS
HXR* 1 329 - - -
HPR* 1 324 - - -
HMR 4 69.0 9.56 61 80
PMD 4 64.3 8.69 55 75
HRD 4 23.5 3,51 20 26
HDD 4 19.0 3.16 16 23
RADIUS
RXR* 1 258 - - -
RPR¥ 1 247 - - .
PRL 4 40.3 5.06 34 46
RXD 2 15.0 4.24 12 18
RLD 2 12.0 1.41 11 13
ULNA
UXR* 1 279 - - -
UPR* 1 248 - - -
UMR 4 39.3 2.99 35 42
UTR 5 20.38 3.11 18 26
UAR 5 23.4 2.61 20 27
FEMUR
FXR 0 - - - -
FOR 0 - - - -
FTR 0 - - - -
ARP 2 31.0 4,24 28 34
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TABLE 13 —'-'C‘o‘n:i;‘in‘u‘ed

Dimension n X s.d. min max

FEMUR (Cont.)

FMR 3 27.7 4.04 24 32

FTD 2 33.0 7.07 28 38

RTF 2 24.0 4.24 21 27

FDR* 2 47.0 0.00 (47)

HDR 2 49.5 3.54 a7 52

CGW 0 - - - -
TIBIA

TRT 0 ~ - - -

OTR 0 - - - -

PTD 0 - - - -

TTD 0 - - - -

CTR 0 - - - -
PATELLA

PXR 4 41.8 3.40 39 46

PBR 4 44.8 2.50 42 48
AXIS

XAX 1 36 - - -
TALUS

XTR 6 57.5 3.89 52 62

TMR 6 43.5 4.37 38 50

HTR 6 30.0 1.55 29 33
CALCANEUS

CXR 2 77.0 5.65 73 81

CMR 2 26.0 4.24 23 29

HCR 2 39.0 7.07 34 44
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TABLE 13 —--Continued

Dimension n X s.d. min max
CLAVICLE
XRG 0 - - - -
RPC 0 - - - -
CXD 0 - - - -

*left side only
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TABLE 14

MODIFIED POSTCRANIAI, SUMMARY STATISTICS
GANJ DAREH TEPE, FEMALES

Dimension n e s.

d. min max
HUMERUS -
HXR 2 308.0 19.80 294 322
HPR 2 304.0 19,80 290 318
HMD 6 58.5 6.92 50 64
PMD 7 56.1 5.40 50 67
HRD 7 20.3 2.63 18 25
HDD 7 15.6 1.51 13 17
RADIUS
RXR* 1 233 - - -
RPR¥ 1 226 - - ~
PﬁL‘ 5 37.2 1.79 35 40
RXD 5 14.4 2.07 12 17
RLD 5 10.4 1.14 9 12
ULNA
UXR 3 258.7 15.01 250 270
UPR 3 222.7 8.15 217 232
UMR 5 32.8 2.28 3 35
UTR 5 18.4 1.14 17 20
UAR 6 20.5 2.35 17 23
FEMUR
FXR* 1 446 - - -
FOR* 1 440 - - -
FTR* 1 420 - - -
ARP 7 27.7 3.09 23 30
FMR 6 23.8 1.33 23 26
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TABLE l4-~-Continued

Dimension n X s.d. min max
FEMUR (Cont.)

FTD 5 29.4 2.70 26 33

RTF 5 24,0 1.23 22 25

FDR* 4 42.3 2.50 39 45

HDR* 3 42.3 2.89 39 44

CGW* 1 74 - - -
TIBIA*

TRT 1 370 - - -

OTR 1 367 - - -

PTD 1 33 - - -

TTD 1 25 - - -

CTR' 1 72 ~ ~ ~
FIBULA*

IXR 2 345.0 7.07 340 350
PATELLA

PXR 6 38.0 2.00 35 4]

PBR 6 39.0 2.20 35 41
AXIS

XAX 1 35 - - -
TALUS

XTR 5 52.8 3.63 49 55

TMR 5 41 .4 4.62 35 48

HTR 5 27.8 2.28 25 3
CLAVICLE

XRC* 1 134 - -

RPC* 2 33.0 2.83 31 35

CXD* 1 19 - ~ -

*left side only
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t score. The smallexr the value of "t", the more likely
that the samples represent the same population.

It is conventional to accept a probability of
0.05 or less as a critical level for rejection of the null
hypothesis. The p < 0.05 level is used for all comparisons
involving the t-test and mandibular and postcranial variates.

Two formulae for calculation of t~scoreé are
shown in Table 15. Formula 1 is used when the number of
observations in neither sample is less than two UH_EJE > 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

1 Student's t-Test: comparison of two samples with
known distributions indicated by variance (¢?).

a.e) © —
{n -1)0‘2 + (n »-l)(r‘2 n, + n
1 1 2 2 1 2
\ (nl 4 n2) ~2 n, xn,
2 t-Test variant: comparison of a single observation
with a sample with known distribution.
Y - Observation,
sample i

e

‘sample

3 ISD : Index of Sexual Dimorphism,.

I.. = ((x / X

SD male Xfemale) x 100) - 100.
4 ISC : Index of Sexual Difference.
ISC = sexy / Xsame sex?) x 100) - 100.

Ut

FPormula for determining s.d. from the SEM:
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results in a value for "the Index of Sexual Dimorphism"

(

ISD)’ a measure of the difference between male and female
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 ISD is 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 differs from the
t-test in several ways. Results are not affected by sample
sizes, nor is sample variation considered. 1In addition,
the éroblems associated with Type 1 and Type 2 errors and
levels 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 precludes making a number 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 from Tepe Hissar and Lerna.
The Index of Sexual Difference (ISC) is used for this
purpose. The ISC differs from the ISD because here com-

parisons are made between the same sex, represented by male

and female samples, and between different sites. Calculation

of the ISC guantifies metric differences (or similarities)
that may be the result of cultural and/or environmental
influences experienced by the various populations under
study (Brues,'59; Stini,'71).

The Index of Sexual Difference is a non-classic
measure 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 I com-

sD’
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 smaller mean

for Ganj Dareh Tepe. A positive result indicates the

opposite relationship.

The Dental Complex

Distributions of p
Samples of teeth from Ganj Dareh are compared

to samples reported by P. Smith ('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, all 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 app;opriate 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 ('71) for the
index of shape. The index of robusticity (P.Smith,'70) 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 area' ('71l). These index values are
presented in Appendix A (Tables A-10 and A-11).

Because raw data for Smith's 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 sample from
Erg el Ahmar. This last sample is excluded in calculation
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 they
?ost—date the Natufian and are culturally different. Also,
the skeletal 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 calculation of indices for Jarmo are unavaila-
ble.

In this analysis, differences are suggested when
a comparative index is larger 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 should be expec-~

ted.
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CHAPTER VI

COMPARATIVE SAMPLES

Data describing the three anatomical complexes
were taken from several sources dealing with different
skeletal samples. With the exception of a modern 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, séveral major changes occurrgd in the
Near East in technology (Braidwood,'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-Wlrm times to ca. 8500 - 8000 B.C.

(Braidwood, '58; Wright,'76), to an economy based on plant

(Harlan,'75) and animal (Protsch and Berger,'73) domesticates.

Lithic technology was replaced by metallurgy and invention
of pottery.

In the selection of comparative samples, pre-
ferenée 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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TABLE 16

MATERIAL STUDIED

YEARS REGION¥
B.C.
Iran Iraq Israel Greece New World
Chicago 2
o - (modern)
2000~ 500 Lerna °
Tepe 4 Jericho 1
4000-2000 Hissar Bronze
€000-4000
Ganj Jarmo 2 Jericho 1
8500~-6000 Dareh .PPNB
Tepe
. - . 1,2
10,000-8000 Natufian
sites (8)
1 Smith, P. ('70) *modified after P.Smith ('70)
2  Dahlberg ('60)
3 Angel ('71)
4 Krogman ('40)
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PARATIVE TES
I Ganj Dareh Tepe 4 Jarmo 6 HNatufian Sites
El Wad
2 Tepe Hissar 5 Jexdicho Eynan
PPNB Kebara
3 Lermna Bronze Erq el Ahmar
Shukba
HaYonim

Nahal Oren
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work involve between-~sex comparison, information concerning
age and sex estimates was necessary. Zawi Chemi Shanidar
was excluded because these data were not supplied (Ferem-
bach,'70). Finally, it was desirable to use sources when
some data manipulation 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 were sometimes not directly 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 crénia from the Near East (Finkel,'76) and Greece (Angel,
'71 on Lerna), there are no studies concerning artificially
deformed specimens. Ganj Dareh craniometrics are reported
in appendices. The mandible represents the cranial 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.

Sites With Cranial and Postcranial Data

Bronze Age Samples

Tepe Hissar, Iran

Tepe Hissar is located near Damghan, north-
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eastern Iran, near the south shorxe of the Caspian Sea. The
extensive Iranian Central Plateau impedes contact with the
east, while strong western influences, characterized by
stylistic changes in pottery at the beginning of the Hissar
II Level, are apparent (Bray and Trump,'75,p.104).

Three periods have been identified from Tepe
Hissar by Schmidt ('37,p.320; in Krogman,'40a,p.6; Dyson,

'72,p.312), as follows:

Hissar I - ca. 4000 B.C. to ca. 3000 B.C.
Hissar IT - ca. 3000 B.C. to ca. 2600 B.cC.

Hissar III - ca. 2600 B.C. to ca. 2000 B.C.

Burney ('77,p.l49) suggests that Hissar IIT
began with an invasion that came from the area of the
Turkoman Steppe. This change of cultural influence is
markéd by sudden replacement of the previous pottery by
Gurgan grey-ware. Schmidt recovered skeletal remains re-
presenting in excess of 1600 individuals from these three
cultural periods. However, Nowell ('78,p.271) points out
that fewer than 250 individuals comprised the sample used
by Krogman ('40a,b,c). Nowell ('78) suggests that Schmidt's
excavation techniques were inadequate as many skeletons
were surface finds and the remainder, found below the ground
surface, were excavated without sufficient control.

Krogman ('40a) provides mandibular and post-
cranial 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,



-117~

by sex, are presented in Tables 17 - 18 for the mandible
and Tables 19 - 20 for the postcranial complex.

Lerna, 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,'71). The majority of human remains from Lerna
date to the Middle Bronze Age (ca. 2000 B.C. and 1600 B.C.)
(Angel,'71). This subsample is comprised of 65 adults
representing 39 males and 26 females. These results were
supplied as raw data (Angel,'7l, Tables 14 - 15). Data
from the right side were used to calculate summary statis-
tics(by sex for comparisons with Ganj Dareh. Sample para-

meters are reported in Tables 17 throuch 20 for both sexes.

Sites With Dental Data

Measurements for comparative samples are sup-
plied by (Dahlberg,'60) and P. Smith ('70). Twelve samples
were used including 11 from archaeological sites dating
between 10,000 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
distributed over a large geographical area whose past
environment and resources were similar. Vegetation inclu-

ded large stands of potential domesticates, particularly
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barley (Hordeum sp.) (van Zeist,'67; Harlan and Zohary, '66;
Wright,'66). Animals included goats and sheep. The palaeo-
climatic evidence suggests that the cool, moist conditions
in the Levant and southern Iran persisted from 20,000 B.C.
onwards (Butzer,'75,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 include frequencies,
means and standard deviations for mesiodistal and bucco-
lingual measurements. Mean values for size and shape
indices were also provided (P. Smith,'70, Table 8). The
raw data, however, were not available.

Dahlberg ('60, Table 1) provides data for
mesioaistal 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 (SEM) are supplied. This statistic was not provided
for the Jarmo sample.

P. Smith ('70) reports data frbm 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 ('60) with Ganj Dareh
statistics.

The samples of teeth, representing archaeologi-
cal populations, are discussed below with reference to the

characteristics of their individual cultural contexts.



-126-

Each comparative sample is designated by an alphabetical
symbol that serves as an abbreviation of the site name in
some subsequent figures and tables.

Epipalaeolithic Samples

Natufian Sites

A total of eight epipalaeolithic sites yielded
dentitions suitable for examinations by P. Smith ('70) and
Dahlberg ('60). Seven of these were reported by the former
and include the following: El Wad or Mugharet el Wad (W);
Shukba (S); Kebara (K); Eynan (E); Nahal Oren (0); Erqg el
Ahmar (A); and, HaYonim (H). [One further sample, from an
dnspecified site, is termed "Natufian" by Dahlberg ('60).]

Representing a common culture, the Natufian
sites contained artifacts indicative of a subsistence base
dependent upon a broad spectrum of resources (Braidwood,'58;
Butzer,'71; Cohen,'77). Sickle blades have been reported
from all sites while mortars and pestles were absent only
from Shukba. The presence of these artifacts strongly
suggests that plant processing was performed at these sites.

There is no evidence to show that plants were
domesticated by the Natufian (Harlan,'75; 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 used for cereal
harvesting, other artifacts such as mortars, pestles and,

particulary, subsurface pits and bins have received some
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attention outside the context of plants and plant domestica-~
tion (Braidwood, ‘'69; Butzer,'71l; Binford, '68; Cohen,'77).
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 fishﬁooks from
Nahal Oren, Kebara, El Wad, Erg el Ahmar and Eynan (Ain
Mallaha) (P. Smith,'70; Burney,'77; Cohen,'77; also 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,'71l; Cohen,'77). However,
despite this diversification, species are generally believed
to be wild rather than domesticated. It should be noted
‘that this opinion is held in spite of the recovery of wheat
from Nahal Oren (Noy et al.,'73) showing morphological
changes from the wild type (Cohen,'77,p.135).

Aceramic Neolithic Samples

Jericho PPNB

Sites with assemblages characteristic of a
food~producing economy in the absence of a ceramic tradition

fall under the above classification. In the Levant, several
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levels at Jericho and Beida are Pre-Pottery or Aceramic
Neolithic on this basis (Burney,'77; Cohen,'77). These
aceramic levels date between ca. 9000 and 6000 B.C. (Burney,
'77; Cohen,'77,pp.139-140), and are roughly contemporaneous
with the occupation at Ganj Dareh Tepe.

Two levels at Jericho are designated as PPNA and
PPNB, signifying 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-plans, brick construction
and low frequencies of stone projectile points and blades.
During the 7th millenium B.C., architectural style suddenly
altered with multi-roomed rectilinear structures replacing
the circular style. This level also contained greated fre-
quencies of denticulate blades, sickles and arrow~heads of
both flint and obsidian (Burney,'77,pp.l7-18). In the absence
of ceramics, the later PPNB occupation is thought by some
to represent part of the Tahunian culture (Burney,'77,pp.17-
18). This group is thought to have been from the north
from the vicinity of Tell Ramad.

Other lithics associated with plant processing
found in the PPNB level included ground-stone querns, stone
rubbers and flaked-stone sickles. Emmer and einkorn wheats
were also recovered with two-rowed barley all of which showed
morphological changes from the wild types and taken as evi-
dence for domestication. Other potential domesticants were

peas, lentils and horsebeans (Harlan,'75, Table 1; Cohen,'77,



~129~

and citing Hopf,'€9). $imilar finds have been reported
from Beida II and III‘in Jordan and Ha ilaxr (Cohen,'77,
v.140).

Nine individuals represent the early PPNB
agricultural population. 1In an earlier study by McCown
('39), these remains were compared to the Natufian, repre-
sented by a sample from Mugharet el Wad. 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 supplied by P. Smith
('70, Tables 4-7). Derived dental indices are also supplied.
As there is no provenience for individuals comprising the
samplé, 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

Qalat Jarmo

Jarmo (J) is situated on the baﬁk of one of the
numerous wadis on the Chemchemal intermontane plain in Iragi
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 ('74,
p.77), as inaccurate. An alternative duration, based on

bone collagen assays (Protsch and Berger,'73,p.235) is
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about two millenia. Braidwood also rejects this estimate,
preferring to accept an initial date of ca. 6000 B.C. and

a duration of only 500 years (Braidwood,'74,p.77), apparently
because the artifact assemblage at Jarmo is very similar to
that from the securely dated Turkish site of Cay&nl.

Prior to the initial date for Jarmo, several
sites were occupied in this general area by groups charac-
terized by big-game hunting in the Upper Palaeolithic tra-
dition. This is called Zarzian after the site where it was
first identified (Garrod,'30). The Zarzian 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 Zarzian assemblages in-
clude Palegawra (Braidwood and Howe,'60), Shanidar (Solecki,
'64) and Zawi Shemi (Solecki,'69) in Iraq, and in Natufian
sites (Cohen,'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 , emmer and hulled
two~row barley and domesticated goat, sheep, pig, and

possibly, dog (Harlan,'75,pp.179-180 and Table 1). This
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is the earliest domesticated pig find for the Near East.
Lithics at the Jarmo site also differ from the Zarzian with
microliths occurring in reduced frequencies and chipped-
stone tools in greater frequencies. 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,'60,
pp.45-46).

Ceramics in the form of pottery, nonportable
basin rims and figurines were found in the upper one-third
of the site (Braidwood and Howe,'60; Meiklejohn, pers. comm.).

Excavations through 16 levels of tauf con-
struction recovered remains of seven individuals. Braid-
wood and Howe ('60,p.194) suggest that these flexed sub-
floor interments were probably killed by roof cave=-in.
Successive structures had been built over the rubble.

They also suggest that the inhabitants normally buried
their dead outside the limits 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 mesiodistal and buccolingual measurements
in summary form. Because raw data are made by treating the
reported mean values as observations representing indivi-
duals (Chapter V, formula 2). Indices were not calculated

for this sample.
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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.B.), Middle (M.B.) and Late Bronze
Age Periods on the basis of architectural changes (Burney,
'77). An intrusion of Hurrian peoples from eastern Anatolia
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 Egyptian expansion during the 18th Dynasty
(Burney'77,p.101).

During the Bronze Age, Jericho was an impor-
tant economic center controlling the Dead Sea salt re-
sources (Burney,'77; Whitehouse and Whitehouse;'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 (ca. the heginning of the Fourth Millenium B.C.).
The dentitions from this level sample the population living
just prior to the Hurrian intrusion marking the beginning
of the Middle Bronze period. Summary statistics from tooth
diameters and derived 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 genetic and socio-
economic backgrounds of the white male individuals comprising
his Chicago sample. Presumably, all of these individuals
were hybridized to some extent as undoubtedly the popula~
tion of Chicago was originally 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 VII

RESULTS

Preliminary discussion of results pursuant to
the various techniques described in Chepter V is presented
in this chapter. Emphasis is placed on description with
attention to details contained in the resulting information.
A more general summary 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, ISD and ISC' 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 < 0.05 and by two asterisks when significant
at level p = 0.001. |

In tables showing the results of calculations
using either the index of sexual dimorphism or the index

of sexual difference, signs are used to denote direction.
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Each index 1s displayed with no sign when positive (i.e.
when males are larger than females for ISD and when Ganj
Dareh Tepe is larger than Tepe Hissar or Lerna for the
appropriate sex), and with a negative sign for the opposite
situations. Signs shown for the indices correspond to t-
values for the same variates.

In tables illustrating results the I compari-

SD
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 possible symbols showing the
position for Ganj Dareh relative to those from Tepe Hissar
or Lerna, or both. If the Ganj Dareh value is the highest,
the symbol used is a plus (+).. If median, the range is
givenvwith an asterisk (*), If 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 ISC compares
the relative position of Ganj Dareh in calculation (formula

4, Table 15).

Sexual Dimorphism

The Cranial Complex
Mandibular variates were examined using t~tests
to determine the presence of significant between-sex differ-
ences (Table 25). 1In addition, variates were examined for

metric differences between means using the I The results

_ SD°
appear in Table 25.
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Results 9£ t~tests

Two mandibular variates, bigonial width (BGB)
and maximum ramus breadth (RBR) were available for all three
sites. While there were nc differences at Ganj Dareh, both
were highly significant at Hissar and Lerna (p < 0.001). Hone
of the other four Ganj Dareh variates were significant.

Results of comparisons using ESD

Indices of sexual dimorphism were calculated for
mandibular variates (Table 26). 2t Ganj Dareh, the female bi-
gonial width is slichtly larcer than for males. Olivier
('69,p.186) has suggested that this is not uncommon. In this
case, the index is slichtly bhiased for females (-3.2 percent).
At both Hissar and Lerna, males are slightly larcer. The
index for the minimum ramus breadth (RBR) is positive for
Ganj Dareh with Ganj Dareh and Lerna showina sirilar values.
At both sites, males are laraer than females by about eleven
percent., At Tepe Hissar, the index for this variate is also
positive thouch slichtly reduced in value. It should be noted
that deformation influences were not observed on the Ganj Dareh
mandibles even thouogh mandibular shape is commonly modified in
the context of cranial cdeformation (Bjork and Bidrk, '64;
Rogers, '75).

The Postcranial Complex

Results gﬁ t-tests

In Table 27, three variates from Ganj Dareh
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TABLE 26

INDICES OF SEXUAL DIMORPHISM FOR MANDIBULAR VARIATES

FOR THREE POPULATIONS

Ganj Dareh Tepe

Tepe Hissar Lerna
Dimension
BGB -~ 3.2 6.4 8.7 11.9-
RBR 10.9 7.1 11.0 3.9%
RCM -16.1 - -
RCP 5.8 - -

SYN - 1.2 - -
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Tepe are significant. These are the humeral minimum dia-
meter (p (HRD) = 0.036), the femoral antero-posterior
subtrochanteric diameter (p (FMR) = 0.046) and the maximum
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).

Many significant differences at Lerna are not
significant at Ganj Dareh Tepe. These include, humeral
HXR and HDD; radial RXR; ulnar UXR; femoral ARP, FTD and RTF;
and talar XTR, TMR and HTR. At Tepe Hissar, three upper
long‘bone lengths are significant (HXR, RXR and UXR) below
the level p = 0.001.
Results of comparisons using I

—5D

Five comparisons were common 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.
In 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

dimorphism for three long bone diameters (HDD, HRD and FMR),
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TABLE 28

INDICES OF SEXUAL DIMORPHISM IN POSTCRANIAL VARIATES
FOR THREE POPULATIONS

Element Dimension Gan%eg:reh Hgigir Lerna range
Humerus HXR 8 8.6 9.6 2.8~
HPR 6 - -
HMD 17.9 - -
PMD 14 .4 - -
HDD 15.8 - 12.2 3.6+
HRD 22.0 - 19.3 2.7+
Radius RXR 10.7 9.4 12.2 2.8%
RPR 9.3 - -
PRL 8.2 - -
RXD 14.6 - -
RLD 15.4 - -
Ulna UXR 7.8 9.7 11.0 3.8-
UPR 11.4 - -
UMR 19.8 - -
UTR 13.0 - -
, UAR 14.2 - -
Femur ARP 11.9 8.8 7.2 4,7+
FMR 16.4 - 13.1 3.3~
FTD 12,2 3.8 8.8 8.4+
RTF 0.0 - 11.6 11.6-
FDR 11.1 - -
HDR 17.0 - -
Talus XTR 8.9 - 7.4 1.5+
. TMR 5.1 - 10.2 5.1~
HTR 7.9 - 12.6 4,7~
Patella PXR 10.0 - -
PBR 14.9 - -
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while one index (RTF) is reduced relative to Lerna. Three
other variates common 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 mandibular and postcranial var-
iates made between the sexes from 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-
pﬁism for the majority of postcranial variates with few
significant differences. 1In later samples, significant
diffeﬁences 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 samples aie
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 still

show relatively greater dimorphism.
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Comparisons using Isp 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, where long bones tend to be relatively longer and
more narrow, long bones from Ganj Dareh are shorter and
B}oader. While observations from Tepe Hissar are limited,
+he same relationship is maintained, thoﬁgh to a lesser
degree.

Cross-Sample Sex Differences

The Cranial Complex

ﬁesults of t-tests

Males Five variates were available for males
from the three sites. These include‘the bicondylar breadth
(BCB), bigonial breadth (BGB), mandibular length (MBL),
minimum ramus breadth (RBR) and symphyseal height (SYN).
The first three of these variates (Table 29) show probabi-
lities calculated from negative t-scores. Only the MBL
comparison is significant with males from Ganj Dareh
shorter than those from Tepe Hissar. This variate was no£

available for Lerna. The remaining probabilities are
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TABLE 29

FOR TWO

SIGNIFICANT SEXUAL DIFFERENCES® 1IN
MANDIBULAR VARIATES
POPULATIONS AND GANJ DAREH

Tepe Hissar Lerna
Dimension t a.f p t d.f p

males

BCB -0.948 71 <0.40 -1.252 29 <0.20

BGB -1.185 88 0.239 -1.866 39 0.070

MBL -8.682 80 ¢ 0.001** - - -

SYN  1.729 46 < 0.10 5.158 26 < 0.001%*

RBR 1.634 91 <0.20 2.395 41y <0.02 *
females

BGB 1.204 40 0.236 0.466 17 0.647

RBR 2.878 42 < 0.01 * 1.240 13 <0.20

a

(Rohlf and Sokal,'69,pp.160-161).

* p £ 0,05

** p £ 0,001

underlined probabilities are estimated from Table Q
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calculated from positive t-scores with'two from Ganj Dareh
Lerna comparisons (SYN and RBR) being significant.

Females Two variates each from Tepe Hissar
and Lerna were available for between sample female compari-
sons. The resulting t-scores were positive and the Ganj
Dareh Tepe/Tepe Hissar RBR comparison was significant
(p = 0.01 estimated). This shows that the female minimum
ramus breadth for Ganj Dareh is broader than that for Tepe
Hissar.

Results of comparisons using Iac

Males Indices of sexual difference calculated
f;rnandibular variates (Table 30) show males from comparative
sites to be consistently larger than Ganj Dareh males in the
following: mandibular length (MBL), and bigonial and bicondy-
lar breadths (BGB and BCB). Males at Ganj Dareh are larger
in the two remaining comparisons (SYH and RBR).

) Females The two available indices for females
in comparison are positive (Table 30). This illustrates
that Ganj Dareh madibles tend to be slightly wider (BGB)

and longer (RBR) for females.

The Postcranial Complex

Results of t-tests

Males Postcranial comparisons for males
(Table 31) show several significant results (p < 0.05).

These occur in femoral and calcaneal variates from Tepe



~-158-
TABLE 30

INDICES OF SEXUAL DIFFERENCE IN MANDIBULAR
VARIATES FOR TWO POPULATIONS AND GANJ
DAREH TEPE

Tepe Hissar Lerna
males females males females
BCB - 3.5 - : - 5.7 -
BGB - 1.8 7.9 - 7.3 4.1
MBL -22.2 - - -
SYH 8.4 - 19.2 -

RBR 4.8 2.6 8.7 10.3
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TABLE 31

SIGNIFICANT SEXUAL DIFFERENCES IN POSTCRANIAL
VARIATES FOR TWO POPULATIONS AND
" GANJ DAREH TEPE, MALES

Tepe Hissar Lerna
t d.f. p t d.f. P
HUMERUS :
HXR 1.007 36 0.320 1.659 20 0.112
HRD - - - 0.920 30 0.364
HDD - - - 1.264 30 0.216
RADIUS
RXR 1.829 37 0.075 1.751 19 0.097
ULNA
UXR 0.758 35 0.453 1.660 17 0.115
FEMUR .
| FRX - - - - - -
ARP 2,302 34 0.027 * 3.027 31 0.004%
FMR - - - ~-3.296 34 0.002%
FTD 0.216 34 0.830 3.970 34 < 0.001%%
RTF - - - ~2.252 35 0.030+%
TALUS :
XTR - - - 1.215 29 0.234
. TMR - - - 1.192 30 0.243
HTR - - - -0.666 29 0.511
CALCANEUS
CXR - - - -2.676 19 0.015*%
* p & 0,05
ya

*% p &£ 0,001
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Hissar and Lerna in comparison with Ganj Dareh Tepe. In

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 £ 0.001).
FMR and RTF probabilities at Lerna are significant and their
t-scores negafive.

The CXR variate from Lerna is derived from a
negative t-score. The probability (p = 0.015) indicates
that the length of the calcaneus is significantly longer
for Ganj 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 common to males and
females. These include Lerna ARP, FMR, FTD and RTF from
the femur, and Hissar‘ARP. Most common comparisons to
both females and males, are not significantly different.

A single variate, the maximum length of the ulna (UXR),
shows a significant female value at Lerna (Table 32);

Results of comparisons using ESC

Differences between the Ganj Dareh males and
females and the comparative samples of males and females
were also examined using the index of sexual difference

(£..) (Table 33).

sC
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TABLE 33
INDICES OF SEXUAL DIFFERENCE IN POSTCRANIAL VARIATES

FOR MALES: AND -FEMALES FROM TWO POPULATIONS
o - AND GANJ DAREH TEPE

Tepe Hissar Lerna
Element
males females males females
Humerus
HXR 4,6 6.4 6.0 8.8
HRD - -
HDD - - 5.6
Radius
RXR 11.1 9.7 8.3 9.8
" Ulna
UXR 4.1 5.9 7.6 0.9
Femura
FRX - 5.8 - 14.2
ARP 20.2 16.9 23.0 - 17.9
FMR - - -15.9 ~-17.6
PTD 1.5 - 6.1 ‘ 21.8 18.0
RTF - - -11.1 -~ 0.8
Fibula
IXR - 1.4 v - 13.0
Talus
XTR - - 10.4
TMR - - 2.6
HTR - - - 0.7 3.7
Calcaneus
CXR - - - 3.4 -
Clavicle

XCR - 2.5 - 2.6
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Males  Generally, long hone indices compara-
ble between Tepe Hissar and are positive. Ganj Dareh Tepe
méles 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 diameter.
Whereas 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 similarly. In this case, both ARP indices
a;e very close and different from the larger Ganj Dareh
males,

Females Females show some of the same trends
mentioned for the males. For the humerus, radius and ulna,
indices are positive and, in most cases, differ by approxi-
m;tely the same magnitude as in males. In the femur, the
ARP variates from Tepe Hissar 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 Hissar
variate is small 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 variaﬁes for males and females.
These were not necessarily showed by both sexes from one
site, nor by the same sex between sites. Male breadth mea-
sﬁrements (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 siagnificant differences for both
sexes in femoral variates at Tepe Hissar and, more frequently,
at Lerna. Comparisons of the upper long bone variates were
notably not significant with the exception of the Lerna
female UXR.

” Values of t and the indices for several femoral
variates show some negative signs that are common to both
sexes‘at Lerna.

Generally, results show Ganj Dareh males to be
slightly larger than either comparative site in measure-
ménts of the upper limbs. This is also apparent for females.
Indices from the femur indicate marked divergence between
the three groups. The levels of significance and the sign
changes suggest that femora from both males and females
representing all three sites are very different in their
overall shape.

The Dental Complex
Results of t-tests
Student's t-test was used to examine relation-

ships between Ganj Dareh Tepe tooth samples and those re-
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presenting eleven other ponulations described in Chapter
IV (Tables 21 -~ 24). Results of the comparisons appear in
Tables 34 - 37 for tooth groups in both mesiodistal and
bﬁccolingual 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 illustrate the relationships, exact probabi-
lities shown in Tables 34 - 37 are also plotted in figures
6 through 9. Natufian samples are retained for comparison

because 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. The Erg 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 Ganj Dareh Tepe.



9v1°0
L80°0
9Z8°0
#7T0°0
*TT0°0
960°0
690°0
60°0

TeT°0

~167-

#»L20°0

06€°0

8¢ T9T°¢

697 T- 8L8°0
6Z8°T »»T00°0¥ OT
GZZ°0 %LZ0°0
0¢0°¢€- 8LT"O
€LL°C x6€0°0
982°¢C xC¥%0°0
086°T 760°0
SI8"T 26T 0
68G°T »+T00°0> €T

T€9°C *TZ0°0

*7¢0°0

€ST 0-++T00°0> GS§

668°S »xT00°07> €T

TTG" ¢

ce9° T

vez e
LT6°C

LLT T

06€°T

7I0°¥

660°¢

AN VI
Fe€°0 S
L22°0 971
788°0 9
*600°0> 9

x¢00°0s CT
*»€00°0> LT

€90°0 L

76€°C xxT00°0~>» 92

1

i

= °3°P) NOISNEWIG (P-uw) TIYLSIAOISAW
HLAAL AGVITIXVYW NI SEONAIMAILIA INYDIJINDIS

7€ dIdYL

obeoTyD
9ZUO0IXg OUDTISL

dNdd oydTa=ap

ueTIN}eN
IST 0~ Tewyy T® bag

USI0 TRYEeN



100°0 5 dxx
60°0 5 d «
PGL0 GOT €T€°0—- x£T0°0 €6 8CS&°C T9L°0 LL P0E°0- %€00°0 > SL 686°C o o0bedTyd

Zey°"0 0T 61870 9.L0°0 8 G00°¢ 8I8°0 6 9€Z°0-xxT00°0y TT §98°p Szuoxdg oyoTIsL
986°0 8 8T0°0~- 9LT°0 S TES'T 166°0 L €90°0 Zve°0 8 0870 gNdd oyoTIaf
9L8°0 8 owﬁ.o Zveto S ANV AN VA 699°0- 996°0 & ¥v0°0 ourxe [t
888°0 9T <CVI"0- %ZT0°0 CT ¥ZT6°C 9%8°0 9T 96T°0-»xT00°0>» TZ 00€°9 ueTynienN

94870 8 09T°0 01s°0 & 669°0 AT VN 699°0- G90°0 & Lyz°¢ zeuyy 1o bag

9z€*0 TT €20°T- €0%°0 8 LL8°0  T9%°0 TIT T9L°0- B8TIT°0 OT ¢€69°T us10 TRUEN
w Z0S°0 6 669°0 ¢S9°0 9  IL¥°0 . 6TIFPT0 ZT €€8°0- L9270 TIT €9T'T ueulyg
i
' T86°0 OT %20°0- ¥G0°0 OT LLT°Z - %900°C~ ¥T 8T¢°"¢~ L90°0 ET 18671 eIeqey
~ - - z2zz°0 S  ¥9€°T  ¥yZL°0 8  €9€°0  STIT"0 S  L6L'T eqynys
S6T°0 9T 8%E°T- 995°0 ST 985°0  €68°0 TT 9€T°0- 88T°0 ¥Z TSE’T peMm Td°
d -z°p =2 d -3°p 2 d -7°p 2 d -3°p 3
TI 2T 0 €d

psuuTiluoD~-~ 7¢ HIdVYL



LS00 TT

€€Z°0 €8 TOZ"T  x720°0 06 00€°C 0F¥°0 TL 9LL°O 860°C O 0beOTYD
8ST'0 7T €87°T 660°0 OT #0T°C 790°0 €T ¥20°C -x200°0> ¥ 9G6G°L Szucig oystasp
¥6L°0 L 0LT°0 069°0 € 8Z¥°0 966°0 9 9G0°0~ x8Z0°0 T €GL°S gNdd OyDTISL
¥6L°0 L 0LZ°O LO¥°0 € 6T6°0 96z°0 OT 86T°T  xZ?P0°0 T 7¥6E°E ourtep
0vL°0 TT 9€€°0 G96°0 9T ¥¥0°0 ¥65°0 9T €%¥S°0 x¥00°0” 6 888°¢C ueTIynileN
666°0 2T 000°0 €/8°0 8 ¥9T°0- ¥SE°0 <CT T96°0-~ «¥T0°0 9 7¥IC’¢ WTUOXBH
y6L°0 L 0LT"0 y.8°0 € 69T°0- 8ZL°0 9 1T9E"0 G90°0 T 6¥78°C zeuyy T® bag
16L°0 2T 0LZ°0- TS6°0 0T T90°0 089°0 <ZT 2TZ¥°0 ZOT°0 L 6¥8°T us10 TeyeN
8/S°0 €T 695°0- 0L8°0 L €9T°0- 6S€°0 ¢TI 056°0  «7T0°0 9 898°C ueulg
Il 6660 ¥T 000°0 €¥6°0 €T 2TLO"O 098°0 LT 6LT"0 98T°0 9 89%7°T eIEqaY
% GeL°0 8 6¥E£°0- 098°0 & €8T°0 G60°0 L T68°T zeN°0 € Lo0Z°T eqynys
LOY°0 LT T¥8°0~  LLL°O TT 98T°0 %L0°0 %2 LyZ €- *8TC°0 TT 6¥L°C . peMm Td
d -z'p 2 d -3°p 2 d °3°p 3 d e3P 3
7d ™ ZH €W
*(z-u = °3°p) (T~9) NOISNAWIQ TYNDNITIOODNL. . -

PHIAEL AIVTIIXVYW NI SEONZIHEILIA LNVOTAINDIS

g JdTdYL




Hmw.w M d x

«xT0O0°0> ZOT S9€°€ x€00°0> GOT 0€0°€¢ CIT°0 €6 SO09 T »»T00°0 )06 TLE'E p obedtuyd
669°0 S  ®9%°0 OVyF'0 9 6I8°0 €0¥°0 OT 698°0 x920°0 9T Gy g S2u0dg OUstial
8/.°0 S G62°0- %96°0 9 x9%0°0 668°0 & O0E€T°0- 8C9°0 ¥T ¥67°0 gNdd oydTIaL
969°0 S  69%°0 LZS°0 9 699°0 ¥E€6°0 L S§80°0 ¥ITTO TIT TIE'T owxe
$6L°0 PT S9Z°0  LL9'0 8T €Ty 0~ 99€°0 TT ¥Z6°0- %800°0> 9T 8I8°C ueTynieN
€69°0 9 697°0 626°0 OT 7T60°0 €89°0 TIT 8TI¥ 0- €£€°0 ¥T 000°T WIUOXEH
- - - 008°0 9 €92°0- ¥08°0 L 98270~ ¥TS°0 TT &§§9°0 zeuyy T3 baz
vcz*0 €T 2Zpz°T %08°0 TIT €SZ2°0- 098°0 ¢TI 6LT°0  S¥FP°0 0T 8LL"O usI0 . TeYeN
L¥.°0 9 G€€°0 T68°0 L  IFPT 0~ 98€°0 T 968°0- 97s°0 ST LI9°0 ueuid
906°0 L  TZI°0- 09L°0 OT <TIe°0 €0%°0 OT 698°0- ¥8%°0 6T ¢EIL"0 eIeqoy
- - - - - - - - - - - - eqynys
$89°0 8T PIy°0 822°0 6T €¥Z°T TE€S°0 0T L€9°0 9¥0°0 9T S60°C pem 1"

d -3°p 3 d -°3°p 3 d -3°p 3 d -°3°p 3

1I ZI o) €d

penuUT3UOD-~~ G¢ HIYL




~171~-

090°T

*xT00°0> 2L 6TIL"9 T6Z°0 ¥8 0TG°0 ¥S T99°0 607°0 L  TL8"O o obedTyd
wxT00°0> $T TLO"¥ #%xL00°0> 02 L96°Z »+T00°0> LT 0ET"9 x900°0> 0T sPE"E S2UCId oyotISL
99%°0 €T 6¥L°0 2L8°0 OT €9T°0 %600°0>» 9T G067 99L°0 8  LOE"0  dNdd Oyotisl
7¥%°0 8 S08°0- 099°0 €T 6%y°0- <ZzL°0 6 §9¢°0 0§9°0 S 9LV O- ourre
+200°07 TZ LEV°€ %€20°0 82 TZy 2Z- GEC'0 ¥T €86°0 x+T00°0~» 8T 000°¥ uetnieN
90T°0 »T 6TL°T €S2°0 TZ €LT°TI- 965°C ¥T TIPSO 9eT°0 L 98971 UWTUOX®RH
0zZ€°0 8 €S0°T ¥¥S°0 €T 2T9°0- 956°0 6  LS§0°0C- 8I8°0 9  8EZ'0~ JRUUY I® bxg
829°0 €T 96%°0  L0Z*0 0Z 20€°T- Z¥T°0 &T mwm.ﬂ. x0€0°0 0T ¥8¥°¢C usa0 TeyeN
2c0°0 8T 8L0°Z 625°0 ¥z 8€9°0- 0LZ'0 ¥Z LTT'T 89T'0 ST Z¥¥'T ueulg
G/0°0 9T G68°T SIT°0 €2 0T9 T~ 98%°0 0C 60L°0 8¥VT°0 TT S¥S°I exeqay
- - - - - - - - - - - - eqsnys
PTE°0 €€ TZ0°T G6€°0 TE T98°0- %Z€0°0 LT 0%zt  8ET°0C 6T 29870 - peM TH

d -3°p 2 d -3°p 3 d -3°p 3 d -3°p 2

pd W ZH £W

(g~-u = am.@M onmzmsHQ TYLSIAOI SHW . —~

sHLAHL mddDmHQZ¢S.ZH.wmmZMMMhmHQ;BZ¢UHMHZUHWﬂ

9¢ FILYL



-172-

T00°0 5 xx

S0°0 5 d «
¥.S°0 GSOT 268°0 ¥LV'0 80T 8IL 0-%xT00°0 > 00T SPS°E€E  ¥LT°0 €6 69¢°T o 0bedTyd
%220°0 L €T6°C 6T6°0 L  SOT°0- %8E€0°0y IT 9S€°C «¥10°0 LT 0FL°CT SzUOLg OYSTISL
00Z°0 9 8C¥°T 86T°0 6 88E€E°1- 096°0 TT TS0°0- LS9°0 ST ¢€S¥°0 gNdd oyoTIaL
$80°C 9 £90°7 6T6°0 L SOT°0 OTL°0 8 98€°0 9€C°0 <¢I syz-I- ouxep
+xT00°0> ST 6G0°9 826°0 6T T60°0- ¥%0T°0 0z TOL°T G680°0 LT 88L'T ueTInNIeN
«S00°0> 0T 9LS°¢ €6z°0 ¢TI L8T'T 68T°0 €T G8E€"T 26G°0 9T 99570 WTUOXRH
- - - 068°0 L S6T°0 0I8°0 8 8%Z°0 CI8'0 <CT <C¥C°0 xeuyy 1o baz
#0T0°0 6 €2Z°€ 09€°0 OT 096°0 06T°0 ¢T 88€"T ¢C¥I°0 9T TPS°T | usx0 TeyeN
«xT00°0> 2T ©Sz°% GST°0 ST 967 T- T82Z°0 LT ETT"T E¥E°0 22 69670 ueuly
%¥900°0> 8  Z¥9°€ GT6°C C¢T 960°0 OLTI"0 ST T¥P°T ¥PIT°0 0T TS9°1 eIeqay
- - -~ - - - = ~ - - - - eqynys
#xT00°0> ST TzZ8°'% 806°0 02 OTT'0 080°0 TZ 6€8°T ¥ST°0 LZ 99T°T pem Td

d °3°'p 3 d 3P 3 d -3°p 2 d -73°p 2
TI zI 0 €d

pPenUTIUCD -~ 9¢ JIdYL



»xT00°0> T8 T€6°€ xTE0°0 ¥6 9LTC 7€8°0 €9 0TC°0 0L9° C¢T G€¥°0 o obedTyd
690°0 €T 896°T =x§00°0> 0Z ¥¥Z € %8T0°0 LT LLE'O0 =LZ0°O0 0T V¥¥G-z-22u0ag oyotisl

PLEO €T LT6°0 y0z°0 6T TIE°T 286°0 ST L¥S°0 9%¥8°0 8 66T°0~- €Ndd oydtIal

Zs8°0 8 T6T°0C 9¥€°0 €T GL67°0 vLE"0 6 €6 °0 7e€0°0 S pvLC- owrep
g0s*0 TT <ZLS°Q €00°0> 8T 6CT°¢ ¢y8 0 v¢ T0Z°0 €9L°0 LT LBE 0~ UeTINIBH
T0€°0 2T 9L0°T 8G¥ "0 TZ GSL°0 z€9°0 ¥T 687°0 006°0 L g0L°0 WTUOXEH

v "0 8 €98°0 969°0 €T 86£°0- L6C°0 6 00T"T- Z¥PL°0 § €96°¢ Teuy e bag

STT"0 LT SG9°T 62L°0 €Z 0GE€°0- 2GZ°0 LT TB8I"T- 969°C €T 66c°0 uex0 TeyRN
Zo9c*0 %I TIv6°0 0TE°0 6T 2Z¥O°T 9.8°0 ST 6GT°0 898°0 6 TLT° 0~ ueuldg
|
© ZLZ°0 LT TET°T 09€°0 8T T€6°0 9/€°0 ¥¢ 006°0~ 99T°0 ST 6%y I~ eIedell
i
! - - - - - - - - - - - - egyNYS
8800 €7 LLL°T /82°0 7€ 2Z80°T OT8°0 8Z €¥Z°0- G¥8°0 6T 86T°0- pem 14
d -3I°p 3 d -3°p 3 d °3°p 2 d -°z°p 23
vd H W €W

(z=Uu = °*J°P) NOISNIWIC TYNONITOODNd
PHIAEL YYINGIANYW NI SHONFIHIAIA. INYOIJAINDIS.. . .

LE HTIGYL



~174-

T00°0 5 dux
S0°0 5 d «x
4xT00°0> 6  88E°S xLZ0°0 €8 G¥Z°C %xT00°0> 0L 088°E %xT00°0> 98 6ESE £ ©0bedTud
J€T°0 OT Z09°T +620°0 6 9¥S°z ¥p8°0 6  T0Z°0~%xT00°0> 0T ¢69°§ @zuU0Ig OUSTISL
80%°0 8§ 898°0 ZST°0 9 909°T 0vp*0 L TI8°0- 8LE'O ¥  G96°0  €Ndd OUITISL
797°0 8 86T°T x920°0 9 8I8°Z T188°0 L ZST'0 8LE'O0 ¥  S96°0 ourep
L0Z°0 ST GTE°T 29%°0 €T 9SL°0 068°0 ST 0¥T°0- xTT0°0 9T GEB'T ueTInIeN
ccs 0 TT O0T9°0 ¥7.0°0 OT 8L6°T 0920 OT GBI TI- 685°0 6 855°0- WTUOXRH
cc8°0 8 60z°0 SO0L°0 9  ¥6E°0 80 L gET0~ ¢OT0 T  69y°T  IRuuY T° bid
269°0 TT 90%°0 x8€0°0 L €8€°Z ©09°0 OT ¥%€S°0- 8€8°0 L 0TZ'0 ueI0 TeyeN
T0%°0 6 LL8°0 29Z°0 L 80Z°T S¥E'0 ¢TI 6L46°0- 8IE'0 0T L¥0°I- ueuly
5.7°0 6 9ST°T ¥yc 0 OT T€T°0 61970 €T 8060~ 9€T°0 TITI 6&¥vZ'T eIRqOY
- - - 80S°0 9  L69°0 8EL°0 L LVETO0 LIET0 S  T60°T eqsnys
5T6°0 9T OTT'0 SFT'0 9T LZS'T #06°0 ¢z TZT°0- 8S7°0 ZZ ¥SL"O peM TH
d 3P 3 d -3°p 3 d 3P 3 d -3°p 3
I ZI o £d

panuTIUCD~~ L€ HATIYL




-175-

The following figures show samples positioned
according to probabilities and directional signs resulting
f%om t-test comparisons. Each figure is concernea with the
relative positions of the individual samples compared to
the position of Ganj Dareh Tepe in upper and lower mesio-
distal and buccolingual dimensions.

The position of sample plots shows a general
relationship to the central axis representing Ganj Dareh
Tepe. In addition, plots show a tendency to cluster
according to their presumed temporal, geographical and
cpltural 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 while
those to the extreme left are highly significant. Plots
to the right of the graph represent the opposite.

Maxillary mesiodistal dimensions Figure 6

illustrates plotted probabilities from comparisons of
maxillary mesiodistal dimensions. The graphs for M3-P4,
and the P3 and I1 indicate that Ganj Dareh mean tooth size
is generally larger than comparative sites excepting Jarmo.
The P4 plot for Jarmo was derived from a negétive t-score
and is significant. Molars, for Jarmo and the Natufian
éamples 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 Jarmo P3,
located close to the p = 1.000 axis (p (JP3) = 0.966).

The relationships mentioned ébove 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 12 distribution
is similar to those shown by the molars and the P3. Again
Jarmo is the exception falling within the middle of the
Natufian M2 cluster.

Maxillary buccolingual dimensions Figure 7

illustrates the positions of plots of maxillary breadths.
With the exception of the M3, graphs for the molars, pre-
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 teeth 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 dimensions Plots for M2,

C, I2 and Il teeth are all positive (fig. 8). The Jarmo
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values for M3, M1, P4 and P3 teeth are negative. In rela-
tion to the ranges for Natufian M3, M2, P4, P3, C and Il,
piots for Jarmo indicate that teeth from this site are
rélatively 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 1lies close to the central

axis. It is apparent that the I2 length is the most variable

of mandibular teeth.

Considering the ranges for individual teeth,
the central incisor exhibits the least variability. 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. 1In
She case, the I2, the Jarmo plot is positioned within the
distribution formed by remaining I2 plots. The same range
also incorporates Ganj Dareh Tepe.

Mandibular buccolingual dimensions Figure 9

shows the plots for comparisons of mandibular breadths.
Ranges for molars canine and I2 are extensive. Plots for
all Jarmo teeth, excepting M3, are on the right side of the
graph, indicating that these teeth are narrower relative

to Ganj Dareh. In addition, Jarmo canine and P4 plots
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are close to the axis indicating some similarity in size
between the two samples. Jarmo teeth are commonly found
within the rance formed by the Natufian plots. Only three
tooth plots from Jarmo are found outside the Natufian
range; M3, M2 and P3. In general, there is no difference
between Natufian and Jarmo in the anterior dentitions.

In contrast, only the premolars from Ganj
Dareh are not within the Natufian range. This range is
extended, however, by the somewhat isolated plots for
Kebara (Il) and Nahal Oren (M1l) and these two cases may be
anomalous. If these are excluded, then the Natufian range
forr each tooth is substantially diminished and the Ganfj
Dareh teeth are no loncer incorpoated into the ranages.

Summary, odontometric comparisons

The four preceding figqures (figs. 6 - 9) show
the positions of probability plots resultina from compari-
sons made between several Natufian samples and Ganj Dareh
Tepe and between Jarmo and Ganj Dareh Tepe. Prohabilities
are taken to reflect the similarities and differences en-
countered in these comparisons whether significant or not.

Table 38 serves to illustrate the relative
differences between Natufian samples and Jarmo by examining
the freguencies of similarities and differences according
to whether plots for a given tooth are a) siognificant, b)
not significant, c¢) computed from a positive t-score, or

d) computed from a necative t-score. Four classes are shown.
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TABLE 38

DIMENSIONAL DIRECTIONALITY AND-SIGNIFICANCE
FOR NATUFIAN AND -JARMG - POPULATIONS

NATUFIAN JARMO
> % 4 % *y $ *¢ % > % < 3 *s 3 *¢ %
MAXILLA

m-a 0 0 18 100 0 0 10 56 0 0 3 100 0 0 0 0

M3-M1 (18) (18) (0) (18) (3) (3) (0) (3)
b-1 4 19 17 81 0 0 4 24 0 0 3 100 0 0 0 0

(21) (21) (%) (17) (3) (3) (0) (3)
m-d 0 0 12 100 0 0 3 25 1 50 1 50 0 o] o] 0

P4-F3 (12) (12) (0) (12) (2) (2) (1) (1)
b~-1 7 50 7 50 0 0 1 14 0 [¢] 2 100 0 0 o o]

(14) (14) (7) (7 (2) (2) (0) (2)
n~d 5 83 1 17 1 20 0 0 1 100 Q 0 0 0 0 ¢]

C (6) (6) (5) (1) (1) (1) (1) © (0}
b~1 6 86 1 14 0 [¢] 0 0 0 0 1 100 0 0 0 0

(7) (7) (6) (1) (1) (1) (0) (1)
m=-d 4 36 7 64 0 0 1 14 0 0 2 100 0 0 o] 0

12-11 (11) (11) (4) (7) (2) (2) (0) (2)
b-1 0 0 13 100 0 o] 0 0 0 [¢] 2 100 o] 0 0 G

: (13) (13) (0) (13) (2) (2) (0) (2)
m-d 9 19 38 81 1 11 14 37 2 25 6 75 0 0 0 0

Total (47) (47) (9) (38) (8) (8) (2) (6)
b1 17 31 38 69 0 0 ) 13 ¢ 0 8 100 0 0 0 0

(55) (55) 1N (38) (8) (8) (0) (8)

MANDIBLE

m-d 6 33 12 67 1 17 3 25 2 67 1 33 0 0 0 0

M3-M1 (18) (18) (6) (12) (3) (3) (2) (1)
b-1 8 44 10 56 0 0 1 10 1 33 2 67 0 0 0 0

(18) (18) (8) (10) (3) (3) (1) (2)
m-d 0 0 12 100 0 0 0 0 2 100 0 0 0 0 0 0

P4-P3 (12) 1 (12) (0) (12) (2) (2) (2) (0)
b-1 0 0 1z 1060 0 ¢! 0 0 [V 0 2 100 o] 0 0 0

(12) (12) (0) (12) (2) (2} (0) (2)
m-d 0 0 6 100 0 0 ] 0 [ 0 1 100 0 0 0 0

C (6) (6) (0) (6) (1) (1) (0) (1)
b-1 4 67 2 33 0 1} 0 0 0 0 1 100 0 0 0 0

(6) (6) (4) (2) (1) (1) (0) (1)
m~d 2 17 10 83 0 0 6 60 0 0 2 100 0 0 0 0

12-11 (12) (12) (2) (10) (2) (2) (0) (2)
b-1 4 33 8 67 0 0 0 0 0 0 2 100 0 0 Q 0

(12) (12) (4) (8) (2) (2) (0) (2)
m~d 8 17 40 83 1 13 9 23 4 50 4 50 0 0 0 0

Total (48) (48) (8) (40) (8) (8) (4) (4)
b-1 16 33 32 67 0 0 1 3 1 13 7 88 0 0 0 0

(48) ° (48) (18) (32) (8) (8} (1) {7)
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The first class is denoted by the column heading > and
the second by the heading < . These classes are further
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, sig-
nificantly shorter or broader teeth.

Table 38 shows that Natufian maxillary samples
are shorter in M3 through P3 with the incisors showing a
similar tendency. 1In contrast the canine is slightly longer
in relation to Ganj Dareh. Overall, mesiodistal and bucco-
lingual dimensions are significantly smaller in all maxillary
teeth excepting the canine.

Natufian mandibular teeth show considerable
variation in both dimensions of molars and incisors.
Generally, molars appear to be significantly short while
breadths are only slighitly small. The premolars are small
in both length and breadth dimensions but not significantly.
Canines show some breadth variation while lengths for all
Natufian samples is reduced. Incisal lengths are signifi-
cantly small while breadths exhibit no consistent differ-
ences relative to Ganj Dareh. Both the upper and lower
canines are markedly small lengths.

It is apparent that the generally small maxillary

arcade is due to the collectively small sizes of molars and
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premolars in conjunction with small incisors. In the man-~
dible, teeth contributing tc a decreased arcade are the
p;emolars, the canine, and, notably, the incisors. Con-
vérsely, 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
ghan either Natufian or Ganj Dareh teeth. However, the
consistently small molars and incisors are not significantly
different and are comparable to Ganj Dareh Tepe. In the
mandible, consistently shorter and narrower canines and
incisors are encountered. Breadths are small for premolars
ghd molars. Molars and premolars are generally longer
than either Ganj 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 dentitions are generally

larger, 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 long or broad for the Jarmo dentitions (col. 7).
- Differences in the maxilla compared to the
maﬁdible were similar for the cumulative directionality
exhibited by the Natufian dentition. The pattern of no

differences for Jarmo still obtains for the mandibular teeth.

Results of analysis of dental shape and robusticity

Mean indices describing 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 addition,
Table 39 shows mean index values together with maximum and
minimum values for each tooth class from Ganj Dareh Tepe.

For the individual Natufian samples, indices
were treated as representing six discrete observations for
use in computing a grand mean for the Natufian Group. These
values together with associated sample parameters, n and
standard deviation appear in Table 40. This composite sam-
ple constitutes a comparative base for examinations of Ganj
Dareh Tepe, the individual from Erg el Ahmar and the Jerichos.

Indices representing these samples (Table 39)
were examined for differences using two separate criteria.
When an index was greater or less than the corresponding
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 deviations, it was
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regarded as signifiicant. When 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 noﬁ~Natufian
samples nor Erg el Ahmar is similar to the Natufian Group.
Also, 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 41, 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 Erqg el Ahmar. Differences for Erqg el
A%mar occur in both directions more frequently than for any
other site. This was unexpected as Erqg el Ahmar has
generally been regarded as culturally and biologically
Natufian (P. Smith,'70).

Robusticity values in Table 41 show similarities
between arcades Erg el Ahmar and Jericho PPNB. Contrasting
results, however, are exhibited by Ganj Dareh Tepe and
Jéricho Bronze. The latter site is represented by 12/16
smaller differences, and the former, by 8/16 larger aiffer—

ences.
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Figure 10 lists directional signs for each
comparative sample. Juxtaposition of signs for occluding
teeth shows that significantly small 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 maxillary
and four mandibular teeth (8/16) showing significantly
large robusticity values. At Jericho Bronze, significantly
small teeth are represented by four mandibular and eight
maxillary differences (12/16).

Shape Significantly different shape indices
are also presented in fig. 10. All show some relative
differences. Frequencies (Table 41) for Jericho PPNB re-
present only 3/16 differences while Erg el Ahmar shows the
greatest number (7/14). In comparison to Ganj Dareh
maxillary teeth and those from the two Jericho samples,
the M1 and P3 from Erg el Ahmar both show significance.

Summary, size and shape

Robusticity Indices from Erq el Ahmar, Jericho

PPNB, Jericho Bronze and Ganj Dareh Tepe were compared to
the Natufian Group. A number of significant differences
were found (Tables 35-42; fig. 10) in this comparison as
well as between these four samples.

Previous researchers have recently shown

evidence for the occurrence of two different dental metric
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trends, characterized by size cdecrease ox increase through
time. The former was demonstrated by Wolpoff ('71) following
b;hlberg ('45), Brothwell ('63), Brace ('67) and others as
déntal 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 (Table 16, Chapter VI). The distribution

of large and small differences (Table 42) in upper and
lower arcades indicate progressively smaller teeth in
chronologically later populations. 1In addition, the size
of some teeth is relatively stable, characterized by the
absence of significant size differences.
7 Teeth showing small size, relative to Natufian
and Ganj Dareh Tepe, include molars (particularly the M2),
the premolars and the incisors from both arcades. Teeth
with few or no indicators of size changes in robusticity
include the lower M1, upper and lower canines and the
lateral incisors.

Shape In comparison to the Natufian Group,
éooth proportions of the comparative samples alter randomly

through time. Previous studies have not considered tooth
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shape and its utility is not fully understood. However, the
shape index may help discriminate between dissimilar popula-
tions as in the case of Erq el Ahmar. Results presented
earlier strongly suggest that the teeth from the Erg el
Ahmar burial are sufficiently different from Natufian teeth
and it should be considered as non-Natufian.

Assuming that the shape index discriminates
successfully, then the two Jericho samples may be compared
for evidence of biological affinity. Comparisons show a
certain consistency in patterns of significantly different
shapes of teeth. The Jericho upper and lower M3 teeth
arfe both significantly different in breadth, while the M2,
P4 and Il differences are not significant (fig. 10). The
remaining differences between the Jericho samples are
unexpected assuming that reduction affect the arcade, rather
than specific teeth. Specifically, lengths for the lower
MI and P3 increased relative to their breadths over time.
This is also the case for the upper P3 whose length increases ffff
from PPNB to Bronze Age. Initially, this tooth is signifi- | |
cantly different in proportion but in the later sample,
length relative to breadth has reduced, making the shape
value insignificant. Thus, while small dental diameters
are apparent for the later sample (Table 42), significant
differences are unidirectional (fig. 10) suggesting that the
two samples may be from the same population, but from

different times.
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TABLE 42

PERCENT DIFFERENCE® BETWEEN JERICHO PPNB AND JERICHO
BRONZE: DENTAL DIMENSIONS

maxillary mandibular

m-d - 5.8 - 8.3

M3
b-1 2.1 - 1.0
m~d -11.4 - 4.7

M2
b-1 - 7.3 - 4.8
m-d - 5.7 - 6.3

M1
b-1 - 3.4 - 4.6
m-d - 4,3 ~10.7

P4
b-1 - 7.1 - 4.8
d m-d - 8.6 - 6.9

‘P3
b-1 - 6.3 - 7.3
m-d 2.6 -12.2

C
b-1 - 7.4 - 5.1
m-d 4.7 - 7.7

12
b-1 - 1.6 - 7.5
m~d - 3.4 - 8.8

Il
b-1 - 1.4 - 9.2

a percent difference calculated as ((LX - EX)x 100/EX) after
Scott('79).
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CHAPTER VIIZ

SUMMARY AND CONCLUSION

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 were described according to age and sex and were char-
acterized collectively by frequencies of anomalous and path-
olbgical conditions. Males and females were compared separ-
ately to samples of similar make-up from two other populations
from later cultural periods to assess morphological changes
over time. These same samples were also compared to examine
the relative differences resulting from sexual dimorphism.
Other cémparisons were made for Ganj Dareh with several
other populations using odontometrics and dental indices.
General summaries for each area of investigation appear below.

The Ganj Dareh Tepe Series

Forty-nine individuals are represented in the
Ganj Dareh series. Of 28 adults, 13 males and 11 females
were aged. Also present were 20 preadolescents. Provenience
was ascertained for 39 individuals representing 80 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 were tested
for significant associations by sex but no associations
were found.

Pathologies included mild hyperostosis symmetrica,
probably caused by iron deficiency anemia, on 50 percent of
the adults. No preadolescents were affected. 1In the post-
cranial complex, there was a single case of osteomyelitis
and a single case showing both osteoarthritis and osteophytosis.
Physical traumata were seen in a single 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 low incidence of dental caries and
a high incidence of calculus. Isolated cases of alveolar

resorption and ante mortem tooth loss were found. One case

of enamel hypoplasia occurred in association with ante
mortem staining in cervical areas.

Morphological variations in adult dentitions
were frequently bilateral. In upper molars, the 4+ cusp
pattern occurred with greatest frequency in M3 and M2. For
the M1, 4 and 4+ patterns occurred equally. Tritubercular
teeth were observed only in second and third molars. 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,
patterns were similar to those for the M3 with patterns of
YS: 4 and +4. Carabelli's cusp was observed in forty per-
cent of second molars and twenty percent of first molars.
None was observed on third molars and the protostylid was

completely absent. A single maxillary Il was shovel-shaped.

Differences Based 92 Sex

Differences attributed to sexual dimorphism were
observed for each population but particularly for Ganj Dareh
and Lerna. There was an insufficient number of variates for
Tepe Hissar for intensive comparisons to be made (figs, 11-12),.

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
populations in the magnitude of individual variates as shown
by“their 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 significant using the t-test
while only three variates from Ganj Dareh were moderatly so.
Patellar breadth appears to be a good sex indicator with p =0.004.

Figures 11 and 12 illustrate plotted index values
for individual bones with two or more compared variates (fig.,
11) and for lengths and widths from bones examined collective-
ly according to the defined anatomical orientation of the

bone for taking the measurement (fig. 12). Figure 11 shows the
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fig. 11 Plots of I values for individual bones from
Ganj Dareh gepe, Lerna and Tepe Hissar.
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fig. 12 Plots of I values for long bone lengths and
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parison.
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difference in the humeral length to he less at Ganj Dareh
while breadths show greater dimorphism. With the exception
of the RTF discrepancy, femoral diameters differ propor-
tionately with Ganj Dareh, again, showing greater dimorphism
in these breadths. In the talus, the length-breath relation-
ship noted for the humerus and femur is reversed 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 corfesponding
Lerna variates show the same results but with greater
and lesser magnitude, respectively, for lengths and breadths.

Differences Independent of Sex

Figures 13 and 14 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 common 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 Ganij
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 smaller size. These occur in humeral widths and femoral

widths, respectively. Therefore, smaller upper long bones
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sizes are present at the later sites. Also, the later
sites have wider lower long bones.

" Metric Dental Trends

It is generally held that during hominid
evolution, there has been an overall reduction in the size
of teeth (Dahlberg,'45; Brothwell,'63; Brace,'67; Brace
and Mahler,'71; Sofaer,'71l; Wolpoff,'7l; Sofaer et al.,'73;
Frayer,'77; but c.f. Scott,'78). Tooth reduction appears
to have been accomplished by simplification of molar cusp
patterns with a corresponding loss of occlusal surface area
(Greene,'70,p.278), and by selection for large early
developing teeth at the expense of small early deyeloping
homologues (Sofaer et al.,'71; Sofaer,'73). Dental re-
ductibn appears to have been pleiotropic to some degree as
Sofaer ('73) and his co~workers ('71) have suggested.

Thus, tooth size diminuation occurred harmoniously with

jaw reduction (Sofaer,'73,p.427). Such changes in mandibular
teeth have been observed in Nubian populations by Carlson

and van Gerven ('77). Jaw size diminuation occurs in the
Nubians in association with repositioning of the facial
skeleton in relation to the cranial vault. Carlson and van
Gerven ('77) suggested that size reduction has implications
for reduction in dental caries while simultaneously reflec-—
ting decreased dependency on a coarse or gritty diet and
increasing reliance on softer, more highly processed foods

(also Greene,'70). However, despite sma-ler tooth size in



-205~

more recent samples, Brothwell ('72) notes an increase
in caries incidence. This is due to the introduction and
continued use of what Greene ('70) calls "cariogenic
carbohydrate-cooked foods". Armelagos ('68) 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 was also made in a later study by Anderson and
Popovich ('77).

In several studies exploring the relationship
between dental attrition and tooth size, P. Smith ('76;
'77a,b) gquestions the hypothesis that size reduction in
the teeth operated in response to functional demands. Using
tootﬁ samples from the Riss, Riss-Wlrm, Wlrm I-II and Wirm
III-IV, and distinguished by geographic location (the Near
East, Western and Central Europe), P. Smith attempted to
show that size reduction 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
reductibn in functional demands made on teeth (P. Smith,'76,
p.150)". This implies that reduction trends observed by
other researchers are independent of, rather than the
result of masticatory function. The Nubian dietary shift
from gritty to softer foods (Carlson and van Gerven,'77)

may not, therefore, have prompted dental size reduction,
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despite the reduction of functional demands (Greene,'70;
Carlson and van Gerxrven,'77),.

P. Smith's study of functional demands examines
dental attrition in a population relative to the average
attrition shown by the second molar (P. Smith,'76). This
tooth is used as a constant 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. ('71), 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 anq the
mandibular premolars, the modal Ganj Dareh dentition is
most similar to the Natufian dentition. This is indicated
by the interrelationships of the teeth comprising each
comparative arcade. The molars and premolars mentioned
above are interesting because they constitute the milling
or grinding surface. In both upper and lower milling areas,

smaller sizes are apparent, but only differences are general-
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fig. 15 Average occlusal surface areas of maxillary teeth
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slight and affectinag in different teeth. The total oc-
clusal area in the Ganj Dareh maxillary arcade is maintain-
ed by large molars (M3,M2 and M1l) and moderately large
premolars. In the mandible, premolars maintain the large
millinag surface, while molar sizes are similar to both
Natufian and Jericho samples. FEven thoucgh the specific
teeth responsible for maintainina a large occlusal area

in maxillary and mandibular arcades are different, a
generally larce milling surface is apparent.

Conclusions

The conclusions that may be drawn from this study
are as follows.

1. In comparison to unrelated later populations from
Tepe Hissar and Lerna, the population from Ganj Dareh Tepe
is characterized by an almost complete lack of metric
sexual dimorphism.

2. In the later populations, both sexes have short upper
limbs and different long bone shapes in comparison to Ganj
Dareh males and females. This characterizes both Bronze Age
oroups. While there are some differences between Tepe
Hissar and Lerna when their respective sexes are compared,
the differences shown by one sex are stroncly parelleled
by the other sex from the same site. This tends to indicate
the operation of similar environmental stresses rather than

similarities resulting from cgenetic affinities.
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3. Odontometric comparisons show Jarmo to be the
m9§t closely related to Ganj Dareh Teve of sites con-
siﬁered. However, similarities are remote in many of the
comparisons involvino dental diameters. There are even
fewer similarities between Ganj DNareh and the Jericho
populations. In relation to the Natufian population,
Ganj Dareh dentitions are least similar. Comparisons of
tooth shape and robusticity indicate that Ganj Dareh Tepe
is unrelated to cgroups from Erqg el Ahmar, the Jerichos or
the Natufian.

=4. All comparisons involvinag Frqg el Ahmar and the
Natufian population indicate that the former is not relat-
ed to the latter. As such, Frqg el Ahmar should not bhe
included as Natufian in future studies until it has been
re-examined.

5. Comparisons of dental indices from Jericho PPNB and
Jericho Bronze groups indicate that the later Bronze Age
group micht have descended from eithervthe Jericho PPNB
group or from the earlier MNatufians. If it is assumed that
dental size reduction was operant for these oroups, then
evidence points to the Matufians as the ancestors of the

Jericho Pronze population as some of the Jericho PPNR teeth

increase in size relative to both of the other populations.
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APPENDIX A

RAW METRIC DATA
AND
DENTAL INDICES
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THhBLE A-10

RAW DATA AND INDICES PROM GANJ DAFLH MAXILLARY DPEUMANENT THEETH

Length Breadth Fobusticity Crown ladex Mndule Shape Index
Tooth Individual (m~-d} {b-1) (L*5) ({1./8) ((L.+8/2) ((8/1)
x 100} x 10} x 100)
M3 62015 1. 10,9 13.8 150.42 78.99 123.5 126 .6
T, 10.3 13.2 135.96 78.03 117.5 128.2
41031 1. 9.1 12.3 111,93 73.9¢ 107.0 135.2
42040 r. 9.9 12.2 120.78 81,25 110.5 122.2
M2 40003 r. 1.7 13.1 153,27 €9.31 124.0 112.0
22004 r. 10.4 11.2 116.48 92.E6 l08.0 107.6
62015 1. 11.9 13.1 155.89 90.é4 125.0 110.0
r. 11.7 13.1 153.27 89.31 124.0 112.0
61017 1. 10.1 13.6 137.36 74.26 118.5 134.6
r. 10.6 12.5 132.50 84.80 115.0 118.0
62023 1. 10.7 12.9 138.01 82.95 118.0 120.6
r. 10.4 12.¢0 124,80 86.67 112.0 115.4
§1031 1. 11,5 11.7 134.55 98.29 116.0 101.7
oI 10.0 11.6 116.00 86.21 1068.0 116.0
42040° r. 10.8 12.3 132.84 87.80 115.5 113.8
Ml €1017 1. 10.1 13.8 139.38 73.29 119.5 136.6
r. 12,0 13.4 160.80 .05 127.0 11,6
62023 1. 11.8 11,5 128.80 102,68 113.5 97.¢
r. 11.2 11.8 132.20 24.92 115.0 105.4
41031 1. 11.5 11.2 l128.¢80 162 .68 113.95 97.4
42040 1. 11.9 12.8 1%2.32 93.97 123.5 107.¢
r, 11,3 12,9 145,77 67.60 1.0 114.2
P4 40003 r. 7.2 8.5 61.2C R4.71 78.5 121 .4
22004 1. 6.5 9.1 59.19 71.43 78.0 140.0
r. 6.8 9.1 61.u8 74.73 79.5 133.8
62015 1. 7.1 9.9 70.29 71,72 85.0 139.4
r. 7.4 9.8 72.52 7%.51 86 .7 132.4
61017 1. 7.2 10.7 77.04 67.29 89.5 148.6
62023 1. 7.9 10.0 79.00 79.00 89.5 126.6
r. 7.3 10.2 74.46 71.67 87.5 13%9.7
41035 «r. 6.8 8.8 59.84 77.27 78.0 129 .4
42040 1. 6.8 9.8 66,04 67,19 81.0 1441
40042 r, 7.0 8.9 69.30 70.71 84.5 141 .4
13 6201, 1. 7.8 9.3 72.54 %3.89 15,5 119.2
r. 7.6 3.6 73.00 79.27 88,0 126.3
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TABLE A-10--tontinucd

Length Breadth Robusticity Crown Index Module Shape Index

Tooth Individual {m-a) (b-1) (L*D) ((1./m) ((Lry/2) ((n/1)
x 100) x 10) x 100)

61017 1. 7.7 10.5 80.65 73.33 91.0 136.4

r. 7.9 10.1 79.79 78.22 90.0 127.8

62023 1. 7.9 9,0 71.10 87.7¢ 84.5 113.9

r. 7.9 10,1 79,79 78.22 90.¢ 127.8

41035 1. 7.8 9.8 76.44 79.59 88.0 125.6
42040 1. 7.0 9.7 67.90 72.16 83.5 138.6
62013 r. 6.9 9.3 64.17 74.19 gl.0 134.8

C 40003 r. 7.8 8.6 67.08 90,70 82.0 110.3
22004 «r. 6.3 7.0 44.10 90,00 66.5 111.1

§2015 1. 7.6 7.9 60.04 96.20 77.5 104.0

r. 8.2 8.4 68.88 97.62 §3.0 102.4

61017 1. 8.2 10.8 86.10 78.10 93.5 128.0

r. 8.7 10.3 89.61 84.47 95.0 118.4

62023 1. 8.3 8.9 73.87 93,26 86.0 107.2

r. 8.0 8.6 68.80 93.02 83.0 107.5

41031 1. 8.0 9.2 73.60 86.96 £6.0 115.0
Lor, 6.6 9.6 63,36 68.75 g1.0 145.4

41035 1. 6.8 8.8 59,84 77.27 78.0 129 .4

42040 1, 7.9 8.2 64.78 96 .34 80.5 103.8

r, 8.3 7.8 64.74 106.40 80.5 94.0

12 61017 r. 7.0 8.1 56.:70 86.42 75.5 115.7
42022 1, 6.5 7.0 45,50 92.86 67.5 107.6

62023 1. 6.7 7.5 50,25 89.30 72.5 111.9

r. 7.2 7.3 52.56 98.63 72.5 101.4

41031 1. 7.1 7.4 52.54 95.90 72.5 104.2

r. 6.5 7.2 46.80 90,28 68.5 110.8

£1035 1. 6.4 6.6 42.24 96.97 65.0 103.0

42040 1, 7.1 7.9 56.09 89.87 75.0 111.2

r. 7.3 7.8 56,94 93,58 75.5 166.8

11 22004 r, 7.9 6.7 52,93 117.93 73.0 84.8
62015 1. 9,1 7.0 63.70 130,00 80.5 76.9

r. 9.3 7.0 65.10 132.8% 81.5 75.2

61017 1. 9.8 9.3 51,14 105,38 85.5 94.9

r. 9.3 8.9 82.77 104,49 91.0 95.6

62023 1. 9.2 7.7 70.84 119,48 84.5 83.6

1 ox 9.2 g.0 73.60 115.00 86.0 87.0

41031 r. 9.1 8.0 72.80 113,75 85.5 87.9
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TABLE A-10--Continued

Length Breadth Robusticity Crown Index Module Shape Index
Tooth Individual {m-a) (b-1) (L*3) ((L/B) ({L+B/2) ((B/L)
x 100) x 10} x 100)
50037 r. 9.4 8.3 78.02 113.25 88.5 88.2
42040 1, 9.0 7.2 64.80 125.00 81.0 80.0
r. 9.0 7.3 6G6.43 123.29 81.5 81.1
62043 r. 5.1 6.9 62.79 131.88 80.5 75.8
62013 1. 9.1 7.3 6€6.43 124.66 82.0 80.2

r. 8.8 7.0 61.60 125.71 79.0 79.5
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TABLE A-11

RAW DATA AND INDICES FROM GANJ DAREI MANDIDULAPR PERMANENT TEETH

Length Breadth Robusticity Crown Indek Module Shape Indox
Tooth  Indivicdual {(m-d) (b-1) (L*1) ((L/B) ((L+B/2) ((B/L)
x 100} x 10) x 100)
M3 62015 1. 11.2 10.6 118,72 105.66 109.0 94.6
r, 10.9 10.2 1ll.lg 106 .86 105.5 93.6
42022 1. 11.6 10.5 121.80 110,48 116.5 90.5
62023 1. 10.3 10.3 106.09 100.00 103.0 100.0
Y. 10.4 10.1 105,04 102.97 102.5 l 97.1
41031 1. - 10.6 106.5 111.30 100.95 105,5 99,0
42040 r. 10.8 10.4 112.32 103.85 106.0 926.2
61113 1. 11,1 10.6 117.66 104,72 . 108.5 95.4
r. 1.1 10.4 115.44 106.73 107.5 93.6
M2 22004 1. 10.5 10.8 113.40 97.22 106.5 102.8
T, 11.1 10.1 112,11 109.90 106.0 91.0
10010 1., 12.0 10.4 124.80 115.38 112.0 86.6
62015 1. 11.5 11.0 126,50 104,55 112.5 95.6
r. 11.8 11.3 133.34 104.42 115.5 95.8
61017 1, 11.5 11.1 127.65 103.60 113.0 96.5
rf 11.5 11.1 127.65 103.60 112.0 6.5
42022 1. 11.4 10.4 118.56 109.60 10%9.0 93.6
§2023 1, 11,2 11.3 126.56 99.12 112.5 100.8
r. 11.4 11.1 126.54 102.70 112.5 97.4
41031 1. 11.4 10.6 120.84 , 115.38 112.0 93.0
50037 1, 11.3 10.7 116.63 105.60 110.0 S4.6
r, 10.0 10.4 110.24 101.92 105.0 98.1
42040 r. 10.9 10.6 115.54 102.83 107.5 100.1
62043 1, 10.5 9.2 96.60 114,13 98.5 87.6
r 10.8 9.5 99.75 113.68 101.5 88.0
M1 22004 1. 11.5 10.0 115.00 115.00 107.5 87.0
r. 10.1 10.7 108.07 94.39 104.,0 105.9
10010 1. 1.7 11.6 135.72 100.87 116.5 99.1
11011 . 11.1 9.5 105,49 116.84 103.0 85.6
62019 1. 12.2 11.8 143.96 103.3¢9 120.0 96.7
r. 11.8 11.9 140.42 99.16 118.5 100.8
61017 1. 12.0 11,7 140.40 102.56 118.5 97.5
r. 11.5 11.7 134,55 98.29 116.0 101.7
41020 1, 11.3 11.6 131.08 97,41 114.5 102.6

42022 1. 11.2 10.9 122,08 102.75 110.5 97.3
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TABLE A-ll--Continued

Length Breadth Robusticity Crown Index Module Shape Index
Tooth Individual {m-d) (b-1) {L*RB} ((L/8) ((L+p/2) ((B/L)
» 100) % 10) x 100)
62023 1. 12,4 11.2 138.88 110.71 118.0 80,3
r. 10.2 12.1 123.42 B4.29 111.5 118.6
41031 1. 11.6 11.9 138.04 97.48 1;7.5 102.6
41035 1. 11.1 11.5 127.65 96.52 113.0 103.6
50037 1. 11.2 11.0 129.80 101.82 111.0 98.2
r. 11.4 10,8 123,12 105.5¢ 111.0 94.7
42040 1, 11.8 11.3 133.34 104.42 110.,5 95.8
r. 11.8 11,6 136,868 101.72 117.0 98.3
62043 1. 11.1 10.1 112,11 109.90" 106,0 ' 91.0
r. 10.9 10.3 112.27 105.83 106.0 94 .4
61113 1. 11.4 11.2 127.68 101.79 113.0 88.2
r. 10.3 10,9 112,27 24.50 106.0 105.8
o] i 62015 1. 8.0 8.3 66.40 96.39 81.5 103.8
r. . 7.6 7.9 60.04 . 96.20 77.5 103.9
61017 1. 8.2 9.4 77.08 87.23 8.0 114.6
r. 8.0 9.5 76.00 84,21 87.5 118.8
42622 1: 7.2 9.6 69.12 75.00 84.0 133.3
62023 1. 7.9 10.0 79.00 79.00 9.5 126.6
r. 7.7 8.6 66.22 8Y.53 81.5 111.6
41031 1. 7.0 8.6 60,20 Bl1.430 78.0 122.8
42040 1. 7.5 8.4 63,00 89.29 79.5 112.0
r. 7.4 8.9 65.86 83.15 ° 81.5 120.3
41041 1. 9.1 10.1 91.91 90.10 96.0 111.0
62043 1. 6.9 8.3 57.27 83.13 76.0 120.2
r. 7.2 8.4 60.48 85.7 78.0 116.6
61113 r. 7.6 B.5 64.60 89.41 80.5 111.8
P3 22004 1. 7.1 7.5 53.25 94.67 - 73.0 105.6
10010 1, 7.2 : 9.7 69.84 74.23 84.5 134.7
62025 1, 7.6 8.4 63,84 90.48 80.0 110.5
61017 1. 7.7 9.3 71.61 82,80 85.0 120.8
x. 8.2 8.8 72.16 93.18 85.0 107.2
40018 1. 7.7 7.3 56.21 105.50 75.0 94.8
41020 1. 7.7 7.8 ' 60.06 98.71 77.5 101.2
42022 . 7.1 §.7 68.87 73.20 84.0 136.6
62023 1. 7.6 8.4 63.84 90.48 80.0 110.5
¥ 7.6 8.8 [PLIR k] 86,36 82.0 115.8
41031 i. 6.2 6.4 52.08 731.80 73.0 135.4
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TABLE A-ll--Continucd

Length Breadth Robusticity Crown Index Module Shape Indox
Tooth Individual (m-d) (b-1) (L*8) ((L/8) ({L+B/2} ({(B/L)
x 100) % 10) x 100)
42040 1, 7.8 8.0 62.40 97.50 79.0 102.6
r. 7.8 8.0 §2.40 97.50 79.0 102.6
62043 1. 7.0 8.0 56.00 R7.50 75.0 114.2
61113 r. 6.8 8.4 57.12 80.95 76.0 123.5
C 62015 r. 8.0 7.5 60.00 106.67 77.5 93.8
61017 1. ' 8.2 9.2 75.44 89.13 87.0 112.2
r. g.8 8.7 76.56 101.15 87.5 98.8
41020 ). 7.6 7.2 54.72 105.56 74.0 94.7
62023 1. 7.7 7.7 59.29 100,00 77.0 100.0
r. 7.3 7.7 56.21 94.81 75.0 105.4
41031L 1. 6.8 8.2 55.76 82.93 75.0 120.6
I 41035 1. 7.4 8.3 61.42 89.16 78.5 112.2
r. 7.0 8.3 58,10 84.34 75.5 118.6
42040 1. 7.2 7.7 55,44 93,51 74.5 106.9
r. 7.0 7.1 49.70 98.59 70.5 101.4
61113 r. 6.6 7.3 48,18 90.41 69.5 110.6
12 10010 r. 5.9 5.9 34.81 100.00 59.0 100.0
61017 1. 8.0 8.2 65.60 97.56 81.0 102.5
r. 7.2 7.9 56.09 89.87 95,0 111.2
41020 1. 7.1 6.5 46.15 - 109.23 66.0 91.5
r. 5.8 6.4 37.12 90.63 61.0 110.3
62023 1. 6.4 . 6.2 39.68 103.23 63.0 96.8
. 5.8 6.4 37.12 90.63 61.0 110.3
41035 1. 5.9 6.8 40.12 86.76 " 63.5 115.3
r. 5.7 6.6 37.62 £6.36 62.0 115.8
42040 1. 6.1 6.7 40.87 91.04 . 64,0 109.8
r. 6.3 6.4 40.32 98.44 63.5 101.6
61113 r. 4.9 6.1 29.89 80.33 55.0 124.4
11 10010 1, 6.7 6.0 40.20 111.67 63.5 89.6
r. 6.8 6.1 41,48 111.48 64.5 89.7
62015 1, 5.8 7.8 45.24 74.36 68.0 134.4
61017 1. 8.0 6.6 52,80 121.21 73.0 82.5
r. 7.7 6.5 50.05 118.46 71.0 84.4
62023 1, 7.2 6.6 47.52 109.10 69.0 91.6

r. 6.2 5.9 . 36.58 105,08 60.5 95.2
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TABLE A-1ll--Continued

Length Breadth robusticity Crown Index Module Shape Index
Tooth Individual (m-d} (b-1) (1.%D) ({L/B) ((L+B/2)} ((B/L)
x 100) » 10) x 100}
41035 1. 6.2 5.5 34.10 112.73 58.5 68.7
r. G.6 5.0 33,00 132,00 58.0 75.8
42040 1. 6.6 6.0 39,60 110.00 63.0 90.9
r. 6.6 6.1 40.26 108,20 63.5 92.4
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APPLNDIX B

UNMODIFIED SUMMARY
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VALUES,
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TABLE B-1

MALE CRAVIOMLpQT~o:
s.4.

)
GANJ

MEAN
MINIMUM AND MAXTIMUM

DARE

H

(x),

TEPE

-

STANDARD

Dimension n X = .d min, G
GOL 3 IBl.3 6.0 175 188
XCB 3 12¢6.7 3.7 124 131
XFB 3 114.0 4.3 109 117
STB 1 115 .0 - -~ -
OBH 1 38.0 - - -
JUB 1 121.0 - - -
NLB 1 22.0 - - -
MAD 1 65.0 - - -
FMB 2 38,0 4.2 995 101
EXR 1 106G.0 - - -
FRC 1 114.0 - . -
FRS 1 22.0 - - -
FRE 1 58.0 - - -
PAC 4 118.8 5.2 114 125
PAS 4 27.0 3.9 22 31
PATF 2 70.0 0.0 (70)

OCC 1 Q5.0 - - -
ocs 1 27.0 - - -
ocr 0 - - - -
FRK 0 - - -

95 .
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Dimension n o s.d. min max .
VTR 2 2.0 0.0 (8)
V1L 2 7.0 1.4 8
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TABLE B-2

MALE MANDIBULAR METRICS: MEAN (g), STANDARD
DEVIATION (s.d.), MINIMUM AND
MAXIMUM VALUES, GANJ DAREH TEPE

Dimension n X s.d. min. max.
BCB 2 111.5 7.5 104 119
BGB 2 91.0 6.0 85 97
MBL 2 85.5 8.5 77 94-
RHR 1 65 - - -
AVR 2 59.0 4.5 53 64
ARM 2 114.3 3.8 110.5 118
RBR 4 34.5 4.1 31 41
RCM 4 25.5 1.5 23 27
RCP 4 32.8 5.4 29 42

 SYN 4 24.8 2.0 33 38
ANS 5 83.0 5.1 75 90
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TABLE B-3

MALE POSTCRANIAL MIETRICS: MEAN (;), STANDARD
DEVIATION (s.d.), AND MINIMUM AND MAXIMIIM
VALUES :  GAMNJI DAREH TEDPE

Dimension n X 5.4 min, max .

HUMERUS
HXL 1 329 - - -
HXR 0 ~ - - -
HPL 1 324 - ~ -
HPR | 0 ~ - - -
HML 3 65.3 7.5 61 74
HMR 2 70.5 7.8 65 76
PHML 3 57.3 8.7 50 67
DD 3 60.7 6.0 5 70
NuD 3 22,6 3.7 20 27
DR 2 24.0 1.4 23 25

HGD 3 18.7 3.7 L6 23

DD 2 17.5 2.1 16 19
RADIUS

R L 1 258 - - ~

RXR 0 - - - -

RPL | 1 247 - - -

RPR 0 - - ~ -

RPL 2 42.5 4.9 39 46

MRL 3 40.7 6.1 34 46

RXGC 1 13 - - -



TABLE B-3 -Continued

Dimension n 5o min., max .
RLG 1 13.0 - - -
RLD 2 12.0 1.4 11 13

ULNA
UXL 1 279 - - -
UXR 0 - - - -
UPL 1 248 - - -
UPR 0 - - - -
UML 1 40 — -~ _
UMR 3 39.3 3.7 35 42
UTL 4 21.3 3.4 18 26
UTR g 21.0 2.5 19 25
UAD 4 23.8 2.8 20 27
UAR 6 23.7 2.5 20 27
FEMUR
FXL 0 - - - _
'XR 0 - - - -
I"OG 0 - - - -
FOR 0 - - - -
FTL 0 - - - -
FTR 0 - - - -
ALP 2 31.0 1,2 28 34
ARP 3 29.7 1.5 28 31
ML 3 27 .7 1.0 24 32
FMR 1 26 -~ - -
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TABLE B=~3 wContinue@

Dimension n X s.d. min., max.

FTG 1 38 - - -
FTD 2 32.0 5.6 28 36
LTF 2 24,0 4.2 21 27
RTF 2 22.5 2.1 21 24
FDL 2 47 0.0 (47)

FDR 0 - - - -
HDL 2 49.0 3.5 47 52
HDR 1 50 - - -
cew 0 - - - -
cGW 0 - - - -

TIBIA

TLT 0 - - - -
TRT 0 - - - -
OTL 0 - - - -
OTR 0 - - - -
PTG 0 - - - -
PTD 0 - . - -
TTD 0 - - - -
e 0 - - - -
CTIL 0 - - - -
CTR 0 - - - -

FIBULA

1HL 0 - - - -

IXR 0 - - - -
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TABLE B-3 ~Continug§

Dimension n b s.d. min. max.
PATELLA
PXL 2 42.5 1.9 39 46
PXR 2 15,0 2.8 43 47
PBL 2 45.0 1.2 42 43
PBR 3 45 .7 2.0 44 48
AXIS
XAX 1 30 - - -
TALUS
XTL 4 56.5 1.4 52 62
TR A 56.0 4.2 52 61
TML 4 13.5 5.5 38 50
TMR 4 41.5 2.6 39 45
HTL 4 30.3 1.8 29 23
HT'R 4 29.3 0.5 29 30
CALCANEUS
CXL > 77.0 5.0 73 81
CXR 1 /5 - - -
CML 2 26,0 4,2 23 29
CMR 1 24 ~ - -
HCL 1 34 - - -

HCR 1 34 - - -
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TABLE B~-3 ~Continued

Dimension n ¥ s.d. min., max .,
LAVICLE
RILC 0 - - - -

ARC 0 - - - -
LPC 0 - - - -
RPC 0 - - - -
CXG 0 - - - -

CXD 0 - - - -
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TABLE B-4

(s.d.),

CRANIOMETRICSH :
DEVIATION

Al AN T
AN \;_) '

MINIMUM AND

GAMNT

DAREL TEPE

STANDARD

MA

A LMUM

Dimension n - s .d min. max .
GOL 4 1765 2.5 174 180

XCB

XI'B

OBl
JUB |
NLB
MAB
FMB

ERE

OCK

Lo

Lo

o

(V8]

114

-

.0

.0

N

101

17

40

114

99

15

31

142

116

—
-
[

120
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B~-4 -Continued

Dimension n R s.d min. ma .
VTR 3 5.7 1.5 4 7
VTL 3 6.7 0.5 6 7
VTG 1 16.0 - -
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TABLE B-5

FEMALE MANDIBULAR METRICS: MEAN (x) r STANDARD
DEVIATION (s.d.), MINIMUM AND MAXIMUM
VALUES, GANJ DAREH TEPE

Dimension n X s.d. min. max.
BCB 0 - - - -
BGB 1 94 - - -
MBL 0 - - - -
RHR 0 - - - -
AVR 0 - - - -
ARM 0 - - - -
RBR 1 32 - - -
RCM 2 27.5 1.5 26 29
RCP 1 32 - - -
SYN 0 - - - -
ANS 1 84 - - -
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TABLE B-6
FEMALE POSTCRANIAL METRICS; MEAN (%)

DEVIATION (s.d.), AND MINLMUM AND MAXT
VALUES ¢ GANI DARBH 1EVPE

Dimension n

HUMERUS
HXL 2 308.0 19.8 294 322
HXR 1 202 - - -~
HPL 2 304.0 19.8 290 318
HPR 1 258 - - -

HML 7 57 .4 6.9 50 6

w0

HMR 6 63.:

[N
~J
=
L
[0
~d
La

PML 6 56.2

L1
(e
N
—
<
fo
~J

PMD 6 b2 5.9 55 69

HLD ) 2002 2.8 18 25
HRD 7 20.4 2.2 16 23

HGD 6 15.7 1.6 13 17

HDD 7 16.2 2.0 13 19

RADIUS

RXL 1 233 - ~
RXR 0 -~ - - -
Ri°T 1 220 - - —

RPR 0 - - - -

.0 35 37

{21
ot

PRI 4 36,70

MRL 5 37,2 1.9 35 40
R¥G 4 5.0 1.8 13 17

RXD 5

[
I
o
o
oS
}_.l
N
-
~J
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Dimension n X s.d. min., max .
RLG 4 10.5 1.2 9 12
RLD 5 3.4 0.3 Q 11

ULNA

UXL 1 250

UXR 2 263.0 18,3 250 276
UPrL 2 224 .5 10.6 217 232
UPR 2 226.5 10.6 219 234
UML 2 30.5 0.7 30 31
UMR | 4 33.8 1.5 32 35
UTL 4 1.8 0.9 18 20
UTR 5 1.2 1.4 17 21
UAP 4 19.8 2.5 17 23
UAR 4 22.0 0.8 21 23

FEMUR

FXL 1 446 - - -

FXR 0 - - - -

POG 1 440 - - -

FOR 0 - - - -

PTL 1 420 - - -

FTR 0 - - -

ALP 0 27 .3 3.2 23 30
ARD 3 28.3 3.0 25 31



TABLE B-6
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~Continued

Dimension n X s.d. min max.““' o
FML 6 23.8 1.3 23 26
FMR 3 23.7 1.1 23 25
LG 5 29,2 2.3 26 32
D 3 2900 3.0 26 32
LTF 5 24,0 1.2 22 25

RTr

TIBIA
TLT
TRT
OTL
OTR
PTG
PTD
TG
TR

T

CTL

CI'R

t—

0

0

Lo

~J

g

Do

(@8]

(U]

[
.

-
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TABLE B-6 -Continued

Dimension n ¥ s.d. min, max.
FIBULA
IXL 1 350 - - -
IXR 1 340 - - -
PATELLA
PXL 5 38.0 2.2 35 41
PXR 5 37 .4 3.3 32 41
PBL 5 38.0 2.3 35 41
PBR 5 38 .4 2.7 34 41
AXIS ;
yax 1 35 - - -
TALUS
XTL 5 52.8 3.6 49 57
XTR 3 55.7 2.5 53 58
TML 5 41 .4 4.6 35 48
TMR 3 40.3 2.0 38 42
arL 4 28.3 2.3 25 30
HTR 3 28.3 2.0 26 30
CALCANEUS
CXL 0 - - - -
CXR 0 - - - -
CML 0 - - - -

CMR 0 - - - _
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TABLE B-6 ~-Contilrluec_i_

Dimension

n

HCL 0 - - -
HCR 0 - -
CLAVICLE

NLC 1 134 - ~
XRC 0 ~ - -
LPC 2 33 2.8 3
RPC 0 -

CNG 1 19 - -
CND 0 -
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