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ABSTRACT 

The present study, using modern analytical methods, lS the first 

comprehensive discussion of the physical anthropology of Cret~ in the 

third and second millennia BC. The text lS divided into ten chapters 

of which the first three are introductory. The first chapter summarizes 

previous anthropological research on Crete and sets out the aims of 

the thesis. The second chapter describes Crete I s geographical situation 

and the known evidence for the prehistoric environment of the populations 

under study. The third chapter discusses their cultural background and 

also provides a chronological frame of reference. The following chapfers 

present the material studieQ, much of it newly excavated, and describe 

the nature of the material and its archaeological context. Unfortunately 

very little early skeletal material survives, so that this investigation 

mainly relies on later, better preserved material from numerous Hinoan 

chamber tombs. The demographic data extracted is discussed. The methods 

of multivariate analysis of the metrical data and. their results are 

"described giving their interpretation. There follows a discussion of 

the non-metrical traits observed in the popUlation and th eir possible 

biological significance. The evidence of oral and skeletal pathology, 

using photographic and radiographic illustrations, is presented and 

disOlssed. In the final chapter, the conclusions, the biological varia

tion of the Cretan popUlation and links with mainland Greece and the 

rest of the Eastern Hediterranean are considered. Some insight into 

the relationships between the popUlations is offered. 
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CHAPTER ONE 

A..~TIiROPOLOGICAL RESEActzCH ON CRETE : A SlJRVEY OF THE LITERA.TURE 

A major revolution in human thought tOok place in the late 19th 

century, a generation before the remarkable discoveries of Minoan 

civilisation. The antiquity of man was universally acknowledged and 

Darwin's model for the evolution of living organisms published ~n 

liThe Origin of Species" (1859), began to achieve recognition. After 

1900, interest newly aroused by then recent archaeological discoveries 

on Crete, combined with natural curiosity about our human ancestors 

awoken by the intellectual revolution, prepared the ground for 

collaboration between archaeologists and physical anthropologists. 

More publications on Cretan anthropology appeared during the first 

quarter of the 20th century than have done since. 

1.1 Pioneer Research: 1900 - 1925 

Human skeletal material from Italian excavations at Aghia Triadha 

and Erga.nos, which was sent to Rome University, was studied and 

published by G. Sergi (1901, 1901~, and A. Mosso (1910). British 

excavations at Zakro and Palaikastro were accompanied in the field by 

physical anthropologists, wto published several reports, namely 

W. Boyd Dawkins (1901), w~H Duckworth (1902 - 3, 1913») and Charles 

Hawes (1904 - 5). Duckworth studied material in the collection of 

the Museum of Candia (Heraklion). Hawes studied supplemen~ary 

archaeological material from Knossos, Phaistos anG Gournia. 

Both Duckworth (1904, 1911, 1913), and Hawes (1909, 1909 - 10, 

1910, 1911), studied the living population for comparison with the 

archaeological material. Duckworth (1904, 1910), measured about 200 

adults from 20 provinces of Crete, and also 104 school children frOID. 

two Cretan villages, one at Palaikastro and the other near Fhaistos. 

Hawes measured 2,290 people of Cretan origin for what he styled an 

"anthropometric survey"; the male sample of 1981 individuals repre

sented 1/30 of the contemporary male population of the island. More

over, Hawes measured samples of recent crania from ossuaries at the 

Aghia Triadha and Arkadhi monasteries in West Crete. Unfortunately 

the measurements collected during this monumental task were never 

published by him. 

The scientific enthusiasm of the times was infectious. The 

Englishmen's empirical approach was emulated by two German scholars. 
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Felix von Luschan (1913), measured a series of 320 living Cretans and 

70 recent cran~a, which he compared with the measurements of Minoan 

crania already published by Duckworth ~nd Hawes. Fritz Schiff (1914), 

studied a more modest sample of 56 individuals from villages in the 

eparchy of Pyrgiotissa and 9 individuals from Sphakia. 

Buxton (1920), w~o studied both the ancient and modern popula

tions of Cyprus, tried to s)nthesise the available anthropometric data 

for the East Mediterranean. His purpose was to evaluate variation 

amongst the populations, including the Cretans, by means of univariate 

statistics, originally used by Galton (1869) for the study of continuous 

variation. 

In 1925, a Polish scholar named Rosinski published in his native 

tongue a very interesting paper, which is not widely kno~n. Rosinski 

(1925) made an anthropometric comparison of the Hinoan and modern 

Cretan cranial data of Duckworth, Hawes and von Luschan, with Neolithic -

and Early Bronze Age crania from various localities mainly in Eastern 

Europe. -He used a covar~ance matrix to analyse the dispersion between' 

pairs of measurements. 

Aspects of these authors papers will be discussed below in more 

detail, since their work and ideas moulded the development of concepts 

which one suspects are still in circulation amongst archaeologists 

today. A quotation from RW Hutchinson's "Prehistoric Crete" ,dll be 

used as the starting point of the discussion, since it illustrates 

how recently the theories of the beginning of the century have been 

reiterated without modification, (vlhereas later books avoid mentioning 

physical anthropology altogether). Hutchinson (1962, 59 - 60), wTote: 

liThe racial homogeneity of its Neolithic inhabitants must still be a 

matter of surmise, but it is clear that by the beginning of the Bronze 

Age the great bulk of the popUlation belonged to what is usually known 

as the Mediterranean Race ll
, and "Early in the Bronze Age a second 

racial element, the Tauric ('Armenoid'), began to enter Crete". 

Hutchinson went on to describe the physical appearance of these two 

races, accepting without any reservation that their skeletal remains 

were adequately distinguishable merely on the basis of the cranial 

index. 

At the beginning of the century, anthropologists valued highly 

the study of the shapes of the skulls. Populations were classified 

and compared primarily on the basis of the cephalic or cranial index, 

2 



which is the percent ratio of the breadth to the length of the skull. 

Duckworth (1902 - 3, 353), emphas~s that the crania from Palaikastro 

were "obtained in a condition suitable for yielding the most important 

data of the proportions of length and breadth". The main and often 

the only criterion for "racial" classification, depended on the dis

tinction between long heads (index 76.9 for living individuals, or 

less than 74.9 for skulls) and short heads (index above 82.0 for 

living individuals, or over 80.0 for skulls). The terms "Hediterranean" 

and "Armenoid" referred to distinct "races ll
, the former were recog

nised because they were dolichocephalic and the latter because they 

were bracycephalic, ie. having long or short heads respectively. 

HOviever, even the most ardent supporters of the cranial index 

felt the need to supplement it with more satisfactory descriptions. 

Sergi in liThe Mediterranean Race: A Study of the Origins of European. 

Peoples" (190 la, 36-38), recognises a dozen cranial forms or "varieties" 

within the Mediterranean family. The nomenclature which he used for 

some of the more common shapes was Pentagonoid: Ovoid, Ellipsoid, 

Platycephalic and Cuneiform. This subjective terminology for skull 

shape was an intuitive admission of the inadequacy of the cranial 

index. It was an attempt to amplify an otherwise rigid and unrealis

tic classification of crania. 

Hawes (1910) also felt a need to distinguish between "short ll and 

"broad" heads, within the bracycephalic group, which he found in East 

and West Crete respectively. This distinction shows that he was 

conscious of the limitations of the cranial index, which conceals 

differences between broad and short skulls. This probably led him to 

experiment with the invention of an instrument for drawing head 

contours, which he hoped would be the new method of race analysis 

(Hawes 1910, 289). 

Von Luschan (1913,351), disapproved of divisions into artificial 

groups provided by the Length-Breadth Index, but for the purposes of 

comparison with the data already collected by Duckworth and Hawes, he 

felt compelled to observe orthodox anthropometric practices. Buxton 

(1920,109) ,protested that the cephalic index "does not possess the 

ideal attributes assigned to it", but he concluded that other chara

cters would probably produce similar groups to the ones already 

established by the cephalic index. 

Rosinski (1925,591), gave the first truly rational explanation 

of the inadequacy of the cranial index, but this had a rather limited 

3 
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audience since the paper is in Polish. He rejects, ~n theory, the 

anthropometric approach based on the "superfluous divisions of crania 

into long and short heads, because that division is based only on one 

character, which cannot be supported by the other elements". 

Thus a certain, sometimes confused, awareness of the crudity of 

the cranial index is disclosed by some authors. Yet the theory, 

summed up by Hutchinson, that the Bronze Age population of Crete was 

a racial m.ixture of Hediterraneans and Armenoids (or Alpines), which 

were distinguished from each other by the cranial index, represents 

the catholic view. Thus in practice the cranial index was ratified 

by all as it continued to be the diagnostic criterion of race. 

A false impression of harmonious Vlews may have been given up 

to now by this review and if so needs adjusting. In fact the issue 

of v.ilether Armenoids or Hediterraneans formed the original population 

and which were the intrusive elements was disputed. Von Luschan was' 

the main proponent of the theory that the earliest inhabitants of the 

Hediterranean were Armenoids. HO'l-TeVer, since the maj ority of Minoan 

crania discovered were dolichocephalic, he conceded that on existing 

evidence "it seems as though the bracycephalics arrived on Crete 

towards the end of the "Bronze Age" ( von Luschan 1913,392). The other 

scholars believed that the autochthonous Medterranean population was 

dolichocephalic. The work of each scholar will be surveyed below 

~n historical order. 

In the book previously mentioned, on the origins of European 

peoples, Sergi (1901a, 70ff) explained his theory that the earliest 

inhabitants of the ¥editerranean were blond and brunet people of 

North African origin, who in ancient times began to disperse in a 

northward direction into the Mediterranean and Europe. He claimed 

that the study of the Mediterranean fauna and flora argues in favour 

of the African origin of the population (1901a, 40). Sergi believed 

that different branchesof the race were produced by different 

influences of altitude, latitude and soil, which affect the colour of 

hair, skin and eyes. He named the four main branches of the Mediter

ranean race: Libyan, Iberian, Ligurian and Pelasgian (Sergi 1901a,33). 

Sergi wrote a short paper on his study of four crania from 

Erganos (Sergi 1901, 315 - 318). Only three of the cranla could be 

measured and Sergi appended descriptive terms to. the cranial indices 

obtained. One skull was dolichocephalic (74.0) described as 

"ovoides subtilis". The other two were mesocephalic (76.4) "ellipsoides 
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cuneatus planus" and (79.4) "ovoides latus". Two skulls were in 

the ambiguous category of mesocephaly. Nonetheless, Sergi considered 

all three t)yically Mediterranean forms. He attributed them to the 

Mediterranean race after subjective visual appreciation of their 

shape and was thus able to satisfy his hypothesis. Although the 

exiguity of the material was undeniable, he concluded that !lin Crete 

at the Mycenaean epoch, a people of Mediterranean race was dominant" 

(Sergi 1901, 318). 

Dawkins (1901, 155) studied three skulls from Zakro. He assigned 

all to the "small dark Mediterranean race, the oldest ethnical 

element in the Pelasgians of Crete", with swarthy complexions and 

dark hair as depicted in the Knossos frescoes. He considered that 

there was too little evidence to speculate about the bracycephaiic 

people in Crete. 

Duckworth studied a sample of 87 crania from Palaikastro. He 

found that in the Early/Middle Minoan period, 65.3% of male and 70.6% 

of female skulls were dolichocephalic. 8.5% of male and 5.87% of 

female skulls were bracycephalic. He noted that this was not an 

insignificant number and would need to be considered in a full 

discussion of race affinities. The remainder of the skulls were of 

"mean proportions". He stressed the fact that both long and short 

skulls were found in the same ossuary (Duckworth 1904, 407-8). 

Duckworth felt that bracycephaly could not be explained 

satisfactorily either by evolutionary change or enviromental influence. 

He thought that the most likely explanation was that a prehistoric 

invasion or migration was responsible for bracycephaly among the 

Minoans (Duckworth 1913, 227, 233-234). In another paper, where he 

considered the contrast between the ancient and modern population of 

Siteia, the latter are mainly bracycephalic, he suggested that their 

ancestors may have migrated from Dalmatia or Illyria (he even drew 

comparisons between the mental attributes of the Siteians and 

Montenegrins), during the Venetian occupation (Duckworth 1910, 15-17). 

Hawes studied the living population of Crete more extensively 

than any other scholar before or since his time. He expected that 

this would enable him to identify descendants of the Minoans in the 

modern population and correlate·skull form with·pigment and living 

appearance. From the study of the ancient material he observed that 

dolichocephaly was predominant in the Middle Minoan population and 

that bracycephaly and mesaticephaly increased from the beginning of 
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the Late Minoan period (Hawes 1910, 2-3). This led him to reason that 

a considerable prehistoric invasion was responsible for the increase 

of bracycephaly and the mixture of bracycephalic and dolichocephalic 

elements in the modern population. In the opinion of Hawes who 

energetically contradicted Duckworth (it is of human interest to note 

the transparent rivalry in their scholarly disputes), the Venetians 

and Turks had a negligible influence on the population (Hawes 1910, 

24 - 29). 

Hawes observation of the contemporary distribution of dolicho

cephaly, bracycephaly and stature variations in the living population 

led him to develop the following theory. Differences in stature among 

the dolichocephalic population in the mountainous regions of the East 

and West of the island, suggested to him-that two branches of the 

Mediterranean race were represented. Hawes identified the shorter 

dolichocephalics in the East and the taller dolichocephalies in the 

West, called Atlanto-Mediterraneans. He supposed that the olde-r dolic

hocephalic populations had been driven to take refuge in the wnite 

Mountains and Lasithi, when the island was invaded by bracycephalic 

peoples (hypothetically following the same route as the Turks in the 

17th centurj. Among the bracycephalic population Hawes distinguished 

those in the west who had broad heads and were tall, from those in the 

east who had short heads and small stature. Hawes suggested that the

latter probably migrated to Crete from Asia }finor in prehistoric times. 

He mentions as confirmation that Minoan contacts with Asia Minor were 

indicated by HogarthTs excavations at Zakro (Hawes 1910, 27). Hawes 

suggested that the western bracycephalics were from Illyria and 

identified these with the Dorians (Hawes, 1909 - 10). 

In "The Dawn of Mediterranean Civilisation" Mosso explains the 

theory, after Sergi, that the dolichocephalic Mediterranean race 

which originated in Africa, led forth the human race from barbarism. 

He explained that their evolution was "arrested" before the Neolithic 

period and no "improvement of physical constitution" was brought 

about by the invasion of the bracycephalic race from the east, which 

began to infiltrate the dolichocephalic population of Europe at the 

beginning of the Chalcolithic period (Mosso 1910, 402-5). But Crete 

was exempted from this hypothetical invasion. Mosso studied nineteen 

Minoan crania, four of which were bracycephalic with a maximum cranial 

index of 84. But he. included these in the Mediterranean (dolicho

cephalic) race, explaining that they represent the limits of natural 
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variation of spec~es (Mosso 1910,410-411). Mosso recapitulated 

Sergi's theory incorporating a parody of the doctrine of evolution 

and the theory of variation under nature (cp. Darwin, 1859,101-113)~ 

with which he actually highlighted, unconsciously, the absurdity 

of defining races by the cranial index. 

Von Luschan (1913) studied both the ancient and the contemproary 

population of Crete. He drew his information about the ancient 

population from the publications of Duckworth and Hawes, as well as 

his own examination of crania in Heraklion Museum (von Luschan 1913, 

342-3). He also measured 70 recent cran~a from Heraklion and Chania 

(von Luschan 1913, 343-50), and 320 living Cretans (von Luschan 1913, 

354 ff). He divided this data into geographical groups in order to 

construct an anthropological map of Crete (von Luschan 1913, 370-71). 

Like Hawes, he expected to make correlations between the ancient 

and the modern populations and that the majority of ancient "types" 

would be found ~n the inaccessible mountainous areas of Crete, where 

foreign influence was least likely to penetrate (von Luschan 1913, 

379) . 

Von Luschan observed that the modern Cretans have far broader 

skulls than in prehistoric times (von Luschan 1913) 351). He suggested 

that this trend began in Middle Minoan times and was due to a pre

historic immigration. Von Luschan reviewed the archaeology and history 

of Crete and concluded that the degree to which foreign conquerors 

influenced the indigenous population biologically is often exaggerated 

(von Luschan 1913, 313). His opinion which coincides with that of 

Hawes, is that neither Venetians nor Turks had any real influence on 

the island's population (von Luschan 1913, 320). 

Judging from large metrical variations, von Luschan considered 

that the modern Cretan population was heterogeneous (von Luschan 1913, 

369-70). He detected four different groups of skull forms (von 

Luschan 1913, 385). Among them he identified the long heads found ~n 

five provinces: Mirabello, Monophatsi, Lasithi, Pedhiadha and 

Mylopotamos with dark eyes and hair, which he said corresponded to 

Minoan cTania (von Luschan 1913,375). Von Luschan (1913, 368, 387 

& 393), hypothesised that the 10% "xanthochrous types" ~n the popula

tion, found most often in Sphakia, were descended from the Achaeans. 

Schiff (1914) studied a small sample of the living pOP.ulation: 

56 individuals from four villages in south central Crete and 9 from 

Sphakia. His data was intended to supplement von Luschan's anthro-

7 



, 

pological map of Crete. He agreed with von Luschan that historical 

conquests had not changed the anthropological character of the 

Cretan population and also shared the view that a change had taken 

place in antiquity. Schiff, presumably inspired by Schliemann's 

discoveries at Troy, also mentioned the Homeric traditions about 

Crete with p~ous regard deserved of a veracious historical account. 

Buxton's paper on "The Inhabitants of the Eastern Mediterranean" 

sets out to investigate the physical affinities of the ancient and 

modern populations of the East Mediterranean countries. Buxton 

considered samples both of the contemporary population and of 

archaeological material ranging in date from the Neolithic to Roman 

times. He obtained data from his own research on Cyprus and from 

the published material·of colleagues. The data for ancient and 

modern Cretans was taken from the work of Duckworth, Hawes, von 

Luschan and Schiff. Buxton belonged to the English School of 

Biometricians. He employed univariate statistical methods on the 

data: he calculated means, standard deviations and variances for the 

parameters under consideration. These consisted of several cranial 

measurements (Length, Breadth, Cranial, Facial and Nasal Indices) and_ 

stature. He also took into account variations of pigment. 

Buxton arrived at the conclusion that the cranial index is as 

good a guide to the extent of heterogeneity in the population, as 

any of the other variables ,.,.,*-tich he considered. \Vith reference to 

Crete, he observed that the variation in the cranial index is due to 

differences in the breadth of the skulls (head length being stable), 

and he considered that they were such as would be expected from a 

mixed popUlation. Buxton remarked on the small variation ~n the 

sample from Selinos and Sphakia measured by von Luschan. He suggested 

that von Luschan did not obtain a normal sample. He thought artific

ial bias had been exercised in respect of stature, since these Cretans 

were the tallest of all the East Mediterranean samples. In Buxton's 

opinion the mixed character of the whole of the East Mediterranean 

population was established early. He considered that it was impossible 

to assign any definite racial position to the majority of the modern 

population. Buxton concluded that the Middle Minoan population of 

Crete was in a similar state to modern times. (Buxton 1920,100). 

Rosinski (1925) reexamined the ancient and ~odern crania from 

Crete studied by von Luschan. He compared them with ten European 

8 



, 

crania of diagnostic shape, using a neglected method of population 

analysis developed by Czekanowski. Itw'as called "differential 

diagnosis". Rosinski constructed a covariance matrix and assessed 

the degree of similarity between skulls by inspecting their cov

ar1ances. He analysed a sample of seven Minoan crania, sufficiently 

well preserved to provide basic measurements (Length, Breadth, 

Minimum Frontal Breadth, Bizygomatic Breadth, Upper Facial Height, 

Nose Height and Nose Breadth), and indices (Cranial, Upper Facial 

Forehead/Zygomatic, Nasal). Five of these cran1a belonged to the 

~~diterranean type (p), described as long-headed, with a short face 

and broad nose. Hence Rosinski concluded that the dominant character 

of the Minoan population was Mediterranean. The remaining two crania 

1n the sample corresponded to two different bracycephalic types 

called North European (a) and Grenelle (1)' In Rosinski's opinion 

these were not part of the primary population, but probably derived 

from immigrant populatioTI> from the South Balkans (the same Grenelle 

type occurs at Ruszczuk in Bulgaria) and from Northern and Central 

Europe (at Zlotej), where these people already existed from 

Neolithic times. He suggested that they were displaced by a current 

of population movements from the East and Some migrated to Crete in 

Middle Minoan times. The Armenoid group identified by von Luschan 

and other scholars was not represented in Rosinski's sample. 

Rosinksi concluded that the Middle Minoan sample was anthropologically 

homogeneous and foreign elements had been absorbed into it (Rosinski 

1925, 601-2). 

Rosinski also examined von Luschan's data for 46 modern crania 

from Heraklion and 17 from Chania. He observed that the proportion 

of V...editerranean crania was very much reduced and Ildiluted ll in 

character. He found that the Armenoids were not at all numerous 1n 

the modern sample (Rosinski 1925,634). The most numerous element 

in the modern population was his Grenelle short-headed group of 

Northern origin. Altogether seven different skull types are identi

fied in the modern sample. Rosinski concluded that the modern 

popUlation of Crete was very much more heterogeneous than in the 

Minoan period. Rosinski contested the opinion of von Luschan (of 

whose work he was very critical), and concluded finally that there 

have been very great changes in the composition of the Cretan pop

ulation since Middle Minoan times. 

In many papers an oft-recurring theme 1S the preoccupation with 
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the identification of ethno-linguistic groups ;"hich Homer mentions 

(Odyssey Book XIX, lines 175-]77). The Achaeans, Eteocretans, 

Kydonians, Dorians and Pelasgians inhabited Crete in the age of 

heroic deeds described in the Homeric poems. Circumstantial details 

in literary work often have a basis in fact, but anthropologists 

were careless of drawing distinctions between literature and history 

and they ascribed to the narrative the same merits as a historical 

record. Perhaps they were beguiled by Schliemann's success in loca

ting Troy, reputedly achieved by attentive study of the topographical 

details in the Homeric epic. Several authors prcposed racial iden-· 

tifications of the five groups mentioned by Homer in the contemporary 

population of Crete and in the archaeological material. But the sug

gested identifications conflict and are in any case highly conjectural. 

With the exception of von Luschan (]913, 388-9), no one devoted any 

thought to querying whether these names really had any racial meaning. 

Sergi (190 la, 33) named one of the four branches of the Mediter

ranean race Pelasgian, but it is very doubtful if any correspondence 

between his use of the name and Homer's could be proved. Dawkins 

(1901, 155) adopted the same term: he identified the Zakro crania as 

belonging to the oldest et~nical element in the Pelasgians of Crete. 

Hawes also tried to fit his racial types to the Homeric names. 

It will be recalled that Hawes distinguished two main branches of 

the Mediterranean race in the living population, in east and west 

Crete. He suggested that the taller people in the west were the 

Kydonians. (Doubtless he made this deduction on grounds of geog

raphical probability. Kydonia is an ancient toponym mentioned by 

Herodotus, Strabo and Scylax, identified most probably with Chania. 

Today it survives as the name of an eparchy in west Crete.) Hawes 

suggested that the long-headed people of shorter mean stature, the 

Eastern branch of the M~diterranean race, were the Eteocretans. 

(Etymologically this name means I!true-Cretan" and is most probably 

an epithet bestowed by the Greeks on the ancient population of 

Crete. Eteocretan inscriptions survived in the classical period in 

east Crete. This would explain why Hawes suggested this identifi

cation.) Hawes was impressed by the unusual frequency of xanthochrous 

people in Sphakia, SW Crete, where bracycephalic skulls out-number 

dolichocephalic skulls in the living population by three to two. 

Hawes identified these people as the descendants' of the Dorians. 

(This claim coincides with a local tradition of Dorian ancestry.) 

Hawes suggested that the Dorian invaders, Whose original homeland 
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was Illyria, entered Crete on the south coast, in the area of Sphakia 
. * and Selinos, wnere the majority of fair bracycephalics are found 

(Hawes 1910,7; 1909-10,259). But according to Homer, the Achaeans 

were also fair. 

Von Luschan (1913, 388-92) observed that the Dorians, reputedly 

preceded by Achaeans, migrated from Thessaly through the Argolis 

and the Peloponnese crossing territories which were not uninhabited 

and mixing with the older population. He therefore supposed that by 

the time they arrived in Crete they would not be Dorian but Dorified 

and largely mixed with the pre-Greek population. He reasoned that 

in historical times one may speak of a Doric dialect but not of a 

Doric physical type. He concluded that the somatic characteristics 

of the Dorians on Crete is a matter that cannot be solved simply. 

Enough has been said to show that the Homeric names captured the 

imaginations of many and absorbed scholars again later (eg. Cipriani 

(1961), Poulianos (1966)). Hawes identification seemed plausible 

enough to inspire a group of scientists to reconsider the question 

of the possible Dorian ancestry of the Sphakians and to try to solve 

it by modern methods of analysis (see below Barnicot et al 1965). 

However, it is time to gather some of the threads in the discourses 

of various wTiters mentioned in this historical survey with a 

recapitulation of cardinal facts and ideas which sometimes reoccurred 

- like the Homeric controversy - during the renaissance of research 

from 1954 on. 

Without exception scholars took a one-dimensional view of the 

study of the population and attempted some sort of racial analysis 

of the ancient and modern population, which concentrated on the 

study of crania, with the aim of probing the origins of the Cretans. 

One of the major handicaps for early research on origins was 

the scarcity of ancient anthropological remains. The usual means of 

supplementing the data was through the study of the contemporary 

population, but no proper distinction was drawn between the ancient 

and modern population. It was believed that by examining the present 

synthesis of the living population and identifying its components, it 

* Mosso (1910, 415) claimed that the Dorians were dolichocephalic and 

belonged to the Mediterranean race, an opinion which is clearly 

at variance with the views of both Hawes and von Luschan. 
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would be possible to identify the corresponding components in the 

ancient population and by extrapolation to transpose to them the 

external physical features observed in the living representatives. 

But this approach involved the premise that there had been no 

important changes or modifications to the popUlation since the Bronze 

Age settlement of the island. (Franchet's claim for a Neolithic 

settlement of Crete earlier than the strata at Knossos was strongly 

repudiated by Evans.) Because Crete is an island, it 1;o70Uld legitimately 

be considered as geographically independent and forming a separate 

entity. Many scholars therefore expected to find human type fossils 

in the popUlation and the taxonomy based primarily on the cranial 

index was designed to conveniently classify skulls into preordained 

divisions of the cranial index which determined their racial affinity. 

But it will be recalled that several authors encountered difficulties 

with this means of classification, which was therefore not always 

applied with strict objectivity. This taxonomy ignored that fact that 

biological anthropology deals, not with inanimate objects, but with 

a living species which continues to undergo gradual transformation. 

It has been said that one of the functions of anthropology is 

to confirm biological laws. Theories put forward by early scholars 

explicitly invoked concepts such as racial purity, natural variation, 

racial homogeneity/heterogeneity, evolution and the influence of 

enviroment on the gene pool. It was implicitly recognised that the 

means by which new "types" (variants) were introduced into the popula

tion, was by the arrival of new people, since migrations and 

invasions were postulated depending on what variation could be recog

nised in the population. It was argued that the number of invasions 

was limited by the number of types recognised by variation in the 

cranial index. Consequently several scholars entirely dismissed the 

influence of the historical conquests on the composition of the 

population. Such a distinction between the biological importance of 

the prehistoric,as opposed to the historical invasions seems arbitrary. 

Apart from hybridisation, the other basic evolutionary mechanisms 

by which the gene frequency of a popUlation is modified, for instance 

mutation, genetic drift or natural selection, seem to have been little 

understood. For example, Mosso declared that the evolution of the 

Mediterranean race had been "arrested" before the Neolithic period 

(Mosso 1910, 403). This appears to be a contradiction of the law of 
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evolution, which is a continuous process only interruptible by 

extinction of species. 

Sergi believed that the external physical ch2.racteristics of 

a population, the colour of hair, eyes and skin could be changed by 

their physical surroundings, by climate, soil, latitude and altitude, 

while their internal characteristics remained unmodified (Sergi 1901a, 

74), and indeed constant throughout time (Sergi 1901a, 36). These 

statements seem to imply that variations such as colour of eyes '\.]ere 

not inherited differences and not part of the genetic identity of 

individuals. At any rate Sergi did not rank~~ differences of clas

sificatory importance. 

At the other extreme, Duckworth considered that temperament was 

an inherited characteristic and part of the genetic identity of the 

group. He therefore considered it reasonable to suggest a ccmmon 

ancestry for the Montenegrins and the Siteians on the basis of the 

similarity between them in bearing and character (Duckworth 1910, 16). 

Hawes (1909, 349) also included temperamen~ amongst the criteria 

which he used to differentiate the Sphakiotes from the Lakkiotes. 

Indeed it would be difficult to disprove that factors of temperament 

can be inherited, but in biological anthropology it is not a suitable 

criterion for demonstrating the relationship between populations, 

since it is a "quantity" which would be difficult to measure and 

impossible to evaluate objectively. 

Finally, a major fact about this era of pioneer research is that 

a process was gradually set in motion which effected the development 

of statistical techniques of data analysis. In the early days, anth

ropological research relied mainly on assessments through mere inspec

tion of crania, which were entirely subjective. For example, Sergi 

(1901, 38) wrote that "the varieties of cranial forms are differently 

mingled in the composition of a nation which thus receives a different 

physiognomy according as some forms are more numerous and prominent 

than others. There is thus an appearance of diversity which is almost 

or quite absent when we consider the whole family". The statements 

of an experienced observer may well be correct, but it is only possible 

for others to fully appreciate their significance and to make use of 

the observations, when documented by concrete figures expressing 

variation and frequency distributions etc. Gradually, as the need 

for more thorough descriptions of the population was recognised, the 
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more numerous the data collected became. So the need arose for a 

system of processing it in order to make accurate, objective com

parisons~ to quantify differences and to measure variations. Mere 

word descriptions were gradually supen<eded by statistics, the arran-

gement of numerical data, so as to show the properties of interest. 

Both Duckworth (]910) and Hawes (19]0) refer to the standard 

deviations to express the amount of variation in their samples. For 

example, Hawes considered that the standard deviation: of the cranial 

index and of head breadth for the whole of Crete compared to head 

breadth for Egyptian series, indicated that the population of Crete 

was only moderately mixed. A more detailed scrutiny of the standard 

deviation of head breadth for different eparchies indicated that 

among them the differences were only significant between Lower Kydonia/ 

Sphakia and the rest of Crete (Hawes 1910, 349). It seems that 

Hawes died ,before he was able to complete any more sophisticated pro

cessing of his Cretan data, which he obviously collected in order to 

"document a theory with sound statistical evidence. 

Von Luschan tried to objectively answer the question of whether or 

not he was dealing with a racially homogeneous population by consid

ering analogical variation among plants and animals and by considering 

the numerical size of variations of measureable traits. He expected 

that a bimodal distribution would indicate that the population was a 

mixture, i.e. the overlap of two normal distributions (von Luschan 

1913, 370-371). He found that the variations in the individual values 

and indices of his sample were extraordinarily large, i.e. not within 

the spectrum of physiological variability of the group. He therefore 

concluded that the population was racially heterogeneous and derived 

from separate elements (von Luschan 1913, 369). He observed an 

inverse relationship between body size and the size of the skull, 

which he considered impossible in the case of a "pure line" (von 

Luschan 1913, 376). 

Buxton's paper employs rudimentary statistics to sort the data 

into classes, examine the-distribution of variation and interpret their 

mean1ng. In Buxton's opinion two sets of people whose cephalic index 

differs by as much as 10 units, and yet appear to be comparatively 

homogeneous, can justifiably be considered as belonging to two dif

ferent groups; but a wide range of differences and heterogeneity among 
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a population can most easily be explained by racial admixture 

(Buxton 1920, 109). 

In the field of Cretan anthropology, Rosinski (1925) reached 

the pinnacle of sophistication of statistical techniques then available, 

using a covariance matrix - a covariance or correlation matrix is 

usually employed in multivariate analysis to measure dispersion among 

individuals or populations - in order to measure the distance between 

individuals 1n his sample which was very small. But Rosinksi's cal

culations must have been done by hand, a laborious task, which meant 

that the number of measurements and individuals which could be handled 

was limited by the endurance of one's patience, until the invention 

of mechanical means for dealing with lengthy and complicated calcul

ations. 

1.2 A New Era of Research: 1954 - 1980 

1925 represents the end of an epoch 1n physical anthropology as 

far as Crete is concerned. There was an interim period, lastin~ until 

1954, when no further research on Crete was published. This is a long 

time in terms of human progress, the momentum of which has been greater 

in this century than in any other. During this period there were 

great advances in nearly all aspects of research in both the humani

ties and sciences. Many new archaeological sites had been discovered 

and excavated. There were unprecedented discoveries in biology and 

genetics. There was progress in computer science and statistics. But 

anthropologists seemed peculiarly reluctant to adopt these new tech

niques and make up for lost time. They continued to use old study 

methods and showed a disinclination to abandon theories belonging to 

a different era. Over and again, later papers resonate with antiquated 

ideas and much slower progress was achieved than ought to have been 

the case. The contributions of individual authors are discussed in 

chronological order of their publication. 

In 1954 DF Roberts produced his analysis of Hawes' previously 

unpublished data on the modern Cretan population. The presentation of 

the data is clear, methodical and concise. There are 21 samples 

representing different regions throughout Crete, for which he calculated

the means and standard deviations of seven cranial measurements, three 

indices (Cranial, Facial and Nasal) and stature. Roberts had a neg

ative attitude to multivariate statistics and computing. In his view 

D2 oversimplifies and masks the qualitative aspect of quantitative 
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differences. And by whatever method the variables are chosen, he 

believed that bias is virtually unavoidable. He also thought that 

statistics give minimal returns compared to the labour input required. 

Roberts therefore chose to pursue a different line of investigation 

~n the hope of better rewards, but in this he was disappointed. 

In Roberts' opinion, geographical phenomena frequently have a 

considerable influence on the population. He therefore tried to 

detect geographical trends in the data which might be correlated 

with environmental, social or sexual factors. But he was unable to 

support his hypothesis. Owing to the magnitude of variation ~n the 

sample, Roberts considered that the modern Cretans represent .a 

genetically intermingled population. His conclusions contemplate 

feasible explanations. He considered isolation leading to genetic 

drift an improbable cause of the observed variation. He suggested 

that the mixture occurred either through slow gene penetration or 

invasion. He thought the Sphakians were probably the remnants of an 

earlier population modified by gene flow from outside, or late Bronze 

Age invaders. Finally, he reiterated his conviction that the geo

graphical character of Crete has sustained, if not conditioned physical 

differences in the population. 

There were no tangible results from Roberts' investigation. But 

its value lies in the application of sound, hyaline logic to the 

problem. In addition Roberts made Hawes' data available though in a 

very abbreviated form, which is unusable in a multivariate analysis. 

However it is emphasised that he was opposed to Hawes' purpose in col

lecting it, since he says that modern data are "of little assistance 

in specifying the sources of the original inhabitants of Crete" 

(Roberts, 1954, 11). It may seem puzzling that this statement is not 

as obvious as it seems, but the practice of combining ancient and 

modern data was popular amongst earlier scholars mentioned (for 

example Duckworth, von Luschan and Schiff), and as we shall see below, 

was continued by CiPiani and Poulianos. 

Also in the fifties, JC Trevor began to work on the skeletal 

material from the Ailias Hill cemetery at Knossos. Unfortunately none 

of his work was published due to his death. HC Carr (1960) published 

a brief and informative study of the teeth and jaw fragments from 

Ailias, which dates to the Middle Minoan period .. Carr's paper fur

nished many previously unknown facts. For example, he observed that 
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the teeth of the ~~ddle Minoans show a consistently high standard of 

calcification. Their oral health seemed good: there was only 9% 

caries and 13.7% frequency of ante-mortem tooth loss, 4.9% chronic 

abcess and 80% paradontal disease. Severe attrition in immature 

specimens indicated a hard, unrefined diet. Compared to eight other 

sample populations, the Middle Minoans had rather small teeth. Shovel 

shaped and semi-shovel shaped incisors occurred in 73% of the popula

tion at Ailias. He postulated that extractions might have been known. 

Oral health had scarcely been considered by scholars before, 

except for the mention of an abcess and caries in a jaw studied by 

Daw~ins (1901). Previously, studies had concentrated on the collection 

of basic measurements for the study of skull morphology and stature. 

Carr's paper broadened the scope of anthropological studies of Crete 

from physiognomy to physiology. His paper gave new insights on the 

questions of oral disease and hygiene, diet and living standards during 

the Palatial period at Knossos, as well as genetically related varia

tion of tooth form, aspects of their physical anthropology which had 

until then been totally neglected. 

In 1961, Cipriani published an essay entitled "SuI Significato 

Antropologico delle Genti Cretesi" about the origins of the Cretan 

population. The essay is disproportionately long in view of the lack 

of useful information. Cipriani reports that he measured people from 

73 Cretan villages forming a total of 2078 men and 297 women. But it 

is mystifying that none of this data is presented, even in a summary 

form. His paper adopts a philosophical approach in preference to a 

pragmatic one. 

Cipriani began his research ~n 1927 (he considered von Luschan's 

work hurried), which may explain its retrospectiveness and why it ~s 

essentially a recapitulation of Sergi's theory. Like some of his 

predecessors, Cipriani adheres to the belief that the study of the 

modern population should enable one to "penetrate the Neolithic period" 

(Cipriani 1961-2, 119). Thus he believed that the trait of blondness 

in the mountain population of Crete was proof of its antiquity exten

ding back to the Neolithic period. 

Cipriani's hypothesis was that the dessication of the Sahara 

caused the dispersal, into the Mediterranean basin and Europe, of 

an autochthonous white population which colonised Crete in the 

Neolithic period. The corner-stone of this hypothesis rests on the 

argument of the Neolithic, African origin of the blond Sphakians, which 
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~s certainly not proved by the dubious evidence given. (According 

to Cipriani the blond Achaeans were the same African population which 

had migrated North into Europe at the beginning of the Neolithic and 

later, towards the end of the Bronze Age, returned South). He 

claims that the Sphakians are the remnants of the ancient Libyan 

population whose modern representatives are the Berbers. To prove 

the connexion he draws parallels between the two populations: a similar 

frequency of blondness, psychological resemblances and similarities of 

pronounciation between Sphakian women and the mountain tribes of Libya. 

Cipriani suggests further cultural parallels between Libya and Crete,. 

which are unconvincing for various reasonS. Either they have a wide 

geographical and temporal distribution (flexed burials), br are anach

ronistic (secondary burial), or are based on myth (king sac~ifice), or 

tenuous (art and social organisation), or simply wrong (tholos tombs). 

Finally Cipriani claims that certain spec~es of cultivars and domestic 

animals were brought to Crete at the time of colonisation from North 

Africa (cf. Sergi 1901a, 40), where they are supposed on the evidence of 

querns and inductive reasoning to be earlier. But the present knowledge' 

of thei~ geographical origins (see Chapter III), eliminates this argu

ment. 

Pankalos (1963) reviewed Cipriani's paper listing among its short

comings the lack of statistical data, the fact that no distinction is 

made between the contemporary population and the ancient, the doubtful 

linguistic evidence and the criterion of the phenotypical trait of 

blondness, on which his hypothesis of a Libyan origin of the Cretans is 

based. Pankalos maintains that the correct approach to the search for 

the origins of a population must be based on the bone material. He says 

that "contemporary genetics does not accept racial purity lasting 

thousands of years" and observes that there are few totally unmixed 

populations in our times. And Crete, because of its geographical 

position may well have been mixed from the fourth millenium B.C., just 

as in the population of Greece today, which has much in common with other 

East Mediterranean populations. Pankalos points out the degree to 

which invasions affect a population depends on whether or not their 

genes are dominant. Pankalos recommended the study of blood groups 1n 

the living population, since he considered that cytological characters 

in general are independent of environmental influence and thus stable 

(although this is now considered to be a doubtful .assumption). 

Not long afterwards, a team of geneticists led by the anthropologist 
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NA Barnicot tested the blood groups of 171 individuals ~n the eparchy 

of Sphakia. They observed a rare ABO frequency, which compares with 

samples of Armenians and some of Hungary and Rumania and Turkey which 

are not dissimilar (Barnicot, 1965, 285). It was suggested that the 

frequency in Sphakia may either be due to isolation, perhaps of some 

ancient stock, since certain features in the dialect are traditionally 

claimed as Dorian survivals, or due to similar selective influences in 

mountain habitats, an argument it would be hard to refute. The authors 

considered it improbable that the Sphakiots remained completely isolated 

over many centuries (Barnicot et aI, 1965, 295). 

Barnicot and his co-authors limited the scope of their research to 

sampling the area of Sphakia. Although the results were extremely inter

esting there was no follow-up. Wider geographical sampling of blood

groups could have given a better perspective to the problem of the degree 

to which the Cretan population has been influenced, or not influenced 

by foreign conquests and settlement, as several authors (namely Hawes, 

von Luschan and Poulianos), have claimed. 

In 1965, RP Charles published a monograph with the title 

"Anthropologie Archeologique de la Crete" , which is a corpus of all 

the ancient cranial material then available in Heraklion Museum. He 

compared 257 Cretan crania with other crania excavated in the Aegean 

and Cyprus. Charles' procedure was to make a typological classifi

cation of the crania. He grouped them primarily according to values 

of the index of cranio-facial structure (chamaeene less than 47.9, 

metriene 48 - 52.7, hypsienegreater than 52.8). He subdivided these 

groups finally according to values of the cranial index (dolichoce

phalic less than 75.9, mesocephalic 76-80.9, bracycephalic greater 

than 81). In this way Charles classifies skulls into eleven different 

categories. These are Ancient Mediterranean (AI), Alpino-Mediterranean 

(A2) , Alpinoid (A3) , Neo-Mediterranean (AC), Megalithic (AC2) , Alpino

Dinaroid (AC3) , Cordate (CI), Danubian (C2), Dinaroid (C3), Grimaldoid

Negroid (B), Sub-Negroid mixed CAB). Group A is indigenous to the 

Mediterranean. Group AC is semi-indigenous, mixed with Group C which 

is of Central European origin. Group B is of African origin. Accord

ing to Charles the predominance of- dolichocephaly is characteristic of 

, maritime populations. Predominance of dolicho-jmesocephaly is charac

teristic sub-rnaritime populations. Predominance of meso-/bracycephaly 

is characteristic of sub-continental populations. Bracycephaly is 

characteristic of continental populations. 
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Charles' conclusions may be summarised as follows. The Neoli

thic population of Crete is derived from Attica. He suggests that 

during Early Hinoan II - III there was anot.her wave of migration from 

the maritime zone of Attica and the South Peloponnese. During the 

Middle Hinoan only contact with the South Peloponnese is maintained: 

the populations of Crete and the Argolid are said to be almost iden

tical. In Late Minoan I and II there is hardly any perceptible change 

in the population: Charles considers that the Cretan population has 

a more maritime character, in contrast to the population on the Greek 

mainland which is sub-maritime. In Late Minoan III the Cretan popula

tion is said to resemble the Greeks of the interior, as well as the 

earlier inhabitants of Crete. It is suggested that some of the Cretans 

moved to Cyprus at this time. Charles also suggests that the Mycenaeans 

were displaced by the Dorian invasion and took refuge in Crete since he 

claims that the Iron Age population of Crete resembles the Helladic 

population of the Mycenaean period. 

Charles' interpretation of the anthropological data seems to 

confirm "classical" interpretations of archaeological data. For 

example, the formation of a Minoan colony on Cyprus in LM III has 

often been hypothesized because Cypriot Bronzes of the period are 

attributed to Minoan craft Smen. Also the emigration of Hycenaeans 

to Crete, fleeing before the Dorian invasion has frequently been sug

gested before. Charles' method of analysis amounts to a "taxonomy!! 

of crania which is not far removed from that of Duckworth and Hawes 

inter alia, which was chiefly dependent on the cranial index. Charles 

used two criteria: the cranial index (variations of which he apparently 

considered result from enviromental adaptation), and in addition the 

index of cranial-facial structure. But these two indices obviously 

do not adequately describe morphological variations of the human 

cranium. Also Charles' misinterprets the date of material which he 

studied. For example the 48 crania which he considered were Late 

Neolithic are in fact Minoan. Consequently his interpretation of suc

cessive migrations and invasions cannot be relied upon. Charles' inter

pretation of the anthropolOgical data is, I think, strongly prejudiced 

by preconceived notions derived from existing theories based on the 

archaeological evidence. 

In 1966, Poulianos published a preliminary report of his research 

on ancient and modern Cretans, with the title "Anthropology and 

Population Genetics: About the Origins of the Cretans". A full account 
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of his study of the modern population with a section on archaeo-

logical material is given in a later book: "The Origin of the Cretans" 

(Poulianos, 1971). Poulianos (1966) defined the aims of his inquiry 

by four questions: were the Cretans autochthonous or of foreign origin; 

what was the influence of migrations on the synthesis of the population; 

what is the origin of the migrations; what ·is the degree of mixture 

of different populations. Poulianos studied a sample of 250 ancient 

crania from several sites of different periods, the earliest .being 

Neolithic dating to the 4th millenium BC (Poulianos 1971, 237-240). 

But data for this archaeological material are not published. Poulianos 

also measured 1110 men and 261 women in the living population. He 

made 38 non-metrical observations (including 3 dental traits) mainly 

on the head and took 14 cranial measurements per individual, from which 

he derived 7 indices and 7 correlation coefficients and calculated means 

and standard deviations for the different groups within the sample. The 

sample was divided into 23 regional groups in order to study the geo

graphical distribution of the observed traits (such as the cranial 

measurements, cranial index, eye colour, hair colour etc.). 

Poulianos (1966) describes the Cretans as having an average 

stature of 168 centimetres, sub-bracycephalic, possessing the facial 

characteristics of the Aegean-Caucasian group, which inhabits the 

wTIole of the Aegean basin. He defines the Aegean-Caucasians disting

uishable from other East Mediterraneans, as a South European variety 

of the Mediterranean race, who are dolichocephalic, not so tall, less 

hirsute and have finer features. Poulianos says that the majority 
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of Minoan crania belong to the Aegean-Caucasian type. (A Neolithic crani

um from Ierapetra, dated by C14 to the 4th millenium BC, is also 

attributed to the same type (Poulianos, 1971, 237-239». 

Poulianos found that the uniform distribution of the predominant 

Aegean-Caucasian group among the living population, was broken in East 

Crete owing to recent migrations from Asia Minor and in West Lasithi 

and West Crete owing to migrations from an area in the North between 

the Pindus and the Danube. He mentions the opinion of some scholars 

(amongst whom Hawes' name is a noticeable omission), that migrations 

from the North are of an early date. He suggests tqat the Pelasgians, 

Achaeans and Dorians, who according to tradition brought the Greek 

language and were fair may be trata.ble among these immigrants. 
JI. 

(Poulianos, 1966). 

Finally Poulianos claims that neither prehistoric nor historical 

migrations brought any serious changes to the morphological character-



istics of the Cretans (Poulianos, 1971, 127). In Poulianos' opinion 

the Cretans are descendants of an autochthonous population, evolved 

from Palaeolithic man, which inhabited Crete from the end of the Ice 

Age (Poulianos 1966). 

Poulianos' study was chiefly concentrated on the modern population 

and collected a considerable amount of useful data. Unfortunately, 

he does not publish any data for the ancient crania which he studied. 

Besides arithmetical errors, one drawback to the data tables is a 

confusing system of agglomerative totals. Like von Luschan, Poulianos 

uses maps to study the geographical distribution of observed traits such 

as the cranial index, eye colour, hair colour, development of hair etc. 

Poulianos (1971, 124) attributes to Hawes (see Roberts 1954, 11) a 

theory that Crete was invaded by populations from Egypt and Libya. But 

it is worth remarking on the coincidence that Poulianos' theory is 

almost identical to Rawes' theory which suggested that the indigenous 

population of Crete was infiltrated in the east by people from Asia 

Minor owing to settlement or piracy ~n recent times, and perhaps even 

in Minoan times (cf. Hawes 1910, 27), and in the west by prehistoric 

migrations from the north probably from Illyria (Hawes 1910, 4 & 8). 

There is so far no artefactual or skeletal evidence to support 

Poulianos' hypothesis that Crete was inhabited since the end of the 

Pleistocene period. 

Musgrave and Evans (1980) attempt to answer very similar questions 

to those which were posed by Poulianos. They define the aims of their 

investigation as follows: where did the Neolithic Cretans come from; 

were the Minoans indigenous, or if they were immigrants where did they 

come from; were the Minoans of the 2nd millenium BC a homogenous 

population; did the Minoans of Crete and the Mycenaeans of mainland 

Greece belong to the same biological population. The authors decided 

to use multivariate analysis to elicit from craniometric data the 

answers to these questions. 

Comparative samples from var~ous sites ~n the Eastern Mediterranean 

~Greece, Cyprus, Palestine, Egypt and Sudan) were analysed together with 

the Cretan data. A maximum of sixteen samples were analysed by principal 

coordinates analysis. In each of the total of four runs, a different 

, combination of variables was used to consider the relationship between 

the samples. This was illustrated visually by plotting the positions of 

the sample populations against principal -c.oordinat'e axes I and II, -and 

II and III. But only one of the principal coordinates analyses used 
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variables common to all samples. In the other 3 runs several samples 

were excluded from the analyses because the variables selected were not 

available. 

Sample size was very variable, for example the size of the combined 

"General Minoan" sample (pre - LM III) was 6,6,14,52 in successive runs. 

A reasonable sized sample was only possible in the last principal 

coordinates analysis, because only cranial vault measurements were used. 

The cranial vault is more resilient and consequently more frequently 

preserved. However measurements of the vault alone are probably not 

the best diagnostic characters for differentiating between populations. 

Moreover the measurements used are highly correlated. It is likely that 

much of the variation contained ~n the first principal component (64.16%), 

is attributable to size, rather than shape which is a better criterion 

for comparing populations. Horphological variation should give a better 

indication of genetic differences. 

The serious problem of maintaining sample sizes at a viable level 

of statistical significance, a perpetual problem with archaeological 

samples, was encountered. In some cases the authors dealt with it by 

pooling the samples from several different sites regardless of their 

date. The Cypriot "Neolithic" sample combined material from three 

sites one of which, Erimi, is Chalcolithic; the combined chronology 

of the three sites spans roughly four millenia. The assumption that 

these form a homogeneous group seems unlikely. For the same reason, 

male and female samples were pooled for each site, without regard to 

the problem of increasing size and shape variations, ~~ich are due to 

sexual dimorphism in the sample. This must complicate the interpre

tation of the principal components, which is extremely difficult in 

any case. 

The authors confessed that they were not confident of their con

clusions (Musgrave and Evans 1980, 80). They also said that "different 

and equally convincing interpretations" of their data could not be 

excluded (Musgrave and Evans 1980, 69). Their conclusions are very 

clearly tabulated in five points, which though interesting and relevant 

to the anthropology of the EasternMediterranean, do not answer any of 

the questions formulated by the authors, again with equal clarity, at 

the beginning of the paper. The fourth conclusion, that "the Minoans did 

not come from Egypt", is the only one immediately relevant to the stated 

aims of the inquiry. All four of the questions posed at the beginning 

of the inquiry remain unsolved. A fundamental reason for failure to 
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answer the questions posed ~s surely insufficient data for sophisticated 

statistical analyses. But the authors maintain their faith in multivar

iate analysis as -a means of indicating population movements/stability. 

They call their paper a "pilot study" (Musgrave and Evans 1980, 67,78, 

81), which implies that its modest objective was to test the validity of 

the techniques of multivariate analysis for the first time on Cretan 

data. As such Musgrave and Evans' paper denotes the beginning of a new 

phase in Cretan anthropological research. Similar experiments formed 

part of the investigation described in this thesis. 

After more than eighty years of Cretan research, outlined in this 

survey, we still know very little about the anthropology of the 

Minoans, although we have learned a great deal about the culture of 

the Minoans through archaeological excavations. We still do not know 

where the Minoans came from, or how nearly they were related biologica

lly to other neighbouring popUlations. We do not know how their lives

were affected by nutrition and diseases, how long they lived and what 

"they died of. These are among the questions tackled in this thesis. 

The present study examines a large volume of skeletal material. 

It comes from a number of sites throughout Crete. Most of this material 

is previously unpublished. The majority of the remains date to the 

Minoan period. But some material is Late Neolithic and some dates to 

historical times. A very important recently excavated sample comes 

from an LM III site at Armenoi near Rethymnon. The sample is unique 

because it comprises the largest collection of well preserved adult and 

sub-adult skeletal remains available from any Minoan site. 

The study of the new finds and the re-examination of cranial 

material from early excavations has enabled a more thorough investi

gation of the anthropology of the early Cretans than could previously 

be attempted. Techniques such as x-rays, microscope photography and 

computation of multivariate statistics, which have been employed in this 

research are show~ to be invaluable aids to study. 

The following three chapters describe the island's environmen~ its 

archaeology and history and the provenance of the material studied, pro

viding a necessary background for an understanding of the thesis. The 

discussion of the anthropological evidence has been divided among five 

chapters on demography, metrical variation, non-metrical variation, 

dental and skeletal pathology. The final chapter d-raws together the. 

main points of the evidence and conclusions and also makes suggestions 

for future research which have arisen from this study. 

24 



r>e rn 0 

AEGEAN SEA 

SfRIProiJ 

MtL05 

C Spolha C R f TAN 

~.",~...r". 
X c:th ym non 

~GAVOOS 

THERA 

SEA 

DIA 
b 

froid ion 

lIB"YAN SEA 

G of Eombc 

Tob .. v k 

L I ~ Y A 

SAMOS 

IKARIA ~ 
c/~/j 

p 

km 
0 50 

I I 
1 

I 
J 

j 
I 

I 
I 

0 
ml 

20 

S,d! eorrom 

I 
40 

ASIA 
l""-it,J.;)R 

100 

I 
60 

I 
80 



, 

CHAPTER TWO 

THE ENVIRONMENTAL BACKGRO~~ TO CRETE 

2.1 Geographical Position 

Crete is the largest island in the Aegean (Map 1), lying in the 

eastern Meiit2rranean between latituies 34°55' and 35°41' north and 

23°30' and 26°19' east. Its area is 3,200 square miles. It lS 160 

miles long and at its widest it is 36 miles in breadth. The istlli~s 

of Ierapetra which is its narrowest point is 7! miles wide only. 

Crete forms the natural southern boundary of the Aegean. The 

northernmost point of the island is 60 miles from Cape Malea and can be 

seen from the mainland. Cape Sidero, the northeastern extremity is 110 

miles from Cape Krio in Asia Minor. The coast of Africa lies 200 miles 

to the south. 

2.2 Geological History 

The formation of the island of Crete through a complicated serles 

of geological events has been described by several authors, of whom those 

mainly referred to are the Naval Intelligence Handbook (Greece 1944-45), 

Creutzburg (1961), and Dermitzakis (1972). These events took place dur

ing the Late Tertiary and Quaternary and cover a period of abou t 30 

million years, which is relatively recent in geological terms. 

Until the Late Tertiary Crete was part of an arc of folds which 

stretched from the Peloponnese to Asia Minor and included the present day 

isla~of Kythera, Kasos, Karpathos and Rhodes (Map 1). The surface of 

this land bridge is ·supposed to have been an uneven limestone tableland. 

The present distribution of land and sea began to form from this point 

in time. The arc broke up owing to a combination of tectonic phenomena, 

fractures, dislocations, upheavals and subsidences within the earth's 

crust and of eustatic changes having various causes. 

The formation of Crete, roughly with its present outline and mountain 

shapes began in the Lower Pleistocene, about 800,000 BP. Crete was iso

lated and suffered several major crustal fractures represented by isth

~ses which separate the mountain masses. Local fractures and subsidences 

resultei In the faces of the mountains being broken into a series of 

plateaux and upland plains such as Omalos, Nidha and ·Lasithi. The Roumeli 

Gorge in the west is the result of a fault and subsidence is responsible 

for Soudha Bay. 

There is some topographical evidence for local coastal movements In 

Late Pleistocene and historical times. But the theory formulatei by 
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Raulin (1858, 690), and adhered to by Spratt (1865, II, 135, 227 & 241), 

that a great submarine movement took place which as on a pivot raised 

the ~st eni of the island 26 feet and submerged the east end, is cer

tainly an oversimplified explanation of the facts. This theory was 

reiterated by Pendlebury (1939, 3) who quoted proof of the Roman harbour 

of Phalasarna in the west, which is now inland and well above sea level 

and the submerged Minoan harbours of Mochlos and Olous in the east. 

Indeed there are other examples of submerged Minoan harbours at Affinissos 

and Nirou Khani (Evans 1921-3~II,234 & 839). But there are also examples 

of ports such as Ierapetra and Lassaia (Kali Limenes) whose positions 

have not changed. 

Dermitzakis (1972, 205-236) who has remarked on some of this con

flicting evidence just mentioned, has examined ancient strand lines in 

West Crete and concluded that recent tectonic movements in Crete have 

been of local character. The tectonic instability of Crete and the other 

islands of the former land bridge (Creutzburg 1961, 346) in the Lower 

Pleistocene, has continued up to the present day. This is clearly ill

ustrated by the effects, direct and indirect, of seismic and volcanic 

activity which have punctuated their history and the history of Crete. 

Beyond the historical record we have evid.ence of such events from arch

aeological excavation (Evans 1921-35, II, 313) and from the examination 

of deep-sea cores (Gilot & Capron 1973, XV, 128). 

2..3 Relief 

Physically the island can be divided into three t)~es of country: 

lowland, mountains and hills (Map 2). Only 4% of the island (the greater 

part of this is in the Messara Plain), is lowland. The mountains g~ve 

Crete its essential character. Their masses are visible from great dis

tances. From west to east are the White Mountains 8,045 feet (2452 m), 

Mount Ida 8,058 feet (2456 m), Lasithi 7,047 feet (2148 m), and Siteia. 

Mountains 4,839 feet (1476 m) above sea level. The hill country stretches 

across the three isthmuses of Rethymnon, Heraklion and Ierapetra which 

separate the four main mountain masses from one another. The hills are 

intersected by steep sided valleys and ravines rise to over 2,000 feet ~n 

places. This presents a serious problem to lateral communication. 

On the north coast the mountain slopes towards ·the Aegean are more 

grad.ual and submarine cLeclivities are also less steep (Map 2) . The 100 

fathom line along the north and east coast lies about 3~ miles from the 

shore. But on the south and west coast it is only a mile off-shore. 

In mocLern times nearly all the harbours are on the north coast (Bate 
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ln Trevor-Battye 1905, 284-6). Trade has strengthened conneXl0ns with 

Europe. But though there are few harbours suitable for m~ern vessels 

on the south coast, there are many landings adequate for the beaching of 

boats in ancient times. Of Myrtos, for example, Harren (1968, 25) says 

that "beaching for ships would have been ideal". Evans (1921-35, II, 

88-89) long ago formed the hypothesis that the Minoan settlement at 

Kornmos was a kind of emporium or important centre for trade with the 

Nile valley; it is 180 miles from Kommos to Derna and from there it is 

plain sailing along the coast to the Nile Delta (Map 1). Recent excava

tionsconfirm that Kommos "las clearly connected with various basic routes 

of exchange. Though in modern terms Kommos may not be evaluated as an 

excellent anchorage, its advantages are its geographical position and that 

it is sheltered from the strong south wind (Shaw 1977, 238; 1978, 154). 

2.4 Rivers 

Crete has no large perennial rivers and the majority of its water 

courses carry only seasonal torrents and are very dry except for short 

'periods in the ~nter and spring (Greece 1945, III, 206-7). Rivers ln 

the western end of the island are to a degree exceptional and carry a 

greater volume of water owing to the impervious nature of the soil and 

the heavier rainfall (see 2.8). However, according to Pendlebury (1939, 

7) the only rlvers which have never been known to dry up completely are 

the Platanias west of Chania (ancient Iardanos), Gazanos west of Heraklion 

(ancient Triton), Metropolitanos (ancient Lethaios), Anapodharis (ancient 

Katarraktes) and Mylopotamos (ancient Oaxes). The rivers issue on the 

north coast except for the Anapodharis ",.;rhich flows north to south, hence 

its name meaning 'upside down' (Map 2). 

Pendlebury (1939, 7) also says that nona of the Cretan rivers can 
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have been navigable even in antiquity and that the natural means of 

communication has always been by mountain paths. Yet, on the contrary, 

there is evidence that at times the capacity and the course of some rivers 

has changed. One m~ern example is mentioned by Hogarth (1900-1901, 129) 

near Zakro. Furthermore, at Knossos, Evans (1921-35, II, 552) claimed to 

have found the remains of a pler on the banks of the Kairatos (Map 3 inset), 

suggesting adaptation for use as a landing stage or perhaps for a bridge. 

Clearly therefore the river must have carried much more water than at 

, present. Alexiou (1967) has suggested that Katsambas functioned as the 

harbour for Knossos. It may be impliei that the Kairatos was used as a 

waterway transport route from the coast. Another case is the MM I1T:b-

1M 1a villa at Manares Siteia excavated byPlaton (1953, 288-91; 1954, 
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361-3; 1954a, 511). Below a flight of steps, which led down from the 

villa to a quay, there was a very thick layer of sand, iniicating that 

at the time when the villa was built a river carrying abundant water 

flowed beside it. 

2.5 Streams 

The heals of streams are to be found in innumerable mountain glens. 

These mountain streams, up to 1200 m above sea level, are the breeding 

grounds of Anopheles superpictus, the carrier of hill malaria -( see 2.10.) 

Those with a constant flow vary seasonally since they are fed mainly by 

the melting of the winter snows. The melt water finds its way underground 

often to reappear at lower levels as springs, eventually reaching the sea 

through deep limstone gorges (Greece 1945, III, 207). 

2.6 Springs 

Crete abounds in springs as a result of the frequent juxtaposition 

of limestone impervious rocks (Greece 1945, III, 207). The exceptions are 

the wholly limestone area of Ida and the plateau of eastern Siteia. 

Springs well out around the bases of the great limestone masses at Heskla 

near the headwaters of the Platanias In the White Mountains. 

Many local features of drainage In Crete are explained by the pre

sence of large stretches of limestone wir:h underground streams, caves and 

svallow holes. This typical karst topography and numerous caves (some 

of them used in antiquity) form one of the outstanding features of Crete 

(Platakis 1973; Faure 1964). 

There is no doubt that Crete's water supply has altered at various 

times in the past, partly owing to tectonic movement. Many ancient 

sites such as Omalais and Pseira which Pendlebury (1939, 3 & 7) thinks 

must have relied on spring water to support their populous and prosperous 

settlements, no longer have any >vater supply near at hand. 

2.7 Geology and Soils 

Crete consists of beds of highly folded and metamorphosed Triassic 

rocks including phyllite, slates, mica-schist, quartzites, and crystalline 

limestone. These generally appear only on the limestone plateaux, alth

ough in the \~stern part of the island in Kissamos and Selino they cover 

an extensive part of the surface. 

Overlying the metamorphic series thereis a mass, often several thou

sands of feet thick, of generally unstratified limestone of Jurassic, 

Cretaceous and Eocene Age. Locally they include sandstones arid conglo

merates. There is considerable variation in the limestone itself. Dark 
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limestone, dolomites and dolomitic limestone make up the main mountain 

blocks~ the White Mountains, Ida ani Dikte. On the Ierapetra isthmus, 

marine Upper Tertiary limestones,marls, chalks and sandstones predominate. 

At a number of places intrusive 19neous rock are found in the limestone. 

Outcrops of granite and diorite penetrate the Upper Cretaceous limestone 

In the Kalo Khorio (Mirabello) region (Warren 1969, 125). 

The alluvial areas of continental Upper Tertiary and Quaternary 

origin are not extensive but they are very fertile. The Messara plain 

is the largest alluvial area t.hich represents the most cultivable and 

productive land today. The Lasithi plain, the Chania plain, the uplav~ 

plains, river valleys and the narrow coastal strips along the shores of 

the_.bay of Kissamos, Rethymnon and Heraklion are also floored by 

alluvial soil, which is generally a rich red or brown in colour and lS 

often gravelly. 

2.8 Climate 

There lS not a great deal of evidence for Crete of climatic flucta

tions in the neothermal period. In the Mediterranean far from the ice

sheets post-glacial climatic changes were attenuated. Although there is 

evidence (see 2.4 above and 2.9 below) that there may have been greater

ab~ndance of water in the past than there is now, Aeginitis (1954, 1-46) 

has presented much evidence to show that the climate of Bronze Age Crete 

cannot have been very different, if at all, from that of today. 

Allbaugh (1953, 43-44) has given a useful summary of information on 

the present day climate of Crete. Regional variations are great for an 

island of its size. Its insularity contributes towards an equable cli

mate, but extremes of heat and cold are greater than in other Aegean 

islands. On the plains in summer the midday temperature ranges from 

80~1000F d . h f 60° 75° an at nlg t rom - F. In the winter freezing temperatures 

are rare except in the mountains. On the coastal plain the mean temper

ature from April to September is 74°F and from October to March is 60°F. 

Crete's axlS against the rain bearing winds and its mountainous 

interior are the reasons for a relatively high rainfall. The prevailing 

winds are strong steppe winds blowing from the north across the Aegean 

with such force as to prevent tree growth in many exposed places on the 

north coast. (An eye-witness account of terrific denudation owing to 

heavy precipitation is given by Hogarth (1900-19·01, 213); on that occas

ion 4,000 trees were destroyed in two hours.) The ·hot dry meltemi from 

Africa blows in sprlng. 
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Crete is characterizeQ by a rainy season when ~ of the ra~n falls 

bet\.;reen October to Harch and dryness throughout the remainder of the 

year. Except for the high mountainous area (42.2" annual rainfall at 

Anogeia and even more in the White Hountains), the average annual pre

cipitation varies from 27.8" at Chania to 18" at Siteia on the north 

coast and 8.1" at Ierapetra on the south coast. 

2.9 Flora 

The flora of Crete is considered rich. There are approximately 

1,450 species of seed bearing plants known (Greece 1945, III, 215-216). 

140 of these are endemic to Crete and owe their development to early 

severance from the Aegean continental mass. The affinities of the flora 

are chiefly with the floras of the Peloponnese and Anatolia. A few plants 

have a special connexion with North Africa but almost all of these have 

a limited range in Cyrenaica. Recent articles by Warren (1976) and Betts 

(1977), suggest that the natural habitat of the African papyrus plant, 

f&~iliarly used as a decorative motif by the Hinoans, may once have 

included Crete. 

The natural vegetation at the present time is poor and except ~n 

spring and early summer, Crete appears arid. It is claimed that evergreen 

forests were once very extensive (Pendlebury 1939, 6), but they have been 

transformed to scrub either by human agency or the grazing of domestic 

animals. Grazing appears to be the main cause of lack of regeneration 

today. 

Owing to acid soils and an oxidising climate there has so far been 

no pollen diagram evidence for Crete. Some historical evidence for the 

vegetation during Classical times can be gleaned from the accounts of 

Strabo and Theophrastus (Rackham in Warren 1972, 295). They make numerous 

references to wood and trees, although Crete is not mentioned by them as 

a ship-building, timber producing area. In late historical times the 

forests were certainly depleted by the Venetians who cut a great deal of 

timber for ship-building during a long occupation of Crete (see Chapter 

3), and more recently by the Germans during the Second World War; Thus 

it seems that in prehistoric times there was more mountain woodland than 

at present. In the lowlands there was less pine and there was a better 

development of streamside and alluvial communities. Theophrastus mentions 

cypress as the chief tree of Crete. 

The present isolated distribution of wild cypress (Cupressus semper

virens var. horizontalis) indicates that cypress forests formerly exten-
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ded almost from sea level up to 5,000 feet. Zohary and Orshan (1965) 

have suggested that this woodland may have been secondary since cypress 

readily invades deforested areas and ex-farmland. They suggest that 

the primary vegetation may have included species of oak: Quercus ilex, 

Q. coccifera and Q. pubescens. 

The first two species of oak still grow in Crete. Holm oak grows 

on the limestones and in places on Tertiary non-calcareous beds. They 

gro~.,r on the western and eastern slopes of Ida. The largest holm oak 

forest on Crete is on the eastern slope of Lasithi. But between these 

two areas there are no forests. Q. Coccifera, the second species of oak 

dominates the north slope of the White Hountain. 

The Aleppo pine and the Black pine are characteristic of east Crete 

today. Two large pine forests which are recorded in fairly recent lit

erature (Greece 1945, III 217), are almost obliterated. But Rackham 

believes that the scarcity of closed forest could be due to climatic 

rather than artifical causes, indicated by a semi-desert grass called 

'Aristidia ascensionis occurring very locally in Crete. 

Today maquis plants, mainly evergreen shrubs are widely distributed 

In Crete. There is a remarkable ruderal flora and in some places because 

of over-grazing this is the only vegetation. Natural herbaceous communi

ties are rare. The lack of extensive grassland has restricted the deve

lopment of cattle husbandry. 

But in the Early Neolithic period, at Knossos, the evidence suggests 

that cattle meat was a primary food source for the community and developed 

in importance, while pig which scavenges in wooded areas and round human 

habitations, gradually diminished In importance inversely to cattle 

(M & H Jarman 1968, 261). It may be inferred from the relative importance 

of these animal species, that at Knossos the ecological situation undis

turbed by man was much more wooded. For various reasons, perhaps due to 

tree clearance for cultivation, or to create grazing, or for fuel the 

forested areas were gradually eliminated. A recent analysis of carbon 

sampl~from Katsambas and Knossos identified two tree species: Quercus and 

Pistaccia, which are now rare especially in the Knossos area. They are 

31 

hard woods which are usually used for fuel (Georgiou 1977, 133-137). Whether 

or not, as Rackham suggests a climatic difference since the Bronze Age 

has been critical in tipping the ecological balance, the intrusion of man 

into the symbiosis would have sufficed to set in motion a process of eco

logical change in whatever part of the island he settled~ resulting during 

the course of time in considerable modification of some aspects of the 

environment. 



The climate of Crete has favoured the cultivation of a wide range of 

crops~ cereals, olive, vine and fig and many other fruits. There ~s 

archaeological evid.ence from Knossos that wheat, barley and lentils were 

cultivated from the earliest Neolithic. Hm.;rever, present evidence 

(discussed in Chapter 3) seems to indicate that the primary habitats of 

these plants wild progenitors is further east. But the so-called 

"Mediterranean triad", olive, vine and fig, is native to this area. 

Their addition to a mixed farming economy was a major factor in the 

development of early societies and "enabled them to transcend the rest

ricted possibilities offered by the region" (Evans 1971, 501). 
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2.10 Fauna 

, 

We have several kinds of sources of evidence for the native fauna 

of Crete in the past. The nature of these sources is fossil, archaeolo

gical: direct (skeletal) and indirect (iconographical), and historical. 

The fossil record gives us evidence of some of the earlier Pleistocene 

mammalian inhabitants of Crete (Bate in Trevor-Battye 1905, 246). Bones 

of the following species have been found embedded in the floors of lime

stone caves: Elephas antiquus, Elephas creticus, Hippopotamus pentlandi, 

Anoglochis cretensis, Capra aegagrus, Crocidura (shre~, Mus catreus 

(murine rodent), Acomys (spiny mouse), Epimys rattus (rat). Elephants, 

hippopotamus and deer are now extinct. The dwarf species E. creticus 

and H. pentlandi probably resulted from mutation and reduction of size 

owing to diminished food supply when Crete became isolated following a 

marine transgression (Evans 1971a,2). Deer became extinct relatively 

recently. It is reported that they existed still in historical times 

(Greece 1945, III, 22). 

In the archaeological record we have evidence for two species of 

deer and for several other wild species which may have been the progeni

tors of domesticated stock found in Crete from the Early Neolithic on. 

Cervus elaphus and C. capreolus, red and roe dee~ occur during the Neolithic 

in stratified deposits at Gerani (unpublished, identified by the writer) . 

Red deer w~s identified also in Late Minoan deposits at Tylissos (Keller 

1909; Hadzidhakis 1912, 231). Although it has been said that Bos primi

genius has not been found on Crete· (M and J Jarman 1968, 249), in fact it 

was identified ~n the Neolithic at Phaistos (Pernier 1935, I, 86-88) and 

in the Middle and Late Minoan deposits at Tylissos (Pernier, passim). 

Sus scrofa ferus, wild boar, was found ~n the Neolithic at Phaistos and 

in the Middle and Late Hinoan at Tylissos. Capra aegagrus creticus, 

wQld goat is found in the Neolithic at Phaistos and during the Hinoan at 



Tylissos. This wild goat still exists but according to Payne (1968, 375) 

the present population is probably feral. He believes that they are 

descended from domestic goats introduced into the island in early times. 

But the fossil evidence shows that caprids existed from the Pleistocene 

and this clearly contradicts Payne's theory. 

There is ~lso archaeological evidence for the exploitation of other 

forms of game: birds and fish which today exist, and no doubt always 

existed in Crete In variety and abundance forming a supplement to the 

diet. The bones of large birds whose articulations were blackened by 

the cooking fire were found in excavations at Neolithic Phaistos (Pernier, 

passim). Shell fish and fish vertebrae were found in the Neolithic levels 

at Knossos (Shackleton in Evans 1968, 265) and at Pbaistos, and in the 

Minoan levels at Tylissos which lies two hours' walk from the sea. 

Some of the wild species already mentioned for which we have skeletal 

evidence are cross-referenced by iconographical evidence. Bulls with 

coloured patches represented in Minoan frescoes are thought to represent 

'wild aurochs, or a closely related. species. Wild goat is also a favourite 

subject for Minoan artists. Some horned animals on the painted sarcophagi 

from Armenoi resemble roe deer. Other animals such as scorpions and 

roghalidas which thrive in Crete today are also depicted on Minoan seals 

(Hood 1971, 21). But there is an imaginative element in Minoan art and 

mythical beasts are sometimes drawn. One example is the head of a stange 

snouted animal incised on the blade of a dagger found in the 'sanctuary' 

at Anemospeilia, Archanes in 1979. It is described as 'a composite design 

taken from various animals' (The Athenian, March 1980, 28). But in the 

absence of osteological remains whether lions existed in Crete in the 

Neolithic or Minoan period (Hood 1971, 21) is inconclusive. Lion bones 

have been identified on mainland sites at Tyrins and Nemea. But a rea

sonable alternative explanation for the repre~ntation of lions is that 

they were part of an iconographic tradition influenced by the east. 

So much for the fossil and archaeological evidence for wild species 

In the past. The present day wild fauna includes seventeen species of 

mammals, nlne of these are endemic to Crete and all except for Acomys are 

European in character. Wild goat was mentioned above. Other small mam

mals are mice, rats, hares, rabbits, badgers, marten, ~asel, wild cat, 

, shrew and hedgehog (Greece 1945, III, 221). There are some small non

venemous snakes. 

There are many insects including one which particularly affects man's 

health. The mosquito which is prevalent in the Mediterranean area is said 
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to be no longer common in Crete except In the valleys (Greece,1945, III, 

221). But until as recently as the Second World War, malaria was repor

ted as the cause of more deaths in Greece than any other infectious 

disease and there is little doubt that Greece was seriously malarious 

for many centuries past. In Crete there were two forms of malaria 

bearing mosquitoes. Anopheles maculipe~~is 'elutus breeds on stagnant 

or slowly moving water and is tolerant of salt so that its distribution 

tends to be coastal and a second species A. superpictus commonly occurs 

in mountain streams up to 1,200 m and is the bearer of 'hill malaria'. 

Malaria is undoubtedly one of the parasitic diseases which must in the 

past have been seasonally an ever-present danger to man's health and a 

cause of death. Transmission usually occurs during the summer months 

between July and September. In the Middle Bronze Age, malaria may have 

been the hazard which caused the population at Myrtos-Pyrgos to build 

their cistern higher up the slope of the hill on which the settlement 

was founded (Cadogan 1978, 74). 

A range of domestic animals occurs In Crete. The bones of cattle, 

sheep, goat, pig and dog (from the earliest Neolithic at Knossos) and of 

horse and ass (from the Late Minoan at Tylissos and also at Archanes 

where there is an LM IIIa1 horse sacrifice) bave been found (M & H Jarman 

passim; Hadzidhakis passim; Sakellarakis 1970). Apart from epigraphical 

references to chariots on Late Minoan tablets, the existence of horse 

is indicated since it is represented on an LM II seal from Knossos being 

transported on a masted boat and on an LM Ib clay sealing from Aghia 

Triadha (Evans 1921-35, II, 244; V, 828, fig. 808). Domestic cat lS 

represented on a terracotta rhyton from Palaikastro dating to the Late 

Minoan period (Bosanquet 1923, 54). The appearance of these domestic 

animals in the archaeological record is also discussed in Chapter 3. Here 

it has been indicated that some of their possible wild progenitors were 

available on Crete before the establishment of early farming communities. 
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CHAPTER THREE 

A SURVEY OF THE ARCHAEOLOGICAL EVIDENCE 

3.1 Introduction 

Most information about the early population of Crete which comes 

from excavation is based on the study of archaeological evidence other 

than skeletal remains. Theories about the origins of a population, 

migrations and invasions are sometimes deduced from destruction levels, 

technological innovations in architecture, pottery or metallurgy, from 

changes in artistic taste, habits of burial, or religious belief for 

instance. Until now the study of their artefacts has made the greatest 

contribution to our knowledge of prehistoric populations. However, it 

will never be possible to reach any balanced conclusions about the life 

and origins of early populations, unless they are also based on the 

study of their skeletal remains. 

Unfortunately the anthropological material from excavations, which 

~s appreciably less abundant and less resistant to decay than other 

archaeological material, ~n the past was often disregarded. The aim of 

this thesis was to study as much early anthropological material from 

Crete as possible. The amount of new material collected greatly increases 

our previous knowledge of the Minoan popUlation and raises some new 

ideas about them. In this thesis the anthropological and the archaeo

logical evidence are kept separate for obvious reasons. This chapter 

is a brief survey of the archaeology of Crete with the main emphasis on 

the Minoan period, providing a background for the understanding of the 

anthropological inquiry, which in the final analysis considers to what 

extent the new information is reconcilable with the existing interpre

tations of the archaeological evidence. 

3.2 The Pre-Neolithic 

The evidence for human occupation ~n Crete, prior to the Neolithic 

~s speculative. There is some doubt about the authenticity and even the 

existence, of horn and bone tools of Cervus cretensis from Kalo Horafi 

and Grida Avlaki (Rethymnon). Kuss (1969), assigns them to two conse

cutive cultural phases: Keratische and Osteokeratische Kultur, dated to 

the Riss Glaciation and the Riss-Wurm Interglacial period. 

Rock engravings at Asfentou (Sphakia), have been compared stylis

tically with those of the Spanish Levant and described as a continuation 

of the art tradition of the hunter-gatherers of the Epi-Palaeolithic. 
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Papoutsakis (1972, 138), with great prudence, suggests that the authors 

of these engravings may have been contemporary with farming communities 

~n other terrain. There is no associated occupation deposit, and other 

than stylistic analysis of this unique phenomenon ~n Crete, there is 

apparently no means of dating the engravings. 

Lithic industries from Tripiti and Rousses (Heraklion), on typo

logical grounds were considered by Franchet (1917), to be Early Neo

lithic, in spite of the lack of associated pottery. Bosanquet (1918, 

203) and Evans (1921-35,1, 32, footnote 3), believed that the tools could 

be Minoan. At the other extreme, Zois (1973, 62) suggests that some 

of the implements - obsidian blades, limestone axes and drills - may 

be Mesolithic or even Palaeolithic. 

The real importance of this unresolved question, is whether or not 

there was a Late Pleistocene population on Crete, which continued to 

exist once it became an island. On the whole it seems unlikely that the 

island would have been a hospitable environment for hunter-gather com

munities and their faunal prey. Many big game species became extinct 

or underwent mutation during the period of changing climatic conditions. 

However the island is riddled with caves, owing to its karst formations 

and much exploration has been undertaken (Bate 1905; Faure 1964; 

Platakis 1973). Thus one can only await the possible discovery of 

credible evidence to the contrary. 

The following is a much abbreviated account of the Neolithic and 

Minoan periods based on existing archaeological evidence. It ~s 

intended to provide a general outline of cultural development recognisable 

through the main features of the evidence and to indicate at what stages 

there is evidence of disturbances, destruction or discontinuity, which 

have suggested possible changes in the composition of the population. 

3.3 The Neolithic Period 

The Neolithic in Crete is a period of extemely long duration. Its 

development compasses more than 3,000 years. A series of carbon 14 

dates from Knossos provides the key to its chronology (Barker et al 1969; 

Burleigh et al 1977). The Aceramic and earliest Neolithic cover the 

first half of the 6th millenniumB.c. The Early Neolithic is a long 

period which is sub-divided into two phases. Dates available for Early 

Neolithic II are 3,934 ~ 188 and 3,730 ~ 150 B.C. The Middle Neolithic 

appears to be a short phase and it is dated 3,572 + 88 and 3,686 ± 94 

B.C. There are two dates for the Late Neolithic (stratum II): 3,638 2 145 
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and 3»584 ~ 76 B.C. There is also a date for the Late Neolithic Ln 

West Crete: 2,550 ~ 300 B.C. 

The distribution of Neolithic sites on the island is wide and 

scattered. There are about 70 possible sites, of which only 40 have 

been unequivocably identified as Neolithic. Few of these sites have 

been excavated and the majority are caves without stratigraphy. Host 

of them date to the end of the Neolithic period. Hood (1971, 29), 

believes that there was a new wave of foreign immigration or invasion 

at this time which caused the native inhabitants to retreat to cave 

refuges. 

It is increasingly apparent that locational analysis of sites may 

reveal the broader design of the original inhabitants for the economic 

exploitation of their environmentallied with any strategic or security 

considerations. The cave sites may be divided into groups. Topolia, 

Ellenospelio, Arkoudiotissa, Koumarospelio, Lera, Platyvola, Ellenes, 

.Kamares, Miamou, Stravomyti and Skales are all situated in rough, hilly 

or mountainous country, which today has thin rocky limestone soils, 

which have always been unsuitable for agriculture and cattle raising, 

because of their topographical position. But they would have been 

suitable for seasonal grazing of sheep and goats and perhaps transhu

mance between mountain and coastal sites Was practised, as it still is 

today in Sphakia. 

Up in Lasithi, the Neolithic sites of Trapeza, Argoulia, Meskine, 

Skaphidia and the Grimani rock shelter (Pendlebury 1936, 1938) are 

located in hilly country two kilometers from the East end of the 

mountain plain. This is an area which would have had good economic 

potential for agricultural exploitation or hunting and it is still 

considered good grazing land for sheep and goats. Watrous (1974, 207) 

made a survey of the area and found several new sites of Late or Sub

Neolithic date, usually situated at the entrance to the natural passage

ways between Lasithi and the outside world. He believes that they were 

seasonally occupied. 

Another group of caves can be defined, located in or near coastal 

plains. This group includes the Aghios Ioannts cave in the Chania plain, 

the Melidhoni caves (including Ledaka), which are also large and situated 

in less rugged country near to a fertile plain, Gerani in the Rethymnon 

plain near the sea, and Arnnissos on a hill above the coastal plain of 

Heraklion. The occupants of these sites may have practised mixed farming 
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economies supplemented by . hunting and fishing. 

About fifteen open sites with traces of Neolithic occupation have 

been discovered so far. Only Knossos, Phaistos and Katsambas have been 

systematically excavated. Other sites which have been sounded or noted 
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by survey are: Kastelli, Grivilla, Perama, Aghia Triadha, Gonies, Gortys, 

Mallia, Kastellos, Sphoungaras, Epano Chorio, Mochlos and Magasa. Knossos , 

Phaistos, Katsambas, Mallia and Perama are located on low hills in coa

stal or alluvial plains. Although the majority of the organic proof 

comes from Knossos, it is supposed that the economic base of these sites 

was mixed farming. 

At Knossos we have a consolidated picture of a fully developed mixed 

farming economy. Cereal remains were recovered from the Aceramic 

Neolithic level. The identification of the grains proves that in the 

main, naked hexaploid wheat and also emmer, einkorn, hulled and naked 

six-row barley and lentils were cultivated by the earliest settlers at 

Knossos. They reared sheep and goats (c.50% of the livestock), pigs 

(20%) and cattle (31%), (}ffi and liN Jarman 1968) . During the subsequent 

phases of the Neolithic there was a gradual change in the relative 

importance of these species. In EN I cattle and sheep increased and the 

p.)'-,&)portion of pigs decreased. Sheep and cattle may have been favoured 

because they are also milk producers. But perhaps these spec~es "lere 

pref~ed because they were also better adapted to the environment which 

was gradually deforested either because of climatic change, or due to 

human intervention (C~orgiou 1977, 133-138). It seems that hunting and 

fishing hardly played a part in the subsistence of the Knossians, but 

that cockles and other varieties of shell fish have been of minor impor

tance at certain seasons of the year (Shackleton 1968, 265). 

It is probable that at the other sites the subsistence pattern 

,,7as similar to that at Knos sos, varying according to the economic 

potential of the particular location. Plant remains have not been 

recovered at any other site, nor in any of the other levels at Knossos. 

But evidence of querns and rubbing stones found throughout the Neolithic 

period at Knossos and other sites indicates clearly enough the signifi

cant role of cereal cultivation in the economy. Phaistos is located iri 

the Messara plain, which is the largest and most fertile area in Crete 

today. It has long been valued for its grain productionmd for that 

reason was important to the Romaris and later to the Venetian Empire 

(Spanakis 1949,517-533). It is unlikely that settlers at Phaistos would 
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have ignored the agricultural advantages of the plain, although there 

~s so far no archaeological evidence for cultivars from the excavation. 

Among the osteological remains from the Late Neolithic strata at Phaistos, 

domestic cattle and goats have been identified. The remains of wild 

boar, Cretan goat, aurochs and the bones of large birds with articula

tions blackened by the cooking fire were also found. Fish, whale bone 

and two species of shell fish (Pectunculus and Cardium) are reported 

(Pernier 1935, 86-88). Neolithic deposits at the Gerani cave provided 

evidence for the hunting of game, including species of red and roe 

deer (identified by myself). This diversity and abundance of species 

mentioned indicates that the population of Neolithic Crete enjoyed a 

varied diet. It also shows how efficiently they exploited the range of 

available food resources .. 

At this point it seems appropriate to consider the distribution 

of the wild progenitors of the cultivars and domesticates which occur 

~n Crete, because their supposed African origin has sometimes been 

used to argue the African origin of the Neolithic population of Crete 

(see Chapter I, Sergi 1901 and Cipriani 1961). The present state of 

knowledge suggests that the important components of the diet of farming

communities were not brought under man's control within the area of 

the South Aegean or modern Greece. This has given rise to the sugges

tion that they were 'imported' to the area in their domesticated state 

as the result of migratory movements from the Fertile Crescent (Childe 

1957). So far the remains of wild and domesticated einkorn and emmer 

have been found in the eighth millenniumat Ali Kosh (Bus Mordeh phase), 

Aceramic Hacilar, Can Hasan II, Pre-Pottery Neolithic Jericho and 

Beidha, and at Tell Ramad (J Renfrew 1969, 168; Payne 1972, 195). The 

earliest occurrences of Triticum aestivum, the hexaploid wheat, are at 

Can Hasan III in the later eighth millenniu~ at Tell Ramad c.7000 B.C. 

and at Knossos c. 6000 B.C. This evidence seems to suggest that the 

techniques of argriculture discovered to have been practised at 

Aceramic Knossos, originated in the East, probably in Anatolia or 

Syro-Cilicia. 

However there is some evidence to be weighed against this suggestion. 

Triticum beoticum, a possible wild progenitor of domesticated einkorn 

exists in Greece today, although it has not yet been recovered on any 

archaeological site (Zohary 1969,50). Triticum dicocoides, the wild 

progenitor of cultivated emmer, may have been present in Greece, although 

39 



, 

it ~s unknown in primary habitats today and has not yet been reco-

vered ~n excavation. Hordeum spontaneum, the wild progenitor of barley 

has been reported growing in southern Crete, but it is not known if it· 

is in a primary habitat. The native origin of the domesticated naked 

six-row variety excavated at Knossos cannot be excluded. Domesticated 

cattle bones found in stratum X at Knossos are the earliest yet attested 

anywhere. They were puzzling not only because they conflict with the 

prevalent theory that the farming revolution came from the East, but 

because it is generally believed that there was no wild progenitor avail

able on the island (Higgs and Jarman 1970). But this belief is erron

eous, since the bones of Bos primigenius, wild aurochs were identified 

in the Late Neolithic at Phaistos (Pernier 1935,I, 86-88), and in the 

Middle and Late Minoan at Tylissos (Keller 1909; Hcdzidhakis 1912,231). 

The aurochs and several other wild speCles including the Cretan ibex 

were available for domestication. (S. Payne(1968) suggests that the 

modern Cretan ibex is feral, but the bones of both the wild and domestic 

species, which have been found in excavation undermine his suggestion.) 

It is not clear how much the farming revolution in Crete owes directly 

to an eastern origin, perhaps merely the 'importation' of ideas, but the 

evidence does not provide any cogent arguments for a particular geogra

phical origin of the Neolithic population of Crete. 

An increased density of sites and an expansion in the size of 

settlements are noticeable in the Late Neolithic period. The area of 

the first settlement at Knossos, dated at 6000 B.C. is estimated to 

have been! an acre. By the end of the Late Neolithic period the 

settlement covered 11 acres. Evans (1971) estimated that the population 

at that period must have been about 2000. The peculiarly fortunate 

location of the site must have been a decisive factor in its successful 

grow~h. It is situated on a knoll In fertile surroundings at the 

junction of two water-courses, one of which offered a convenient route 

to the coast just a few kilometers to the north. The size of the Late 

Neolithic settlement at Phaistos, which is also situated on a low hill 

near a river, in a very fertile alluvial plain, is thought to have been 

almost as large as the area covered by the later Minoan Palace buildings 

(Vagnetti & Belli 1978, 128), i.e. approximately 2 acres. By analogy 

with Knossos its population may be estimated at a few hundreds. The 

habitation of both sites is continuous and unbroken in the succeeding 

two m,illenni~ when even larger settlements develop. The growth of these 

settlements in the Late Neolithic has been interpreted as an increase In 

the rate of population growth. Such a phenomenon seems to me to be a 
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normal demographic result of the increasing prosperity of the commun~

ties. Better living conditions, improved nutrition arid hygeine reduce 

the agents of disease and death in a population and increase its fer

tility. (Similarly accelerations in population growth are linked in 

historical times with the Agrarian and Industrial Revolutions.) How

ever it has also been suggested that new groups of immigrants may have 

entered Crete at this time and 'reinforced' the population. This 

explanation is possible but it begs the question of whether or not there 

~s any supporting archaeological evidence. 

Amongst the identified Neolithic sites the caves and rock shelters 

which form natural dwellings outnumber open sites. But architectural 

remains dating to the Neolithic period are known at Knossos, Phaistos 

Katsambas and Magasa. One can follow the evolution of building tech

niques and house-plans at Knossos. The houses in the Aceramic period 

were built of a mixture of stone (including discarded querns}, and 

unfired bricks and clay. In ENI the buildings which are rectangular 

·at first use mud brick and later pise on stone foundations. In EN II 

the buildings are more complex and consist of a series of rooms with 

floors of trampled clay and 'fire reddened hollows' which are hearths. _ 

Carbonised canes and reeds found are thought to have been roofing 

materials. In the Middle Neolithic there is a single-roomed building 

with a low platform in one corner, with two cupboards containing 

storage jars and a hearth in the centre of the room. .~~other roughly 

rectangular building of the same period had several rooms and a court

yard (JD Evans 1971). This building is comparable to the MN house at 

Katsambas, which is a multi-roomed building with rectangular walls of 

limestone blocks (Alexiou 1954, 370-1, figs. 2+3). Two Late Neolithic 

houses at Knossos were excavated by Sir Arthur Evans (1921-35,11, 19, 

fig.8A). The earlier House A consists of an agglomeration of rectan

gular rooms around the main room which had a fixed hearth, and an 

entrance to the east. A simpler 'but-and-ben' structure, corresponding 

to the main room of House A, excavated at Magasa dates, to the Late 

Neolithic (Dawkins et al 1904-5, 263). It consisted of a rectangular 

room about 10 metres square with limestone wall foundations and mud 

bricks. House B at Knossos appears to have been a larger structure, 

but only two rooms were preserved. It too had a fixed hearth, which is 

a new feature in the Late Neolithic at Knossos. At Phaistos details of 

LN house plans are incompletely known. They seem to have had rectil~

near walls, built of small stones, beaten floors and fixed hearths. 
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There is also a circular hut with foundations partially cut into the 

bed-rock and partially built up of small rectarigular stones. The 

interior walls of the -houses at Pliaistos were apparently plastered and 

sometimes painted. A plastered cavity in the bed-rock is thought to have 

been a water cistern. 

One of the most durable artefacts through which we recognise progress, 

change and continuity is pottery. The classification of pottery is the 

chief means of sub-dividing and identifying chronological phases of most 

prehistoric and even historical civilisations. On Crete the key site 

of reference for the classification of Neolithic pottery is ~~ossos 

because it has the only complete stratigraphical sequence. In the first 

phase of this sequence there was no pottery and presumably vessels were 

made of perishable organic materials. The slow evolution of pottery 

technology began in Early Neolithic I. The EN pottery is carefully made 

but not very well fired. It includes coarse and fine burnished ware, 

and plastic and white or red filled incised decoration. Since the 

pottery is hand made the shapes are mainly open. There are some car:m

ations and beaded rims. The transition to the Middle Neolithic does not 

involve any break in the pottery sequence, although there are changes 

in style. Perforated lugs and ring handles are a feature of continuity 

throughout the Early, Middle and Late Neolithic. The hall-mark of the 

Middle Neolithic is ripple burnish which is used to decorate carinated 

and open bowls, which are the characteristic shapes of this period 

continuing into LN. The fine ware is burnished and predominantly black 

in colour. The coarse ware has scribble burnish. In the Late Neolithic 

red wiped wares are t)--pical. Incised ware with very precise execution 

of the incision continues a Middle Neolithic tradition (Furness 1953, 

131). Evans interpreting the evidence of the pottery, believes that 

there was a smooth continuity from Early Neolithic I through to the end. 

of the Late Neolithic (Evans 1971). It is thought that a Final ot Sub

Neolithic phase recognised elsewhere is missing at Knossos perhaps due 

to the levelling of the mound in the Minoan period. 

There are a score of caves and open sites which are mainly dated 

to the Late Neolithic. However the Gerani cave In West Crete stands 

out because it is a closed find and is reported to have stratified 

deposits of EarlY,Middle and Late Neolithic, as well as a possible 

Aceramic level comparable to Knossos (Tzedhakis 1970,475). The Aghios 

Ioannis cave east of Chania is reported to have produced a handle 

characteristic of the EN I - EN II at Knossos (Treuil 1970, 19-20). 
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Middle Neolithic ripple burnished sherds are associated with scored 

ware at Ledaka (Hood "1965,112). A Middle Neolithic ripple burnished 

carinated bowl was reported at Platyvola (Warren & Tzedhakis 1974, 337). 

Among the finds from the Koumaro cave ~n the Akrotiri peninsula Furness 

identified a carinated bowl with an angular rim, a bowl with a swinging 

rim and large storage jars with incurved rims which all have parallels 

in the Middle Neolithic at Knossos (Furness 1953, 121-123), although 

originally dated to LN by Jantzen (in Matz 1951, 1-12). The Late Neo

lithic in West Crete is characterised by dark red-brown burnished, or 

scribble burnished pots with simple decoration, which sometimes have 

strap handles. In Warren's opinion the West Cretan Neolithic may be 

later in date than the Knossian and may correspond to the South Cretan 

Neolithic (Warren & Tzedhakis 1974, 338). But it is not clear on what 

this argument is based. Until a stratified sequence for West Crete is 

published, stratigraphical and typological comparisons are bound to be 

made with Knossos. This does not necessarily mean that Knossos s.et the 

. fashions. 

In south Crete at Phaistos the Late Neolithic pottery has been 

divided into seven different fabrics (Vagnetti & Belli 1978, 128-9). 

Brown-red coarse wares with a wiped or burnished surface are usually 

large open vessels characterised by flattened and slashed rims. Severa~ 

fine ware fabrics have been distinguished, the most common are black 

burnished bowls sometimes with carinated rims. There are also some 

closed shapes. V-shaped spouts, small feet and horned handles are 

characteristic. Although most of the pottery is not decorated, the 

preferred technique of decoration is incision. There is shiny black 

burnished pottery, usually deep rounded bowls incrusted with red-ochre, 

and red-washed and mottled pottery, usually wide mouthed jugs or long 

necked amphorae, and scribbled or pattern burnished pottery. Until 

recently there did not appear to be any obvious connexion between the 

finds at Knossos and Phaistos. But a group of incised sherds, decorated 

with hatched rectangles or stripes) which may have been executed by 

cylinder seal impression have been directly linked with the Knossos Middle 

and Late Neolithic (Vagnetti and Belli 1978, 129). At Knossos a complete 

bowl of black burnished ware decorated with incisions and red crusted 

bands, V- shaped spouts, incised decoration and coarse ware with slashed 

rims demonstrate links with Phaistos (Evans 1971, 113). The pottery 

throughout Crete seems to show evidence of unity and continuity, in spite 

of the incompleteness of the overall picture since the sites are so 
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scattered both regionally and chronologically. 

It is difficult to identify a locality for the origin of the 

Cretan Early Neolithic pottery, since the EN pottery of the' whole of 

the Mediterranean has superficial and generalised resemblances. It 

tends in the initial stages to be consistently poor in the quality 

of its fabric and badly fired with a blotchy, blackened surface appear

ance. Furness (1953, 114) suggested on typological grounds that the 

closest comparisons for EN I ware are with ceramics from the site at 

Buyuk Gullucek in Central Anatolia, where burnished ware sherds, rims 

with rows of pellets and similar shapes were found. But this latter 

material is much later, dating to the Anatolian Chalcolithic. 

Weinberg (1970,615-616), argued that the technical standard and degree 

of specialisation of the EN I pottery at Knossos indicated that the 

craft was already developed and brought in from elsewhere. He also argued 

a discontinuity bet,,;reen the Aceramic and EN I periods at Knossos on the 

strength of the bone tool types. In Weinberg's opinion the Cretan 

Neolithic is unlike the Neolithic ln the rest of the Aegean except ln 

its latest phase, when !Tit became culturally a part of Greece" (Heinberg 

1970, 618). Faure (1969, 216), proposed a Late Neolithic immigration 

from the Peloponnese into West Crete, via Kythera and Anti-Kythera, 

although there are no sites in these islands or in the region of Laconia 

with comparable material (Treuil 1970, 23-24). A Late Neolithic immi

gration from mainland Greece is hypothetical since there is so far no 

evidence to support it. Contacts between the two areas are not demonst

rated until the succeeding Early Minoan period, when a few fragments of 

Early Helladic sauceboats have been found in West and Central Crete. 

There is some evidence for overseas contacts in the Neolithic. It 

seems that trade in obsidian began early with the Cycladic island of 

Melos. There is also evidence that a scrap of obsidian from an LN 

context may be of Central Anatolian origin ( C Renfrew et al 1965, 239) . 

Early contacts with Egypt are also suggested by fragments of stone vases 

found in House A at Knossos, which were either Egyptian imports or per-

haps copies of Eg)~tian proto-types (Evans 1921-35,II, 17-18; Pendlebury 

1939, 42, fn.l). Some doubt about the context of the find has been 

expressed because it was associated with a copper axe-head, which may 

also be an import rather than an intrusion. LN pottery chalices found 

in House A are said to resemble Egy-ptian metal prototypes (Evans 1921 -35, 

II, 10-12, figs. 3 & 4). 

Unfortunately well preserved skeletal material of certain context 
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dating to the Cretan Neolithic is extr~ely rare. A number of the 

caves contained both occupation debris and burials somtimes with grave 

goods, for instance, Skales, Skaphidia, Trapeza, Stravomyti, Ellenes 

Gerani, Koumaro, Aghios Ioannis, Speliotissa and Ellenospelio. But not 

very much material has been preserved from these sepulchral caves. The 

Gerani material is securely dated but ~n rather poor condition. On the 

other hand there is doubt about the date of the well preserved crania from 

Koumaro. None of these burials was in situ, but it was suggested that they 

were disturbed by rain water (Jantzen in . Matz 1951, 5). Apart from cave 

and rock shelter burials, several intramural child burials 'tvere excava-

ted in the Aceramic level at Knossos. They were buried in shallow pits 

in a flexed position, without uniform orientation and without grave 

goods. With the existing material it is not possible for anthropology 

to make any sensible contribution to the enigmatic origins of the 

Cretan Neolithic population. 

3.4 The Early Minoan Period 

The transition from the Neolithic to the Bronze Age is defined by 

radical changes in pottery styles. Evans divided the Bronze Age into 

Early, }riddle and Late, sub-dividing each of these main periods into 

three according to the ceramic development ~~d the succession of chang

ing fashions. Although the pottery is still hand-made the distinctive 

innovation of this period is the introduction of painted decoration. 

Various styles of decoration characteristic of the Early Minoan have 

been named after the sites Where they were first discovered. For 

instance ~n Early Minoan I there is the Aghios Onouphrios style which 

consists of dark-on-light decoration, the Lebena style which uses 

light paint on a dark background and the Pyrgos style, which is a 

pattern burnished pottery, generally of grey fabric. Plain burnished 

ware which is dark and frequently red in colour is also characteristic 

of this period. Apparently Pyrgos Ware first began to occur in the 

Neolithic deposits at Phaistos and Knossos (Levi 1961-2, 463, fig. 132; 

Evans 1921-35,I~ fig. 3m & 4), and chalices which first appeared in the 

LN continued to be a favourite shape. A shape which is very character

istic of EM I is the wide-mouthed jug (Lacy 1967, 25, fig. 5c). EM II 

is recognis .ed by the appearance of mottled Vasiliki I-Jare, which is 
'.,/ 

, extremely well made (Marinatos & Hirmer 1960, pl. III), the development 

of spouted shapes exemplified by the so-called 'teapot' (Lacy 1967, 38, 

fig. lOa & d), and the more extensive use of a variety of incised decor

ation. Incised decoration could be considered to be an element of con-



, 

tinuity between the Neolithic and Early Min .oan, but it seems to be 
. . v. 

rate iri LN and EM 1. Early Minoan III was not very clearly defined 

by Evans. The light-on-dark technique which is supposed to charact

erise EM III occurred at Lebena in EM 1. At Lebena EM II was followed 

by MM Ia and therefore EM III was concluded to be absent (Alexiou 

1961-2, 90). Hood (1961-2, 93) says that l1it looks as if the material 

which Evans grouped as EM III is contemporary w~th his M}1 Ia at Knossos 

and some material may be even later l1 . 

The type sites which define the pottery phases of the Early Minoan 

are found in central and eastern Crete. These are the best explored 

regions of the island, where the most important palatial centres deve

loped in Middle Minoan times. Although there has been much less expl

oration in the west, except for the Lebena style all the classic types 

of Early ~inoan pottery have been found there, contradicting the old 

view that Crete west of Ida was an uninhabited virgin forest (Pendlebury 

1939,6). The rich ceramic material from Pla~yvola cave includes Aghios 

Onouphrios, Py"'Tgos and Vasiliki wares as well as the typical West Cretan 

scored wares, often jug~ and brushed wares. Scored wares occur in the 

Late Neolithic at Knossos and it has therefore been suggested that some 

of this material could be Late Neolithic, though it has not been found 

at Gerani or Koumaro (Warren & Tzedhakis 1974, 338). Scored ,yare Jugs 

were associated with Pyrgos type pattern burnished chalices at Ellenes 

Amariou (Marinatos 1932,255). EM II incised sherds were found at the 

open site of Debla w Chania (Warren and Tze:lhakis 1974). EM II Vasiliki 

type pottery, goblets and painted jars were found at Perivolia 

(Mameluke's Hole), Platyvola (Tzedhakis1967, 504-6; Tzedhakis 1968, 415-

418), and Kastelli Chania. Unstratified pottery of the Late EM 111/ 

M}f I transitional period corresponding to the material in central and 

east Crete has been found at Chania, Platyvola, Galatas and Aghia 

Harina. 

An alternative to Evans' system of relative chronology based on 

the pottery was suggested by Platon. His division of the Minoan culture 

based on architectural phases and the evidence for major destructions, 

which constitute the fundamental historical divisions of this long 

civilisation, has points in its favour. In this latter system the major 

periods are called pre-palatial (roughly corresponding to Early Minoan), 

proto-palatial (MH Ib .;. MH IIb), neo-palatial (MM III - 1M I) and post

palatial (LM II - LM III). 

Many new sites were occupied from the beginning of the Early 
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Minoan period, while important settlements, for instance Knossos and 

Phaistos founded in the Neolithic, continued to flourish. There are no 

fully excavated settlements dated to EM I, but the remains of houses 

at Mochlos and Elenes Amariou (Marinatos 1932, 255), show that rectang

ular houses were still in use. At Debla a hill-top site in West Crete 

dating to the transition EM 1/11, apart from two rectangular single

roomed houses, there was also a roughly triangular building, the shape 

of which seems to have been imposed by the nature of the ground surface 

(Warren and Tzedhakis 1974, 310-11). Some early Minoan houses have also 

been excavated at Kastelli Chania. These had large and well-built rec

tangular rooms, and floors and walls which were covered in plaster 

painted a bright red colour. These simple plans contrast with the rather 

sophisticated plans of houses at Vasiliki. An EM II house with rectan

gular rooms is reminiscent of the agglomerate plan of House A at Knossos. 

The house was built of timber laced with mud-brick and is about 30m 

long. A stone laid paved court on the West side of one of the houses 

-(Zois 1976, 30), reminds one of the plan of the later Minoan palaces. 

Vasiliki was destroyed by fire in EM II and later reoccupied. Early 

Minoan II house plans are known from another excavation of a coastal 

site at Myrtos. It is situated on a low hill about 66m above sea level. 

The rooms of the houses were mainly rectangular, but sometimes irregu

larly shaped due to the irregularity of the terrain. The foundations 

of the houses were built of stone and their upper parts of mud-brick, 

sometimes decorated with red painted plaster. An interesting complex 

of rooms excavated on the north side of the summit, which contained a 

large spouted tub with channels for drainage, is thought to have been 

used for full ing and dyeing textiles. Myrtos is a single period site 

within which two phases of building were identified. Myrtos was 

occupied during the EM II period only, since no white painted wares 

were found there. Myrtos, like the neighbouring site at Pyrgos and 

Vasiliki already mentioned, was destroyed by fire~ Several radio

carbon determinations show that the destruction took place before 

2150 B.C. 

During this period a number of sites seem to have been founded 

on hill-tops and some of them are even fortified by walls. But not 

all EM sites are located on hill tops or fortified, an obvious excep

tion being the settlement at Knossos. The reason why high locations 

were chosen is also a subject of discussion continued at the begin--
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sites, for instance Debla and Myrtos, the houses had an irregular 

shape due to the uneveness of the ground surface. Why were such 

'inconveniences' preferable to the choice of better locations where it 

would have been easier to build? Taken together with the evidence for 

destructions by fire at some sites, the obvious answer is that the 

inhabitants were under some kind of threat either external or internal. 

On the other hand there seems to be an arguable case that these sites 

continued a long established preference or habit for living in high places 

(Warren and Tzedhakis 1974, 339), continued from the Neolithic, which was 

probably dictated by the grazing patterns of their flocks. Indeed at many 

sites, though Debla is an exception, the EM occupation on the hill-top 

sites succeeds a Neolithic occupation. But it is difficult to impose on 

the evidence any interpretation which leaves no room for doubts. 

In Early Minoan times the custom of burial in sepuchral caves con

tinued a Neolithic tradition, for instance at Zakros, Sphoungaras, 

Trapeza, Stravomyti, Pyrgos, Hiamou and Platyvola. With rare exceptions 

inhumation was the normal form of burial throughout the Cretan Bronze Age. 

(There are supposed to be some cremations at Ailias Tomb IX (tlH III/LH 

I) and at Olous (LH IIIa2) (Davaras 1973). At the Pyrgos cave - tomb 

some of the dead were buried in over twenty oblong, ellipsoidal coffins, 

assigned to the EN II period (Xanthoudides 1918, 136, 142). Early 

Minoan clay sarcophagi were also used at Sphoungaras (Hall 1912, 48-9). 

These sarcophagi appear to be the forerunners of the Late Hinoan lar

nakes. Elsewhere storage jars were also used for burials lli~til the end 

of the MM period. The body of the deceased was trussed up in a foetal 

position and squeezed into the pithos. At Pachyammos there is evidence 

that there was no reluctance to break the bones to insert them into the 

pot. Recent excavations at Platyvola, West Crete, show that the burials 

there were probably secondary and that the cave was used as a 'rupestral 

ossuary'. At Platyvola one cannot speak of inhumation in any case, as 

there is hardly any deposit in the burial chamber. No personal grave 

goods were placed with these burials individually, but at the entrance 

to the chamber there was much broken pottery, characteristically Early 

Minoan, probably from ritual ceremonies associated with the burial of 

the dead in the cave. Carbon-14 dates confirm the dating of these 

burials to the Early Minoan period. At the same time rectangular built 

ossuaries which probably developed from the cave ossuary became common: 

in EH II for instance at Palaikastro, Mochlos, Gournia in East Crete, 

and at Arkhanes near Knossos. At Palaikastro there was also a square-
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plan ossuary, which was divided into long narrow parallel chambers, 

Within which the skeletons were deposited. In the EM III ossuary at 

Arkhanes the skulls seem to have been buried separately. 

The cave burials and ossuaries contrast with a series of highly 

distinctive communal built circular tombs, the majority of which were 

excavated in the Messara at the beginning of the century (Xanthoudides 

1924), and date from EM I. Most of them, exceptions are Saleme, 

Koutsokera and Koumasa A, continue into MM times. The circular tomb 

at Lebena EM 1MM Ia provided unique stratigraphical evidence mentioned 

above. Outside the Messara a round tomb of EM II/III date was excavated 

at Krasi, East of Knossos (Marinatos, 1929). There do not appear to be 

any reasonable parallels for these funerary monuments. The round tombs 

are often given the alternative and misleading appellation of 'tholos 

tomb'. However they differ from the tholos/beehive tombs of the Late 

Minoan period or Mycenaean mainland, because the latter are usually 

subterranean with a vaulted roof of small stones. ~~ereas the round 

. tombs stood above ground and it is thought that they may even have had 

flat roofs. From these Early Minoan round tombs the lineage of the 

tholos tomb has been argued to be a native Cretan development in tomb 

architecture, against the view that the tholos tombs were introduced 

from the mainland (Hood 1960, Warren 1973). A very interesting and 

important find from a newly identified Early Minoan centre in West Crete~ 

lends support to the argument for a native development of the tho los 

tomb and makes it seem less chauvinistic. A small early ~~noan tholos 

tomb was excavated at Nea Roumata. It contained a single burial accom

panied by two undecorated vases. The size of this tomb contrasts with 

the large communal tombs of the Messara which served the burial needs 

of the whole settlement. 

There is not much evidence for the use of copper implements in the 

Early Minoan I period. It appears that tools and weapons continued to 

be made of stone and obsidian. But metallurgy seems to have developed 

rapidly in EM II. There are numerous daggers of copper and bronze, 

jewellery and various ornaments of gold and other metals, which have 

been found mainly in tombs. Perhaps this is the reason why metal tools 

have rarely been found so far; since most EM finds are burial deposits, 

and tools were not normally part of the grave "furniture. An alternative 

suggestion is that the tools "were melted down and reused. Although the 

statement that metal is not yet known to have been used during the Early 

Minoan in West Crete (Warren and Tzedhakis 1974, 338), probably remains 

true (one cannot yet exclude the possibility that the copper axe head 
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found in the burial chamber at Platyvola is a later intrustion), it 

seems to me unlikely that the West Cretans did not use copper at this 

period. 

There is evidence for widespread though not intensive foreign 

contacts in the Early Minoan period. At the end of the Late Neolithic 

or beginning of the EM period there is evidence at Knossos for the 

importation of Egyptian stone vases and for the imitation of Egyptian 

stone ware shapes (Cadogan 1969, 157). The imitation of Egyptian metal 

vessels in Cretan ceramics, which began in the Late Neolithic continued 

~n the Early Minoan period (see p. 44 above). Ivory which began to 

be used in EN II may have been imported either from Egypt or Syria 

(where it seems that elephants existed until historical times). Towards 

the end of the pre-palatial period, Byblite daggers are found on Crete, 

while Hinoan daggers are found on Cyprus (Cadogan 1969). Hinoan pottery 

which is found scattered throughout the Aegean from Lerna to Cyprus is an 

indication of the increasing mobility of the Ninoans, which culminated 

with the settlement on Kythera. Contact with the Peloponnese is confirmed 

by the discovery of Eli II sauceboats at least three sites on Crete. It 
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~s thought that the Cretans were importing raw materials from the mainland. 

Trading with the Cyclades apparently began in the Neolithic, with the 

importation of obsidian from Melos, which is about 80 sea miles from 

Crete. Cadogan suggests that certain metals may also eventually have 

been imported from ~~los. An increase in obsidian blades towards the 

end of the EM period shows that this contact became more intensive. An 

unparalleled number of these blades have been found in the Early }unoan 

cemetery at Arkhanes, with 13 Cycladic marble figurines (Sakellarakis 1977, 

114). Other Cycladic material has been found nearby at Tekes. Cycladic 

pyxides and figurines were found in Early Minoan deposits in the Messara 

tombs eXanthoudides 1924, 1), and local copies of figurines have been 

found at Aghia Triadha (Banti 1930-1,191, 134a). In the Early Minoan oc

cupation debris at Platyvola, ~n West Crete, there was a marble Cycladic 

type figurine, and some Cycladic forms of pottery, for instance 'frying 

pans', appear to have been imitated. At Mochlos in East Crete some ves

sels of local stone imitate EC II and III pyxides (Seager 1912, Pl. III; 

XXI 10~ 41g,46; VIlla). h~ile the strong Cycladic character of finds 

from the EM 1/11 cemetery at Aghia Photia in East Crete, has even been 

interpreted as a possible Cycladic colony (Doumas 1976, 80). 

The absolute chronology of the Cretan Bronze Age depends partly on 

correlations with Egypt, and to a lesser extent with Mesopotamia, Syria, 

Cyprus and Anatolia. The date for the beginning of Early Minoan depends 
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on the date accepted for the beginning of Troy I. Depending on which 

school of thought one follows, this date "is placed from c. 2800 B.C. 

to 2600 B.C. Early Minoan ends at about 2000 - 1900 B.C. A shorter 

chronology is preferred by those who doubt the credibility of a thousand 

year use for the round tombs of the Messara. 

3.5 The Middle Minoan and Late Minoan I Periods 

At the beginning of the Middle Minoan period there are indicat

~ons that Crete might have been embroiled in troubles. Throughout 

Crete there are many sites, dating to the period immediately before the 

foundation of the palaces, whose locations on the tops of hills or in~ 

accesible slopes show that their occupants were consc~ous of the need 

for security. In many cases these sites are natural citadels such as 

Kastellos Tzermiadhon overlooking the entrance to the Lasithi plain, 

but some have been additionally fortified by the building of walls of 

megalithic proportions, for instance at Kastellos Viannos or at Iuktas" 

dated to MM Ia. There must have been serious reasons which caused ~ 

. proportion of the population in MM times to forsake a normal preference 

for building settlements in more convenient areas. Alexiou (1980, 20) 

~n an article on the pre-palatial ~cropoleis of Crete, notes that many 

of those occupied in the Early and Middle Minoan period, merely succeed 

a Neolithic occupation, for instance at the acropolis NW of Kato Zakro, 

at Phaistos, and at Debla in West Crete. The recent investigation by 

Davaras (1972, 283-288), of the oval house at Chamaizi, origin~lly exca

vated by Xanthoudides (1906, 117-155), shows that there were several 

building phases ante-dating this MM Ia structure, situated on the top 

of a prominent hill, and one more post-dating it. The building has a 

fortress-like appearance due to the oval form of the outer wall, which 

is an integral part of the complex of rooms, which included a water 

cistern and w~at Davaras interprets as a domestic shrine, with figur

ines and sacred objects. From this building, which obviously had stra

tegic importance, large areas of the surrounding country can be seen. 

In Alexiou's opinion it was plundered in MM la, since no metal vessels 

were found. It is notable too that there were also enclosure walls at 

the towns of Mallia, which ~s on a flat coastal plain, and Gournia 

probably dating to the M}1 period. Alexiou believes that the distur

bances which evidently embroiled pre~palatial Crete were due to internal 

struggles and not to any external threat, or invasion. (Some of the 

same sites were reoccupied in the Sub-Minoan and Hellenistic periods, 

perhaps during similar crises.) However there are many examples of 
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settlements in unfortified positions~ for instance Monastiraki, 

Tylissos and Kastelli Chania, which balance the evidence for general 

urirest. Warren (1973, 43) pointed out that there is "complete contin':" 

uity and evolutionary development in pottery". The period of insecurity 

ends with the establishment of a central authority at Knossos and the 

building of the palaces in MM lb. 

The first palaces were built ~n MM Ib (circa 1900-1800 B.C.) and 

they were destroyed at the end of MM lIb (circa 1700-1625 B.C.). The 

new palaces were built from MM III (circa 1700-1580 B.C.), lasting until 

LM I, traditionally dated about 1450 B.C., when they were all destroyed 

except for Knossos, which continued until the beginning of the LM IIIA2 

period, which in absolute chronological terms is about 1380 B.C. After 

the foundation of the first palaces one can see a contrast between the 

sophistication of the Palace and the more provincial character of the 

other centres. As Cadogan (1976, 29) says ItThis is the best evidence 
w~Gl-, 

left to us of the importance (', the palaces immediately assumed lt
• 

Because the building and rebuilding which occurred with the erect

~on of the new palaces, destroyed quite a lot of the first palaces, one 

cannot get a complete picture of what they looked like. Only a few 

traces are left at Knossos and Mallia, but quite a lot is still preserved 

at Phaistos, where there are several rooms and store rooms of the first 

palace left. The West facade, the West entrance, the \-lest court and also 

a complex of rooms in the South West quarter can still be seen. Quite 

substantial parts of the first palaces have also been found at Zakros 

(Platon 1974, 225). The form of the Minoan palace can best be seen ~n 

the second palaces. All the Minoan palaces have the same basic features: 

A West court with raised paths and the central court. The various rooms 

of the palace are arranged around these two courts. The West WL~g of 

the palace consists of many store rooms full of pithoi and domestic 

vessels, but these rooms also seem to have religious functions. The 

exact location of the habitation quarters of the palace seems to vary 

within each palace. At Knossos they are in the eastern part of the 

palace, at Phaistos in the northern part, at Mallia they are also ~n the 

north-western part of the palace, while at Zakros the royal rooms are 

on the east side of the palace. Apart from the ground floor, the 

palaces had a first floor and in parts a second or third floor. Shrines, 

pillar crypts and lustral basins, presumably for libations, have been 

found in every palace and were probably used for religious functions. 

Knossos and Phaistos have well defined theatral areas, where public cere-

52 



monies probably took place, while at Mallia the scene for such cere

monies is supposed to 'have been the central court~ where it is thought 

that bull-fights took place. 

The palaces were luxurious constructions. Their walls are well 

built with dressed stones, gypsum floors and orthostats. Wooden beams 

were included as a frame-work in the walls, presumably to make the 

buildings more earthquake resistant. The plaster on the walls and floors 

was often painted, their favourite colour being dark red (Hood 1971, 78-

80). What gave the palaces their special appearance were the many 

frescoes which decorated them, depicting scenes. The early frescoes 

go back to MM IlIa. Such a fresco of this date is the saffron gather~ 

from Knossos. There was no standard size for the frescoes: they might 

occupy a whole wall or they might be confined to small panels. There 

were also long narrow friezes. Figures vary from life-size or larger 

to just an inch or two in height. Most of the remains of paintings 

seem to come from the Palace of Knossos. But small houses and villas 

·were also decorated with frescoes, for example the villa at Aghia 

Triadha, where many fragments of frescoes have been found. There were 

also plaster relief frescoes, where life size figures of men and animal~ 

were sometimes moulded in relief. The basic colours used are red, 

yellow, black and blue. Some of the pictures seem to have a religious 

character, others are secular. There are friezes of animals and birds; 

bull-leaping scenes; human figures in procession depicting men and 

women in elaborate dresses; griffins; landscapes and flowers; religious 

scenes with crowds of people. The frescoes, and also the rooms ~n 

which they are found, are difficult to date. They are dated ,by a com

bination of techniques, for example by parallel with pottery motifs. 

The first destruction of the palaces which occurred at the end of 

MM lIb is supposed to have been caused by an earthquake and not by 

enemy attack, because the palaces were rebuilt immediately. It ~s note

worthy that both the first and the second palaces had no fortifications. 

If the cause of the first destruction had been an external attack, undou

btedly the Minoans would have taken the precaution of building defences 

to prevent the reoccurrence of such an event. 

The second destruction of the palaces occurred ~n LM lb. The 
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, traditional and common explanation is that they were destroyed by the 

eruption of the volcano at Thera. However this destruction~s a general 

one on the island and it affects every settlement villa and village -as 

well as the palaces. - It seems that Knossos suffered some damage as well. 
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But it does not seem to have been due to tidal wave, because 

it affected settlements ~n the South of the island as well as those 

high up in the mountains. Also there is a discrepancy of about 50 

years between the destruction of Thera by the volcano and the destruc

tion of Crete. I.e. when Thera was destroyed, the current ceramic 

fashion was the floral style of LM la, while in Crete it was the marine 

style of LM lb. However Crete is earthquake prone right through the 

centuries up to modern times (Platakis 1950, 463-526; Morgan 1955). 

The destruction could have been due to a very severe earthquake, some 

years after the erruption of Thera and perhaps it may have been followed 

by enemy action from mainland Greece, taking advantage of the chaos 

caused by the natural disaster. 

In the second palace period a number of 'villas' are found all 

over the island. These are houses with elaborate architecture. Often 

they have contents of palatial character, but they are smaller than the 

palaces and they do not have central courts. They are also equiped with 

store-rooms. Some of them may have been local administrative centres. 

There are such villas at Amnissos, Nirou Khani, Tylissos and Vathypetro 

in Central Crete, at Zou in East Crete, at Nerokourou in West Crete, 

and at Apodhoulou. Some of them are decorated with frescoes. They were 

built in rill III, they were altered during their life-time and they seem 

to have been destroyed in LM Ib, together with the rest of the palaces 

and eve~y little village in Crete. 

There were many smaller settlements ~~d even towns, for example 

around the palaces at Knossos, Phaistos, Mallia and Zakros. There are 

small settlements and hamlets scattered right through the island. Some 

of the houses around the palaces have been excavated, for example at 

Knossos MM IlIa Houses A and B (Evans 1921-35, Vol.II, 365-73, Fig.203), 

but most of the Cretan settlements of the period are unexcavated, so we 

do not have the complete plan of a Minoan town in Middle Minoan times. 

But in the second palace period and in particular in LM I, there is the 

most extensively excavated to~~ of Gournia in East Crete, from which one 

can get some idea of town planning and private housing. The town lies 

on a low hill close to the sea. The houses are divided by narrow paved 

streets, sometimes with steps leading to the top of the hill, where 

there is an elaborate building, presumably the mansion and administra-

tive centre of the settlement (where in post-palatial times, in LM IIIb, 

a public shrine was erected). This is the only building which uses cut 

masonry. The ordinary town houses were built of small stones. The 

standing walls, visible today, are usually those of the basements which 
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were entered from above, while access to the ma~n floor and living 

quarters was up a flight of steps from the street (Boyd-Hawes, 1908). 

Another extensively excavated site"is the town of Palaikastro, also in 

East Crete. At Palaikastro 10,000 square metres have been excavated 

(Bosanquet et al 1901-2, 1902-3; Dawkins et al 1903-4, 1904-5, 1905-6; 

Sackett and Popham et al 1965, 1970). But the date of individual houses 

and architectural details are not so well known and unfortunately most 

of the site is covered and cannot now be seen. The town seems to con

sist of blocks of houses, which are surrounded by well laid out and 

paved streets. A building in Block ~ has been described as a 'palace'. 

The tow~ began ~n Early Minoan I and continues through to the end of 

MM lb, when there is a destruction. The to~m is then rebuilt and con

tinues until the next big destruction in LM lb. The occupation of the 

sites continued in LM III. (Traces of Neolithic occupation have also 

been found in the area, and there is a continuing cult of Dictean Zeus 

from the Geometric down to Hellenistic and Roman times.) The Minoan 

occupation of Palaikastro provides a strong indication for cultural 

continuity. 

At the site of Kastelli Chania, in West Crete, habitation starts 

at the end of the Neolithic. All the Early Minoan phases are present 

and all the Middle Minoan, with several building phases, which have 

been found in several building plots under the Venetian tov.'!l. For this 

reason we do not have a complete picture of the architecture. An 

architectural complex belonging to the second palace period has been 

uncovered and Linear A tablets have been found, so that the view has 

been expressed that this might even be another palatial centre (Hall

ager 1973, 27; Tzedhakis and Hallager 1978, 46). 

The pottery styles of the Middle Hinoan period continue as a 

development from the Early Minoan period (Zois 1968, 187). Barbotine 

ware is characteristic of the beginning of the period in MM Ia - MM Ib, 

ending at MM IIa. The potters cover the whole surface of the vase with 

little protuberances, w~ich they often arrange to make various motifs, 

for instance circles or slanting lines. In the late phase they com

bine them with painting in the Kamares style. A very common shape of 

this period is the barbotine jug (Lacy 1967,48, fig .. 17a). Polychrome 

pottery comes into fashion ~n the Middle rUnoan arid it culminates in 

the Kamares s~yle produced ~n the palace workshops. It seems that out

side the palaces the Kamares style is either imported or imitated in 

a simpler manner. Otherwise the Cretan ceramics outside the palaces 
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continue more or less in the MM Ib style until.the end of MM lIb. 

The Kamares style uses red,vermillion-and white painted decoration 

on a black or dark background. Another innovation which starts in 

MM Ib is the introduction of the fast wheel. This enabled the potters 

to produce 'egg-shell' ware, i.e. pottery ,,,ith very thin walls deco

rated in the Kamares style. Their favourite shapes are egg-shell cups 

(Lacy 1967, 65, fig. 27c), the bridge spouted Kamares jar (Lacy 1967 

57, fig. 22e) and the fruit-stand (Lacy 1967, 58, fig. 23c). The MM II 

period seems to be a painting style period. It is the phase of the 

Kamares style pottery, but it seems to exist only in the palaces, 1vhile 

outside the palaces the pottery continues in the MM Ib style with a few 

changes. The Kamares ware style ends in MM lIb with the destruction of 

the first palaces. 

At the beginning of the second palaces in M}1 III, there is a change 

J.n decorative fashion. The exuberance of the Kamares style is attenua

ted and it is replaced by a more simple decorative style, with dominant 

. white paint, although some polychromy exists at the beginning. The 

quality of the fabric of the pottery outside the palaces is not very 

good, perhaps due to baking it at not very high temperatures. Shapes 

common in the previous period continue in MM III. 

In LM I there are two clearly distinguishable pottery styles. One 

is the Floral style and the other is the Marine style. There is a mar

ked improvement in the quality of the fabric. This improvement culmin

ates in LM III, when the firing temperatures are high and the fabrics 

are strong and durable. The floral style takes its name from the 

flowers which often decorate the surface of the vases. Lillies, crocuses 

and foliate sprays or grasses are the most common motifs, reflecting the 

richness of the Cretan flora. There are also a lot of spiral and linear 

motifs. The use of white paint still survives. Host of the motifs are 

executed J.u a paint which varies in colour from black to reddish brown. 

A shape which is very characteristic of Late Minoan ceramics made its 

appearance in LM I, i.e. the stirrup Jar. Other characteristic shapes 

are the Vapheio cup and the rhyton. The Floral style of L~ Ia continues 

with some variations in the next pottery phase, contemporary with the 

new Harine style decoration, wnich is characteristic of LM lb. This con

sists of painting marine creatures on the vase surface. The motifs in

clude octopus, argonauts, triton shells, star fish; sea-weed and rock 

patterns. It is one of_ the most attractive pottery styles of Minoan 

Crete (Popham 1967,337-351). 
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Stone vases appear in Crete in Early Minoan times (Warren 1969). 

They have elaborate shapes and some of them imitate Egyptian prototypes. 

The craftsmen made use 6f the veins of the stone to make pleasing deco

ration on the surface of 'the vase. Such vases are often found in the 

palaces, both in the first and second palatial periods, and are obviou

sly luxury products. In the second palace period some of the stone 

vases are very elaborately decorated and have whole pictorial scenes 

on them. Among such examples are the stene rhyton from Aghia Triadha 

with the boxers (Zervos ]956, 372-373), the Aghia Triadha rhyton with 

a harvest festival scene (Zervos 1956,376-377), and the stone vase, 

also from Aghia Triadha, which probably depicts children imitating gro~~

ups (Zervos 1956, 364-367). From Zakros there is a stone vase on which 

parts of a peak sanctury are depicted and also a stone bull's head 

rhyton (Platon 1974, 153 and 156). 

Seal-stones appear first in EN II times and continue thereafter 

(Kenna 1960; Pini 1968; Boardman 1970, 22-59). In pre-palatial times 

craftsmen used soft stones as well as bone and ivory. The patterns are 

either linear or pictorial, depicting people and animals. Some of the 

seals probably had a talismanic character. After the first palaces were 

built, the fast drill was introduced and they also started to use harder 

stones. It is interesting that a seal producing workshop has been 

found at Mallia, ~~ere tools for working the seals, unfinished seals 

and pieces of stone have been found (Poursat 1970, 1971, 1972, 1973). 

It seems that worship at peak sanctuaries began almost simultane

ously with the foundation of the palaces. Although many sanctuaries 

have been recognised (Faure 1963, 1967, 1969), only a few of them have 

been excavated. Some of the best known are Iuktas near Knossos, 

Traostalos near Zakros, Petsofas, Kophinas, Prinias and Vrysinas near 

Armenoi (Davaras 1974). They were sited on the loftiest peaks and 

developed into important ritual centres. One of the earliest shrines 

is at Petsofas near Palaikastro, beginning in EM II. Some shrines con

tinue in use right through to the end of the Minoan period (Hood 1971, 

131-6), and are probably associated with the female deity of Minoan 

religion. (Occasionally they survive into historical times, as at Symi 

where a male divinity was later worshipped.) Representations of peak 

sanctuaries in Minoan art are known from Knossos and Zakros. Their main 

features seem to have been a temenos'wall enclosing the summit and the 

shrine which was a building with several rooms, decorated with human and 

animal figures and equiped with ritual vessels and votives. Of special 
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interest are the votive human limbs, sometimes injured or deformed by 

illness, which may be compared to those found in Classical times in the 

Ask1epieia. (See also chapter 9 , Discussion). These were thank offer-

ings or petitions for cure. Interestingly this practice continues in the 

Greek Orthodox Church today. 

Early Minoan circular tombs go out of use by the }il1 II period. 

They are replaced by a new type of tomb hewn out of soft rock, which 

appears first in the EM 1/11 period, at Aghia Photia (Davaras 1971, 392-

397). This is a kind of proto-chamber-tomb characteristic of the Late 

Minoan period. The links in the 'evolutionary' chain are not very 

evident so far, because of the lack of finds. There are rock-cut, al

most cave-like tombs, for example near Knossos, Tomb XVIII in the Upper 

Gypsadhes cemetery (Hood .et a1, 1958-9, 220-224). Comparable tombs of 

MM date have also been found at Poros near Heraklion (Lembessi 1967, 

194-308). The shape of these rock-cut tombs points us to Cyprus (Pini, 

1968, 40-1). Tombs which also resemble the Cyprus ones dating toMM 11-

·LM II were found on Kythera, which is supposed to be a Minoan colony 

(Coldstream and Huxley, 1972). Rock-cut tombs continue in use in LM I, 

and as a natural development they lead to the chamber tombs of the LM 

III period in contrast to the view that they were a mainland invention 

(Popham 1970, 95). The Temple Tomb at Knossos dates from the transi

tional period MM IIIb - 1M lb. It is complicated monumental building 

consisting of a pavilion, paved court, pillar crypt, sepulchral chamber 

and upper floor (Pendlebury'1939, 194-5). It seems to have been damaged 

by an earthquake in LM la, but it was reused later. The practice of 

burials in pithoi which began in the Early Minoan, continued in the MM 

period, for example at Ai1ias. Clay sarcophagi which also start in EM 

times, became more widely distributed from EM III onwards. There are 

some EM examples from the Pyrgos cave (Xanthoudides 1918, 136-142). In 

the Middle Minoan period the sarcophagi are small and oval shaped. Their 

decoration ~s similar to the motifs on pottery. 

There ~s evidence from the first palace period that the Minoans were 

literate. A form of hieroglyphic script is found on seals and seal impre

sions from MM la. A tablet with a linear version of hieroglphic writing 
1\ 

was stamped on a disk-shaped tablet at Phaistos. It is dated to approx-

imately )700 B.C. Evans noted a resemblance to Egyptian signs and Hood 
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has suggested that the hieroglyphics could be related to a system of writing 

~n use in Syria during the third mi11erifum B.C. (Hood 1967, 43). The 

linear A script was current in Crete throughout the 16th and 15th centu-



ries B.C. Linear A tablets have been found for example at Phaistos 

~n the first palace, Aghia Triadha in LM Ib deposits, at Zakros and 

at Kastelli Cliania (Godart and Olivier, 1976; Papapostolou 1973; 

Hallager and Vlassakis 1976). The tablets appear to have been pre

served by being accidentally biked in the fires which brought about 

the destructions of these Minoan centres. Evidently signs in the later 

linear B script which has been deciphered as early Greek, were derived 

from this Cretan script which has not been deciphered. It does not 

appear to belong to the Indo-European group of languages. However it 

is understood that the linear A tablets consist of lists of commodities. 

They indicate a highly organised administrative system which was pre

sumably under palace control. But writing was not just used for eco

nomic purposes, since linear A signs painted on vases and carved on 

seals have also been preserved. 

The Egyptians provide some useful information about palatial Crete 

~n their tombs which are decorated with painted scenes, representing 

processions in which gifts and tributes are offered to the Pharoah. The 

so-called 'Keftiu' appear in such scenes. These people resemble the 

Minoans as they are seen in Cretan frescoes, wearing their hair long 

with short skirts and bearing presents which are recognisable as vases 

and other articles found in Crete at the period of the second palaces. 

This provides confirmation of contacts between Crete and Egypt at this 

time. 

There is ample evidence for foreign relations ~n the form of 

overseas trade during the Minoan period. As early as the Neolithic 

there was trade with the Cyclades in obsidian. In EM 1/11 and EM III 

there are articles either manifesting Cycladic influence or of Cycladic 

manufacture from AghiaPhotia (Doumas 1976, 79-80), Platyvola, Arkhanes 

and Tekes (Sakellarakis 1977, 93-113). These are ceramics, figurines,' 

daggers, amulets, beads, pins and seals. During the EM III period 

trading activities between Crete and the Cyclades intensified. By 

MM III there are Cycladic imported vases, for instance Melian bird jugs 

and jars in New Palace deposits at Knossos (Evans 1921-35, vol. I, 466 

& 560). 

There is also evidence for early contacts with the Greek mainland. 

Early Helladic II sauceboat fragments have been found at Knossos, Chania 

and Platyvola. During EM III a settlement was founded at Kastri on 

Kythera, which is supposed to be a }unoan colony. It may have been part 

of an exchange network between the mainland and western and central 
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Crete, involving the exploitation of metallife+ous ores in Laconia 

and possibly Laurion in'SE Attica (Gale 1982; 1-11), and sources of 

lapis lacedaemonius and rosso antico used for Minoan stone vases. 

The Kytheran pottery of EM III/~~ I is very similar to the pottery of 

western Crete. It includes egg-cups and incised or slight relief 

decoration, a form of proto-barbotine. The humble conical cup, ubiqui

tous in MM Crete, is also common in Kastri (Coldstream and Huxley 1972). 

Cretan influence at Kastri continued during the Niddle Minoan 

period. On the mainland MM Ia pottery is found at Lerna, Asine and 

Aghios Stephanos. In a recent study of the pottery from Aghios Steph~ 

anos, Messenia by Rutter and Rutter (1976, 63-65), the authors suggest 

that Mycenaean pottery evolved under the influence of Minoan ceramics. 

In this way :t<1H pottery - grey and yellow Hinyan ware - was transformed 

into Hycenaean. The acquisition of Ninoan tastes culminates in :t<lli IlIa 

- LH I, with the art of the Nycenaean shaft graves, which manifests a . 

strong Minoan influence. 

By MM times the general expansion of Minoan pottery indicates that . 

the Minoans influenced many places outside Crete. Besides the mainland, 

Minoan type pottery and other imports have been found throughout the 

Aegean on Kasos, Karpathos, Rhodes, Kos, Ialysos (where details of house 

architecture have parallels at :t<~llia), and at Miletus on the coast of 

Asia Hinor: on Aigina, Kea, at Phylakopi on Melos (where linear A script' 

has also been found (Evans 1921-35, vol. I, 637), and at the town of 

Akrotiri on Thera, in the main period of occupation in LB I. Minoan 

influence was so strong in these places that it may even have extended 

to political control ~n the form of a Minoan 'thalassocracy' as Thucy

dides suggested. An alternative interpretation of the evidence is that 

'colonies' were founded out of the necessity to protect the expanding 

commercial interests of the Minoans from piracy (which was rampant ~n 

the area even until late historical times), and not primarily from 

political motives. Recently Warren suggested that the 'colonies' were 

formed to relieve over-population on Crete. 

It is believed that organised trade must have been under the control 

of the palaces. Beyond the Aegean area objects of Minoan origin have 

been foUnd as far afield as Mesopotamia, Syria, Ariatolia, Cyprus and 

Egypt. Although the Cretans had'a variety'of local resources a~ their 

disposal they also imported raw-materials . (Hood 1971, 123-126). It is 

thought that the site of Kommos 'in South Crete, near Phaistos, may have 

been an emporium for trade with Egypt (Evans 1921-35, vol. II, 88-89). 
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From Egypt the Minoans obtained white veined alabaster~ ostrich eggs 

and plumes, beads, pendants and scarabs~ ivory sphinxes, inlaid furni

ture; faierice and . stone vases. There is some-doubt about whether copper 

was imported from abroad. Platon believed that the copper ingots found 

in the store room of the Palace at Zakros came from Cyprus (Platon 1974, 

223). Cylinder seals from Anatolia, Hesopotamia and Cyprus which may 

have come via Cyprus were found at Knossos. It is thought that ivory 

came from Syria also. Gold and silver may have been imported from the 

Aegean and possibly from vI Anatolia. Tin and lead may have come from 

Melos and emery from Naxos (Cadogan 1969, 157). The Minoans exported 

their very fine pottery from the beginning of the MM period to Cyprus, 

Syria and Egypt, metal vessels to Egypt and Syria, bronze daggers to 

Cyprus (Cadogan 1969, 158). Cretan stone vases and lamps have been 

found in Syria, Troy, the Aegean islands and on the Greek mainland. Per

ishable articles exported may have included timber, oil, cloth and 

medicinal herbs (Hurray & Harren 1976). 

3.6 The Late Minoan II and III Periods 

The Late Hinoan II period is a short period lasting about 50 years, 

which is characterised by Palace Style pottery and by the so-called 

Warrior Graves. Typical pottery shapes of this period are the Palace 

style amphora or jar and the Ephyrean goblet. The decorative motifs 

of LM 1a and LM Ib continued although transformed (Popham 1967, 342-344, 

figs. 3 & 4). The term Palace style was used, because for a long time 

this sort of pottery was only knowTI from the palace of Knossos, which 

continued its life and was the only palace ~n Crete which survived the 

LM 1b destructions. Apart from the palace at Knossos, LM II pottery 

is now known from the Unexplored Mansion, Mallia Quartier E (Pelon 1970, 

169), Aghia Triadha, Phaistos, Rethymnon (Hood, Warren, Cadogan 1964, 

64), and Kastelli Chania. 

The Warrior Graves which date to this period are few and are only 

found in the Knossos area. These are a series of tombs where the skele

tons are accompanied by their weapons, reminiscent of Mycenaean habits 

of burial for example in the Shaft Graves (Hood and de Jong, ]952, 243-

277; Hood 1956, 8]). 

The linear B tablets which have been found at the palace of Knossos 

and which have been deciphered as an early Greek dialect, perhaps belong 

to this phase, or perhaps even to the subsequent phase, LM IIIal, for it 

1S now accepted that the palace at Knossos lasted until the beginning of 
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LM IIIa2 (Popham 1970). 

Apart from Knossos, Linear B is found on stirrup jars from Chania. 

These are well dated within the LM IIIb period (1300-1200 B.C.). There 

is a school of thought which maintains that the Knossos tablets must 

therefore belong to the same period and that Knossos was destroyed in 

LH IIIb together with the rest of the mainland palaces, where Linear B 

tablets are also found (Palmer 1973, 74; Hallager 1977). But Linear 

B tablets have not been found on Crete outside Knossos, where there are 

abundant sherds belonging to the IIIa2 period in the destruction leve~. 

There does not seem to be any evidence that the palace at Knossos con

tinued its existence, though the area continued to be occupied as part 

of the town. The view that the palace at Knossos was destroyed at the 

beginning of LM IIIa2 (Popham 1970 and 1974) seems to be based On the 

facts. 

The Linear B tablets give an interesting picture of palace life . 

. Their contents mainly comprise lists of commodities and bills, but 

several place names are also mentioned. Some of them are identifiable, 

for L~stance, Knossos, Phaistos, Tylissos, Amnissos, Dikte, Kydonia, 

Aptara, Lato, Lyktos, Praesos, Sybrita, etc. Thus some scholars have 

suggested that Knossos continued to rule over the whole island, as 

seems probable in earlier times, during the life of the first and second 

palaces, for Knossos was by far the largest of the Cretan palaces 

(twice as large as Phaistos and Mallia, and four times the size of 

Zakros), and had the longest existence. Others who disagree with this 

view, think that it would only have been feasible for Knossos to govern 

the centre of the island. Since the other palaces had been destroyed, 

it would no longer have been possible for Knossos to control through 

them the far west and the far east of the island. 

An important problem in this period centres on the question of 

whether or not Crete became a Mycenaean colony in post-palatial times 

and during the lifetime of the last palace at Knossos. There is so far 

no evidence of a general destruction outside Knossos in LM IIIa2 and 

it is suggested that Knossos could have been destroyed by a local up

rising. Some scholars suggest that the Mycenaeans invaded and conquered 

Crete circa 1350 B.C. Having destroyed all the other sites and palaces 

they ruled the island from Knossos. Other scholars think that the 

Mycenaeans came to Crete at some phase (this is certainly true since 

Linear B is Mycenaean Greek), settled and somehow took over the govern-
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ment at Knossos. This must have occurred at the time of the destruc

tion ~n LH lb. Undoubtedly there was a Mycenaean king at Knossos. :But 

the question is whether the Mycenaeans infiltrated the whole island and 

was there an immigrant population which was absorbed into the local 

Cretan population, or whether the Mycenaeans were just a Warrior class 

of aristocrats who came and settled at Knossos. Since the palace was 

destroyed while the town at Knossos continued to exist, the evidence 

would seem to suggest that its destruction was not due to an outside 

invasion. A possible explanation is that there was a local insurrection, 

which expelled the Mycenaean rulers. As Popham (1970, 95) points out, 

after the destruction of the palaces, life continued in the city of 

Knossos and its pottery shows and unbroken tradition; "Knossos was 

never again the political capital of Crete in the Bronze Age (pace 

Homer), though it mey have retained its position as a religious capital". 

A great number of the sites which were destroyed in 1450 B.C. 

were reoccupied in LM III. Among the important settlements which were 

reoccupied are Gournia, Kastelli Chania, Phaistos and Knossos. Unfor

tunately complete architectural plans have not been discovered and so 

we can only conjecture what was the final appearance of the houses. 

The architecture seems to be solid and the houses resemble those of the 

previous period. There do not seem to be any external differences in 

wealth among the population as was previously evident from the build

ings of the palaces and 'villas'. A propos the question of the settle

ment of a Mycenaean population on Crete, the absence of Mycenaean type 

megara is noteworthy. At the end of the Minoan period, in LM IIIc a 

series of refuge settlements, such as Kavoussi and Vrokastro, indicates 

that there was general instability towards the end of the period. 

LM III pottery is clearly a development of LM I and LM II ceramics. 

Although there are some new shapes, such as the flask, amphoroid and 

conical kraters and the kylix, perhaps the most typical shape is the 

stirrup Jar. The motifs used to decorate the vases are the same as 

before, but there is greater stylisation and a tendency towards abstract 

designs (Popham 1967,345). A similar tendency towards linearity and 

stylisation is perceptible in the motifs carved on seals, which con

tinued to be manufactured. It is often stated that "stone vases ceased 

, to be manufactured ~n post-palatial "times, but a great number of them 

are found in tombs of the post-palatial period and we are not justified 

in dating them all to the earlier time. Jewellery continued to be 

manufactured and from time to time placed in tombs. Its quality is often 
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very good, as exemplified by the ring from a tholos tomb at Praesos 

excavated by Platon. 

In LM III, chamber tombs continued to~be used for burials. These 

were family graves. The dead were placed either in sarcophagi or on 

the floor. Tholos tombs also continued to exist and there are examples 

allover the island: at Maleme, Stylos, Apodhoulou, Kamares and Achladi 

Siteia. Sometimes the dead person was placed in a sarcophagus or some

times in a trench in the soil. It is worth mentioning a recently exca

vated, as yet unpublished, tholos tomb at Fylaki Apokoronos, which is 

dated before the end of LM IIIa2. Although it was extremely rich in . 

bronzes, for example mirrors and knives, and carved ivories including 

the head of a warrior wearing a boar 1 s tusk he Imet, there "tvas very lit t Ie 

pottery in the grave. In this respect it corresponds to an interesting 

series of tombs at Knossos, dating to LM IIIal, where mainly bronzes 

and very few vases w~re placed in the tombs. 

Larnakes wnich first appeared in }lH times and became more common 

. in MM III, continued in the Late Hinoan period. The best known and 

oldest among them is the stone sarcophagus of Aghia Triadha (Long 1974). 

The other ones were normally of painted clay, sometimes decorated both -

inside and out. There are bath-shaped and chest-shaped larnakes which 

imitate wooden prototypes. They are often decorated with linear motifs 

comparable to the pottery and sometimes with pictorial scenes, which 

are connected with the ritual surrounding the dead. A fine series of 

larnakes including a polychrome example, found at the LM III alb cemetery 

at Armenoi, provide a good illustration of sarcophagi of the period 

(Tzedhakis 1971, 216-221, Pl. 3). On the mainland the Tanagra sarcophagi, 

contemporary with LM IIIb, are another incidence of Cretan influence 

abroad. It used to be believed that the Tanagra sarcophagi were non

Minoan (Vermeule 1965, 136), in the sense that the Cretan ones did not 

have many pictorial representations on them, but this suggestion is now 

clearly disproved. 

It was already mentioned that the character of Y~noan religion con

tinued to be the same as before. The great Earth-Vegetation goddess 

continued to be worshipped. However the character of the cult changed 

slightly. Peak sanctuaries went out of fashion, although cult in high 

, places seems to have continued at sites such as Iuktas and Symi Kato 

Viannos. The character of the cult changes in the sense that we now 

have a ser~es of 1 public shrines 1, or shrines '<,hieh have a definitely 

public character, for example at Gournia, Gazi (Hadzidhakis 1916), Karphi 

and Khannia. From this period there are a series of figures of the 
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Minoan goddess with raised arms, which are made of clay, wheel-turned 

and often bear religious symbols on their heads, such as snakes and 

poppy heads. They were foUnd in the above mentioned shrines and else~ 

where. Some scholars have expressed the opinion that the reoccupation 

of the Cretan palaces in post-palatial times is related to the reli

gious shrines (Popham 1970,95; Alexiou 1968, 105-114). 

The cultural character of the island at the end of the Bronze 

Age continued to be Minoan and was not 'Mycenaeanized'. Their religion 

remained unchanged and their pottery continued in the same Minoan 

tradition. The amount of Mycenaean pottery imported into Crete is very 

small and contrasts greatly with the numerous Mycenaean sherds found 

in the Cyclades or on Rhodes for instance. About an equal number of 

imported Minoan vases of the same period have been found on the main

land. A significant number of characteristically Cretan vases have 

also been found on Cyprus. A smaller number of Cypriot imports into 

Crete have also been identified. An interesting series of Cretan vases 

appears to have been imitated on the mainland. These are the storage 

stirrup jars decorated with octopus. They indicate trade III some 

liquid commodity through the Aegean as far as Cyprus where a number 

of these ~ases cave been found. It lS not clear what the contents of 

the vases was, but it may have been an aromatic oil, prized for medic

inal or cosmetic purposes, since it lS known from the tablets that the 

Cretans made aromatic oil. The main production of these vases On Crete 

is during the LM III period. It has been suggested that the octopus 

was a form of trade mark which was imitated on the mainland (Kanta ]980, 

294-6). Since the vases are crudely made with crude decoration, by 

usual standards, they were clearly not copied for their artistic value 

but probably because they symbolised their contents. Kanta suggests 

that the Mycenaeans tried to cash in on the thriving Minoan trade by 

using forgery. Some of these stirrup jars which are not decorated with 

octopus have linear B signs on them, which have been read as 'Wanakatero' 

meaning 'of the palace'. This has been interpreted as proof of a palace 

existing in Crete in LM IIIb. Kanta suggests that this too may be a 

trade-mark designating the product 'royal' without its necessarily hav

ing any genulne connection with a palace. The earliest Cretan example 

of such storage stirrup jars dating to LM II, has been found on Karpa-

thos. There are a few 1M lIla.! examples, but most date to LM IIIb. The 

Cretan vases are found together with their imitations on mainland sites 

at Myceanae, Tyrins and Thebes, but their identification rests partly 
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on somewhat ambiguous results of clay analysis (Catling and Millet 

1965; Catling and Jones 1977). 

1M III pottery is found scattered throughout the Aegean islands, 

~n South Italy, at Troy VI and at sites in the Levant, including Tarsus, 

Ugarit, Gezer and Lachish. At this period the evidence for trade and 

cultural contacts between Crete and Cyprus ~s fairly substantial. The 

storage stirrup jars found there have already been mentioned. Cretan 

influence on Cypriote jewellery and perhaps on some architectural fea

tures of shrines has been observed. The contemporary appearance on 

Cyprus of figurines with raised arms is another direct link with Crete'. 

The evidence for contact between Crete and Egypt at this time is limi

ted to some scarabs found at Sellopoulo, Knossos, Kastelli Chania and 

~n the Aghia Triadha tholos tomb (Kanta 1980, 302-316). 

A series of destruction levels has been noted in LM lIIb, for 

example at Chania and Aghia Pelagia, They have been interpreted as 

representing an external threat, for which it has been variously sug

'gested that invasions, Sea People or pirates may have been responsible. 

There are indications that this was a very unsettled period throughout 

the Aegean and Asia Minor. After these destructions refuge settlements _ 

dating to LM IIlc and Sub-Minoan (1075-970), ,.;rere founded for example 

at Karphi Tzermiadhon and Kavoussi. But there were also other settle

ments dating to LM IIIc in the lowlands and plains, for instance 

Tylissos (LM IIIc and Sub-Minoan), Katsambas (LM IIIc) and Knossos 

(LM IIIc and Sub-Minoan). It appears from the current interpretation 

of the archaeological evidence that in LM IIIc there was a newaement 

~n the population which arrived in Crete from mainland Greece. It has 

also been suggested, mainly from the pottery evidence, that waves of 

Cretans went to Rhodes and Cyprus, with ,.;rhich the Cretans already had 

strong connexions as mentioned above. 

It seems relevant to make some comparisons between the Minoans and 

Mycenaeans ~n some general remarks, concluding this survey of the arch

aeological evidence for the Bronze Age in Crete. It is clear that fue 

Mycenaeans among other things acquired their literacy from the Minoans, 

since the Linear B script is derived from the earlier Cretan Linear A 

script. It seems that the system of administration in the Cretan and 

, Mycenaean palaces was similar, as far as can be judged fromfue tablets 

which consist of lists. But the palaces themselves appear to be dif

ferent, the Cretan ones being more compact. The Cretans were much more 

imaginative in the decoration of their artefacts and the manner in which 
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they made them. From their material rema~ns it appears that the Minoans 

and-Mycenaeans had a different psychosynthesis. The Mycenaeans, in con

trastto the Minoans, were keen on hunting, war and polemical pursuits. 

Their religion was also different. The }unoans worshipped goddesses of 

Nature, and square columns -in dark pillar crypts. It is interesting 

that one of the tombs in the LM IIIa/b cemetery at Armenoi incorporated 

in its design a square pillar, which stands in the centre of the tomb 

and may well have had a traditional religious significance. It is 

also worth stressing that there is much more continuity of the Cretan 

Minoan cultural tradition into Greek times than is evident on the main

land between Mycenaean and Greek. Religion provides some good examples 

of this continuity, for instance the unbroken worship at Kato Symi, or 

~n the worship at Amnissos Cave of the goddess Eileitheiya, protectress 

of pregnant women, which may have begun from the worship of stalacmites. 

It is also remarkable how Geometric potters often used strikingly Minoan 

type motifs to decorate their vases. 

A short account of later Cretan history, after the end of the 

Minoan period, has been appended for the sake of completeness and because 

some later, Hellenistic, Roman and Early Christian, cranial material 

has been included in the analyses in chapter six. 

3.7 Later Cretan History 

The end of the Sub-Minoan and the beginning of the Geometric period 

~s usually dated about 970 B.C. The Geometric period covers roughly 

the first three centuries of the 1st mille~um B.C. It is believed that 

the Homeric poems, which describe Crete with ninety cities under the 

rule of local chiefs, probably refer to the society of this period. 

Homer mentions that many languages (or dialects) were spoken there and 

he names five peoples inhabiting Crete, including the Dorians. The 

Dorians were Greek speakers and 'Dorian' is a linguistic term denoting 

a Greek dialect. Traditionally the coming of the Dorians coincides with 

the Geometric period, "but they did not introduce iron as it used to be 

thought and nor is the Geometric style their artistic expression in vase 

painting" (Davaras 1976, 71). The Geometric period is so named because 
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of the motifs used to decorate the pottery which are characteristically 

regular, abstract patterns of geometric forms. The geometric potters of 

Crete seem to have resisted the austerity of the 'metropolitan' workshops 

in Attica, and they used a diversity of shapes and motifs which illustrate 

the long survival of Minoan traditions. Cypriote influence on the pottery 

is sometimes detectable. The hand made figurines are very abstract which 
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~s attractive to modern tastes. There are numerous bronzes (notable 

among them are cauldrons with human and animal protomes), and objects 

made of iron which first began to appear in the Sub-Minoan period, 

on sites such as Vrokastro, Karphi, Tylissos and Gypsadhes. Iron gra

dually supercedes bronze for making tools and weapons. There is not 

much evidence for architecture in this period, except for Temples at 

Dreros, Prinias and Gortyn, which have rectangular plans and are built 

of stone. Some houses are known from the settlement at Kavoussi. 

Cremation which gradually began to be practised at the end of the 

Bronze Age, eventually prevailed over inhumations in the Geometric 

period. The recent excavation near Knossos of a huge cemetery with 

Geometric cremations will provide important archaeological and demogra

phic information when published. The Odyssey (XXIV, 44-47, 63-80) gives 

an interesting description of the rite of cremation burial. By the end 

of the Geometric period a strong oriental influence is noticeable in art 

and metal-working, so that the succeeding period is known as Orientalising. 

In Crete the Orientalising and Archaic periods date from about 730 

B.C. to the beginning of the 5th century B.C. Orientalising art shows 

a fusion of many influences. Minoan survivals are apparent in the use 

of floral motifs and rich decoration. Free curvilinear patterns, myth

ical beasts and exotic plants are inspired by oriental models and there 

~s a progressive Hellenizing influence. There are fine examples of such 

vases, with the decoration painted on a white slip, from Fortetsa 

(Brock 1957, Plates i17-120). Polychrome funerary pithoi contained 

cremations, which continued to be the burial rite, together with small 

grave goods. The architecture of the time is known from Lato and 

Prinias. Metallurgy reached a high standard, perhaps under the tutelage 

of immigrant oriental craftsmen. The famous bronze shields from the 

Idaian cave with Gilgameshon them belong to this period (Coldstream 1977, 

286, fig. 93). A very important artistic development at this period was 

the birth of Dedalic sculpture~ which began in Crete and is an ancestral 

form of Greek monumental sculpture. The Archaic period, both artistically 

and in other respects, seems to have been a period of decline. Vase 

painting virtually died out. There was a change in the structure of 

society and a regime of aristocrats replaced the rule of chiefs. Some 

Cretans left Crete and fouI111ed the city of Gela on Sicily in 688 B. C. 

The rule of the aristocrats imposed a rigid conservatism on Cretan society 

so that it became increasingly insular and a backwater as far as concerns 

the rest of Ancient Greek history. 

From the 5th century B.C. onwards until the Death of Alexander the 

68 



Great in 323 B.C. ~s called the Classical period. The two major deve

lopments in Crete are the ~ssue of coinage by the Cretan cities, begun 

by Gortyn after about 500 B.C. and followed by other cities such as 

Phaistos, Kriossos, Itanos, and the publication of the Gortyn Code of 

Laws. The Code is thought to post-date the system of coinage by about 

a generation (Willets 1965, 55; 1968, 203). It is the earliest Euro

pean law code which survives intact. It ~s ~~itten in Doric Greek and 

covers many topics (such as slaves, rape, adultery, marriage, dowries, 

property rights, inheritance, sale and mortgage of property, ransoms 

for prisonersand the duties of judges), and gives guide lines for the 

monetary compensation of offences. 

Greek culture and language was spread abroad by the building of the 

Empire of Alexander the Great, but at his death the Empire disintegrated. 

The Hellenistic period covers the three centuries from the death of 

Alexander until the Roman conquest of Crete in 67 B.C. During this 

period the Cretans fought futilely among themselves and this situation 

hindered their social evolution. Sometimes outside powers intervened 

in their strife. Itanos in East Crete became a Ptolemaic colony. Al

liances were formed between groups of cities which maintained a loose 

and unstable federation. At this time Crete was a source of pirates 

and mercenar~es. Cretan archers became famous and were hired by the 

Hellenistic kingdoms after the death of Alexander. Hence there was 

more contact between Crete and the rest of the Greek world. The Romans 

acted as arbitrators in the quarrels of the Cretan city states from the 

beginning of the 2nd century B.C. But the Cretans, accused of support

ing Mithridates against the Roman expansion in Asia }unor, became 

involved in a war with Rome. The island was conquered by the Romans 

in 67 B.C. and incorporated with Cyrene into a single Roman province, 

with Gortyn as its capital. The island was exploited for its grain and 

Roman army veterans were encouraged to settle on Crete. 

When the partition on the Roman Empire occurred in 324 A.D. Crete 

became part of the EasteInRoman Empire, under the first Christian 

Emperor Constantine the Great. Gortyn continued to be the island1s 

capital. The island was -very important strategically because it con

trolled the Eastern Mediterranean sea routes. This period seems to have 

, been a prosperous one for Crete. 

In 828 A.D. the island was occupied by the Saracens. There are 

very few remains of the period. Only one building of this date is known 

at Knossos (Warren and Miles 1972, 285), and a number of coins of the 
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Cretan Amirs were found at Heraklion and Gortyn (Miles 1955,1956 and 

1968). Crete was regained for the Byzantine Empire by Nikephoras 

Phokas ~n 961 A.D., with the support of Scandinavian and Russian mer

cenar1es. It seems that the island had become depopulated at this 

time. Many of Nikephoras Phokas soldiers settled on Crete. In 1182 

the Emperor Alexios II sent twelve noble families, know~ as the Archo

ntopouli, and a number of settlers to live in Crete. Crete remained 

part of the Byzantine Empire until captured by the Crusaders in 1204. 

The island was sold Venice in 1210, and Crete was ruled by a governor 

with the title Duke of Crete. Crete was important to the Venetians com

mercially and as a bastion against Turkish expansionism. Under the 

Venetians a system of feudal classes prevailed. Some Venetians inter

married with Cretans and adopted the Greek language and customs. There 

are still many fine buildings of this period to be seen. The Turks 

captured Chania in 1645 and by 1670 Crete was completely under Ottoman

domination, after the success of a twenty year seige of Heraklion . 

. Under the Turks the island was neglected and fell into a decline. Some 

Greeks adopted Islam but there was considerable resistance to the Turks 

and repeated insurrections, including the famous revolt in 1866, when 

Arkhadi was destroyed. 

In 1898 with the intervention of the Great Powers (England, Russia, 

France and Italy), Crete was freed of Turkish domination and formed an 

independent state until the union with Greece in 1911. 
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Chronological Table 

CRETE 

Early Neolithic 6000 3800 B.C. 

Biddle Neolithic 3800 3500 B. C. 

Late Neolithic 3500 2600 B.C. 

Early Hinoan 2600 2000 B.C. 

Hiddle Hinoan Ia 2000 :1900 B.C. 

Biddle Hinoan Ib 1900 1800 B.C. 

I·fiddle Hinoan IIa 1800 1700 B.C. 

Hiddle Hinoan lIb 1700 1625 B.C. 

Hiddle Hinoan III 1625 1580 B.C. 

Late Hinoan I 1580 1450 B.C. 

Late Hinoan II 1450 1425 B.C. 

Late I·finoan IlIa 1425 1300 B.C. 

Late Hinoan IIIb 1300 1200 B.C. 

Late Hinoan IIIc 1200 1075 B.C. 

Sub-Hinoan 1075 970 B.C. 

Geometric 970 730 B.C. 

Orientalising 730 650 -, n 
D.v. 

Archaic 650 5CO B .. C. 

Classical 500 323 B.C. 

Hellenistic 323 67 B.C. 

Roman 67B. C.- 324 A. D. 

Byzantine Empire 324 828 A. D. 

Arab Occupation 828 961 A. D. 

Byzantine Empire 961 1204 A.D. 

Crusader Conquest 1204 1210 fl ... D. 

Venetian Occupation 1210 1670 A. D. 

Turkish Occupation 1670 1898 A .. D. 

Independence 1898 1911 A. D. 

Union with Greece 1911 A. D. 

Table 3.1 
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CHAPTER FOUR 

CATALOGUE OF ARCHAEOLOGICAL SITES 

Introduc tion 

The following chapter provides an alphabetically arranged catalogue 

of sites from which the skeletal material studied in this thesis is 

derived. Under the name of each site, bibliographical references are 

given by the author's name, in which case the publication will be listed 

at the end of the thesis, or in the case of chronicles by abbreviation 

of the name of the periodicals which are listed below. 

A A 

AAA 

AD 

AR 

B C H 

B S A 

Ergon 

I L N 

J H S 

KX 

P A E 

: 

Archaologischer Anzeiger 

Archaiologika Analekta Athinon 

Archaoilogikon Deltion 

Archaeological Reports 

Bulletin de Correspondance Hellenique 

Annual of the British School at Athens 

Ergon tis Archaoilogikis Etaireias 

Illustrated London News 

Journal of Hellenic Studies 

Kritika Chronika 

Praktika tis Archaiologikis Etaireias 

Below the bibliographical references, a brief description of the skele

tal material studied is given. (The metrical data is discussed in 

Chapters 5 and 6). Then details of the archaeological context and date 

of the material ar e given. Hap 4 (opposite) shm.J"s the geographical 

locations of the sites. A plan of the Armenoi cemetery is also inclu

ded in this catalogue. 

4.1 AGHIA PELAGIA Eparchy of Halevizios Nomos of Heraklion 

Bi bliogr aphy 
Excavation Notebook 6-8-1976 
KX 24, 1972, 490 
Alexiou 1972, 230-244 
AR 1972-3, 30 
AR 1975-6, 30 
Evans 1921-35, I, 299 
Karetsou 1973, 200-212 

Skeletal Material 

The skeleton of a young man aged about 25 years with very bad 

teeth. 

Archaeological Context 

The excavation of the harbour settlement at Aghia Pelagia began ~n 
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1971 under the direction of Dr. S Alexiou. The site lies 22 km NW of 

Heraklion, by what was a modern fishing village seasonally inhabited 

until it was taken over by the tourist industry. There are traces of 

ancient remains from the Minoan, Geometric, Archaic, Classical and Hell

enistic periods. There is also evidence of Roman and Medieval occupation 

in the area. Evans (1921-35, I, 299) acquired LM IIIajb vases from a 

'tholos tomb' at Aghia Pelagia. 

The Hellenistic town seems to have been important. A building con

structed of fine ashlar masonry, measuring 15 x 6.30 m, was identified 

as its andreion-bouleuterion comparable to ones at Dreros, Axas and La·to. 

Alexiou identified the site as ancient Panormos of Ptolemy and Pliny. 

The name is appropriate to the fine natural harbour. The site may further 

be identified as Panormos Apollonia, destroyed by the Kydonians in 171 

B.C. This date harmonises with the pottery in the destruction level. 

The male skeleton was found inside a room of one of the buildings 

on the west side of the Hellenistic settlement excavated in 1976.· It 

·lay in an extended supine position, ,-lith arms crossed over its chest, 

under a covering of stones which formed a kind of bench, along the east 

wall. Next to it was a triangular shaped cupboard made of schist tiles. 

The floor of the room which was actually on bedrock was covered with a 

layer of plaster. 

4.2 AGHIOS IOANNIS CAVE Eparchy of Kydonia Nomos of Chania 

Bibliography 
Faure 1962, 45 
Faure 1969, 19-20 
Treuil 1970, 214 

Skeletal Material 

The well preserved skull of a man aged between 25-30 years old. 

Archaeological Context 

The cave was first recorded by Paul Faure. It lies on the left side 

of the roal from Chania to Souilla, 200 m ESE of the Galanis factory in 

Aghios Ioannis, a suburb of Chania. Faure recognised Middle and Late 

Neolithic pottery, crude stone pestles, querns, shells, various caprid 

bones and a human skeleton which was found deep inside the cave. 

Treuil examined the sherds collected by Faure and is of the op~n~on 

that some handles belong to a type which is typical at Knossos in Early 

Neolithic I and II and which disappear in Middle Neolithic. The first 

systematic excavation of the cave WdS begun in 1981 under the direction 
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of M. Tsipopoulou. The results of this excavation which produced Late 

and Final Neolithic and· EM I pottery should he.lp to solve problems con

cerning the chronology and use of this cave. It has now been discovered 

that there are four chambers and not one as Faure believed. Also more 

human bones were recovered during the excavation, although not in such 

a good state of preservation. Thus it is likely that the Aghios Ioannis 

skull dates to some phase of the Neolithic. 

4.3 AGHIOS PAVLOS Eparchy of Pyrgiotissa, Nomos of Heraklion 

Bib liography 
PAE 1974, 245-6 

Skeletal Material 

The skeletal remains of three individuals "lere studied. One is a 

young man aged about 25. Some of the long bones, a fragment of the right 

pelvis, the mandible and over forty fragments of the skull, which was 

restored, survived so that it was possible to take a few measurements 

(Tomb B). The other person, an adult of undetermined sex, was repre

sented by two fragments of skull and fragments of the femur di~physis. 

Finally the remains of a young child aged about 4 or 5 years old, ,vas 

represented by femur di~physis and rib fragments. 

Archaeological Context 

These skeletons are from two late Hellenistic tombs excavated by 

Mrs Karetsou at Aghios Pavlos in the Messara, about 1 km south of 

Phaistos. The two box-shaped tombs were built joined toge~her and were 

covered by large rectangular tiles. Tomb A measuring 2.05 x 0.78 m had 

been robbed. The skeleton in Tomb B, which measured 1.95 x 0.44 m, 

faced eastwards and was buried with an undecorated lekythos. 

4.4 AGHIOS SYLLAS Eparchy of Temenos Nomos of Heraklion 

Bibliography 
Ergon 1975,195-6 
AD 1975, Chr. 
AR 1 975 -6, 29 
AD 1933-35, Appendix p. 56 
KX 13, 1959, 386 
PAE 1975, B, 524-5, Pl. 337-338 

Skeletal Material 

The material comprises three female crania, one of them is very 

poorly preserved although itscervicals survived. There are fragments 

of a male cranium and parts of its post-cranial skeleton, which are also 

not very well preserved. 
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Archaeological Context 

The skeletons are from a rock-cut chamber tomb excavated by Mrs 

Karetsou. It is located on the road between. the villages of Aghios 

Syllas and Aghios Vlassis. The dromos of the tomb opened to the NE, 

but it was not excavated because it ran under the modern road. The 

chamber ~s approximately 2 x 2 m. It contained four chest-shaped lar

nakes. Two of them were undecorated. The other two larnakes and their 

lids were decorated with single and double spirals, papyrus leaves, 

double lines, many wavy lines or semi-circles. The tombs also produced 

three stirrup jars and a jug, two paste beads and a bronze single-edged 

knife with six nails from its handle and part of its wooden covering 

preserved. The painted clay sarcophagi are dated to LM IlIa and LM IIIa/b 

(PAE 1975, PI. 337 & 338). 

4.5 ALLIAS HILL Eparchy of Temenos Nomos of Heraklion 

Bibliography 
KX 4, 1950, 533 
KX 5, 1951, 447 
KX 6, 1952, 478 
L",{ 7, 1953, 486-7 
KX 9, 1955, 557-8 
JRS 71, 1951 , 447 
JRS 72, 1952, 478 
JRS 74, 1954, 166-167, Fig. 15 
JRS 76, 1956, Suppl. 32-33 
Knossos Survey, 1958, No. 96 
Carr 1960, 157, 119-122 
Charles 1965, 46-82 

Skeletal }1aterial 

The material comprises 85 adult cran~a, 46 males and 39 females, 

and the skull of a child of ten. The measurements obtained from this 

ser~es were frequently incomplete and it was only possible to take some 

facial measurements on 10 male and 6 female crania. 

The skeletal material from Ailias was first studied by JC Trevor, 

but it appears that he was unable to publish before his death. The jaws 

and post-cranial material were sent to Cambridge. 

RP Charles (1965) published the Ailias crania. He evidently thought 

that there were 37 tombs because he interpreted Roman numbers for pithoi 

as tomb numbers. Some of the errors in his measurements are due to bad 

restoration of the crania, which have now been corrected. For example 

Tomb VI pithos burial IV Skull B, Charles' (1965,. 59) Tomb IVB with a 

cranial index of 68.2, is not hyperdolichocephalic, but has a less unu

sual index of 71.5. Tomb VI pithos burial XV, Charles' (1965, 66) Tomb 
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xv with an index of 76.04, was found to be dolichocephalic with an index 

of 74.03. 

Carr's (1960) paper 1.S based on the study of 1800 teeth, including 

140 jaw fragments, in Cambridge from Ailias .. The data is presented in 

summary form and therefore his observations cannot be related to any of 

the crania studied here. 

The Ailias material 1.S important because it is well dated and al

though very incomplete, it is the largest cranial sample available for 

the MM period. 

Archaeological Context 

The skeletal material is from S1-X rock-cut chamber tombs excavated 

by S Hood between 1950-55. They are separated by distances of 400-500 m 

on the slopes of Ailias, east of Knossos. (The name Ailias 1-S a corrup

tion of Prophet Elias, as it is also known). Some more tombs were noti

ced during a recent survey of the area. 

TOMB I had a narrow dromos and circular chamber. Nine tightly 

flexed skeletons in pithoi with trickle decoration were arranged around 

the sides of the chamber and five earlier skeletons were found in pits 

at the back of the tomb. A fewMM I pots accompanied the dead. The 

skulls from this tomb have been studied. 

TOMB V had two main compartments divided by a thin wall of rock. 

The further compar tment packed with oval larnakes piled two to t1:1..ree 

deep, had been blocked off with a large slab closing the entrance. A 

series of Proto-Palatial seal stones were found in this tomb which dates 

to MM I-II. Twenty-nine crania from this tomb have been studied (eight 

were found in larnakes, one in a pithos and the rest were presumably in

humations) . 

TOMB VI had a circular chamber, 6 or 7 metres across, closed by a 

massive stone wall, with another wall down the middle dividing it into 

t,vo compartments. It contained over fifty burials, mostly in pithoi. 

Pottery and seal stones were found with the burials, dated within MM II. 

Forty skulls from pithos burials have been studied. 

TOMB VII was divided by stone walls into three ~ompartments and con

tained six larnax burials. The tomb contained MM III pottery and six 

seal stones (including a scarab), a silver pendant, a gold ring with a 

lily design on the bezel, many bronze rings, earrings, pins and bracelets, 

beads of semi-precious stones, faience and copper. Four crania from this 
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tomb have been studied. 

TOMB VIII had a large irregular plan, 8 x 2 metres, and contained 

two pithoi and nineteen larnakes mainly of oval shape and many with lids. 

One larnax is elaborately decorated with bands of running spirals and 

leafy sprays in white and some details in crimson. Gold ornaments, 

a bronze rod, two seals and two pins. A skull from this tomb found In 

a larnax was studied. 

TOMB IX had an irregular shape without a dromos. Part of it divi

ded off by an interior wall contained 35 votive vases of MM IlIa date. 

The chamber contained 5-6 burials in a crouched position and one In a 

larnax. A pile of burnt bones was found in the centre of the tomb. 

Hood thinks that this may be a cremation, and if so it is the earliest 

on Crete. The finds included seal stones, signets, bronze earrings and 

beads. A skull from a larnax and six found in pithoi were examined 

from this tomb. 

The Ailias tombs cover both the Proto- and Neo-Palatial periods, 

from }jJvl 15j", LM Ib, according to Hood. They are thought to be the 

burials of ordinary but not impoverished citizens of Knossos. Hood 

suggests the cremation burial could be that of a foreigner from Ana

tolia where cremation was common. 

The palace at Knossos is the earliest and largest of the Cretan 

palaces. There are reasons for believing that it was the most important 

Minoan centre at the time when the Ailias tombs were in use and its 

population may have been the largest single concentration on the island. 

Other known tombs in the Knossos area contemporary with Ailias are 

Mavrospelio, Acropolis Hill, Gypsadhes (see 4.13) 

4.6 ARMENOI Eparchy of Rethymnon Nomos of Rethymnon 

Bibliography 
AD 19, 1964, Chr. ,., 

'-, 447 
AD 25, 1970, Chr. 2, 476-7 
AD 26, 1971 , Chr. 2, 513-6 
AD 27, 1972, Chr. 2, 639-44 
AD 29, 1974, Chr. , (in press) 
AD 31, 1976, Chr. , (in press) 
.. @ 33, 1978, Chr . , (in press) 
Tzedhakis 1971 , 216-222 
Kanta 1973, 315-323 
AR 1971-2, 26 
AR 1975-6, 32 
AR 1976...,.7, 67 
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Skeletal Material 

The human remains consist of 143 adult males and 107 adult females 

and 106 children. It forms the largest single sample of human remains 

examined. The cranial and post-cranial remains are abundant and often 

remarkably well preserved. Nevertheless a great deal of time was needed 

for cleaning and restoration. 

Archaeological Context 

An LM IIIa/b cemetery at Prinokephalo in the koinotis of Armenoi, 

10 km south of Rethymnon, has been excavated by Dr. J Tzedhakis. The 

skeletal remains from 120 tombs excavated between 1969-1978 have been 

examined. Another 22 tombs were excavated in 1980 and more ~ll be 

excavated in the future. It lS the largest excavated cemetery of the 

LM III period known in Crete. In absolute chronology it dates from 

1400-1275 B.C. (See plan 4.1.) 

As a rule the tombs contained multiple burials and are probably 

family tombs. They are cut into a soft rock known as lkouskouras'. 

This is a white cretaceous marl which hardens when exposed to the sun 

and has the consistency of limestone. The Minoans found it a very suit

able medium for rock cut tombs. At Armenoi there are 25 unfinished tombs 

which were abandoned, because the rock proved too hard. 

T,~nty-one of the tombs had been robbed in ancient times and one 

perhaps later. Several others had collapsed. The dromos of another had 

been destroyed by the building of a road during the German occupation. 

Sometimes disturbances have been caused by tree roots and small burrow

ing animals. In spite of this, burials from half the tombs have survived. 

Conditions in the tombs are dry and have favoured the preservation of 

bones. Even the fragile remains of newborn and unborn children have 

survived. 

The entrances of the tombs face NE. Their Vlew is dominated by Mt. 

Vr~sinas, where there is a Middle Minoan peak sanctuary (see Chapter 3). 

In plan the tombs generally have an irregularly shaped chamber approached 

by a dramas in the form of a ramp. Sometimes the dramas has a number of 

steps cut into it. The length of the dromos varles. Tomb 24 has the 

longest dramas, measuring 13.5 metres. Tomb 83 has the shortest, under 

, 3 metres long. The number of steps varies from fourteen (Tomb 8), to 

one (Tombs 86, 92, 112). In some cases the dromos is cut so that its 

sides incline slightly and sometimes markedly inwards (eg. Tombs 98,100-

103,106,108,114,119). Some tombs are distinguished by special architec-
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tural features such as benches, pillars, conches, or crypts, which some

times contained votives or traces of bones, in the floor or the walls of 

the dromos. 

Eighteen larnakes (clay coffins) have been found (eg. in tombs 6, 

8,10,11,17,24,52,55,65,104,108,118). They usually contained one skele

ton. Some of them are intact. Two of the larnakes have polychrome 

decoration (Tzedhakis 1971, Plate III-I). The panels are sometimes 

painted with scenes. One larnax with a hunting scene depicts men wear

ing two different styles of dress: the typically Minoan codpiece and the 

tunic usually worn by Mycenaeans. This larnax has a strong resemblance 

to one from Maroulas, about 12 km NE of Armenoi, and ~s thought to have 

been decorated by the same artist. Other larnakes bear representations 

of animals such as octopus, deer and birds (peacocks), and geometric 

designs (eg. chess-board) and symbols, for instance horns of consecra

tion and double axes, which had a funerary and religious significance .. 

The polychrome larnax from Tomb 24 and the larnax from Tomb 10 are of the 

-same type as an example from Dramia Apokoronas and one from Episkopi 

Ierapetra (Tzedhakis 1971, 218). It has been suggested that the larnakes 

were made by itinerant artists. This seems most likely given the con

siderable distances between these sites. 

Pottery from the tombs is abundant. Many of the vases were made in 

the Kydonian workshop at Chania. The common shape is the stirrup jar. 

But there is a wide variety of other shapes including jugs, pyxides, 

kraters, alabastra, amphorae, stamnoi, incense burners and cups with 

one or two handles. Only three kylikes were found; Popham considers 

that the kylix indicates the adoption of Mycenaean table habits in Crete 

(Popham 1974, 256). Other shapes of which only a few examples were found 

are the flask (2), ring-vase (2), platter (2), askos (2), basket (1). 

The tombs are precisely datable by the pottery styles. Eighteen tombs 

were used in LM IlIa, twenty-nine were used in LM IlIa and IIIb and 

twenty-six were used in LM IIIb. If one may judge from the numbers of 

tombs, it appears that there was an ~ncrease ~n the size of the community 

during the period when the cemetery was used. 

The grave furnishings sometimes included bronze weapons such as 

daggers (there are over thirty), spearheads and swords. There are also 

, bronze tools such as knives, axes, tweezers and razors (one was found 

with a whetstone). So far, only two vases of bronze have been found, but 

some of the pots imitate metal prototypes. 

The most common ornaments of bronze are rings (there are over 70). 
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There are also many bronze beads, some bracelets and p~ns and bands of 

copper ~re or leaves of copper. The only precious metals found were 

two gold beads (from Tombs 27 and 36), two worked pieces of gold (from 

Tomb 67), a silver ring (from Tomb 71) and a silver ring and a silver 

bead (from Tomb 78). 

More than ninety seal stones have been found in forty-three tombs. 

They were carved in steatite, rock crystal, serpentine, sardium, faience 

or glass paste. One or two are cylinder seals (eg. from Tombs 32 and 

108), a few are lentoid seals (eg. Tombs 18, 34 and 40). A seal found ~n 

Tomb 17 dates to the Palatial period and may have been a precious family 

hierloom. 

Spindle whorls of stone or steatite were found in twenty-six tombs. 

Numerous beads were found in fifty-seven of the tombs. They were made 

of semi-precious stones, faience, glass paste or metals as already men

tioned. Two female clay idols have been found, one from Tomb 19 the 

other from Tomb 76. The latter is perforated and was meant to be worn 

presumably as a fertility pendant. An amulet of rock crystal was found 

~n Tomb 118. A bone pin was found in Tomb 27. 

There are some imported objects in the tombs. There are a number 

of imported Hycenaean vases found in Tombs 67,80,108,115 and 118. The 

shapes include the three-handled amphora, stirrup jar and pyxis. They are 

dated to LM IlIa and IIIb. An alabastron made of faience which is from 

Egypt was found in Tomb 95. An ivory comb which must also be an import 

either from Egypt or Syria was found with a child in Tomb 115. 

It is important to stress the native Minoan character of this 

ceme tery. Arguments for the Minoan or~g~n of chamber tombs have already 

been given in the previous chapter. There ~s an established tradition 

for larnax burials dating back to the Early Minoan (Rutkowski 1968, 220). 

On the mainland burials in larnakes occur at Tanagra in LH IIIc, sho,.;ing 

a strong Hinoan influence (Kanta 1973, 323). Host of the pottery which 

is of very high quality is of native manufacture. A stirrup jar from 

Tomb 118 which is a Mycenaean import is a copy of a Hinoan prototype. 

Bronzes found in over fifty of the unrobbed tombs may be considered an 

indication of the prosperity of the community. The 'custom' of placing 

bronzes with burials is not necessarily due to Mycenaean influence. 

Bronzes were placed with the dead in Early Hinoan times. Evidently the 

community which lived at Armenoi formed an important and thriving Minoan 

centre in Post-Palatial times. The settlement site has not yet been 

located, but it is thought that it may lie 700 m to the north west of 
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the cemetery. 

4.7 CHERSONISSOS Eparchy of Pedhiadhos Nomos of Heraklion 

Bibliography 
AD 30, 1975, Chr. ,(in press) 
IN Svoronos 1890, 48 
Plutarch Moralia, III, 8 
Strabo Geography, X.4.14 

Skeletal Material 

The material includes the rema~ns of four adults (two males and 

two females) and one child. The condition of the bones is very poor 

and few useful measurements could be obtained. None were obtainable 

from miscellaneous long bone fragments belonging to a female, nor from 

the skull fragments of the other female. The cranial vault of a two 

year old infant was restored from 58 fragments. Osteoporosis was noted 

on the parietals. 

Archaeological Context 

The material ~s from a rescue excavation of two early 2nd century 

A.D. Roman tombs, at Chersonissos. Both tombs were rectangular, rock 

cut and covered with tiles. Two other tombs in the same area had already 

been excavated previously. 

Tomb III measured 2.1 x 0.6 m, by 0.6 m deep. It contained three 

crania, two glass vases, fragments of others, bronze utensils and a 

lamp (?) which \"as stolen. Tomb IV measured 2.1 x 0.6 m by 0.35 m deep. 

It contained the bones of an adult and of a child. A glass vase, three 

unguentaria and a vase with a curved conical neck were placed with the 

child. Three glass vases, a coin and a razor had been placed by the head 

of the adult at the w~t end of the tomb. One of the vases was made of 

thick glass, shaped like an alabastron with large bow shaped handles of 

bronze attached by bronze links. The coin bears the head of the Emperor 

Trajan. Another tomb was found to the east of the last, but there were 

no finds. 

These tombs were part of the cemetery of the ancient town of Cherso

nissos, which had its O\ill coinage suggesting autonomy and power. Accord

ing to Plutarch ~ersonissos was founded by the descendants of Etruscans 

from Imbros and Lemnos and Athenian women, who were driven out of those 

islands and ~~nt to settle on Crete. They also founded Lyttos. Strabo 

says that Cheronissos was the port of Lyttos. 
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4.8 WEST of CHRYSSOLAKKOS Eparchy of Pedhiahos Nomos of Heraklion 

Bibliography 
BCH (18) 1974,809-812 

Skeletal Material 

The remains of four cranla and SlX fragmentary long bones In a 

very poor condition were studied. 

Archaeological Context 

The bones were found on the surface at a site near the small pro

montory 200-300 metres i<lest of the Chryssolakkos cemetery at Nallia. 

They were found among rocks near the sea. The action of the waves had 

caused them to be exposed. Many sherds were also seen in the same 

deposit. The bones are thought to date to the First Palace period. 

4.9 DELIANA Eparchy of Kissamos Nomos of Chania 

Bibliography 
Ergon 1975, 195, PI. 191 
PAE 1975, 515-517 

Skeletal Material 

The material includes the fragmentary skull of a young adult male 

with osteoporosis on the parietals and squamous, fragments of the 

skull and mandible of a young adult female and a fragment of the left 
4L 

parietal and temporal ofAthird, immature individual. It was possible 

to take a few measurements on the first two skulls. 

Archaeological Context 

The material was turned up by the ploughing of a field near the 

village of Deliana. Two stirrup jars and a jug dating to LM I11b were 

found with the bones. A hollow in the ground was the only trace of the 

tomb. 

4.10 FOURNES Eparchy of Kydonia Nomos of Chania 

, 

Bibliography 
AD 32, 1977, Chr. , (in pr e s s) 

Skeletal Material 

The material includes two male cranla, one associated with some post

cranial remains, and a third female cranlUID with fragmentary post-cranial 

remains from which no measurements were obtainable. 

Archaeological Context 

The material is from the excavation of five Roman tile graves 

discovered at Strongilo Kampi above the SE bank of the River Keritis. 
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The graves were ~n two parallel groups and had an East-West orientation. 

They measured between 1.8-2 m long by 0.40-0.55 m wide. The cover tiles 

't.ere preserved in four out of five tombs. The finds included three 

small oinochoai, three small vases, a single handled clay cup, a lamp, 

a glass unguentarium, a glass vase and fragments of others. 

GALIA Eparchy of Kainourgio Nomos of Heraklion 

Bibliography 
Ergon 1975, 195 
AD 30 1975, Chr. , (in pre ss) 
PAE 1975, Vol. B. , 522-524 
KX 12 1963, 405 
AD 19 1964, 441 
AR 13 1966-67, 20 

Skeletal Material 

The material included the rema~ns of four adults, two males and 

two females. It was possible to estimate the stature of two of these 

individuals. Oral and skeletal pathology was observed. One of the female 

skeletons was too badly damaged for any measurements to be taken. 

Archaeological Context 

The material was found ~n an LH IIIa/b rock-cut chamber tomb at 

Stavros, east of the nearby village of Galia and north of Mires. The 

tomb was excavated by tks Karetsou. It had a carefully cut dromos 4.3 m . 

long by 1.2 m wide. The entrance to the chamber faced north. The 

chamber was almost rectangular 'tVith a domed roof. 

Inside the chamber there was an undecorated chest larnax with a 

burial and on either side of it two earlier burials on wooden biers 

lying parallel to the east and west walls of the tomb. Of the latter, 

one was buried with a bronze sword, dagger, knife and spear. The other 

had a bronze ladle with a decorated handle. The pottery included a 

pilgrim flask with concentric circle decoration and a single handled cup 

of LM IIIa2 date. A conical cup and an LM IIIb stirrup jar were found 

~n the NW corner of the chamber. 

This tomb may be part of an LM III cemetery. In 1963 Davaras 

excavated four LM IIIb tombs here. Although two of them had been robbed 

the finds included seven larnakes, one 'tVith octopus decoration, two 

, conical cups, a stirrup jar and jug, three lentoid seal stones, fragments 

of an ivory comb with a relief carved rosette and many necklace beads 

of glass paste. 
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4.12 GE~~NI Eparchy of Rethymnon Nomos of Rethymnon 

Bibliography 
AD 25 1970, Chr. 2, 474-476 

Skeletal Haterial 

The skeletal rema~ns of at least three individuals were examined. 

They probably represent one male and two females. The bones include 

two crania, which Here too fragmentary to measure, two jaw bones and 

a dozen long bones on ,,,hich measurements were obtained. 

Archaeological Context 

The cave is 9 kID west of Rethymnon. It was discovered as the result 

of the building of the national road. The site was previously unknown. 

It seems that the entrance was blocked by a rock fall at some time in 

the sub-Neolithic period. It is therefore a closed find. The excavation 

vIas directed by Dr. J Tzedhakis. In the central chamber Early, Middle 

and Late Neolithic were stratified between thin layers of stalagmite. 

Abundant sherds were found in all phases, as were bone and stone tools 

and obsidian blades. A series of hearths were found in the Middle Neo-

lithic layer. Some interesting finds ,.Jere four figurines, three of stone 

and one of clay. One of these is of the steatopygous type and seems to 

represent the mother goddess of nature. A bone tool workshop was also 

found. Deer horns were found among the rm.J material used. An Aceramic 

layer varying between 1.60-0.50 m deep may correspond to the Aceramic 

stratum at Knossos. It is thought that three human skeletons which were 

found in the deepest part of the cave may have been the occupants who 

were trapped inside by the rock fall which blocked the entrance. 

4.13 GYPSADRES Eparchy of Temenos Nomos of Reraklion 

Bibliography 
Rood et ai, 1958-9, 220-224 
Rood 1960, 169 
AR 1955, 32 
KX 9, 1955, 558 
KX 11, 1957, 341 
JRS 78, 1958, suppl. 22 
ILN Feb. 22, 1 95 8 , 300 - 30 1 
Knossos Survey 1958, 143 & 156 

Skeletal Material 

84 

There are four skulls in rather poor condition .. All belong to adults. 

, Three are female and one is male. 

Archaeological Context 

The skulls are derived from two tombs which date to the Middle Hinoan 

period excavated by S. Rood. In 1955 a group of 24 tombs was discovered 
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on the NE slope of Upper Gypsadhes Hill, SE of Knossos. All are cham

ber tombs dated to LMIII, except for Tomb XVIII, which is the source· 

of two of the skulls studied. (No. 156 in Square DE 9, Knossos Survey.) 

This tomb dates to the MM III period and although contemporary with 

some of the Ailias Hill tombs it had quite a different form. It had a 

sunk forecourt open to the sky and a kidney-shaped chamber which had 

been closed by a massive blocking wall. The chamber contained 9 burials 

\vhich had been placed sitting upright with their backs to the wall of 

the tomb. Buried with them were four clay vases, a pair of silver ear

rings and a small lentoid seal stone of hammered silver or meteorite, 

which was engraved with an ibex perched on rocks. A large amount of 

pottery found in the chamber fill and the forecourt determined the date 

of the burials. 

A circular built tomb was discovered two years later in the same 

area. This type of tomb is well known In the Messara from the Early 

Minoan period ( see Chap~r 
1\ 

3) , although many continued In use until MM 

'times. The Knossos tomb lS thought to have been built In 11M IIa (1900 

B.C.) or later. Compared to other examples this tomb lS rather small, 

only 4 m in diameter. It seems that it was used for a long time and at 

some time towards the end of MM IIIb (c 1600 B.C.) the floor was raised 

a foot higher. The remains of two skeletons were found at this level. 

One of them was buried in an oval larnax. Outside the tomb a rectangu

lar ossuary which had tivO compartments was found. Tbe bones of earlier 

burials had been deposited there to make room for newcomers. A number 

of LM Ia (1600-1500 B.C.) vases were found in the ossuary and in the space 

between the ossuary and the tomb. The tomb itself contained some MM 

vases and figurines, but no d::her precious contents in contrast to the 

Mes sar a tomb s . 

4.14 ISLE OF CHRIST Eparchy of Pedhiadhos Nomos of Heraklion 

Bibliography 
BCH 94, 1970, 871-879 
Hand M van Effenterre 1948 

Skeletal Material 

The remains of about 10 individuals were recognised among extremely 

battered skeletal material. Only a few measurements could be obtained. 

Two individuals were male, five were female. The sex of one adult person 

could not be determined. There was also one sub-adult and one child 

aged about seven. 
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Archaeological Context 

The cemetery on the Isle of Christ was partially excavated in 1924 

by Hessrs. Oulie ·and de Saussure and later published by Hand H van 

Effenterre. The site had suffered damage from the waves and also from 

illegal excavations by tourists. A rescue excavation by the French 

School took place in 1969. Several inhumations inside pithoi were 

recovered. One of these pithoi (fig. 17, p. 877), had trickle decora

tion like pithoi from the Ailias cemetery at Knossos. Several pithoi 

and numerous sherds were found. The excavators date these burials to 

Iv1M 1. 
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4.15 KAKODIKI Eparchy of Selinos Nomos of Heraklion 

, 

Bibliography 
AD 32 1977, Chr. ,(in press) 
AD 27 1972, Chr. 2, 638 
KX 10 1956, 399 
Spanakis 1964, Vol. II, 196 
Pendlebury 1939, 346 and 350 
Pashley 1837, Vol. II, 116-118 

Skeletal Material 

The excellently preserved cranlUID of a man, aged about 26 years old, 

with poor dental health provided an almost complete series of measurements. 

Archaeological Context 

The skull was found In 1976 during the ploughing of a field near the 

village of Kakodiki. It was discovered in a cist~grave together with 

fifteen small black painted vases dating to the 4th century B.C. 

Three tombs dating to the Hellenistic and Roman period were excava

ted in the same area in 1972. (Their discovery was due to the building 

of a road.) They contained some important finds including gold leaf from 

a crown, a gold ring, 11 glass vases, three clay vases, a copper mask and 

two jewellery boxes, one of lead, the other of copper. 

These graves seem to be part of a large cemetery of the Late Hellen

istic and Roman period, belonging to the ancient city of Kantanos. The 

remains of this city are on the southern and eastern slopes of the hill 

of Aghia Irene, on the east bank of the River Kakodikiano. The walls of 

the acropolis are described by Pashley. Pendlebury mentions Classical 

graves found there by the peasants, supposed to continue Hinoan tradition. 

4.16 KFF Eparchy of Temenos Nomos of Heraklion 

Bibliography 
Catling and Smyth 1976, 25-39 (Appendix by JH Husgrave, 40-6) 
AR 1973-4, 35 
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Skeletal Material 

The material studied comprises three male skulls, one with mandible, 

which are well preserved and a female cranium without the face. One of 

the male skulls is estimated to be over 50 years of age. 

Archaeological Context 

An Early Cnristian built tomb or ossuary was found near the junction 

of the Fortetsa road and the Knossos-Heraklion road. It was excavated by 

Catling and Smyth. It is in the neighbourhood of several ancient ceme-
ru~ 

teries excavated by Brock (1957), recentlYAby Carrington-Smith, and is, 

~ kID from the site of Roman graves excavated by Hood and others (see 

below KSM). The building was rectangular, 2.17 m long by 0.92/.93 m 

wide and 1.12 m high. The thickness of the walls varied and the coursing 

of the stone blocks was irregular. The grave was roofed with large stone 

slabs (1.40 x ) .60 x 0.18 m ), two of which were found in situ. About 

half the space within this building was filled almost entirely by .human 

bones. At least 36 individuals were deposited In the ossuary, which lS 

believed to have been used on only one occasion. The skeletons were 

lifted in five arbitrary layers. In some cases crania were found in lm

mediate juxtaposition with articulated vertebrae and ribs (eg. 1,2,18, 

30), but many had been detatched from their skeletons at the time that 

they were placed in the grave. Bronze earrings, some glass and six 

small undecorated vaSes found with skeletons are thought to date to the 

7th century A.D. But they may have been interred with the skeletons 

at the primary burial site, so that the ossuary could be later. JH 

Musgrave who published the skeletal material has suggested that the 

burials may belong to a single family group. He reported that 20-30 of 

a maximum number of 50 individuals were adults and the rest were child

ren or adolescents. Most of the adults died between the ages of 18-35. 

Among the infants and children mortality was high between 1-3 years and 

between 5-9 years. The mean stature of the males was estimated as 1.71 m 

and that of females as 1.55 m. 

4.17 KNOSSOS KREVATINA Eparchy of Temenos Nomos of Heraklion 

Bibliography 
Knossos Notebook no. 292, Hutchinson 1936/2 
JHS 56 1936, 150 
JHS 69 1949, 36 

Skeletal Material 

A partially preserved skull belonging to a middle aged man (?). 
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Archaeological Context 

A Roman cist grave ~s excavated by RW Hutchinson in 1936, in a 

vineyard ('krevatina') near the palace at Knossos. Test trenches were 

dug there after the discovery of an Archaic inscription and fragments 

of sculpture, because it was thought that there might be an early 

Greek cemetery. Instead a grave was found overlying a Late Minoan 

level. The skull comes from this grave. 

4.18 KNOSSOSM14 Eparchy of Temenos Nomos of Heraklion 

Bibliograph y 
Mosso 1910, 410 

Skeletal Material 

The skull and mandible of an adult female ~re measured. 

Archaeological Context 

The exact provenance of this skull is not known. It \Vas published 

by Hosso (1910). According to the information given by him, it is from 

a Minoan tomb at Knossos. 

4.19 KOUMARO CAVE Eparchy of Kydonia Nomos of Chania 

Bibliography 
F Ma t z 1 95 1, 1 - 1 2, T af e 1 7 - 1 5 
Archaologischer Anzeiger 1943, 337 
Marinatos 1928, 7 
Hood 25, 1953, 301 
Faure 1960, 212 
Faure 1964,62 
Faure 1969,213-123 
Furness 1953, 120-123 
Hood 1965, 110 
Tzedhakis 1968, 269-270 
Treuil 1970. 21-22 
Weinberg 1970, 618 
AD 28, 1973, Chr. 2, 582-583 
Zois 1973, 205-7 
Warren and Tzedhakis 1974, 337-338 

Skeletal Material 

There are five individuals, all female, represented by four cran~a 

and a maniible. Three of the crania gave a complete series of measure

ments. The face of the fourth cranium is missing. All the cran~a are 

noticeably dolichocephalic. The age of the person with the edentulous 

, mand.ible cannot be precisely determined. One cranium belongs to a fif

teen year old girl. The others are women aged between 20-30 years. 

Archaeological Context 

The material, believed to be Neolithic ~n date, ~s from a cave 
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on the Akrotiri peninsula> 17 km NE of Chania and 350 m above sea 

level. This cave was fir st recorded by Karo and. Marinatos 1.n 1928. It 

was excavated by Jantzen in 1942 and again by Tzedhakis in 1972. 

At least seven burials were discovered by Jantzen in browll earth 

deposi t under a large rock in the main chamber. They were found with 

Neolithic and Sub-Neolithic stone tools, pottery and animal bones and 

with some Middle aD~ abundant Late Minoan sherds. The burials were not 

in situ and the excavator suggested that the deposit may have been dis

turbed by flooding in early times. 

Jantzen dated the pottery to the Neolithic by comparison with 

mainland Greece and Crete. But Hood has suggested that the parallels 

are hard to substantiate because of the fragmentary nature of the mat

erial. Zois has suggested that the Middle Minoan sherds identified by 

Jantzen could be Neolithic. Furness suggested parallels between the 

pottery at Koumaro and the Middle Neolithic pottery at Knossos. Weinberg 

suggested that the material dates to the Sub-Neolithic or Chalcolithic. 

-Clearly these doubts could only be solved by a new excavation to check 

the stratigraphy. 

This was the purpose of the new excavation directed by Dr. J Tzed-

hakis. In a section in the deepest part of the cave, LM IlIa and IIIb 

layers were found stratified above late Middle Neolithic and Late Neoli

thic layers. No Early Minoan pottery was discovered. LM IIIb pottery 

and a bronze dagger were found in the parts of the cave where Jantzen had 

dug. Hence there is now firm evidence that the cave was being used from 

the end of the Middle Neolithic (cf Furness 1953, 120-123). Consequently 

the date of the burials could be as early as Middle Neolithic. The mor

phological appearance of the skulls differs from other Cretan material 

examined. But their date cannot be proved except by radio-carbon analysis 

and the present methods would involve the destruction of the bone. 

Jantzen found LM cups and stirrup jars in the lower chamber of the 

cave (which has no deposit), and suggested that these vessels may have 

been used for collecting water. Hood believed this an improbable use for 

stirrup jars. Jantzen noted technical alterations to the cave. He sug

gested that the -ramp outside may have been built and that the entrance 

had been artificially widened. A niche and a bench have been cut from the 

rock in the main chamber and a large rock had evidently been carved.. Be

cause of the absence of funerary gifts, Jantzen was not certain that the 

skeletons which he found were burials. But he also suggested that the 

people who lived in the neighbouring cave of Panagia may have used the 

Koumaro cave for burials. 
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Faure suggested that the Koumaro cave was either a cult cave or 

a refuge. In his opinion it is unsuitable for habitation and winter 

flooding would have forced its abandonment. He suggested that the 

skeletons might be flood victims. 

4.20 KSM Eparchy of Temenos Nomos of Heraklion 

Bibliography 
Knossos Logbook 1953, 18 
Knossos Survey 1958, 197, no. 36 
JHS 72, 1 952, 107 
JHS 73, 1953, 126 
JHS 74, 1954, 166 
AR 1954, 166 
AR 1955, 35 
AR 1957, 24 
AR 1958, 22 
AR 1960-1. 29 

B SA 5 7, 1 9 6 2 , 1 8 6 -238 

Skeletal Material 

The material comprises the remalns of three female cranla, of which 

only one was found ln a reasonable state of preservation and with some 

of its teeth still ln the jaw. The latter is thought to be a young woman 

probably in her early twenties. 

Archaeological Context 

Excavations and soundings of an Early Christian basilica with mosalCS 

were directed by S Hood in August-October 1953. The basilica lies on 

the SE side of the Venezelion Hospital. A group of late Roman tombs to 

the east of it was excavated by RM Cook ln 1953. More Roman tombs under 

the basilica were excavated by WilC Frend between 1953-60. The tombs seem 

to be part of a Greek and Roman cemetery stretching across the hospital 

site. The three skulls labelled with the codename "KSM" are from the tombs 

excavated by Frend. 

4.21 MONASTIRAKI KEPHALI Eparchy of Temenos Nomos of Heraklion 

Bibliography 
Knossos Notebook 292 
JHS 1935,168 
Knossos Survey, no. 77 

Skeletal Material 

The material compr ises t,vo poorly preserved adult male cranJ .. a. 

Archaeological Context 

In 1935 RW Hutchinson excavated four MM III pithos burials and below 

them MM Ia graves, on the north edge of Monastiraki Kephali. Both 
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skulls are from this excavation. 

4.22 PALAIKASTRO Eparchy of Siteia Nomos of Lasithi 

Bibliography 
Palaikastro Excavation Notebooks 2,4,8,9,14 
Bosanquet 1901-2, 286-316 
Bosanquet et al 1902-3, 274-387 (esp. 344-355) 
Dawkins and Currelly 1903-4, 192-231 
Dawkins et al 1904-5, 258-308 
Dawkins 1905-6, 1-8 
Duckworth 1913, 227-258 
Charles 1965 
Von Luschan 1913, 320 

Skeletal Material 

The human remains from Palaikastro consist of 28 crania which are 

In a rather poor condition. Eight male and five female crania are from 

ossuary No.1 at Roussolakkos. Three male crania are from ossuary No.2. 

A further three male crania (C?D, 36D, 58D), and four female crania (D,. 

17D, 51D, 56D), are also from the Palaikastro cemeteries but it is not 

'clear whether or not they are from the ossuaries or elsewhere. Two male 

and three female skulls are from Patema. This material was originally 

studied by Duckworth. RP Charles remeasured and published it, but he e~

roneously dated the Palaikastro skulls to the Neolithic period. (He was 

also mistaken in thinking that Patema is a cave.) 

The Palaikastro skulls were in an appalling condition. Von Luschan 

saw the skulls in 1912 and wrote that they were in urgent need of atten

tion, which would need about five to six month's work (von Luschan 1913, 

320). However they remained in the same state for over seventy years. 

The endocranium was usually filled with gypsum or putty, which made them 

extremely heavy (see Duckworth in Bosanquet 1902-3, 351). The surfaces of 

the skulls, from which the adhering soil had not been entirely removed, 

were also coated with varnish. \-lith the passage of years this had dark

ened to the colour of mahogany, like old furniture. In this state it was 

impossible to see the sutures and a rather long process of cleaning and 

conservation preceded the study. 

Archaeological Context 

The plain of Palaikastro is the largest on the east coast of Crete. 

It has a natural harbour with a sandy beach. Bosanquet mentions that part 

of this plain had a marshy character (Bosanquet 1901-2, 288). There is 

evidence of continuous occupation in the area of the plain from Neolithic 

times (at Magasa) and throughout the Bronze Age. An Early Minoan settle

ment on a tract of land at Roussolakkos grew to be a substantial town, 
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referred to ~n archaeological literature as Palaikastro (see Chapter 

3). The skeletal material stulied comes from cemeteries belonging to 

this settlement. The cemeteries lie on either side of a ridge dividing 

the site. The ossuaries were situated on the highest parts of a low 

knoll. 

The first ossuary found at Roussolakkoswas excavated in 1901 by 

RC Bosan~et. It was constructed of crude limestone blocks and had a 

rectangular plan with internal measurements of 27' x 32'. It was sub

divided into five parallel compartments. These were packed with human 

bones and skulls (66 skulls are marked on the plan by Bosanquet (1901-

2, 291, fig. 5», and 140 vases. The majority of the vases were a var

iety of cups many of them Kamares wares. Other shapes included jugs, a 

miniature amphora and basket vase. Occasional copper and bronze objects 

were found. The finds indicate that the ossuary must have been in use 

from the Early Minoan II period (see tall beaked Jug in Bosanquet 1901-

2, 290, fig. 4), until the Middle Minoan II period. 

The excavation of the second ossuary in the following year took two 

days. It was found about 50 feet from the first enclosure. Traces of 

curved walls and oblong compartments were found. The plan was incomplete 

bu t the arrangement appeared less regular than in the firs t ossuary. 

This ossuary contained ten skulls and many bones. It was thought to be 

contemporary with the first (Dawkins 1903-4, 195-6, Table). 

The Patema inhumations were found 600 yards to the south of the os

suar~es. The first grave, outlined with limestone boulders, measured 1.90 

x 1.34 metres. The bones inside belonged to a child. DuchlOrth illus

trates one of the skeletons found at Patema, lying on its side in a 

crouched position (Duckworth 1902-3, 354, Figs. 5 & 6). The excavation 

diary mentions among the finds from Patema, sherds of local brown ware 

(23-4-1902), a triton shell, obsidian flakes and a Kamares cup (31-3-1903). 

The Patema burials appear to be roughly contemporary with the material 

from the ossuaries. 

A Late Minoan chamber tomb and some LM III larnax burials were exca

vated near Palaikastro at various times by Bosanquet (1901-2, 303-305), 

JH Marshall (1901-2, 300-301), CT Currelly (1903-4, 227-231), Hawes (1904-

5, 293-7) and RHDawkins (1905-6, 1-8). Earlier burials were excavated 

by Duckworth (1902-3, 345), ina rock shelter near the chapel of Aghios 

Nikolaos. 

4.23 PAPANTONI TIN ACHLADA Eparchy of Kissamos, Nomos of Chania 

Bibliography 
None 
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Skeletal Material 

The material consists of the occipital bone of a skull. 

Archaeological Context 

The bone was found on the ground surface near the road junction of 

Nochia and Gerakiano, by the epimeletria Katerina Havriyannaki in 

1966. There was no archaeological material directly associated with 

the bone, but she noted that "the surrounding slopes were covered with 

Middle Minoan remains" and therefore supposed the skull must probably 

be Minoan. 

PATEK~ Eparchy Siteia Nomos of Lasithi 

See under "PALAlKASTRO tt 4.22 

4.24 PHAPHLAGOS Eparchy of Viannos Nomos of Heraklion 

Bibliography 
KX 1 967, 2 1, 1 96 9, 534 
AD 22, 1967, 487 
"AD 23, 1968, 403 
Platon 1957, 136-147 
Hood, Warren and Cadogan 1964, 93 
Evans' Diary 1896 

Skeletal Material 

A single fragment of a skull, the frontal bone, was examined. 

Archaeological Context 

The skull was found with an LM IIIa2 kylix in what remained of a 

rock-cut tomb, which had been truncated by the building of a road by the 

chapel of Aghia Paraskevi. A survey by Davaras established that there 

were other rock-cut tombs or cave-like tombs in the area, which probably 

formed part of a cemetery. He also found a burial pithos with trickle 

decoration. 

Although there have been only brief investigations conducted here, 

there are many recorded observations of Minoan occupation in the area of 

Phaphlagos. There is evidence of Sub-Neolithic or Early Minoan occupa

tion at Tsitsina above the Phaphlagos gorge (Hood et al 1964, 63; Evans 

1896). Davaras found }fM Ib-LM I sherds in the area of the cemetery (AD 

23, 1968, 403). An MM IlIa kernos was also found in the same area (AD 

22, 1967,487). An LM III site at Chondros was excavated by Platon (1957, 

136-147). 11M I-LN IlIa sherds round the bay of Psari Forada indicate a 

settlement there (AD 23, 1968, 403). 
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4.26 

, 

PIGI Eparchy of Rethymnon Nomos of Rethymnon 

Bibliography 
KX 1968, 21, 1969, 543 
AD 24, 1969, Chr. 2, 435 
AD 25, 1970, Chr. ? 476 -, 
AD 26, 1971, Chr. 2, 517 
AR 17, 1970-71 , 32 
AR 22, 1975-76, 32 

Skeletal Material 

The skeletal remains of four adult males and five adult females. 

Archaeological Context 

An LM IIIa-b rock cut chamber tomb ';vas discovered in 1968 at Grambela 

near the village of Pigi. The dromos was 3.6 m long and the chamber mea

sured 2.5 x 1.8 x 2.2 m. It contained seven larnakes with skeletons and 

42 vases with rich and varied decorative motifs. There were two shallow 

rectangular pits in the floor of the chamber. One contained a burial. 

The other contained fragments of an eighth larnax. Sherds found in the 

dramas and in the chamber belonged to the same vase. The evidence indi

cates that the tomb was used in three phases; Late LM IlIa (the pit), 

early LM IIIb (larnax in pit) and Late LM IIIb. There is no evidence 

that the tomb had been robbed. 

An 1M IlIa chamber tomb was found 2 km north of Pigi. The dramas 

and chamber had been damaged by ploughing. A larnax and 16 vases, most 

of them broken, a sword, four daggers and a knife ,vere found with two 

skeletons. Among the pottery illustrated (Pl. 526 d,e) are a kylix and 

a rhyton. The pottery shows that the tomb was used in two phases, with

m LL'1 IlIa. 

The skeletal material studied comes from these t,vo tombs. The tomb 

at Grambela is one of a group of tombs, belonging to one of many Minoan 

cemeteries in the area. For example Stavromenos to the NE and Maroulas 

to the SH (PAE 1974, 247-252, PI. 185-191) are both contemporary. 

PLATYVOLA CAVE Eparchy of Kydonia Nomos of Chania 

Bib liography 
Faure 1962, 36-56 
Faure 1969, 201-203 
Faure 1969, 213-216 
Treuil 1970, 11-12 
Tzedhakis 1968, 201 
Warren and Tzedhakis 1974, 337 
Zois 1973, 208-210 
KX 17, 1963, 412 
KX 18, 1964, 291 
KX 20, 1966, 328-330 
.AD 19, 1964 , Chr. 2, 446 
AD 20, 1965, Chr. 2, 569 
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Kyrix 26-4-1966 

Skeletal Material 

There are two male crania, a female cranium and a frontal bone which 

lS probably female. It is not clear whether the post-cranial remains 

were associated with any of the crania or with one another. Therefore 

each bone was treated as a separate individual. They include a left 

femur, thought to be female, a right tibia with obvious pathology and 

a sacrum with a sacralised fifth lumbar, both thought to be male. 

Archaeological Context 

Platyvola cave lies on the west side of a steep gorge above the 

plain of Kerameia. It lS 25 km east of Chania and 2 km NE of the 

hamlet of Skourachlada In the koinotis of Platyvola. 

The cave was first recorded In the archaeological literature by 

Faure (1962), who mentioned finding scored ware, L1'1 III and Hellenistic 

sherds. Faure (1969, 201-2) also mentions seeing at least three skele- -

tons. In his opinion Platyvola was used initially as a refuge and later 

as a cult cave. 

Stratigraphical excavations In 1967-68 took place under the direc

tion of Dr. J Tzedhakis. The cave is divided naturally into four levels. 

The deepest and least accessible was used for burials. The other parts 

of the cave are thought to have been used for habitation, since abundant 

pottery, stone artefacts and the debris of animal remains was found. 

The excavator believes that In the earliest phase of its occupation, 

dated by ripple ware sherds to the Hiddle/Late Neolithic (1;.Jarren and 

Tzedhakis, 1974; Evans 1971), soil was brought into the cave to make it 

more comfortable. All known styles of Pre-Palatial pottery are represen

ted, namely Vasiliki, Pyrgos and Aghios Onouphrios wares. A layer of 

stalagmite which sealed this level may indicate a climatic change. It 

seems also that there was a rock fall at the beginning of the Neo-Palatial 

period which changed the interior and may have made it a less suitable 

abode. Although the pottery of the Palatial and Post-Palatial period was 

, less abundant it was also of a very high standard. Fine Kamares wa~e 

cups are mentioned. Some pottery is of such high quality that it is 

thought to be the product of the local, so-called Kydonian workshop -

(Tzedhakis 1966, 201). Some ceramics imitate Cycladic shapes. (A marble 
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proto-Cycladic idol was also found.) There are also Early Helladic 

sauce-boats. Cups \vithbarbotine decoration are similar to those found 

at Kastelli Chania and Kastri on Kythera. A jug shape with barbotine 

decoration has a parallel at Phaistos. Although some skeletal remains 

\Vere recovered, the fourth chamber was not explored due to technical 

difficulties. Tzedhakis (AD 1968, 415-6), suggested that Platyvola 

was used for burials in the First Palatial period. 

In 1980 a three day excavation of the burial chamber at Platyvola 

on behalf of the Ephor Tzedhakis was directed by myself, in order to try 

and establish a date for the skeletal material and to collect some more, 

if possible. Quite a large amount of skeletal material was recovered. 

Numerous Early Hinoan scored ware and incised ware sherds were also 

found, as well as a copper shaft hole axe and a single Late Minoan cup 

sherd. Some samples of the skeletal material w~ submitted to the BM 
+ . 

for carbon 14 dating. The dates obtained ~ ranging between 2160 - 50 B.C. 

and 1850 ± 50 B.C. (uncalibra ted» ) correspond vlell to the Early Minoan 

sherd s found. (See Append ix I. ) 

4.27 PYRGOS 

Bibliography 
Hood, Warren and Cadogan 1964, 93-95 
AR 1970-71, 30-31 
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Skeletal Material 

The material studied consists of seven cranla In a reasonable state 

of preservation. Three of the crania are dated to EM III/MM I, the other 

four are dated to LH 1. 

Archaeological Context 

Pyrgos lies on a hill, 77 m high overlooking the Libyan Sea. It is 

on the east side of a valley watered by the River Myrtos. Its position 

dominates a fertile coastal plain. The site was first observed by arch

aeologists in 1962. Excavations began in 1970 under the direction of 

G Cadogan. So far only preliminary reports are published. Six IDaln 

periods in the history of the site are identified. Pyrgos I-IV are Minoan, 

V and VI are Hellenistic and Turkish. 

The site was first occupied in the EM II period (Pyrgos I), and both 

Pyrgos and Vasiliki styles of pottery have been found. Like neighbouring 
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settlements at Myrtos and Vasiliki, this site was destroyed by fire at 

the end of EM II. It was reoccupied in EM IIIMM I (Pyrgos II) 4 In this 

period a communal tomb with a flagged courtyard in front of it was con

structed. A fine paved road built along the side of the hill led to this 

monument. The shape of the tomb is an irregular polygon 5 x 3 m, with 

a rectangular pillar which is supposed to have supported a wooden upper 

floor at the level of the courtyard, where offerings to the dead were 

made. Steps led down to the lower level. This communal tomb continued 

~n use throughout the life of the Minoan settlement, ~.;rhich was abandoned 

~n LM lb. It appears that there were two layers of burials ~n the tomb. 

The upper burials are dated by their association with about 300 LM I 

vases. With the burials in the lower layer there were a few MM III vases. 

There were two "ossuaries" attached to the tomb. One on the north side, 

sharing the north wall of the tomb, was rectangular. The other built 

onto the southeast corner of the tomb had an oval shape. The latter was 

completely excavated. It measured about 1 x 1.5 m and contained a pithos 

full of bones covered by a stone. Skulls were placed-on the floor around 

the pithos (Cadogan 1977, Fig. 9), and other skulls and bones filled the 

remaining space. This Tbone pitT seems to have been created in EM 111/ 

MM Ia to relieve some space in the overcrowded burial chamber. Altoge-

ther the rema~ns of about 65 people were found. JH Musgrave who has 

studied the material reported that the stature of one indiyidual was 

1.76 m and except for some arthritis, the skeletons are healthy (Cadogan 

1977, 73). 

The Pyrgos III phase covers the MM II/MM IlIa period. Terrace Walls, 

the base of a tower, intended either for defence or storage, and two plas

tered water cisterns date to this period. The capacity of the cistern 

on the top of the hill is estimated to have been 23 tonnes and that of 

the other below the terrace walls 70 tonnes. 

Houses on the west, north and east slopes of the hill date to LM I 

(Pyrgos IV). A system of streets followed the contours of the hill and 

a stepped street leading up to the main building on the top of the hill 

is very reminiscent of the plan of Gournia. This building had many ele

gant architectural features characteristic of the LM ltvillas lt . Ashlar 

porous limestone blocks and expert masonary techniques were used in its 

construction. The staircase is said to imitate the grand staircase at 

Knossos (~~ 1970-71, 30). Apart from the ground floor it may have had 

another two stories. There were basement storage rooms with pithoi. _ A 

room which has been interpreted as a shrine contained one of the two 

linear A tablets found. Drains with removable tiles took the rain water 
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to the cistern. This house was destroyed by fire In LM Ib, but the rest 

of the village was not affected except for damage which may have been 

caused by falling burning debris. The lack of precious finds at the site 

suggests that the occupants abandoned the settlement taking their val

uables with them, or that they were pillaged. 

A Cycladic bird jug and Yiali obsidian are evidence of overseas 

contacts with Pyrgos. The settlement lies on an old route between 

Central and Eastern Crete. It was quite a sizeable village covering an 

area of 90 x 60 metres. There is evidence for the cultivation of six

row barley and bitter vetch and for figs and wine. Fishing was also 

practised. There is evidence for metal working, stone vase and textile 

production at Pyrgos. 

ROUSSOLAKKOS Eparchy of Siteia Nomos of Lasithi 

See under "PALAlKASTRO" 4.22 

4.28 SELLOPOULO Eparchy of Temenos Nomos of Heraklion 

Bibliography 
KX 11, 1957, 332-334 
AR 1957, 24-25 
K,,{ 21, 1968, 537 
AR 15, 1968-9, 33 
Popham et aI, 1974, 195-257 
Catling and Jones 1974, 21-23 
Popham 1970, 94 
Hogarth 1899-1900, 81 and Plate XII 

Skeletal Material 

The skull of a female was studied from Sellopoulo Tomb II. It was 

quite well preserved and is estimated to be 20-25 years of age. (A 

skeleton from Tomb II was found in exceptionally fine condition with a 

ring of stones around it. It is on exhibition in Herkalion Museum.) 

Two skulls from Sellopoulo Tomb IV were also studied. The better pre

served of the two belonged to a young female aged about 20. The other 

which was much more fragmentary belonged to a young man in his twenties. 

Archaeological Context 

Sellopoulo is a village which lies 2 km north of Knossos on the 

east bank of the Kairatos River. The source of the crania studied is 

two LM chamber tombs cut into the hill-side above the village. Excava

tions were previously made there by Hogarth in 1899. Two chamber tombs 

were excavated thereby Platon and Huxley in 1957. They contained at 

least eleven burials. They are dated by their finds including pottery, 

stone vases, jewellery and seals to the LM IIIa2-LM IIIb periods. Both 
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tombs had been robbed. Ten years later two more tombs were discovered 

150 m SE of the first two and they ,-lere consequently nlli'TIbered Sellopoulo 

Tombs III and IV. The excavation was directed by MR. Popham. Tomb III 

had been robbed in modern times. Only a few scattered bones remained, 

but several LM IIIal vases and 19 bronzes were recovered. Among the 

vases there were several plain kylikes with an accretion which when ana

lysed revealed "that they had been covered in tin so as to look like me"tal 

ware. This tomb had a small rectangular chamber (1.5 x 1.7 m by 1.2 m 

high) and a dromos with inclining walls. Popham suggests that the ~n

clining walls are a Mycenaean feature and that the introduction of the 

kylix into the repertoire of LM shapes indicates the adoption of Mycen

aean table habits in Crete. 

Tomb IV was found a few metres to the north. The roof of its 

chamber too had collapsed damaging the contents. But the blocking wall 

of the tomb, 3-4 courses thick, ,-las intact and there was no sign of 

human interference. The dromos had vertical sides. Only 3.4 metres 

.of its length was cleared. It sloped gradually down to the entrance. 

The chamber had an irregular shape with maximum measurements of 2.8 x 

2.3 m. It contained three skeletons thought to have been buried in order 

from left to right. Burial I lay stretched out on a blue painted wooden 

bier, under which offerings had been placed. Numerous gold rossettes 

found on and under the skeleton are thought to have been stitched onto 

the shroud. Thirty bronzes were associated with this burial including 

a sword, two spears, two mirrors, a razor, numerous vessels and a fish 

hook. The jewellery included numerous gold and faience beads and three 

gold rings, one engraved and another inlaid. There was also a silver 

bowl. Together with the LM IIIa1 pottery there was a ~fcenaean LH IIIal 

vase. Burial II had suffered most from the collapse of the roof. This 

person also had a sword and a dagger with gold plated rivets, various 

bronzes and a silver bowl. Jewellery with this person included two seal 

stones, a gold ring, many gold and faience beads and several tubes and 

tassels of gold found inside a bronze dish. These may have formed var

ious necklaces or a pectoral of a type well known in Egypt. A conical 

cup and kylikes found may have belonged to this person. The last burial 

was placed inside the door in a slightly flexed position. ~Any gold 

rosettes were associated with it. There were two bronze mirrors, var~ous 

bronze vessels, glass and faience beads, an amber bead, a stirrup jar 

and a faience scarab with the cartouche of Amenophis III (1417-1379). 

(The inversion of the star sign is believed to indicate that it was made 

by someone unfamiliar with the hieroglyphic script, perhaps a foreigner). 
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The pottery evidence suggests that all three burials took place within 

the short span of the LM IIIal period, 1425-1400 B.C. Sellopoulo Tomb 

IV is extremely important archaeologically because it provides proof of 

synchronisms between 1M IIIa1 and LH IIIal and a cross-reference with 

Egyptian chronology. 

Popham and his co-authors point to features of the Sellopoulo tombs 

\.,hich appear un-Minoan. For instance the preponderance of kylikes and 

the shallow bowls which are considered to illustrate the adoption of 

Mycenaean tastes. The glass beads which it is suggested may be Egyptian 

imports and the Baltic amber bead both have parallels at Mycenae. The 

silver vessels which have parallels ~n the Warrior Graves at Knossos are 

unusual. Because of these mainland features Popham thinks that these 

may be the burials of Mycenaeans at Knossos. Catling too suggests that 

these are the burials of Mycenaean families at Knossos who had connexions 

with the Argolid. He says that "Burial with bronzes is not a Minoan 
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habit". But Alexiou (1980, 16) bas remarked on the parallel between bur

ials with large numbers of weapons in the Early Minoan tholos tombs and 

those of the LM II Warrior Graves. Catling also mentions that many scho

lars have been reluctant to accept that mainland bronzes were made on Crete, 

or by Minoan smiths since most of the output of this }unoan industry was 

found outside Crete. But recent finds on Crete have reduced the number 

of metal forms current on the mainland but previously unknown on Crete. 

Moreover one can point to features of the pottery in the tombs which are 

typically Minoan, such as the conical cups and stirrup jar. Popham did 

also suggest that the Sellopoulo burials could be those of Knossian nobles 

who may have acquired the mainlanders' love of ostentation and their taste, 

after the Mycenaeans took control of Knossos. Further he suggests that 

this may not necessarily have been achieved by conquest but may have been 

the result of inter-marriage between ruling families and dynastic suc

cession. 

4.29 STAVROMENOS Eparchy of Rethymnon Nomos of Rethymnon 

Bibliography 
AD 16,1960, Chr. ,272, PI. 234d 
Ergon 1960, 219 
BCH 85,1961,894, Fig. 11-12 
BSA 59, 1964, 62-64, Fig. 8-9 
AD 4, 1918, 14-15 

, AD 6, 1920-21, 163-4 
Psilakis 1909, 135 

Skeletal Material 

The material comprises two skulls, both ~n an extremely friable con-
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dition. The sk-ull vaults were restored. from numerous pieces. The 

individual from larnax 1 is female about 25 years old. The individual 

from larnaK 2 is male aged about 30 years old. 

Archaeological Context 

The ma ter ia 1 from an LM IlIa rock cut chamber tomb, located on 

the NE slope of a hill called Vigla, was excavated in 1960 by Dr. S 

Alexiou. The tomb contained 5 larnakes with painted decoration and a 

series of small vases. Other Minoan chamber tombs have since been exca-

va ted at Stavromenos and a recent find from one of them is a fine floral 

style jar, dated to c. 1500 B.C. thought to have been imported from 

Thera. Other tombs have been found at Sinani to the west. There is a 

Minoan settlement by the sea at Palaikastro with M}1 Ib/LM III sherds, to 

which the cemetery may have belonged. (A Hellenistic and Roman town 

which overlies the Minoan levels, has been identified as Agrion or Pan

tomatrium.) The tombs at Pigi lie at a short distance to the east. 

4.30 TEKE Eparchy of Temenos Nomos of Heraklion 

Bibliography 
Ergon 1975, 114-115 
PAE 1975, 246 

Skeletal Material 

The dolichocephalic skull vault of a middle aged man was studied. 

Archaeological Context 

A Turkish built tomb with plastered walls and floor and a roofed 

pediment was found at Teke, near Heraklion and contained a skull. Two 

other built tombs discovered were empty. 
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CHAPTER FIVE 

PALAEODEMOGRAPHY 

5.1 Introduction 

It is not possible to obtain from archaeological material the kind 

of demographic data that one should expect to gain from a census of the 

living pOpIlation, for instance accurate assessments of the population 

size, the precise age and sex composition of the population, expec tation 

of life, mortality at different periods of life, the birth and death 

rates and the rate of po~ulation increase at a given time, as well as 

the influences of nutrition, disease and occupation. 

\\Tith archaeological samples it is impossible to make reliable asses

sments of population size at a fixed moment in time, because there are 

too many imponderable factors operating on the data, for instance preser

vation and recovery to name only two, which prevent this. The dimension 

of time is another complicating factor (because when using archaeological 

data from cemetries, several generations are combined), which prevents 

serious calculation rather than false indulgence of one's imagination in 

hypothetical estimates. 

However it is possible ,vi th archaeological samples to assign sexes 

fairly accurately (at least to the adult population), and to make rea

sonably accurate assessments of the ages of individuals in the sample, 

and to order this data so as to obtain the sex ratio, the longevity of 

the sexes and the different frequencies of ages at death, which form the 

subject of the following chapter. Stature and physique are also consid

ered here, but chapters 8 and 9 are concerned with disease in the pop

ulation. 

5.2 Age Estimat~on and Age Distribution 

Estimates of age at death have been made, according to availability, 

by means of the state of tooth eruption, the consideration of tooth wear, 

the degree of closure of sutures, the degree of union of the epiphyses 

and the evaluation of pubic symphyseal metamorphosis. The age estimates 

of children also considered long bone diaphyseal lengths and occipital 

development. All the available indications were combined. to reach the 

best possible estimate, but in doubtful cases the most reliable indica

tion was used. 

Although it ~s realised that within a group of normal individuals 

there may be consid.erable variation in maturation times, besides female 

precocity, and that mean differences between groups worldwide are deter-
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mined by genetic and nutritional factors, it is not possible to take 

these variations properly into account and the standards used have obvi

ously been those observed for modern populations. Needless to say diet 

and the efficiency of food producing societies not to mention the acqui

sition of medical skills have improved in the last three millennia. In 

Europe even since the last century, the age of menstruation in girls has 

been reduced from 17 to 12.8 (Harrison et aI, 1977, 350). It is there

fore suspected, with good reason, that growth and development for pre

historic populations ,;.,ras in some respects less rapid and extended over 

a longer period of time. But even if ages have been underestimated for 

younger age groups particularly, the error will be consistent and the 

relative ages of individuals in the population correct. For the reasons 

explained, higher estimates have been preferred since they are probably 

more realistic. 

Tooth eruption, epiphyseal un~on and pubic symphyseal develppment 

were considered more reliable than other means of estimating age. Tooth 

attrition is much more dependent on the influences of dietary habits, 

consequently it was expected to be more variable, and this was made abun

dantly clear by one of the oldest individuals in the Armenoi cemetery 

20E, aged 80 +, who had very little tooth wear on the remaining molars, 

whereas severe attrition with dentine exposure of the teeth of some 

children (73E, 94r ,1078), illustrates the opposite extreme; a very 

abrasive content in the diet. Social differences could be invoked to 

explain the disparity, but the material remains in the graves for inst

ance to not give any clear indications of the likelihood of such an 

explanation. The degree of closure of the sutures (according to Vallois' 

sequence), ~s an even less reliable means of estimating age, but had to 

be used in the absence of other data - especially for the less well 

preserved, chiefly cranial material studied, from central and eastern 

Crete. There were an ample number of cases, where the disappearance 

of sutures did not conform to Vallois' sequence, giving rise to serious 

doubts about sutural obliteration as anything other than a rough guide 

and means of convenience for estimating the age of cranial material. 

5.3 Child Mortality 
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Of all the Cretan samples studied, the Armenoi sample is the largest, 

and is most remarkable for the number of children's skeletons which have 

been recovered from the excavation: 114 individuals under the age of 16 

years. Even so it is believed that many more skeletons of both adults 

and children might have been recovered from the excavations, but for a 

conscious selection of the better preserved remains by the excavators, 
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Table 5.1 Analysis of the causes of perinatal mortality 

Cause· of Death 

1. Lack of oxygen before during and after 
pregnancy or head injury during pregnancy 

2. Fatal congenital disorder 

3. Dead Embryo (unknown causes) 

4. Infection (pneumonia etc.) 

5. I~opathic syndrome: respiratory difficulties 

6. Rhesus 

7. Brain haemorrhage 

8. Neonatal death (unknown causes) 

9. Lung haemorrhage 

1 0. Various 

11. No post-mortem examination 

Freq .. 
per 1000 
births Percent 

13.6 44.1 

5.8 19.0 

3.4 10.9 

1.6 5.2 

1.6 5.2 

1.3 4.3 

0.7 2.3 

1.0 3.1 

0.6 2. 1 

1.2 3.7 

2.4 -

33.2 L TOTAL 

-------'---'---------' 

After Matsaniotis 1972, I, 14, Tab. 1-5 

Table 5.2 Causes of infant mortalities among male children in Greece 
and England in 1967 (per 100,000 live births) 

Group of Causes 

1. Infections & parasitic disease 

2. Congenital dysplasias 

3. Injuries at birth 

4. Asphyxia after birth 

5 . Haemolytic diseases of the neonate 

6. "Immaturi ty" 

7. Other causes 

TOT A L 

After Matsaniotis 1972, I, 18, Tab. 1-7 , 

Greece England 

1,133.5 394.5 

449.1 396.6 

171. 1 219.0 

471. 7 321.5 

109.3 36.5 

952.9 362.2 

358.8 305.6 

3,646.4 2,026.9 
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during the earlier seasons. Other factors which certainly militate 

against a true representation of the children are the fact that their 

bones are smaller and escape the attention of the excavators, also 

their bones are increasingly more friable in proportion to their dimin

ishing age, so that going down the scale one would expect increasingly 

fewer numbers of the youngest children to be represented in the sample. 

At Armenoi, there ~s also some indication that the treatment of child

ren varied and it was sometimes customary to bury them outside the main 

chamber of the tomb in niches located sometimes in the floor, the steps 

or the wall of the dramas. It is therefore conceivable that the children 

were not always buried in the cemetery. But the present sample of child

ren's skeletons is certainly the largest available on Crete from any 

community at this date, and therefore has a special importance. 

The ages of the children in the sample are presented in a histogram 

(fig. 5.1), which illustrates the ages when mortali ty was highest and the 

threat of disease greatest. From this sample it appears that at least 

57% of the children buried at Armenoi died before they reached the age 

of five and the majority of these, 34.2% were under two. These figures 

are comparable to those of some modern primitive populations 

(Polunin 1967, 76). The rate of mortality tailed off until another 

lower peak was reached in early adolescence. Ninety-one percent of the 

sample of children had died by the age of thirteen. Child wastage was 

very high. 
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Some of the possible causes of perinatal and infant (during the first 

year of life) deaths are given in the two tables 5.1 & 5.2 opposite. 

This recent data is taken from Matsaniotis (1972, I, 14 and 18). However 

comparisons between ancient and modern data are not so simple. For 

instance today the number of infant deaths due to infection ~s small 

because of antiseptic measures and the use of antibiotics. But in the 

Minoan period this would not have been the case. By modern standards, 

insanitary living conditions, ignorance and poor nutrition must have con

tributed to a high infant mortality. A poor d.iet might lead to failure 

of lactation in the mother; lactation may be prolonged up to three years 

among modern primitive popUlations (Polunin 1967, 75). The highest infant 

mortality rates @wong modern popUlations are associated with diets which 

have a high carbohydrate content (Harrison et alI977,479).In chapter eight 

dealing with dental pathology it is hypotDesised that a high carbohydrate 

content in the diet of the Armenoi community may have contributed to the 

extraordinarily high frequency of caries similar to that of modern Greeks. 

Thus deficiency diseases and anaemia may have been responsible for some 

deaths. 
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Table 5.3 Comparison of adult longevity in various ancient 
Mediterranean populations (both sexes combine:i). 

Site 

Koumaro Cave (Neolithic ?) 

Minoan ~ Pre-Palatial period 

Minoan : Palatial period 

Late Minoan III 

Nea Nikomedeia (Early Neolithic 

Late Neolithic/Early Helladic 

Middle Bronze Age (Greece) 

Mycenaean Shaf t Gr aves 

Late Bronze Age Greece 

Khirokitia (5500-5000 BC) 

Catal Huyuk (6500-5300 BC) 

Karatas (2300-2100 BC) 

.Tepe Hissar (2500-2000 BC) 

Mean 
Age 

26.0 

32.2 

32.1 

29.3 

30.4 

31.2 

34.0 

35.9 

36.5 

32.3 

31.6 

31.8 

29.4 

N 

5 

36 

100 

274 

45 

64 

102 

27 

286 

35 

216 

358 

138 

Author 

Angel 1971 

" 
" 
" 
" 

" 
" 
II 

T! 

The sample from Koumaro Cave comprises only females 

Table 5.4 

! 
Period 

Neolithic 

Pre-Palatial 

MMI -MMIII /iliI 

Palatial 

LMIIIa/b 

LMIIla/b 

LMIIIa/b 

Hellenistic, 
Roman & Xtian 

A comparison of mean age at death of adult Hales and 
Females in early Cretan populations at various periods 

Hean 
Sex Years N Provenance 

~ 26.00 5 Koumaro Cave 

6' 35.24 21 Myrtos, Palaikastro, Platyvola 
~ 28.06 15 

t 33.91 46 Ailias 
~ 28.46 39 

'6 35:39 54 Ailias, Chryssolakkos, Gypsad.hes, 
<;> 28".28 46 Mona stir aki Kephali,Myrtos,Nochia T 

'6 30.67 143 Armenoi 
~ 27.56 107 

6' 33.00 1 1 Aghios Syllas ,Deliana, Galia ,Pigi 
~ 25.38 13 Phaphlagos,Sellopoulo,Stavromenos 

(; 30.84 154 Armenoi,Aghios Syllas etc. 
~ 27.32 120 

6 30.00 15 Aghia Pelagia,Aghios Pavlos,Kakodiki; 
~ 23.50 4 Chersonissos,Fournes,Krevatina; KEF, 

" KSM,Aghia Pelagia,Teke 



Modern data show that the numbec of deaths in a sample population 

which occurred bet,v-een the ages of 5-15 was very small, 0.8% (Matsaniotis 

1972, I, 18), whereas in the LM III sample from Armenoi the figure is 
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above 22%. Other probable causes of deaths are epidemics of contagious 

childhooi diseases, for instance measles, chickenpox and other viral 

infections, at a time when transmission of these illnesses was not under

stood. Today measles is not considered a serious illness, but occasionally 

fatalities occur when a patient also contracts a bacterial infection 

(Harrisons 1977, 1012)* such as pneumonia. Thus J.n the prehistoric period 

such illnesses may have been a more serJ.ous problem than at the present 

time. Tuberculosis, enteropathies, trauma and infections are also likely 

causes of child deaths in the Minoan period. 

Infant mortality and adult longevity are not directly correlated. 

In England in the nineteenth century, infant mortality remained high 

despite a significant increase in adult longevity. Similarly during the 

last generation in Crete, and presumably in other rural areas of Greece, 

infant mortality was relatively high to judge from verbal evidence. As 

a rule women in the villages still had home deliveries. I have been told 

that one woman had eighteen live births of whom only eight children sur

vived to adulthood. The last child is now a robustman of fifty. 

5.4 Adult Mortality 

The average adult expectation of life of both sexes combined for the 

whole of the Minoan period is 30.25 years. Compared to modern times the 

average life expectation of an adult was very short. But mean fi~res 

available for other prehistoric populations do not depart significantly 

from this figure (making allowances for differences of human judgement 

between scholars). It can be seen in Table 5.3 that the average expec

tation of life of these early populations rarely exceeds the middle of the 

fourth decade. Angel's data for mainland popUlations suggest a gradual 

increase in age at death from Early Neolithic (30.4 years), to the end of 

the Bronze Age (36.5), attributed to advances in living conditions and 

nutri tion. The present data for the Minoans do not shO'lv such a convenient 

temporal improvement in life expectation, but rather the reverse. The 

average life expectation of a man J.n the Pre-Palatial period was 35.24, 

whereas in Late Minoan IIIa/b it was 30.84 years. The average life expec

tation of a woman did not change very much, although it too decreased by 

, 0.74, from 28.06 in the Pre-Palatial period to 27.32 J.n LM IlIa/b. 

A comparison of male and female mortality throughout the Minoan period 

shows that the mean age at death for women was consistently lower than that 

of men. It can be seen J.n table 5.4, that this difference ranges between 

* See Thorn e t a1 1977, "Harrison's: Princip les of Internal Medic ine
ll 
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3-7 years. But this is seldom the case ~n modern times. Nowadays 

the average life expectation of females B usually greater than that of 

males and it is generally believed that females are biologically more 

viable at all stages of life than males. 

In figures 5.2-5 the incidence of mortalities at different ages 

for males and females are shown for the Pre-Palatial, Palatial and 

LM IIIa/b periods. In all periods most female mortalities occurred 

between the ages of 20-25, coinciding with the period of maximum repro

ductive activity ~n a woman's life. It therefore seems likely that there 

is a correlation between reproductive activity ani female mortality. The 

increased stress of pregnancy may have been aggravated by an incdequate 

dietary intake, deficient in sources of minerals and vitamins which are 

more rapidly depleted during pregnancy and lactation. 

Evidence mentioned above discussed in chapter eight, indicates the 

probability that in the Late Minoan period at Armenoi, the diet had an 

extremely high carbohydrate content, perhaps even greater than in earlier 

times. If so this would certainly explain the low life expectancy of 

both males and females in the LM III sample. It has been noted that a 

greater percentage of energy intake in the form of carbohydrates is cor

related with a lower life expectancy eGA Harrison et al 1977, 479). For 

example in India (see Table 5.5), a popUlation ,vith a dietary intake of 

80-89% carbohydrate l :l clld an average adult life expectancy of 26.9 years 

for males and 26.6 years for females, while there was an infant mortality 

rate of 167 per 1000 live births. Analogically, these figures seem to 

be similar to those of the Armenoi community and this pattern could be 

interpreted as having similar causes. It may seem a paradox that alth-. 

ough it is most probable that the livelihood of the Armenoi community 

was dependent on sheep/goat farming, these animals were rarely eaten. 

They were probably kept chiefly for their wool and for their milk and 

because they represented invested wealth were rarely slaughtered. 
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In addition to a poor diet and possibly seasonal shortages of food, 

diseases are another important parameter influencing the mortality rate. 

The evidence for diseases detectable from bone lesions are discussed in 

chapter 9. Tuberculosis and brucellosis, ';vhich may have been contracted 

from their animals, were prevalent chronic illnesses which must have 

significantly diminished life expectation at Armenoi. Injuries which are 

occu,pational hazards in the daily life of a farming community, may have 

resLIlted in cuts or broken limbs which would 'have h.ad. a serious character 

if invad.ed by bacterial infections and thus may have contributed to a low 

expectation of life. 
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Table 5.5 

Vital statistics (1938) (approximate) 

Percentage of Average Infant 
energy intake Expectation mortality rate 
in potatoes & of life in per 1000 

cereals years live births 

Males Females 

Australia 63.5 67. 1 38 

New Zealand 65.0 67.9 50 

USA (Whites) 30-39 60.6 64.5 51 

Canada 59.0 60.7 63 

UK 60.2 64.4 55 

Norway 61.0 63.8 37 

Germany 40-49 59.9 62.8 60 

Netherlands 65. 1 66.4 37 

Hungary 48.3 51.3 131 

Czechoslovakia 51.9 55.2 121 

Belgium 50-59 56.0 59.8 73 

France 54.3 59.0 66 

Bulgaria 45.9 46.6 144 

Poland 70-79 48.2 51.4 140 

Japan 46.9 49.6 114 

India 80-89 26.9 26.6 167 

From G.A. Harrison et aI, 1977, 479; Table 29.4 

, 
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5.5 Sex Determination and Sex Distribu.tion 

Determination of the sex of the skeletal material was by visu.al 

assessment of non-metrical skeletal characteristics. Skull criteria 

were size of mastoid, development of supra-orbital ridges, development 

of temporal and zygomatic ridges, and nuchal crest development of the 

occipital. Pelvic criteria were the shape of the sciatic notch, the 

size of the sub-pubic angle, presence or absence of the pre-auricular 

sulcus, depth of the pubic symphysis. Other anatomical criteria were 

the robustness of the skeleton and bone density, the development of 

muscular tuberosities and the size of long bone articulations. Certain 

features may be more reliable indicators of sex differences than others, 

depending on how they reflect biological or physical functions. The 

manifestation of sexual differences varies between individuals and pop

ulations. In different populations these differences may be more or 

less emphatic. For instance in the ancient Garamantean population of 

Libya, it was easy to distinguish males from females by their heavier 

skull architecture and more robust post-cranial skeleton. But in the 

Minoan populations sexual differences were often more subtle. 

It is assumed that in a normal population both sexes are representen 

more or less equally. In some Cretan samples studied there was an excess 

of males. For example the ratio of males to females is 17 : 12 at 

Palaikastro, 46 : 39 at Ailias and 143 : 107 at Armenoi. (The differences 

from equal ratios lS half the actual differences.) However with archaeo

logical material we have to allow for the fact that the samples excavated 

do not represent the whole population. Secondly one must allow for the 

fact that in what is preserved the sexes are irregularly represented; 

male skeletons presumably being more favourably preserved. While another 

factor contributing to this irregularity is the high mortality of infants 

and children whose sex could not be determined. The sex ratio In these 

archaeological samples may'be considered very nearly normal. 
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Sex determinations can be verified by experimental plotting of pairs 

of anatomical measurements. It lS most practical to demonstrate this on 

the Armenoi population, because it is represented by a sample of substan

tial size with both cranial and post-cranial remains. Although experl

mental plots of pairs of anatomical measurements have been made for all 

the Cretan samples. In order to avoid. need.less repetition a representa

tive selection of bivariate plots for the Armenoi population is given here 

for inspection. Different combinations of twenty-two anatomical measure

ments are employed. 
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All the plots show a more or less clear separation between the male 

and female members of the population. It is normally expected that there 

will be an overlap ~n the distribu.tions of metrical characters between 

males and females in any single population. The degree of overlap obser

ved in the Armenoi population is greater for some measu.rements than 

others. In other words certain metrical characters are better, more 

reliable sex discriminators than others. For instance the size of articu

lations (: humerus head diameter, humerus biepicondy1ar qreadth, femur 

head diameter), appear to be efficient discriminators of sex. But mea

surements of bone lengths (including skull length, and the lengths of the 

humerus, radius, ulna and femur) and measurements which reflect a sexual 

difference of muscular function (such as femur sub-trochanteric diameter, 

tibia anterior-posterior diameter at the nutrient foramen level and man

dibular bigonia1 breadth), are also useful indicators of sex. Certain 

skull measurements (such as maximum bizygomatic bread th, minimum frontal 

breadth, maximum skull breadth, upper facial height) and mandibular 

measurements (jaw bicondylar breadth and minumum ramus breadth) are also 

shown to be useful indicators of sex. Some pelvic measurements (: biiliac 

breadth external and pelvic inlet dimensions) do not provide such a clear 

distinction bet'iveen the sexes as might be expected. But the length of 

the pubis and ischium do provide a nearly perfect separation of the males 

and females in the Armenoi population. The following diagrams (figs. 

5.6-5.27), illustrating the distribution of metrical traits among males 

and females, are clearly labelled and need no further individual comment. 

It is already well established that metrical characteu; can be quite 

efficient indicators of sexual dimorphism. The present evidence recon

firms this fact. It also emphasises the importance of using male and 

female data separately in any biometric analysis of populations such 

as that described in chapter six of this thesis. The male and female 

means of anatomical measurements together with.their standard deviations, 

are given in the following section of this chapter in tables 5.6a-b and 

5.7 a-b. The means of the measurements used in the bivariate plots 

illustrated here are marked with an asterisk. The metrical differences 

between the male ani female means of those measurements indicated, which 

are based on a large archaeological sample not previously available for 

this area, are sufficiently divergent that they provide a useful staniard 

of comparison which will aid in the sexing of isolated or broken remains 

(for instance cremations), where there may be no other criterion available 

to determine sex. 
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Fig. 5.17 Femur Head Diameter /Humerus Head Diameter 
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Sample: 55 males & 43 females 

Fig. 5.18 Femur Head Diameter/Humerus Biepicondylar Breadth 
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Table 5.6a 

GROUP 2 

MEAN S.D. CASES MEAN 

SI 129.7 5.92 18 132.9 
S2 128.6 7.35 19 133.8 
S3 117.8 8.50 7 115.7 
U 518.7 5.88 12 534.7 
L 186.7 5.24 19 189.7 
B 136.3 4.98 19 141. 4 
HI 127.2 2.39 3 138.7 
LB 98.5 6.50 2 100.8 
GL 104.7 0.00 I 92.7 
FT 4.4 0.99 18 5.0 
PT 5.3 1. 41 19 5.4 
B' 93.7 3.73 14 94.9 
BIB 107.9 3.97 16 IlLS 
FL 38.3 0.00 I 36.9 
FB 31.9 0.00 I 32. I 
GH - -
GIH 66. I 3.04 5 69.4 
GB 90.7 2.20 3 89.1 
J 126. I 4.02 4 124.5 
NH 49.2 3.21 6 51.5 
NB 23.7 1.08 5 22.4 
SC 9.9 1.72 8 9.0 
0'1 38.5 1.76 7 37.3 
0'2 31.7 2.74 7 33.5 
DC 21.2 1.46 4 20.0 
G'L 46.6 0.80 5 46.6 
G'B 39.2 3.40 5 39.7 
WI - -
CYL - 18.8 
CRH - -
GOGO - -
RB - -
M2H - 25.2 
ZZ - -
HI - -
ML - -
M 

INDICES 
B/L 73. I 3.57 18 74.5 
B'/B 69.2 3.23 14 67.9 
H'/L 69. I 0.25 3 73.8 
JIB 91.4 3.46 4 89. I 
G'HIJ 54.2 1.95 2 56.1 
NB/NH 47.7 4.44 5 43.7 
0'2/0'1 82.7 9.23 7 90.1 
G 'BIB 'L 84.2 7.81 5 85.5 

MEAN CRANIAL MEASUREMENTS AND INDICES: MALES 

GROUP 3 AILIAS ARMENOI GROUP 4 

S.D. CASES MEAN S.D. CASES MEAN S.D. CASES MEAN S.D. CASES HEAN 

6.83 6 128.6 7.55 28 129.2 6.26 81 130.5 5.38 6 123.3 
4.97 8 131.0 9.51 40 128.4 7.89 86 121. 9 9.33 7 131. 3 
4.59 6 124.5 8.99 14 118.0 7.89 74 119.3 3.77 6 115. I 
4.76 4. 526.4 14.94 IS 521.9 12.90 68 524.3 10.21 3 511.2 
4.49 7 188.0 7.75 34 182.6* 6.26 82 184.8 7.00 7 184.0 
5.89 8 139.0 5.66 36 141. 9* 5.65 82 142.0 3.73 7 138.0 
4.92 3 137.9 2.65 5 134.4 4.65 71 131.3 _ 1.03 3 132.8 
3.46 3 102.1 0.85 5 99.4 3.95 63 101. 7 2.49 3 98.9 
6.75 2 87.0 0.00 I 92.6 4.21 56 96.0 0.00 I 94.4 
1.10 5 4.9 1. 18 39 4.9 1.22 48 4.8 1.10 7 4. I 
1.29 4 5.7 1.23 43 5.0 1.20 61 5.2 I .12 8 4.9 
1.83 4 96.6 5.75 24 97.0* 3.35 74 99.1 3.63 4 92.9 
7.07 7 107.4 6.22 27 111.0 4.18 84 ll2.0 4.33 5 108.8 
4.98 3 34.0 2.60 3 36. I 2.63 65 36.1 3.05 2 35.5 
1. IS 2 31.1 0.75 4 31.0 2.05 67 28.6 2.74 3 30.2 

- Ill. 0 6.31 36 121.4 O. IS 2 123. I 
1.20 3 62.4 2.22 4 64.5* 3.85 62 68.9 1.35 2 63.5 
1. 68 3 91.9 2.39 4 95.7 4.05 56 90.5 2.00 2 88.3 
5.01 4 129.4 7.95 9 132.7* 3.79 53 133.6 3. 10 2 125.4 
2.00 3 48.6 2.69 4 50.0 3.06 63 50.6 1.60 2 49.0 
1.73 3 24.8· 1.70 3 23.9 1.72 63 24.6 0.40 2 23.7 
0.55 2 9. I 0.94 5 9.8 1.77 70 11.3 2.44 4 9.0 
1. 91 3 39.6 1.81 9 39.3 1.80 70 38.7 1.09 3 37.8 
1. 31 3 31.8 1. 81 8 32.2 1.99 70 34.5 2.17 3 29.5 
2.45 3 21.3 1.35 5 21.6 2.19 66 22.4 2.36 3 20.4 
2.70 3 46.2 3.16 4 45. I 2.46 63 44.0 0.30 2 44.2 
2.14 3 38.0 4.07 4 39.5 3.71 62 42.2 1.02 3 39.0 

- 126.4* 5.24 31 125.6 5.40 2 122.8 
0.00 I - 19.6 1.95 58 20.6 1.73 3 22.3 

- 61.8 5.45 62 63.9 4.32 3 59.8 
- 101 .4* 6.07 48 101.0 2.85 2 96.0 
- 31. 1* 2.50 74 30.8 0.70 3 32.1 

0.00 I - 26.2 3.09 51 28.7 1.30 3 28.5 
- 43.6 2.20 65 39.8 1.86 3 42.3 
- 32.3 2.62 50 34.2 3.18 3 33.7 
- 102.0 I 5.84 41 96.5 0.50 2 110.5 

122.3 S.79 50 113.5 2.50 2 117.0 

3.91 7 73.8 3.88 29 77 .9 3.40 79 76.9 2.92 7 75. J 
2.26 4 69.7 4.38 19 68.4 3.33 70 68.2 I .77 3 67.9 
1.92 3 74.0 1.97 5 73.8 2.56 69 69.2 2.46 3 73.0 
1.10 4 94.2 6.05 9 93.2 3.25 52 93. I 0.76 2 93.2 
1.97 3 47.6 1.52 2 48.4 2.79 48 51.6 2.21 2 50.6 
4.90 3 49.6 7.17 2 47.8 4.08 61 48.6 0.75 2 48.6 
6.33 3 80.0 4.19 8 81.8 5.01 68 89. I 3.37 3 78.0 
8.17 3 83.7 15.82 3 87.5 8.72 61 97.6 1.01 2 87.7 

* denotes means of measurements used in bivariate plots (section 5.5) 

numbers in italics indicate maximum values of cranial breaith measurements. 

GROUP 5 GROUP 6 

S.D. CASES MEAN S.D. CASES 

5.60 5 131.6 6.28 5 
5.21 6 132.8 7.44 5 
4.48 4 117.4 10.48 5 

11.88 4 534.2 7.01 4 
5.26 6 191. I 3.54 5 
4.29 6 140.6 1.46 5 

11.29 4 136.9 3.37 5 
4.03 4 105.2 2.87 5 
4.65 3 98-. I 4.90 4 
0.74 4 5.0 0.00 2 
1.34 4 5.3 0.47 3 
3.42 5 96.2 4.31 5 
3.32 5 III .8 3.72 5 
4.98 3 36.5 2.90 5 
2.64 3 31 • I 1.20 5 
0.00 I 119.3 2.75 2 
7.28 3 69.0 I .81 4 
1.65 3 98.4 8.99 4 
5.1-1 3 133. I 6.39 4 
3.81 3 53.7 0.68 3 
0.47 3 25.9 2.64 4 
1.69 5 9. I 0.74 4 
1.37 4 39.7 0.29 4 
1.94 4 33.7 0.57 5 
2.35 4 22.7 2.19 4 
O. IS 2 46.7 2.78 4 

• O. 71 3 41.5 2.79 4 
0.00 - I 120.0 0.00 I 
2.10 2 21.5 0.95 2 
1.85 2 65.0 0.00 I 
6.05 2 98.0 3.00 2 
3.03 3 37.2 0.00 I 
1.50 2 26.8 0.80 2 
2.15 2 46.2 0.85 2 
2.65 2 33. I 1.10 2 
0.00 I 104.5 0.50 2 
0.00 I 120.0 0.00 I 

3.19 6 73.6 1.88 5 
2.59 5 68.4 2.80 5 
5.73 4 71.6 1.14 5 
2.83 3 94.3 4.21 4 
4.73 3 52.0 3.79 4 
4.47 3 49.9 4.11 3 
3.53 4 85.0 0.75 3 
1.88 2 88.9 4.85 4 



Table 5.6b MEAN POST-CRANIAL MEASUREMENTS AND INDICES:MALES 

... GROUP 2 ARHENOI GROUP 4 GROUP 5 GROUP 6 

POST-CRANIAL MEASUREHENTS MEAN S.D. CASES l"illAN S.D. CASES MEAN S.D. CASES MEAN S.D. CASES MEAN S.D. CASES 

HUMERUS MAX L - . 311.9j~ 13.06 67 307.4 5.71 4 315.5 0.00 1 326.5 0.00 1 
MAX MID-SHAFT DIAM - 22.J 1.60 89 22. J 0.69 5 22.4 0.86 3 22.2 0.00 I 
MIN MID-SHAFT DIAH - 17.5 1.37 89 17 . 1 0.80 5 16.9 1. 57 3 17.0 0.00 1 
VERT HEAD D lAM - 44. 3;~ 3.39 79 43.6 2.87 4 42.6 0.35 2 51.5 0.00 1 
BIEPICONDYLAR B - 60. 3;~ 3.37 73 6 J. 2 0.15 2 61.9 4.45 2 62.0 0.00 I . 
SHAFT LEAST CIRCUH - 61.8 4.19 98 59.7 3.24 6 62.5 2.50 2 -
CLAVICLE MAX L - 146.8 8.42 25 151.0 0.00 I - 145.0 0.00 J 
RADIUS MAX L - 23 Lt.3* 11.67 54 222. 1 2.45 3 - 243.5 0.00 1 
ULNA MAX L - 255.8* 12.30 38 252.8 15.69 3 253.9 0.00 1 265.5 0.00 I 
FEMUR l>IAX L 388.5 0.00 1 430.1* 16.30 82 415.8 9.87 5 426.9 13.90 2 -
MID-SHAFT A-P DIAM 26.3 0.00 1 28.5 2. 16 81 27.9 1 • 12 5 26.7 1. 75 2 -
MID-SHAFT TRANS D 25.1 0.00 I 26.9 1. 90 81 26.7 I. 31 5 25.3 1. 75 2 -
SUB-TROCHANT A-P D 21.6 0.00 I 24.4)~ 1.59 109 23.6 1. 24 6 23.8 0.99 3 -
SUB-TROCHANT TRANS D 28.8 0.00 1 32.5 2.24 109 33.0 1.85 6 30.9 2.46 3 -
MAX HEAD DIAM 41.0 0.00 1 46. o)~ 2.16 86 46.2 2.49 7 44.2 I. 40 2 -
TIBIA L LAT COND :tv~LL - 357.6 18.96 68 336.3 Ilt.16 4 - -
NUTRIENT FORM! A-P D - 35.7* 2.60 107 35.8 2.32 6 31.6 0.00 I -
NUTR. FORAH TRANS D - 2Lt • a 2.24 106 23.4 I. 33 6 22.7 0.00 I -
INNOMINATE HEIGHT - 206.8 12.46 49 206.6 10.56 4 198.5 0.00 I -
ILIAC BREADTH - 157.6 13.23 35 157.8 1 I .61 3 - 160.0 0.00 I 
PUBIS LENGTH - 77 .4)~ 7.58 57 84.0 5.05 3 - -
ISCHIAL LENGTH - 87.1* 4.23 59 90.0 I. 68 3 81.2 0.00 I -
SACRUM HEIGHT - 101.7 8.02 31 - - -
SACRUM BREADTH 118.0 0.00 I 114.4 6.49 53 116.2 I. 20 2 - 106.0 0.00 I 
BIILIAC B EXTERNAL - 275. O)~ 14.71 28 281.5 0.00 1 - -
PELVIS INLET D A-P - 96.1 i, 9.94 46 104.1 2.45 2 - -
PELVIS INLET D TRANS - 121.3;~ 7.88 38 125.0 0.00 I - -
INDICES 
HUMERUS MID~SHAFT - 79.4 4.81 89 77.7 5.80 5 75.5 4.54 3 76.6 0.00 I 
HUMERUS ROBUSTICITY - 19.8 1. 16 67 19.9 0.70 4 19.0 0.00 1 -
CLAVICULO-HUMERAL - Lt6.5 2.39 19 49.3 0.00 1 - 44.4 0.00 1 
BRACHIAL - 75.4 2.26 LtO 72.5 O. 12 2 - 74.6 0.00 1 
PLATYMERIC 75.0 0.00 1 75.0 5.12 109 71.4 2.06 6 77.2 3.82 3 -
CRURAL - 83.0 2.87 53 81.1 1 .. 45 4 - -
CNEMIC 

b~·7 
67.3 6.07 106 ' 65.7 5.3/+ 6 71.9 0.00 I -

PUBIS-ISCHIUM 88.6 6.38 50 92.2 '5.35 2 - -
STATURE (Ct1S). 0.00 1 167.6 3.98 107 16Lt .7 Lt .77 6 165.2 3.88 2 172.7 0.00 I , 

-.. ---1-------- - - ~ -
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Table 5.7a 

GROUP 1 GROUP 2 

MEAN S.D. CASES MEAN S.D. CASES 

SI 130.0 1.47 3 125.4 6.33 14 
S2 124.3 9.46 3 120.6 5.64 14 
S3 115.5 4.71 3 114.9 4.48 5 
U 512.0 6.53 3 495.6 8.21 9 
L 182.3 3.40 3 175.9 5.49 13 
B 136.2 1.65 3 131.0 6.57 12 
H' 127.0 5.52 3 121.8 3.92 3 
LB 97.7 1.70 3 93.2 2.42 3 
GL 90.3 0.25 2 -
FT 7.0 0.00 1 5.0 I. 14 15 
PT 7.0 0.00 1 6.0 1. 17 14 
B' 95. 1 0.40 3 91.7 5.12 11 
BIB 104.6 3.05 3 102.9 6.28 10 
FL 34.2 2.70 3 35.5 0.05 3 
FB 27.4 1.55 3 27.2 0.20 2 
GH - 107.0 0.00 1 
G' H 59.3 2.25 2 61.2 1. 75 2 
GB 87.0 0.05 2 73.4 0.00 1 
J 123.3 I. 70 2 120.7 6.06 4 
NIl 49.0 1.55 2 49.0 3.74 3 
NB 22.7 1 • 10 2 23.6 0.43 3 
SC 8.3 0.25 2 9. 1 0.78 6 
O' 1 36.7 1.05 2 37.9 1.53 4 
0'2 32.0 0.00 2 32.0 2.45 4 
DC 19.8 0.45 2 20.5 1. 17 4 
G'L 41. 1 2.25 2 43.3 0.00 1 
G'B 37.9 I. 10 2 40.0 0.00 I 
WI - 109.5 0.00 I 
CYL 19.6 0.00 1 20.0 0.00 1 
CRH 49.0 0.00 1 -
GOGO 80.0 0.00 1 90.0 0.00 1 
RB 24.8 0.00 I 28.5 0.00 1 
M2H - 24. I 0.00 I 
ZZ 39.0 0.00 1 44.2 0.00 1 
H' 26.5 0.00 1 26.8 0.00 I 
ML - 101.0 0.00 1 
M 133.0 0.00 I 113.0 0.00 1 

INDICES 
B/L 74.7 2. 16 . 3 74.1 5.57 II 
B'/B 69.8 1.08 3 70.8 3.59 10 
H' /L 69.7 2.93 3 69.2 0.66 3 
J/B 91.2 0.41 2 90.4 3.78 4 
G'H/J 48.1 2.49 2 52.5 0.00 1 
NB/NH 46.3 0.78 2 48.4 2.91 3 
0'2/0'1 87.1 2.49 2 84.2 3.67 3 
G'B/B'L, 92.5 2.39 2 92.4 0.00 1 

MEAN CRANIAL MEASUREMENTS AND INDICES: FEMALES 

GROUP 3 AILIAS ARMENOI GROUP 4 

MEAN 

117.3 
125.8 
111 .0 
477.0 
176.4 
134.0 

-
-
-

5.2 
5.0 

90.7 
103.3 

-
-
-
-
-

]26.0 
-

21.0 
-
-
-
-

44.0 
38.0 

-
18.8 

-
-
-

18. 1 
41.0 

-
-
-

76.2 
68.2 

-
94.0 

-
-
-

86.4 

S.D. CASES MEAN S.D. CASES MEAN S.D. CASES MEAN S.D. CASES 

6.34 3 125. I 4.87 24 126.2 5.94 68 125.8 7.14 10 
4.53 5 127.4 6.79 34 123.5 7.21 71 123.5 4.90 12 
7.00 2 117.0 5.33 12 113.3 7.60 66 110.7 3.73 8 
0.00 1 506.4 12.03 14 505.9 11.77 58 502.0 6.83 9 
9.42 4 179.4 5.53 31 175.6* 4.66 73 176.3 3.02 11 
1.41 4 136.1 4.63 31 ]38.2* 4.49 74 137.0 2.91 11 

128.4 5.21 5 127.4 6.07 68 128.1 6.49 9 
94.0 2.77 5 95.4 3.54 62 95.4 4.80 8 
88.8 2.72 3 88.5 5.49 55 92.9 6.48 5 

0.62 3 5. 1 1.27 35 4.8 1 • 12 46 4.6 1. 17 9 
1.00 4 5.7 0.98 31 5.1 1.37 42 5.4 1.22 10 
2.30 2 93.9 3.30 19 95.2~ 3.32 64 94.3 3.37 9 
5.90 3 105.3 3.50 16 ]06.5 4.10 69 103.5 3.87 10 

34.5 2.60 5 34.2 2.39 65 34.6 1.52 8 
29.8 3.03 5 29.0 2.19 66 28.3 1.68 8 

- 107.3 4.95 30 107.2 3.01 5 
61.0 3.31 6 61. 9~ 5.63 60 60.7 2.12 5 
91.5 2.40 5 92.6 6.75 54 88.3 8.22 6 

0.00 1 119.5 5.09 3 123.5j 6.20 50 125.0 4.29 5 
48.5 2.91 6 47.9 2.64 59 46.0 1.84 5 

0.00 1 22.5 0.84 7 23.6 1.96 59 23.0 1.62 5 
J] .2 2.83 4 9.7 1.85 64 9.8 1.39 8 
37.9 I. 71 6 38.6 1.26 68 38.2 2.31 7 
32.4 1.86 6 33.0 1.69 68 32.2 2.91 8 
20.2 0.75 2 20.9 2.05 64 20.2 1.72 7 

0.00 1 42.4 3.79 4 42.9 3.20 58 42.9 ' 1. 15 6 
0.00 I 37.0 2.17 6 37.6 3.47 56 38.4 2.56 7 

- 122. 1* 5.50 22 117.5 4.27 5 
0.00 I - 18.5 2.02 44 17.8 1.46 7 

- 55. I 4.36 44 53.4 3.00 5 
- 92.4* 3.92 25 84.0 25.42 6 
- 29.6* 2.15 50 31.0 2.38 8 

0.00 I - 24.4 2.38 22 23.5 1.83 8 
0.00 I - 41.6 2.J8 41 43.2 1.74 6 

- 29.5 2.93 31 30.5 I .81 4 
- 99.2 4.99 28 94.0 6.57 7 
- 126.9 4.55 37 119.1 6.06 7 

4.37 4 76. I 3.55 29 78.8 2.92 70 77.7 2.55 II 
2.24 2 68.8 2.47 17 69.2 2.79 62 68.7 2.83 9 

71.4 2.09 5 72.5 3.49 65 72.7 2.94 9 
0.00 1 89.5 2.02 3 89.6 5.03 50 90.7 3.02 5 

52.0 0.26 2 49.7 4.59 46 47.5 0.85 2 
45.5 2.13 5 49.4 5.01 59 50.0 2.04 5 
85.7 7.06 6 85.7 4.31 67 83.3 5.60 7 

0.00 1 90.7 6.18 3 87.8 11 .13 54 89.6 5.19 5 

* denotes means of measurements used in bivariate plots (section 5.5) 

numbers in italics indicate maJfimum values of c,ranial breadth measurements. 

GROUP 5 GROUP 6 

liliAN S.D. CASES MEAN S.D. CASES 

124.0 0.82 3 122.5 6.50 2 
123.5 4.50 2 125.0 4.90 4 
110.0 0.00 1 114.2 0.75 2 
485.0 0.00 1 499.5 11.50 2 
177 .0 7.00 2 174.0 7.00 2 
136.2 1.25 2 138.0 1.00 2 
121. 0 0.00 1 129.0 0.00 1 
89:5 0.00 1 94.0 0.00 1 
91.0 0.00 1 84.2 0.00 1 

6.8 0.75 2 4.2 0.85 3 
6.5 0.41 3 5. 1 0.54 4 

90.7 3.80 2 94.2 2.25 2 
107.2 0.25 2 105.3 0.05 2 
30.5 0.00 1 34.8 0.00 1 
27.0 0.00 1 28.5 0.00 1 

100.0 0.00 1 -
60.2 1.85 2 60.4 0.00 1 
90.0 0.00 1 93.0 0.00 1 

115.0 0.00 1 125.6 0.00 1 
48.9 1.80 2 47.3 0.00 1 
25.2 1.85 2 23.2 0.00 1 
9.5 2.42 3 7.0 0.00 1 

38.5 1.60 2 38.6 0.00 1 
32.6 0.05 2 33.6 0.00 1 
22.6 4.60 2 18.7 0.00 1 
45.3 1.85 2 40.0 0.00 1 
39.9 1.50 2 37.8 0.00 1 
- -
- -
- 56. I 0.00 1 
- -
- -
- 26. I 0.00 1 

42.1 0.00 1 -
- 26.0 0.00 1 

- -
- -

77 • I 2.34 2 79.5 3.77 2 
66.5 2.18 2 68.3 1 • 14 2 
71.2 0.00 1 77 .2 0.00 1 
85.2 0.00 1 90.4 0.00 1 
50.8 0.00 1 48.1 0.00 1 
51.6 1.89 2 49.0 0.00 1 
84.7 3.39 2 87.0 0.00 1 
88.0 0.28 2 94.5 0.00 1 



Table 5.7b :MEAN POST-CRANIAL MEASUREMENTS AND INDICES: FEMALES 
, 

GROUP 3 ARNENOI GROUP 4 

POST-CRANIAL MEASUREMENTS MEAN S.D. CASES MEAN S.D. CASES MEAN S.D. 

HUMERUS MAX L - 281.8* 14.13 45 281.0 0.00 
MAX MID-SHAFT DIAM 19 .7 0.00 1 19.7 1. 32 52 20.9 1. 58 
MIN MID-SHAFT DIAM 13.4 0.00 1 15.3 1. 17 51 17.7 2.03 
VERT HEAD DIAM 48.0 0.00 1 38 . 9'~ 2.54 45 31.2 10.89 
BIEPICONDYLAR B - 52.0'" 3.21 52 51.3 3.69 
SHAFT LEAST CIRCUM - 55.1 3.50 72 54. I Lf .64 
CLAVICLE }1AX L - 135.3 8.61 13 132. 1 4.13 
RADIUS MAX L - 213.51' 12.49 36 210.0 1. 50 
ULNA HAX L - 231.61' 12.77 30 229.5 0.00 
FEHUR MAX L - 399.3* 18.12 54 388.9 1 I .80 
MID-SHAFT A-P D lAM - 25.4 I. 99 54 25.5 0.59 
MID-SHAFT TRANS D - 24.5 1. 37 54 25.2 1. 03 
SUB-TROCHANT A-P D - 2 I .8'" 1. 41 82 22.6 0.63 
SUB-TROCHANT TRANS D - 28.9 2.01 82 30. I 1. 39 
MAX HEAD DIAN - 40.1,', 1. 97 62 LIl . Lf 0.78 
TIBIA L LAT COND MALL - 328.1 16.35 LI6 322.3 7.42 
NUTRIENT FORAH A-P D 30.8 0.00 1 30 . 8'~ 2.28 73 31.8 3.37 
NUTR. FORAH TRANS D 21.8 0.00 1 21.8 1. 87 74 21.5 1. 98 
INNOHINATE HEIGHT - 188.2 12.81 36 191.0 0.00 
ILIAC BREADTH - 146.6 7.49 3Lf 144.5 0.00 
PUBIS LENGTH - 80. 4'~ 8.58 44 -
ISCHIAL LENGTH - 79. 6'~ Lf .70 41 -
SACRUM HEIGHT - 93.4 9.14 16 1 I I .0 0.00 
SACRUH BREADTH - 109.7 9.51 42 108.0 0.00 
BIlL lAC B EXTERNAL - 252. 1'~ 12.28 19 255.0 0.00 
PELVIS INLET'D A-P - 103. Lf* 10. 19 39 79.0 0.00 
PELVIS INLET D TRANS - 123.8* 9.20 34 100.0 0.00 

INDICES 
HUMERUS HID- SHAFT 68.0 0.00 1 77.6 5.61 51 79.5 I 1.15 
llU:MERUS ROBUSTICITY - 19.4 I. 06 44 -
ClAVICULO-HUMERAL - 48.0 I. 94 9 45.6 0.00 
BRACHIAL - 75.8 3.44 29 75.3 0.00 
PLATYMERIC - 75.5 6.03 82 75.2 2.92 

CRURAL ,- 82.0 ,2.72 41 81.6 1. 45 
CNEHIC 70.8 0.00 1 70.8 4.30 73 67.8 4.79 
PUBIS-ISCHIUM' - 100.7 6.98 35 -
STATURE (CMS) - 154.6 4.84 68 15 1.3 3.55 

}------.--...,....-~ 

CASES MEAN 

1 -
2 -
3 -
3 -
3 -
3 52.0 
2 -
2 -
I -
4 -
3 -
3 -
Lf 22.0 
4 28. I 
3 -
3 -
5 32.4 
5 21.4 
2 -
I -

-
-

1 -
1 -
1 -
1 -
1 -

2 -
-

1 -
1 -
4 78.3 

3 --
5 66.0 

-
4 -

GROUP 5 

S.D. 

0.00 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

CASES 

I 

I 
I 

I 
1 

1 

1 

I 

I 

W 
0:> 
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S.6 Evidence for Secular Trends 

The ~merical data collected on the measurable skeletal rema1.ns 

stuiied from various sites, which are roughly contemporary but only 

represented. by a few individuals ]ha~~ been arranged into groups as 

follows. 

Group 1 
Group 2 

Grcup 3 

Group 4 

Group S 

Group 6 

(Neolithic): Koumaro Cave 
(EM/MM) : Palaikastro cemeteries including Patema and 
Roussolakkos, Platyvola and Pyrgos 

(MM): West of Chryssolakkos, Gypsadhes, Knossos M14, 
Monastiraki Kephali, Pap an toni tin Achlaia, Pyrgos 
(u~III): Aghios Syllas, Deliana, Galia, Pigi, Sellopoulo, 
Stavromenos, Phaphlagos 

(Hellenistic/Roman): Aghia Pelagia, AghL::SPavlos, 
Chersonissos, Fourne, Kakodiki, Krevatina 

(Byzantine/Turkish): Aghia Pelagia, KSM, KFF and Teke 

Means have been calculated f or the males and females In each group and 

also for each of the larger more viable samples from Ailias and Armenoi. 

(See Tables S.6a-b and S.7a-bJ 

This study 1.S partly concerned with variation in skeletal measure

ments which may help to identify either the origins of the Hinoan pop

ulation, with which this thesis is mainly concerned, or evidence of 

population movements which have been suggested in some interpretations 

of other archaeological (cultural) evidence. Probably the most efficient 

method of investigating variation in numerical data is multivariate ana

lysis. The application of multivariate techniques to this data lS 

described in chapter six. It would therefore be superfluous to devote 

much space to a discussion of the univariate statistics in order to 

achieve the same ends. But it does seem appropriate to make some com- . 

ments \.;rhich arise from a preliminary inspection of the means data for 

the Cretan samples. 

It is difficult to detect consistent secular trends in this data. 

It can be verfied from Tables S.6a and S.7a, that the cranial index has 

a higher mean value in Late Minoan times in marked contrast to the 

earlier dolichocephalic crania in Groups I and 2, a fact which was noted 

by earlier researchers. However emphasis of the mean value of the 

cranial index was a deceptive generalisation which caused confusion. 
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The true distribltion of variation within groups can be seen in the cran

ial index histograms in Appendix ·IV. They show a broad distribution of 

values of the cranial index in all periods. The first five measurements 

in the tables S.6a and S.7a) of cranial index means indicate that the 

earlier crania are larger and longer. But the most obvious overall change 



Table 5.8 comparison of mean meaSlrements and indices of Cretan and mainland Greek crania in the Bronze Age 

---------------
" C RET E M A I N LAN D * 

NEOLITHIC ATTICA 
& & 

EM MM AILIAS ARMENOI LHIII EBA LERNA ARGOLID MYCENAE 
Heasurements Mean N Mean N Mean N Hean N Mean N Mean N Mean N Mean N Mean N 

U 518.7 12 534.7 4 526.4 15 512.9 68 524.3 3 512.6 23 521.0 39 518. 1 19 538.2 12 
L 186.7 19 189.7 7 188.0 34 182.6 82 184.8 7 183.9 23 186.2 41 187.0 24 194.6 16 
LB 98.5 2 100.8 3 102.1 5 99.4 63 101.7 3 100.7 9 103.2 12 99.2 12 108.0 4 
PT 5.3 19 5.4 4 5.7 43 5.0 61 LI.8 7 5. Lf 24 5.6 40 5.4 23 5.1 14 
B 136.3 19 I Lf 1. 4 8 139.0 36 141 .9 82 142.0 7 139.3 26 140.5 41 141 .0 24 143.9 15 
B' 93.7 14 9!*.9 4 96.6 24 97.0 74 99.1 4 95.9 22 97.8 42 96.5 21 98.5 16 
J 126.1 4 124.5 4 129.4 9 132.7 53 133.6 2 127.0 9 129.6 34 131.3 16 133.9 10 
Go Go - - - 101.4 48 101.0 2 93.0 1 1 97.9 29 96.0 14 99.7 10 
G'll 66.1 5 69.4 3 62.4 4 64.5 62 68.9 2 70.7 9 68.2 32 67.9 17 71.2 10 
H' - - - 32.3 50 34.2 J 32.8 16 33.8 til 31.7 19 33.5 15 
NH 49.2 6 51.5 3 48.6 4 50.0 63 50.6 2 49.7 10 49.5 34 49.4 17 52.4 8 
NB 23.7 5 22.4 3 24.8 3 23.9 63 24.6 2 23.7 10 25.1 24 23.9 17 24.8 10 
RB - - - 31.1 74 30.8 3 30.7 10 32.0 38 30.6 20 32.5 15 

Indices 
Cranial 73.1 18 74.5 7 73.8 29 77.9 79 76.9 7 75.7 23 75.6 41 75.8 23 74.2 14 
Fronto-parietal 69.2 4 67.9 4 69.7 19 68.4 70 68.2 3 69. 1 22 69.8 41 68.5 21 68.4 14 
Cranio-f acial 91.4 4 89.1 4 94.2 9 93.2 102 93. 1 2 91.2 9 92.0 34 92.6 16 92.6 10 
Upper facial 54.2 2 56.1 3 47.6 2 48.4 48 51.6 2 50.8 4 55.6 8 52.7 31 52.4 15 
Orbital 82.7 7 90. 1 3 80.0 8 87.8 68 89.1 3 85.5 9 82.4 37 80. 1 17 84.3 10 
Nasal 47.7 5 43.7 3 49.6 2 47.8 61 48.6 2 47.9 10 51.1 34 48.4 16 46.8 9 

- ~ ----_._- ~-.------ '-- -.~--.- ~--.---- --------- ~ .. ----- --- - ... - -- --

* The mainland data are taken from Angel 1973 

The largest 'breadth measurements in each series are shown as figures in italics 

-

LBA 
Mean N 

522.0 93 
186.6 104 
99.5 60 
5.6 108 

141. 2 106 
96.6 96 

129.6 60 
99.2 30 
67 .8 46 
33.6 57 
49.1 45 
24.1 48 
30.4 45 

76.2 100 
68.1 89 
91.2 58 
53.2 6 
84.9 56 
49.1 44 

- - -_ .. - -- .. __ ... _----

.1-' 
o 



throughou.t the ser~es of Minoan crania is a general increase ~n bread th 

measurements of the skull. The largest breadth measurements are sho,m 

as figures in italics. This trend must have influenced the overall 

increase in the cranial index. Evidently a similar trend may also have 

been experienced by the mainland populations. Table 5.8 compares some 

cranial measurements and indices of Cretan and mainland samples. In the 

multivariate analyses described in chapter six, the cranial breadth mea

surements proved to be very useful for discriminating between individuals 

and populations. 

Post-cranial rema~ns are very poorly represented in the samples, 

except at Armenoi. Hence it is not possible to consider seriously 

secular trends in post-cranial measurements for the Minoan popUlations. 

At Armenoi, the mean post-cranial indices of males and females fall into 

the same categories with a few exceptions. These are the pubis-ischium 

index, which reflects sexual dimorphism and the cnemic index which is 

mesocnemic for males and eurycnemic for females. The mean values of the 

'platymeric index for both males and females are in the platymeric range. 

All the other mean post-cranial indices fall into intermediate ranges. 

Histograms showing the distribution of cranial and post-cranial 

indices of the samples studied can be found in Appendix I~ 

5.7 Stature 

Trotter and Gleser's (1958) formulae were used to calculate the 

stature of the skeletons studied. These regression formulae were 

worked out from known physical statures using the maximum lengths of 

all the extremity bones of a very large sample of wnite Americans (4672) 

most of whom had been born in various European countries. The authors 

believe that the bones of the low"er extremities are more strongly cor

related to physical stature than those of the upper extremities. 

In this study the fibula has not been used to calculate statures 

because it was rarely found in a measureable condition. The formulae 

for calculating male and female statures are different, although some 

equations lise measurements of the same bone or combination of bones. 

These are:(I) Femur + Tibia (2) Femur (3) Tibia (6) Humerus (7) Radius 

(8) Ulna. But in males formula;(4) Humerus + Radius and (5) Raiius + 

I Ulna, while ~n females~(4) Humerus + Tibia (5) Humerus + Femur + Tibia 

(9) Femur + Tibia. Stature has been determined for every individual 

studied from each formula separately and from determining the average 

of estimates obtained from several formulae according to the availability 

of long bones representing the individual. The data are presented in 
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Table 5.9 STATURE ESTlflATES AP,MENOI ~, ALE S ~ 

NO Eq: , 2· :s 4 5 6 .., 8 MEAN N SD , '64 e O 164 l ' 165 I 2 165 4 0 .0.0 166,5 165.6 o • 0 1 ~ 5, , b 0,9 
2 165,4 167,3 164,7 0,0 0.0 171 .0 0.0 0 , 0 167 I' 4 2!4 
:5 0,0 164 f 4- 0 1 0 J I () 0.0 0.0 o • 0 0,0 16 4 ,'+ , OrO 
4. '63,7 , 6 4. ~ 1 164,6 0,0 0,0 164.3 OlD o • 0 16 4 ,2 4 0,3 
5 0,0 0,0 ,71 t 2 0,0 0,0 0.0 0.0 O. U '71 t Z , o I (.I 
6 0,0 0,0 0,0 J. () 0,0 0,0 0.0 0 1 0 °1° U o ! 0 
7 '64.,5 1 6 t. , (,. '65 ! 9 1-:)3,6 164.9 165,5 163.9 ,68,0 '65! ~ t5 , ! 5 
8 '64,b '64.~O 166! 9 165.2 165,8 164,8 ,68.1 , l, 14 16 o!4 l:S ',3 
9 Ott) o • 0 '6Q,8 165,8 0.0 165,8 , 68. ~ 0.0 165,1 4 2 ., 

l ,0 164.4 , 61 ! 6 168~6 0,0 0.0 0,0 0,0 Q,O '64,8 3 2,9 

" 162,t) ~66,8 16a! 1 0,0 0,0 163.9 0,0 0.0 10 3 ;4 4 2 I 4 
, Z , (1 , 2 169,4 173,5 172,8 0.0 172,3 1 7 4,2 0,0 172!2 6 , f 6 
, :5 167,6 'b7!8 16<J,2 169,6 0,0 169.4 ,71 .3 0,0 1r;,9,o b , f 3 

'4 '-",4 1 71 , , 172.3 Q 10 0,0 172.0 0,0 0.0 , 11 f 7 4 Q!4 
15 0,0 , 02 ! 7 o I a [),O 0,0 (J.D 0,0 0,0 , e 2 ! 7 , o ! 0 
16 '70.0 '69 t 1 171 , 5 1.0 o • 0 0,0 0,1') o • U 17 0 !2 3 , ,0 
, 7 O. U O! 0 Of 0 0,0 0,0 163,1 0,0 o • 0 16.3 " 

, o ! 0 
, B o ! 0 164~7 0, J 0,0 0 , 0 0,0 170,0 0,0 167,4 ;: 2~6 
,9 o • 0 '63,9 o!v ).0 o • 0 (l,O '59.0 o ! U ~ C 1 ! 5 Z 2,4 
20 0,0 o ,., 0,0 oJ , [) 0.0 0,0 o .0 0,0 0, u 0 o ~ 0 , v 

21 ,6 Z i Z , 61 ,b 164,2 'J,O o • 0 0,0 '63,5 173,3 '6 6 ;0 ~ 4~4 
22 0,0 163,t. O! 0 0.0 0,0 0,0 0,0 o I (J 'Q.3,2 , O! 0 
23 166,4 165,4 1 6;; ~ 6 167,;) 167.7 168,8 i66,6 170 I S 1c:17 t 6 ~ , , 5 
24 , 59.9 , S9 ! 8 161,S 1 ? 1 ,5 162,2 162,6 ,63.4 166,7 162!2 ~ 2 ~ , 
25 0,0 '63,8 0 1 0 a,O o .0 0,0 o .0 0 , 0 '63£8 , O! 0 
26 16.3,6 '63.4 165.3 1 Q 5 I 2 164,3 163.2 170,2 170,3 165~7 tl 2~7 
27 Of U '!64,5 o!o \} • 0 0.0 166,8 o • 0 0, U 16'1 7 2 , , , 
2B 162,6 162,0 164,7 165.1 16),6 164.8 167.9 '71 11 , ~, I 5 1:S 2,7 
29 Ot!) Q! 0 164!3 J,O 0.0 0,0 164.3 0,0 1¢: 4

F 6 Z o! 2 
3u 0,0 '63,1 o ! l) 167,0 o • 0 163,1 167,7 G , tl 1 Q 6 ~ 5 4 Z , 0 
31 0,0 , 67 ! 1 O! 0 'J! 0 0,0 0,0 0,0 o t () 167 ! 1 , 0.0 
32 0,0 '64.4 0,0 ;l , 0 0,0 1 ? U • 0 0,0 ('1.0 167 ! 2 2 2 t b 
33 162. 1 '61 ! 9 165,:) '64 f 9 165. ;; 165.4 166,8 '69 1 6 , (:) 5 ! 2 ts 2 t 2 
34 o t 0 , 64. ! 1 o! 0 16f,~6 166,8 167,5 167.5 1 70 • , 16 7 , , b 1 .8 
35 o t 0 '65 ! 0 0,0 ~6~.CJ 164.2 166.0 166,0 1 M·, .5 ~g'!4 b o!o 
36 '67, '-; '66. Z 17 0,6 ',,(~,3 169.0 169,1 , 71 • 1 , 72 I b , ~9 ! 5 ~ , t 8 
37 , (;, 4,2 '63.~ i 66 ,6 :1.0 0.0 169,7 o • n o • (J 465,9 4 2 , 5 
$I:S '70, l '69.3 172,8 0.0 0.0 o • 0 o • 0 0,0 , to, 9 .5 1 ,4 
39 (l , 0 0.0 11 ,0 0,1) f1 • 0 v,o o • ') 0,0 0,0 0 0, U 
40 167,4 '64 ~ 1 171 , 7 0,0 0.0 171 .4 o e I] 0 , U '~8!-' 4 3. 1 
1 .. 1 1"70,4 16'1,8 173,6 111 ~ I) 1 71 ,5 171 ,2 171 .9 '75 I 2 '!1 ,6 ~ 2 0 ! . 

42 '0 • U '68~8 iJ ~ 0 0 1 0 0.0 0,0 o • 0 u , U '~8!t) 1 UfO 
1.3 0.0 0,0 o! 0 O,i) (] • 0 0,0 o • 0 o • 0 O! 0 U o ~ 0 
44 o! 0 '66,8 0,0 0 , 0 0,0 0,0 0.0 0 1 0 166,8 1 o ~ 0 
45 0,0 0,0 171 , 7. D. Q 0.0 170.6 o • 0 0.0 171 ! 1 l 0,6 
46 o • u 168 ! 1 o! 0 0,0 . 0,0 0,0 0,0 (l.o , 68, , , Of U 
47 , 77 ! .3 1 r 5 ! 7 17.3,7 0 , 0 0,0 , 73,9 0.0 0,0 176~4 4, , , 8 
41:S '58,U , '6 ! 1 162 ! 1 1 Q2 • 4 162,9 163.6 '63t~ 166.'i ,·62 10 ~ 3,2 
49 0,0 o ! ° 169 I S , ? 1 ,9 0,0 172.3 172.3 0.0 1!1 t 6 4 , f 0 
5U o • 0 103@7 :) , 0 o ~ n o • 0 0,0 0,0 o • 0 16 3 ,7 , 0,0 
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Table 5.9 ST.~TURE 
, 

EST l. ·'A T E S ARt1 E N 0 I flA LES 
NO Eq: , 2 j 4 5 6 7 8 MEAN N SD 
5, 164,3 ,61 ,0 169 ! 1 0,0 0,0 166.3 o .0 0.0 165,2 4 2,9 
52 101 ,0 ,,9., 164 t 2 '61 .0 °.0 165,2 1 59 .0 0,0 , 61 f 6 6 2,3 
53 170,9 169,9 172!3 0,0 0,'0 169.1 0,0 C.o , (0 ! 6 4 , ,2 
54 104,3 '6'(,7 167,2 0,0 0.0 '65,7 0,0 0,0 '65 ! ° 4 1 ~ 7 
55 169,5 168,3 171 15 170.4 ~ 71. 8 172,0 169.5 174-, 7 1 r1 10 ei , ! 9 
56 '57, , '55.8 160,6 , 56, 7 1 56,9 158,4 '58,9 160,Y "S,Z (S , ,8 
57 103,2 , 61 ,3 166,6 Cl,O 'I 65 ,·0 1 65.1 o • \) 169,4 1 65, , b 2, , 
58 0,0 O! 0 17° 1 3 0,0 0.0 o • 0 0.0 o • u 1/0 f 3 , o ! U 
59 ° I 0 o • 0 0,0 0,0 0.0 0,0 0, Q 0.0 0,0 u 0,0 
60 163,0 '63, , 164!3 J,O 0,0 164.5 0,0 0,0 163,7 4 0.7 
61 0,0 0,0 0 1 0 0.0 0,0 0,0 O.t) 0,0 0,0 0 0,0 
62 0, U 0, ° 0,0 0,0 0.0 0,0 0,0 0,0 0 1 0 0 0,0 
63 0,0 o I (I 0,0 0,0 °.0 161,9 0,0 0 , 0 1 61 ! 9 ~ 0.0 
64 Of 0 , ~ 2,6 OrO a,o 0,0 165,9 0,0 0.0 164,3 2 , t 6 
65 166.5 '65.2 168,6 Q. 0 0.0 0,0 0.0 0 , 0 ~66!7 3 , t 4 
66 o , () '68.3 iJ ! 0 0,0 0,0 170.7 0.0 0.0 169 ! 5 l , ~ 2 
67 0, 0 169!9 i) I 0 '),0 Q.D 167,8 0,0 o t 0 '6ts!~ l , ! 1 
6~ Of 0 0.0 0(0 D,O 0,0 0,0 o • 0 0.0 0 1 ° U o • 0 
69 0,0 0, [) o ! :J J.O 0,0 0,0 0.0 0,0 0,0 u Q ~ 0 
70 0,0 0,0 'J,O 0, J 0,0 0,0 o i 0 0,0 °1 0 0 0,0 
71 0,0 0,0 o! 0 0, n 0,0 0,0 0.0 0,0 o!o 0 0,0 
72 o ~ 0 0,0 0,0 J • ;) o .0 0.0 169,4 O,U 16.9!4 , OrO 
73 1l4,3 1 14,0 17t.!6 176.6 iJ, 0 175,8 177.6 0 1 0 1('5,5 6 , .3 
74 16R,3 '67,8 169 ,5 D. " 0,0 1 71 , 7 0,0 0 1 0 169,3 4 , ! 5 7, 0,0 '6:5 , 0 0,0 Ol\) 0,0 0.0 167,7 0(0 165,3 2 2,4 
76 (l p 0 o • ° 170,9 0,0 0.0 0,0 0.0 182 I 0 1~O,4 2 , , 5 
77 0,0 16.3,3 U! 0 0,0 0,0 0.0 0 1 0 0,0 163,3 , °f O 
7<3 0,0 , fO • 6 0,0 0,0 0,0 0,0 0,0 0, U 170.6"' 0, Q 
71.} '68, 1 ,69 ! I.} 1 67,1 155 « (. j67.2 168.6 164 11 169,6 1f;)7,S ~ 1 ! 8 
50 '63, I.} ~63!7 165~4 i 65 1 4 165.5 167, i 165,7 '67,"1 165,6 15 , • :5 
81 0,0 , (0, 5 o ! () i 69 , 0 169,6 ~72,2 166,4 , 69 ,9 , b9 ,6 6 , , 7 
82 16.3 t 2 '03,2 164,6 '<)4.7 0.0 168.1 162 • .3 0,0 164,4 (; , , 8 
83 164,9 165,8 16:5 I Z 1S 4,4 163 .9 165,2 165.9 167. l) 165!3 B 0,9 
84 0, ° o , (\ o , () O. \1 0.0 0,0 o • 0 0,0 0,0 U 0,0 
85 0, U 0.0 o! a ') , 0 0.0 0,0 162.4 0,0 162 ! 4- , Of 0 
86 17' I l 1,,6.9 177,0 17 6.3 176,3 175,8 176.8 179 13 , 7, I 0 8 3,6 
8{ , 05, , 1;; 0, 1 171 ! S 170.i) 0.0 1 71 ,2 i ? 1 , 1 O,U 'b8,3 0 4, 3 
88 O. ° O! 0 O! 0 :} , 0 0.0 0.0 0,0 169,6 , 69 ! t 1 O! 0 
~g 0,0 , 63. I.. 0, J 165,7 168.8 169,0 170.0 '72,4 168!7 0 2. ·7 
9u '65.3 ,64! 0 1t.7,8 166,7 0.0 167 f 1 168~3 0,0 ~66!5 b , ! 5 
91 0 1 U 0,0 0 1 0 v, Q 0,0 0,0 0.0 0,0 O! 0 U O! 0 
92 ° 1 0 0,0 0 1 0 0,0 0,0 0,0 0,0 0,0 0,0 0 O! 0 
93 ° 1 0 0, a 1),0 0.0 0,0 0.0 0.0 0,0 0 9 Q 0 0,0 
94 o t 0 0,0 0 1 0 0,0 o • 0 0,0 0.0 o I lJ 0 1 0 0 0.0 
95 I) ,0 0,0 0,0 o , i) 0.0 0.0 0,0 o • () °EO U 0 , 0 
96 0,0 o , () 0, Q o , :) 0,0 0.0 o • 0 0,0 0,0 U o! 0 
97 0,0 H)6.2 0 1 0 0,:1 o • 0 0,0 174.5 1'(7 • , , 72 ! 6 j 4,6 
9~ 0,0 f) f 0 0,0 o • \.1 0.0 0,0 o • 0 0 1

0 O! 0 U O! 0 
99 , r 6,6 , r 3,9 179,3 .) f n 0,0 172.3 0,0 0,0 1,(5! 5 '" 2,7 

, 00 165,9 164,8 163,2 166,9 167.0 168 10 167.5 169." 1 e 7 13 8 , t 4 
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PilGE 3 

, 
Table 5.9 S T A rJf:( E ESTI'1ATES ARt-' E tJ 0 I f1A L E S 

NO Eq: 1 2 11 4 5 6 7 8 MEAN N SD ... 
, 0' U ~ 0 0,0 165,4 '67.1 " 0,0 168,4 16 7 ,4 o • 0 1 67, , 4 , , , 
'02 , 02.0 1 6 3,1 162,5 O! 0 [) • 0 0.0 170.9 172.2 '~6!2 , 4,4 
'03 0.0 0,0 0 1 Q 0.0 0,0 0,0 o • 0 0,0 0 , 0 0 o pO 
'04 , (3.6 , 71 ,6 175~9 173,9 174,3 172,7 175.9 , .,9 , 0 ''''4,6 ts 2,2 
'0; '06,0 , 0,.2 169,5 0,0 0,0 0,0 171, 1 , ., 3.6 169.3 !) 3.0 
'06 '67,8 '66,5 170,0 IJ , 0 170,0 168,7 0.0 175.4 169,7 6 2,8 
'07 16; , 3 163,5 168,3 170,6 i 71 ,6 170.6 171 .9 '''6,1 '~9,7 ~ 3.7 
'O~ 0,0 0,0 0, Q \).0 0.0 0.0 0.0 0, U 0 1 0 U o ~ 0 
'09 0,0 0,0 0.0 0,0 0,0 0," 0 O,i) 0 1 0 0 , 0 0 o ! 0 
,,0 0,0 o ~ 0 0,0 0. 0 0,0 0,0 o • 0 o • 0 o ! C) U o ! 0 , , , 0 1 0 0,0 166@9 0,0 0.0 0,0 0.0 ° t 0 1 66 ! 9 , 0 , 0 ,,2 163. 7 ,60,9 168 I 1 0,0 0,0 0,0 169 ,4 Of 0 1£,5,5 1+ 3~4 
, , 3 0,0 (: ,0 0,0 163.1 162,0 163.8 1 65 t 1 165,7 1 ~ 3! 9 ~ , ! .s ,,4 0 1 0 0, 0 0,0 0,0 0.0 0,0 0,0 O,U 0,0 0 o , () "5 0, 0 0,0 163,1 16 2,9 163.6 '64.9 163,2 166,7 164, , b , ~ 3 
1 , 6 OrO , r 4 ,5 0 1 0 '175,4 '75,9 173,5 178,0 1B2~O 17 6 ,5 6 2.8 
, , 7 O! 0 0,0 0,0 0,0 16 8 ,8 170,3 0.0 1 70. 7 169,9 3 0,8 "8 0,0 Of 0 °t O J,O 0,0 0.0 0.0 0.0 Of 0 u O! 0 
'19 0,0 1 61 , 6 O! 0 O. ) Q.O 0.0 0.0 168~6 1 65 f 1 2 :3,5 
'20 0.0 0,0 1?4~6 0,0 0,0 0.0 174.2 0.0 ,l4!4 2 VIZ 
, 2 i o t 0 0,0 ()~O o , I) 0.0 0.0 o • 0 0,0 o! [) 0 0,0 
, 2l o ~ 0 o ~ 0 o ~ 0 f) t 0 0,0 0.0 164.7 O! 0 16 4 ,7 , 0.0 
'23 162,0 163! 0 162.5 0, i) 0,0 161 .9 0,0 O! 0 162,3 ,.. O! 4 
'24 0, U '65. 3 f.l , 0 0.0 0.0 (j • 0 0.0 O. (] 165 I 3 1 [) ,0 
125 16 ('). 5 1 61 , 1 16, , 5 165,5 U.O 166,5 166,6 ° I 0 163,6 b 2 ! 6 
126 o to 0,0 L) ! 'J ~) , 0 f) , 0 0,0 0.0 0 1 0 0 1 0 0 o ~ 0 
1Zl [ltO 0,0 '\7),3 'J, (\ 0,0 176.9 0.0 0,0 , 76 f 1 2 0,8 
128 o ~ 0 o , (I 0,0 :3,0 0,0 0,0 0.0 0.0 o ~ () U 0.0 
129 O. 0 Q! 0 O!0 O,f) 175.3 175.1 0,0 1,(1',,2 , 7 6 ~ Z .5 , ,4 
'30 0.0 ,69 ! 0 o ! r) 0,0 o • 0 0.0 o , () 0,0 ,fJ'1 1 0 , o .0 
, :3 1 0,0 0.0 (1 ! 0 O •• ) Q • 0 0.0 0,0 o • 0 o ! 0 U 0,0 
132 0, Q 0.0 o ~ t} o • () 0,0 0,0 (j • 0 o • 0 0 1 0 0 0,0 
'33 0.0 () ! 0 166 1 6 0.0 0,0 0,0 0,0 (') . ° 166 1 6 , O! 0 
134 at!) 0,0 169, 7 ;) • I) 0,0 0,0 0.0 0.0 , 69,7 , 0 , 0 
'35 o . () 0.0 0! 0 0.0 0.0 0,0 1f)S.8 o • 0 165 ! B • O!O I 

136 0.0 O! 0 0 1 i) 0.0 0,0 0,0 0,0 0.0 o , () 0 o ! 0 
i3l O. U 0.0 173,4 J. I) 0,0 0,0 0,0 0.0 173! 4 , 0,0 
,3(:S 169,7 167,7 j7Z,4 1 7 0,6 1 70 .6 169.4 173.4 115.6 , 71 ! 2 b 2! .3 
'39 0.0 0, 0 '1 , :) 0,0 0,0 0.0 0.0 o , lJ 0,0 lJ o ! 0 
'40 0,0 o ~ 0 J I I} o ~ Cl 0,0 0.0 o • () 0,0 OrO 0 O! 0 
1 41 [) • 0 0,0 o , ":) 1).0 0.0 0.0 0.0 r) , 0 0,0 0 0,0 
,42 "0 ~ 0 O! 0 o I V 0,0 0,0 0.0 O. I) 0,0 o ! 0 0 o to 
,43 0,0 0,0 \)! Q \) . () 0,0 0,0 0.0 o t Q O! 0 U 0,0 

i 6 6 ~ , ,65. 3 16/).5 1 <~ 7._) 167.6 168.2 168.2 1 71 • '( '67,6 4!O 
5.3 8~ 65 40 31 67 54 313 107 
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Table 5.10 ESTlnATES A R t1 E t10 1 F EllA LES 
NO Eq: , ~ :s 4 5 6 7 8 9 ~'EA N N SD , 0,0 0,0 0,0 0,0 0,0 1 57. , o • 0 0.0 o • 0 , 57,1 , 0,0 

2 1 '7, 1 '56 ~ 0 158,7 157,8 156,9 156.8 0,0 o , 0 157,0 157,2 7 0 1 8 
3 0 , 0 156,6 0,1) 0.0 0.0 154,0 156,3 0,0 0,0 155,tS ,3 1 ! 3 
4 o • 0 (\ , 0 O! 0 0,0 0,0 0,0 Of 0 o • 0 0,0 0,0 0 o , l) 
:, 0.0 1'j7~3 OlD 0.0 0.0 0,0 0,0 0.0 0,0 157,3 , o • 0 
6 , ,0 I r '48,9 153.6 0, I) 0,0 0,0 0,0 o • 0 150,5 '51 .0 4 1.7 
7 "5," ,'3,0 158.7 15b,8 155. ° 154,4 157 ,1 1:>5,8 155,2 155,7 9 1 .6 
8 "4,"1 ,'3,4- 156;7 0,0 o • 0 0,0 155,2 1 ~ 6. b 154!6 '55,2 6 , .2 
9 , 49 f 9 , 42 ! 9 159 ! 1 Q • 0 0,0 0,0 o • 0 0,0 '49 ! 3 150,3 4 5! 8 

1 0 , ~2, 4 ,:;1,7 154,0 1 52.1 151 • 7 150.4 153,0 154.3 152,4 152,4 9 , , 1 
1 1 0,0 0, ° 0, \) 0.0 0.0 0,0 o • 0 0 , 0 0,0 0,0 0 0.0 
, 2 0,0 ,50,2 0,0 0,0 0.0 154. 7 0,0 0 1 0 0,0 152!' 2 2,3 
13 0.0 0,0 o ! 0 0,0 0.0 0.0 0,0 0, ° °e O 0,0 0 o . 0 
14 o • a 0,0 0,0 0,0 0.0 152,5 152.6 0.0 0,0 15.2.5 2 0,1 
1 :; 0,0 1!)S,9 0,0 0,0 °.0 148,1 0.0 0,0 0,0 152~0 2 3,9 
, 6 0,0 0,0 1 51 , 1 1(.8,8 0,0 14? .0 0, D o ,0 OrO '49.0 3 , I 7 
, 7 161 , , 1 59 ,9 162!3 Q.O 0.0 0,0 0.0 0.0 1 (;1' I 0 , 6 'i ~ , 4 0.8 
1(S o ~ 0 0 1 0 0 1 0 0.0 0,0 0.0 0.0 C , U O!O 0,0 0 o • 0 
'9 o • 0 0.0 0,0 0, () 0,0 0.0 0,0 O,0 0.0 OlD 0 o t 0 
?O o ~ ° o • 0 DIO 0,0 0,0 0,0 0,0 0.0 0.0 O~O 0 0,0 
21 158,0 156,4 160 ! 1 153 ~ 5 155,0 143.6 0.0 o t a 157~9 1::;4,9 7 5. 0 
22 1 ~ 7 , , '45,4 150 ~ :3 147.4 1 46 ,2 145.0 145,5 147." '46 ! 9 '46.8 9 , • 5 
2.3 148,4- 148,2 i 49 ! 7 148.4 11.7 , 9 , 48.4 150,7 , 51 J U , 48,4 149 , U 9 , , 1 
24 o , 0 152.9 0,0 Q.O 0,0 '54 I 2 0.0 1,8.1 o! 0 '55 ! 1 3 2 f 2 
7., 160.2 , S 7, [I 164!'J Q f 0 o • 0 0,0 0.0 0 1 0 10 0 ,0 1 60,3 4. 2. , 
26 O,\) 0, () (} , I) 0,0 0,0 , 59 .1 168.: 171 , 3 Q!O 166,4 :.; 5.3 
27 145,' 144,3 148,2 'i 45 ~ 2 1 44 ,4 142.8 1 52.1 0,0 145 ! 4 146,0 8 2.7 
28 , :5 5.2 ',}4.4 156.7 1 54.1 15 4 .2 1 51 ,0 166.3 0,0 '55,1 -155,9 8 4.2 
29 o • () 1)1}.2 O! ;) 0.0 0,0 15(1.5 153. Q 1 5 t. .3 0.0 , ~ 2,0 4 1 • 7 
;U 1 '5. t "3.6 1 5 (', ! 5 157.9 155,8 157,4 O. I) 0,0 1 55; 5 "6,4 ? 1.6 
31 1'7.9 , ., 6. , 16Cl

l 1 1..l8.2 15~).3 160,5 0,0 152 .8 157 17 1S7!9 8 2 , t. 
32 '49 • 0 148,3 150,.:3 0.0 o • 0 Q • () o • () o t 0 , 49 ! 0 '49 ,3 4 0,9 
S.3 o ~ u o • () 0.0 0.0 11,0 150,4 1 58,3 1 ,9 t b o ! 0 1 ~ 6, , 3 4.1 
34 0,0 o , 0 14 6 ;0 144.4 0,0 143.3 147.,3 145.5 0,0 i 1..5 ~ 6 5 1 • 6 
35 o • G 0,0 U ~ 0 o • 0 o • 0 0.0 o • 0 0.0 0,0 O! 0 (l o • 0 
36 0.0 O! 0 a!:) () , 0 0,0 0,0 0,0 C ,0 0,0 o ! 0 .0 o • 0 
3'( 0 1 0 o • 0 0 1 ) I) • 0 0,0 155,4 0.0 (J I () 0,0 155! 4 1 0.0 
3~ o. () o ~ 0 O! 0 J. n 0.0 0,0 o • 0 o • a O! 0 O! 0 0 o • () 
J9 0,0 o , 0 160~7 1 5·=) • l, 0,0 15).0 0,0 0,0 0(0 '58,0 3 2,4 
40 0,0 o • 0 147 I 7 1 .:;;) , J 0,0 1 ,5 2.1 167.0 0,0 0,0 153,8 '. l,B 
41 0,0 o ! 0 G ! 0 0,0 ,") • 0 0.0 0,0 0 1 0 Of 0 G,O [) o , 0 
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Table 5.10 STAT IJR E ESTI:1ATES A P.t1 EN O! FEMALES 
NoEq: , (. ~ 4 5 6 ? 8 9 ~'E A N N SO 
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PAGE 3 , 
Table 5.10 STATIRE ESTli1ATES ARt1EtlOi F HIA LES 

"io Eq: 1 2 .3 4 5 6 ? 8 9 MEAN N SD 
1 :J 1 0,0 0,0 o ~ 0 Of 0 0,0 0.0 o t 0 0 , 0 0.0 0,0 0 0.0 
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1 S 4. H 1 :>? • 7 i5h,"1 154,3 154.2 152.6 1 56.1 156,7 ,,4,6 154,6 4,8 
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Table 5.11 STATURE ESTIMATES EOR MALE SKELETONS 

Equa tion: 1 2 3 4 5 6 7 8 MEAN N SD 

PLATYVOLA 

0.0 155.7 0.0 0.0 0.0 0.0 0.0 0.0 155.7 0.0 

AG SYLLAS 

0.0 0.0 0.0 0.0 172.4 169.7 0.0 179.0 173.7 3 3.9 

GALlA 

0.0 163.4 0.0 0.0 0.0 0.0 164.7 0.0 164. 1 . 2 0.6 

PIGI 

156.6 157.8 157.7 0.0 0.0 0.0 0.0 0.0 157.3 3 0.5 

161 .6 164.4 163.5 162.9 163.8 165.6 162.4 166.2 163.4 8 1.6 

164.0 163.7 165.5 0.0 0.0 165.8 0.0 0.0 164.8 4 0.9 

164.4 163.7 166.5 164.2 164.7 166.6 163.7 166.7 165. 1 8 1.3 

161 .7 161 .6 163.3 163.5 164.2 166.0 163.0 166.4 162.6 
(4) 

AG PAVLOS 

0.0 167.8 0.0 0.0 168.3 169.3 0.0 171 .0 169.1 4 1.2 

FOURNES 

0.0 161 .3 0.0 0.0 0.0 0.0 0.0 0.0 161 .3 0.0 

AG PELAGIA 

0.0 0.0 0.0 171 . 7 172.4 172.5 171 .7 175.4 172.7 c; 1.4 -' 

Table 5.12 STATURE ESTIMATES FOR FE:HALE SKELETONS 

Eq: 1 2 3 4 5 6 7 8 9 :MEAN N SD 

GALlA 

0.0 145.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 145.5 0.0 

PIGI 

155.2 153.2 158.0 0.0 0.0 0.0 153.8 155.8 155.0 155. 1 6 1.5 

152.0 151 .9 152.9 0.0 0.0 0.0 0.0 0.0 152.0 152.2 4 0.4 

151 .6 150. 1 154.2 153.0 151 .4 152.4 155.2 0.0 151 .5 152.4 8 1.5 

152.9 151.7 155.0 153.0 151.4 152.4 154.5 155.8 152.8 153.3 
(3) 

, 
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Tables 5.9-12 

There is considerable variation In the mean statures of the popula

tions at Armenoi and Pigi determined by different formulae. At Armenoi 

the difference between the highest and the lowest estimates of mean 

stature for the male population is 6.3 ems and for the female population 

it is 4 ems. At Pigi the corresponding figures are 4.8 ems for the male 

population and 4.1 ems for the female population. At Armenoi the highest 

estimates of stature for both males and females were given by the formulae 

which used the Ulna (8) and the Tibia (3), while the lowest estimates 1;"ere 

given by the formula which used the femur (2). At Pigi the highest and 

lowest estimates of stature were given respectively by the formulae which 

used the ulna and femur. 

Table 5.13 Mean Statures obtained from different bones 

ARMENOI MALES ARMENOI FEMALES 
FORMULA MEAN N FORMULA MEAN N 

(8) ULNA 171. 6 38 (8) ULNA 156.7 30 

(3) TIBIA 168.5 68 (3) TIBL~ 156.7 46 

(6) HUMERUS 168.2 67 (7) RADIUS 156. 1 36 

(7) RADIUS 168.2 54 ( 1) FE}ruR & TIBIA 154.8 41 

(5 ) RADIUS & ULNA 167.6 31 (9) FEMIJR & TIBIA 154.6 41 

(4) HUM. & RADIUS 167.3 40 (4) HUMERUS & TIB IA 154.3 29 

I 
( 1 ) FEH1JR & TIBIA 166.1 53 (5) HUM. FEMUR & TIBIA 154.2 25 

(2) FEHUR 165.3 82 (6) HUMERUS 152.6 45 

(2) FEMUR 152.7 54 

MEAN OF MEANS 167.6 MEAN OF MEAl\[S 154.6 
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The table above (5.13) compares mean stature obtained by different formulae, 

in descending order of magnitude, for the Armenoi population. It is 

noticeable that the ulna which gives the highest stature estimates is the 

bone least often represented, while the femur was most often represented. 

Its mean reflects a broader sample of human variation. But there does not 

appear to be any obvious correlation between the larger sample and the 

lower mean. 

At Armenoi there is an equal spread of variation In respect of stature 

among males (158.2 - 180.4 ems) and females (144.0 -166.4 ems). This 

, variation is illustrated in figs. 5.27 and 5.28. The overlap in stature dis

tribution between males and females is 8.2 ems. The difference between 

the mean stature of the male ani female samples is 10.0 ems. This is 

illustrated in fig. 5.29 Stature estimates for the six male and four 

female skeletons from the other w~ III sites are indicated in figures 5.27 
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and 5.28 by hatched boxes. All fall within the range of variation of the 

Armenoi sample, except one individual from Pigi at the bottom end of the 

range (157.3 ems). The estimated stature of the man from Aghios Syllas 

H towards the upper end of the range. It is noted that this estimate 

~s based on the arm bones which survived in tact. Two of the three male 
'-./ 

skeletons from Aghios Pavlos (169.1), Fournes (161.3) and Aghia Pelagia 

(172.7) dating respectively to the Roman, Hellenistic and Medieval periods 

are above average height for the LM III period (167.4, N = 113). But 

since these isolated skeletons are so random they cannot be taken to 

indicate increased stature in later times. 

Table 5.14 Stature estimates for ancient and modern Cretans 

SITES 

Palaikastro 

Platyvola 

STATURE 
Males 

162.5 

155.7 

Pyrgos (Musgrave) 176.0 

Aghios Syllas 

Galia 

Pigi 

Armenoi 

"Aghios Pavlos 

Fournes 

Aghia Pelagia 

173.7 

164. 1 

162.6 

167.6 

169.1 

161 .3 

172.7 

Modern Cretans 168.1 
(Poulianos 1971) 

Modern Cre tans: 
(Hawes 1910) 

Kydonia 
Sphakia 
Mirabello 
Hierapetra 
Siteia 
Rethymnon 
Gavdos Island 

168.5 

172.4 
171 .0 
167.6 
166.3 
167.1 
168.7 
163.4 

N 

? 

4 

107 

11 10 

1946 

157 
274 
108 

80 
81 

102 
12 

SD 

0.0 

0.0 

0.0 

0.0 

3.2 

4.0 

0.0 

0.0 

0.0 

6.32 

6.33 

5.51 
6.18 
6.32 
5.17 
6.04 
7.13 
5.27 

Females 

152.0 

145.5 

153.3 

154.6 

156.5 

N 

? 

3 

68 

261 

SD 

0.0 

1.3 

4.8 

4.78 

It may be seen in Table 5.14 that the mean stature for modern Cretans 

~s less than 1 cm greater than for the Late Minoan III period. This 

evidence clearly puts an end to the myth that the Minoans were "pygmies ll
• 

At the beginning of the century Duckworth (1913, 248-257), studied 

129 Tibiae, 104 Femurs and 68 Humerii from the Palaikastro cemeteries. 

He used Pearson's formulae to calculate stature (see Table 5.14 abov~). 

Duckworth wrote that lithe tibiae fall far short of the length of the 
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Table 5.15 Comparison of male skeletons from the mainland and Crete 

SHAFT 
MEANS GRAVES MBA LHIII LMIII 

Long Bone Lengths (mm) 

Humerus 329.5 6 308.9 18 311.0 9 311. 7 71 

Radius 240.4 5 232.2 23 236.1 15 233.7 57 

Ulna 263.0 2 253.2 21 252.5 14 255.6 41 

Clavicle 154.5 4 146.0 20 143.0 16 147.0 26 

Femur 456.1 7 432.7 26 435.6 25 429.3 87 

Tibia 373.4 5 357.5 22 354.2 19 356.4 72 

Stature (cms) 171.5 14 166.3 55 161 . 1 49 167.5 1 13 

Indices 

Claviculo-Rumeral 48.6 4 47.4 20 47 . 1 14 46.6 20 

Brachial 75.0 8 77 .6 26 76.6 17 75.4 42 

Crural 82.9 4 82.1 22 81.9 18 82.9 57 

PI a tyllier ic 83.6 10 76.4 SI 76.9 S4 74.8 115 

Cnemic 65.2 6 66.0 50 66.8 43 67.2 113 

(Source of the mainland data: Angel 1973, Table 2) 

, 
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corresponding bone in the skeletons of admittedly pygmy types, such as 

the Adamanese and the South Afric~Bush race .... these early Cretan 

skeletons here described possess an even better claim to be recognised 

as pygmiesll
• These comments were based on the mean values of two 

observations (see Duckworth 1913, 248, Table VIII). 

Femur 

Tibia 

Radius 

Early Cretan 

369.5 (2) 

285 (2) 

212.5 (2) 

This led to the oft quoted belief that the Minoans were 'a very small 

race'! Elsewhere Duckworth (1910, 10 ) remarked on the small stature 

Cretan school children whom he studied in two villages at Vori and 

Palaikastro. He concluded lithe relative poorness of the food both ~n 

quantity and quality, taken together with their unavoidable exposure to 

extremes of temperature according to the season (for the winter is often 

severe in Crete), contributes to a combination of circumstances with 

which this deficiency in corporeal development can justly be charged. 1I 

One wonders why he did not think that this explanation might also be 

true of the ancient inhabitants. However it is now established in this-

thesis that the difference between the ancient and modern inhabitants, 

~n respect of stature, is negligible. 

Table 5.15 compares long bone lengths, mean statures and post-cranial 

indices of some mainland groups studied by Angel (1973), and the LM III 

sample from Armenoi, Pigi, Galia and Aghios Syllas combined. The total 

number of long bones measured in the LN III sample is far in excess of 

the total number of bones measurEd in all three of the ma~n-

land samples (354: 257). It can be seen that the mean lengths of the 
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long bones of the Shaft Grave aristocrats are greater than those of all 

the other samples. Angel attributed their above average height to a bet

ter die t ;r;vith more protein and better health of a pr ivileged class. Their 

mean stature ~s 4 ems taller than that of the Late Minoan sample. However 

in the whole of the LM III sample there are 14 (12.4%) people who are 

taller than the average height for these Mycenaean aristocrats. The mean 

height of the LM III population is greater than that of the MBA Helladic 

sample (1.2 ems), but significantly greater than that of the contemporary 

Helladic population (6.4 cms). Following Angel's interpretation, this 

may mean that the ordinary Hellaiic population was living under coniitions 

which were not only worse than that of the priv;leged ruling class, -but 

also worse than that of the u~ III population at a time when Crete was 
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supposei to have been at a low ebb, subjectei to Mycenaean hegemony 

which was at the height of its power. Thus contrary to the expec tations 

of current archaeological theories the evidence could be taken to show 

that living conditions on Crete were better than on the mainland, in spite 
A-

of the fact that Mycenaen power was at its peak. On the other hand diff
#.. 

erences in stature could be taken to be a genuine genetic difference 

between mainland and Minoan populations. 

According to Angel (1973, 393), the Mycenaean Shaft Grave burials 

are as heterogeneous in head and face form and body size as the general 

Middle Bronze Age Greek population, at least 20% more variable than 

normal. !!Except for their greater size and muscularity they differ from 

their subjects only in having relatively lower heads, probably relatively 

longer heads and perhaps longer noses and more projecting mouths.!! Angel 

clearly considers the Middle Bronze Age Helladic population one of very 

mixed origin. In this thesis the analysis of craniometric data (See 

Chapter 6, below) indicated that 50% of the Shaft Grave sample appeared 

more typically Cretan than mainland in origin. Their greater stature 

which is more than matched by some individuals in the LM III sample is 

another indication which suggests that the t1ethnicll origin of some of 

the Mycenaean rulers could be linked with Crete. 
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CHAPTER SIX 

PHYSICAL VARIATION : METRICAL TRAITS 

6.1 Introduction 

Physical variation ~n a living population can be recorded in a num

ber of ways for instance using anatomical measurements and observations, 

photographs or biochemical tests. The variation detected by any single 

method may not necessarily be indicated by another. Thus the variation 

reflected by blood groups may not be reflected by bones. However even 

when the anatomical, serological and physiological characteristics of a 

living popUlation available for direct investigation are examined, these 

reflect only a small part of the total variability, or unmanifested gen

etic potential which is available to succeeding generations of that pop

ulation. 

An anthropologist researching on ancient populations is usually res

tricted, by the nature of excavated material, to the examination of bones 
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as the sole means of investigating physical variation. The observations 

collected on skeletal material such as we find in excavations, may be 

"metrical" or"non-metrical". Non-metrical observations record t:he presence 

or absence of certain traits and so measure their frequencies. Non-metrical 

variation ~s considered in chapter seven. Metrical observations are mea

surements of bones which record magnitude in real numbers. This chapter 

considers metrical variation reflected by cranial measurements of some 

ancient populations. 

A primary concern of this chapter is the investigation of the rela

tionship of the population of Minoan Crete to other ancient popUlations 

in the East Mediterranean. A sample of multivariate observations on a 

series of skulls from various sites on Crete and in the East Mediterranean 

was analysed. The aim of the analyses was to see how far one can distin

guish statistically between the popUlation samples and whether or not 

there are appreciable differences or affinities. In the final discussion 

the interpretation of the anthropological evidence is given and compared 

with current archaeological theories on cultural affinities and cultural 

change. 

6.2 The Samples 

An important point to make about these archaeological samples of 

skeletal material is that they are not samples in the usual biological 

sense. Normally sample size is controlled by a fixed sampling procedure. 

A sample is a fixed number of individuals chosen in a certain way from 

a very large existing population. Archaeological samples are not the 
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result of choice but of providence. They are imposed on one through 

accid.ents of history and where excavations have been made. 

It is not necessarily true that any excavated sample is typical of 

the population which it is supposed to represent. The skeletal remains 

from a single tomb or one area of a cemetery might be a typical. In a 
'-./ 

large sample, social or ethnic differences could be recognised archaeo-

logically by a departure from normal practices, or by foreign traditions 

In burial customs. There are two recognisable examples of this included 

In the present investigation. The very rich burials from Grave Circle B 

at Mycenae are believed to be members of a ruling warrior aristocracy .. 

Associated artefacts revealing the influence of Minoan culture and rel

igion have been the subject of discussion (Dietrich, 1981) aI1.d give rue 

to speculation that these burials might include Minoans. Arguments have 

often been put forward for Cypriot and Mycenaean colonies at Ugarit 

(Catling 1966; 63), and so the burials from a Mycenaean ossuary at Minet 

el Beidha, its port, might be immigrants. 

Statisticians are normally reluctant to give serious consideration 

to samples as small as those often encountered in archaeology, because 

small samples are liable to give poor estimates of the properties of the 

populations which they are supposed to represent. Also, the occurrence 

of 'missing data' is an inherent problem of archaeological samples: 
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often many individuals are represented by (for example) rather battered 

crania on which not all the desired measurements can be taken. Such 

specimens can provide useful demographic information, but numerous mlS

sing values may render them of limited use in comparative craniometric 

studies. An approach sometimes used in order to 'complete' the sets of 

measurements on each specimen, and so apparently to avoid reduction of 

sample size by rejection of incomplete sets of measurements, is to replace 

the missing observations by means of the corresponding measurements over 

those crania for which they are available: however when missing values 

are very numerous this is an unrealistic practice. The most acceptable 

solution to missing data is not to have any, since substitutions by sam

ple means are distortions of the truth. By using means in this way, one 

is diminishing the variation in the samples and distorting the amount and 

significance of the variances associated with measurements, particularly 

of the more fragile (facial and basal) regions of the skull, which tend 

to be under-represented in archaeological samples. (It is precisely the 

facial characteristics, more vulnerable to damage, which according to 

the present analyses (see particularly section 6.t), appear to be more 

variable and to have greater disgnostic pOiVer~ Replacing missing values 
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6 MAX. VAULT LENGTH 
7 MAX. VAULT BREADTH 
9 MIN FRONTAL BREADTH 

13 BASION NASION LEN3TH 
18 MAX. BIZYGOMATIC BOTH 
19 NASAL HEIGHT 
20 NASAL BREADTH 
22 ORB I T BREADTH 
23 ORBI T HEIGHT 

FIGURE 6.1: C R,l:>,N1AL tv1EASUREMENTS ANALYSED 



with means imposes artificial homogeneity on sample populations, which 

may not J.n fact be a true reflection of physical variation in the popu

lations being investigated and therefore undermines the fundamental aims 

of the analyses. It may also exaggerate the importance of the apparent 

differences between samples. The'means ' solution to the missing data 

problem has been deliberately avoided for the reasons explained here. 

There are two other ways of avoiding missing variables adopted in this 

thesis. One is to eliminate cases with missing values. The other is to 

select fewer variables, although this may involve sacrifice of diagnostic 

power in the interests of larger samples. 

Much of the Cretan material in this analysis J.S available for the 

first time and is unpublished. It has been collected from over thirty 

archaeological sites. Except for the Libyan material, which I studied 

during excavations in 1973 and 1977, all the comparative data were obta

ined from published reports on cranial series from a number of East 

Mediterranean sites. (Maps 5 & 6; Apperrlix III.) -

6.3 Measurements: 

The cranium J.S the most complex part of the skeletal anatomy. It is 

likely that important aspects of cranial shape are genetically controlled, 

while minimally affected by muscle or mechanical functions (Howells, 1973; 

6). Therefore morphological characteristics of the skull may persist 

through many generations in a population and reflect breeding patterns. 

These are reasons for choosing to analyse measurements of the skull to 

detect physical variation in the populations represented. 

The measurements adopted for this research follow the tradition of 

the English Biometric School as defined in early issues of Biometrika. 

Those chosen for analysis are compatible with Angel's measurements, which 

follow the conventions of Martin's Lehrbuch der Anthropologie (1928). 

The nine variables which were used in the analyses because they are common 

to all samples, are minimum skull length (L), maximum skull breadth (B), 

minimum frontal breadth (B'), basion-nasion length (LB), maximum facial 

bizygomatic breadth (J), nasal height (N H), nasal breadth (NB), orbital 

bread th (0 '1), orbital height (a2), (Figure 6. I) . 

6.4 Methodology: 

There are several statistical procedures which deal with the joint 

effects of a large number of variables, subsumed under the general head

ing multivariate analysis. They include factor analysis, principal 

components analysis, discriminant analysis, canonical variates analysis 

158 

and cluster analysis. 1 These techniques are designed to approach problems 
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such as ordination, pattern recognition, classification and prediction 

which are met in many disciplines. References given to a few case 

sbwiies in craniometry show an appreciation of the value of these proce

dures, antedating 2 transistor technology arid the wide availability of 
3 

electronic computers which have fulfilled prophecy and made their app-

lication now almost commonplace. 

Choosing the appropriate multivariate technique partly depends on the 

character of the data and partly on the hypothesis to be tested. In 
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this case the data is biological. Humans tend to cluster into breeding 

groups and the distribution of variation in the human species is clus~ered 

rather than randomly distributed, causing considerable genetic variation 

in man, due to the progressive accumulation of different genes or the 

same genes in different frequencies, following the influence of several 

factors. These are genetic drift, mutation, natural selection, Mendelian 

segregation aJtd migration (Edward s, 1971, 347-348). Theref ore one may 

expect that with a sufficient number of observations of diagnostic value, 

it ought to be possible to distinguish popJ.lations which are different by 

the analysis of the amount of variance associated with measured traits. 

In theory, it may then be possible to interpret these differences and 

explain them In terms of underlying genetic causes. 

The aims of the analyses 'lVhich have been undertaken here are to: 

(I) explore, by cluster analysis (6.5), the morphometric components in 

ancient populations; (2) investigate, by discriminant analysis (6.6), 

with particular reference to Crete, overall differences and similarities 

between sample populations at different geographical locations/and times; 

(3) examine by principal components (6. t), the variances associated with 

available cranial measurements for the Cretans to try to determine which 

combinations of cranial characters are more variable among individuals 

1. All the techniques mentioned which have been applied to craniometric 
data are covered in the following references: factor analysis, Howells 
(1972); principal components analysis, Musgrave and Evans (1981); 
discriminant function analysis, Crichton (1966), Howells (1966, 1973), 
Long (1966), Carlson (1976), Carlson & Van Gerven (1977), Van Gerven, 
Armelagos and Rohr (1977), canonical variates analysis, Brothwell, Healy 
ani Harvey (1972), Broth'IVell and Kranowski (1974), cluster analysis, 
Dawes (1980). 
2. I have in mind the work of Margaret M. Barnard (1934). 
3. This prophecy was made in 1971: 111 can forsee a time when a PhD 
student with a batch of multivariate data who declines to use one of 
these omnivorous programs will be regarded as rather odd, not to say 
a nuisance, like people who ride bicycles in cities". (Edwards 1971; 
354-5). 



and so may have greater diagnostic power for differentiating between 

groups. These measurements hopefully will be analysei for other groups 

su~ject to availability in the future of comparative samples with complete 

sets of data. 

6.5 Cluster Analysis: 

Cluster analysis and numerical taxonomy are sometimes used synony

mously (Everitt 1974, 1); numerical taxonomy lS a particular application 

of cluster analysis. These terms indicate that the purpose of this 

technique is to divide a set of data into optimum groups. This is achi

eved by numerical evaluation of the affinities between items which are 

grouped on the basis of their measured attributes. Cluster analysis can 

be used to explore the structure of relationships in a mass of confusing 

data, or for example to test the hypothetical existence of groups or group 

relationships. As a taxonomic tool its utility has been proved in the 

biological sciences and In many other fields ,.;here a rigorous approach to 

classification problems lS desirable (Solomon, 1971; Clarke, 1968). 

Cluster analysis was used heuristically on the present data, to try to 

detect the existence of groups of individuals with certain physical 

characteristics, which might or might not show a substantial pattern of 

association with site origin, cultural origin or chronological period. 

In cluster analysis each case lS represented by a point In a p

dimensional space, in which distances along each of the axes represent 

values of the p variables, which describe the characteristics of the 

case. The distances between points are Euclidean. A set of points in 

this p-dimensional space which lie close together f.orm a cluster, for 

which the centroid is the most typical location of the group (ie it is 

the mean of the group). In a hierarchical method the procedure is as 

follows; at the first stage we calculate all interpoint distances and 

form a cluster from the two points which are closest. This group lS re

presented by its centroid at the next stage when we again calculate the 

distances and merge the closest pair. This is repeated until we have a 

single cluster. For analysis we examine the intermediate groupings, pay

ing particular attention to the stages where relatively distant clusters 

are merged, to detect interesting clusterings. When the cases have been 

sorted into clusters it may become apparent that an earlier association 

, has become inappropriate due to later changes in the cluster centr? 1.-ds. 

This effect is known as chaining. Because the cluster procedure cannot 

break an association it has already formed, it is therefore necessary to 

test the clusters for this effect. 
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Ward's nearest neighbour clustering technique was employed to cluster 

a total sample of 267 male individuals from all sites represented as 

points in a five dimensional space. The five variables were orbital 

height, skull length/nasal height, facial bizygomatic breadth/nasal 

breadth, orbital breadth/minimum frontal breadth and skull breadth/ 

basion-nasion length (see p. 157). The analysis was run on the lCL 1906S 

computer of the University of liverpool using the clustan program (Pro

gram Library/Document 12). 

Three major groups were indicated by the clustan printout, illus

trated by a dendrogram (Fig. 6.2). "Good lf clusterings may be identified 

by examining the increase in the error sum of squares which is printed 

for each fusion. The error sum of squares measures the error which 

occurs through regarding points as being represented by the centroid 

of the cluster to which they belong, rather than by the points themselves. 

A large increase in this error sum of squares shows that this fusion is 

an unnatural, Ilforced" merging and so the preceding clustering should be 

examined. The dendrogram illustrates this clearly, as the length of the 

line showing the fusion of the clusters is proportional to the error sum 

of squares .. I have chosen to examine in detail here three clusters. 

When these three clusters were fused to give two, the error sum of squares 

was 49536.346, while the error sum of squares at the three preceding 

stages was only 27794.756, 18850.462 and 9948.856. Other points at 

which to stop the clustering could of course have been chosen, but taking 

a larger number of clusters did not appear to clarify interpretation. 

The three clusters were chosen for examination because they seem to be 

significant partitions in the data and to aid the interpretation of 

the data. 

The three clusters were tested for chaining and in the first 

stage 35 cases were reallocated. The effect of shifting individuals 

between clusters lS that the positions of the cluster centr ids move. 

Because of this, testing of the clusters continued (ie the distance of 

each individual from the new cluster means was calculated to make an 

allocation to the appropriate group), until after a total of fourteen 

iterations the centroids stabilised and group membership was as follows: 

Cluster A (48), Cluster B 1 (122), Cluster B2 (97). (See tab les 6.1 & 

, 6.2) . 
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Table 6.1 Identification of the members of clusters 

A, Bl and B2 (males) 

CLUSTER A CASES (48) 

14 17 24 33 34 40 41 42 44 50 
55 63 64 66 69 75 78 111 128 134 

143 145 148 158 202 204 212 214 216 217 
218 221 223 224 228 232 233 234 236 238 
239 240 243 244 248 249 256 267 

CLUSTER Bl CASES (122) 

2 5 6 7 8 13 18 19 21 22 
23 25 26 27 29 30 32 36 38 39 
43 46 47 49 51 52 59 60 62 65 
67 68 70 7l 72 73 74 76 79 80 
8l 82 85 87 88 89 90 93 94 96 
97 99 100 101 102 113 118 121 122 123 

130 131 132 136 138 141 142 144 149 150 
152 154 155 160 163 164 167 168 169 170 
174 177 180 181 184 188 194 196 197 198 
201 210 211 215 219 220 222 225 226 227 
229 230 231 237 241 242 245 246 247 250 
252 253 254 255 257 258 259 260 261 262 
264 265 

CLUSTER B2 CASES (97) 

1 3 4 9 10 1 1 12 15 16 20 
28 31 35 37 45 48 53 54 56 57 
58 61 77 83 84 86 91 92 95 98 

103 104 105 106 107 108 109 110 112 114 
1 15 116 1 17 119 120 124 125 126 127 129 
133 135 137 139 140 146 147 151 153 156 
157 159 161 162 165 166 17l 172 173 175 
176 178 179 182 183 185 186 187 189 190 
191 192 193 195 199 200 203 205 206 207 
208 209 213 235 251 263 266 

SITE NUMBERS TOTAL 

Nea Nikomedeia 1- 4 4 
Eleusis 5- 6 2 
Lerna 7- 36 30 
Mycenae 37- 44 8 
Alisar 45- 58 14 
Troy 59- 62 4 
Khir okitia 63- 70 8 
Sotira 71- 73 3 
Ugar it 74- 79 6 
Lachish 80- 94 15 
Badari 95-126 32 
Naqada 127-140 14 
Sedment 141-168 28 
Kerrm 169-205 37 
Wadi Ajjial 206-209 4 
Crete:Aghios Ioannis 210 

Myrtos 211 1 
Ailias 212-213 2 
Myrtos (LM I) 214-215 2 , Pigi 216 I 

Vf\ Armenoi 217-260 44 
Helljstic/Roman/Xtian 261-266 6 
Maria Theresa 267 



, 

Table 6.2 Total group membership through 14 iterations 
of testing every case in the 3 clusters 

Iterations A Bl B2 
, 

0 72 112 83 
1 66 118 83 
2 60 124 83 
3 58 125 84 
4 57 125 85 
5 54 127 86 
6 53 125 89 
7 52 126 89 
8 51 127 89 
9 50 128 89 

10 50 127 90 
1 1 50 125 92 
12 49 123 95 
13 48 123 96 
14 48 122 97 
15 48 122 97 I 

Table 6.2 shows the membership of the three groups after they were 

tested for chaining. In table 6.3, one can see each case which has been 

reallocated by the cluster testing procedure to another group, to whose 

final centroid it is closer. 

Table 6.3 Cases which have been reallocated to another 
cluster 

Cluster A from Cluster Bl 
5 cases 
44 11 1 158 202 204 

Cluster Bl from Cluster A 
29 cases 
36 65 67 

142 144 149 
245 247 255 

68 71 80 85 100 131 138 
160 164 169 181211 229 230 
257 259 260 261 262 265 

Cluster Bl from Cluster B2 
2 cases 
51 73 

Cluster B2 from Cluster Bl 
16 cases 
12 53 107 119 137 139 146 147 157 159 

161 165 171 179 183 186 
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The result of the cluster testing procedure may be summarised J>..5 !i1~L 

Cluster A was reduced in size by one-third, Cluster Bl was proportionately 

increased by about 9% and ClusterB2 was proportionately increased by about 

14%. From the A cluster, twelve cases from Crete moved into the Bl group 

and so did ten cases from Egypt and Sudan, two from Lachish and one from 

Lerna. This was marginally compensated by one case from Hycenae and four 
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cases from Egypt which moved into the A cluster. The B2 cluster gainei 

from the Bl cluster fourteen cases from Egyptian sites, one from Lerna 

and one from Alisar. This last was cancelled out by the transfer to Bl 

of a case from Alisar previously classed in B2, together with one other 

case from Sotira. Although those cases mentioned have been finally re

allocated, it seems that they must have similarities to the groups in 

which they were originally clustered. 

Table 6.4 The distribution of the A,Bl and B2 clusters 

A B1 B2 

Nea Nikomedeia 1 3 
Eleusis 2 
Lerna 5 15 10 
Mycenae 4 3 1 
Alisar 2 5 7 
Troy 3 1 
Khirokitia 4 4 
Sot ira 3 
Ugari t 2 3 1 
Lachish 10 5 
Badari 1 1 1 20 
Naqada 2 5 7 
Sedment 4 13 1 1 
Kerma 2 13 I 22 
Wadi Ajj ial 4 
Crete Ag Ioann; s 1 

Myrtos 1 
Ailias I 1 1 I 
Myrtos (LMI 1 1 
Pigi 1 
Armenoi 18 24 2 
Ag Pelagia 1 
Kakodiki 1 
Fournes 1 
KFF 2 1 

Maria Theresa 1 

Table 6.4 (above) sho,;vs the number of individuals at each site J..n 

three clusters. On Map 5 (opposite), sites are marked as characteristi'

cally A, Bl or B2 cluster-associated, according to the predominance of 

A, Bl or B2 J..n their respective populations. 
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The final clusters did not reveal any significant association between 

individuals grouped and chronological divisions in the data which span 

6-7 millenia. Although there was no absolute geographical segregation of 

of the three clusters A, Bl and B2, the analysis revealed a marked regi

onal trend. The A cluster individuals are least likely to be encountered 

where the B2 individuals are abundant, which is in interior continental 

regions. The opposite is also true. The A cluster individuals are most 

frequently found on islands and B2 crania are rarely found with them. 
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Table 6.5 Chi -squared tests on male cluster s 

Table of Observed Values 

Island Coastal Interior Row Tot 

A 25 15 7 47 
Bl 38 50 34 122 
B2 5 32 60 97 

68 97 101 Col Tot 

Table of Expected Values 

Island Coastal Interior 

12.015 17.1391 17.8459 
31.188 44.4887 46.3233 
24.797 35.3722 36.8308 

Chi-squared equals 57.0424 on 4 degrees of freedom 

Probability of chi-squared ~ 57.0424 with 4 DF is less than .0001 

Table of Expected Values 

Island 

16.4848 
36.2667 
15.2485 

Coastal 

23.5152 
51.7333 
21.7515 

Chi-squared equals 19.3395 on 2 degrees of freedom 

Probability of chi-squared ~ 19.3395 with 2 DF is less than .001 

Table of Expected Values 

Coastal 

10.7778 
41.1515 
45.0707 

Interior 

11 .2222 
42.8485 
46.9293 

Chi-squared equals 14.4035 on 2 degrees of freedom 

Probability of chi-squared ~ 14.4035 with 2 DF is less than .001 

Table of Expected Values 

Island Interior 

12.8757 19. 1243 
28.9704 43.0296 
26.1538 38.8462 

Chi-squared equ.als 52.4414 on 2 degrees of freedom 

Probability of chi-squared 2: 52.4414 with 2 DF is less than .0001 
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B1 individuals Which form the largest cluster are most likely to be 

found on the coastal fringes of the East Mediterranean. (Map 5). 

Chi-squared tests were done on the distribution frequencies of A, 

B1 and B2, A and Bl, Bl and B2, and A and B2. The tables (6.5) show 

that the probability of obtaining these values of chi-squared, in the 

absence of any regional association is in all cases less than 0.1%, or 

one chance in a thousand. It will be observed that these values are all 

small enough to be significant. (The usual criterion is that a probab

ility of 5% is suggestive; a probability of 1% is highly significant.) 

The clusters A, Bl and B2 are therefore very significantly associated 

respectively with island, coastal and inland continental areas. 

The distribution of cluster A individuals seems to be concentrated 

on the two largest islands of the East Mediterranean, Cyprus and Crete. 

The earliest specimens in the A cluster are in the Early Neolithic 

sample excavated at Khirokitia. There are a few more specimens from 

a later context in Egypt, one at Badari and two at Naqada. With the 

exception of a skull from Iron Age Lachish, and a modern comparative 

specimen* from the wreck of Maria Theresa which sank offHeraklion in 

1662 all the other crania grouped in the A cluster are Bronze Age. They 

are from Lerna (5), Mycenae (4), Alisar (2), Ugarit (2), Sedment (4), 

Kerma (2), and the overwhelming majority are from Crete (21). The most 

distinctive feature of the Minoan population is the significant proportion 

of crania classified in the A cluster. In this respect the composition 

of the Minoan population and the Early Neolithic Cypriot population is 

strikingly similar. Indeed a chi-squared test failed to distinguish 

between them (Table 6.6b). This indicates that these two populations 

resemble one another in having similar frequencies of crania sharing 

the same physical characteristics. The crania in the A cluster are an 

important component in the Minoan population and they mainly distinguish 

the Minoan from the Mycenaean population. (I am speaking of combined 

samples here.) A chi-squared test on the relative proportions of A, Bl 
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and B2 crania in the Minoan and Mycenaean populations, gave values of 

chi-squared which are significant at the 1% level (Table 6.6a). In other 

words, similar components, or cranial forms, occur in both populations with 

dissimilar frequencies. In aggregate the populations diverge, but as 

the discriminant analysis shm.;ed a number of crania are so similar that 

they could be classified in either group. 

* This material was recovered by J. Cousteau and colleagues ~n 1976. 
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Table 6.6a Chi-squared Test 

Table of Observed Values 

Minoans Mycenaeans 

A 21 9 
B1 27 20 
B2 3 11 

51 40 

Table of Expected Values 

Minoans 

16.8132 
26.3407 
7.84615 

Hycenaeans 

13.1868 
20.6593 
6.15385 

ROv7 Tot 

30 
47 
14 

Col Tot 

Chi-squared. equals 9.21902 on 2 degrees of freedom 

Probability of chi-squared 2. 9.2i902 with 2 DF is 0.00995 

Tab le 6.6b Chi-squared Test 

Table of Observed Values 

Crete Cyprus 

A 21 4 
Bl 27 7 
B2 3 0 

51 1 1 

Row Tot 

25 
34 

3 
Col Tot 

The numbers are too small to permit testing using chi-squared: 

Fisher's exact test was used to compare A with B1, A with B1 and 

B2 combined, and B1 with B2, and no significant differences were 

found: except in the compari son of A with B 1, differences ~n the 

proportions in the two samples were no greater than could be 

explained by the fact that the numbers of specimens must be integral, 

and even in the exceptional case the chance of obtaining A and B1 

samples as different as those obtained was 75%. 
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Although most of the cranla In the Minoan sample date to the L~ III 

period, when Mycenaean influence on Crete was greatest, it still seems 

most reasonable to suggest that the Cretan crania in the A cluster are 

typic.ally Minoan, because the number of crania in the A cluster represen

ted. at mainland sites except for Mycenae is negligible (See ta.ble 6.4). 

It is not clear from archaeological evidence what was the na ture of 

Mycenaean influence on Crete in the 14th c.entury B.C. (See Chapter 3.6). 

But any substantial Mycenaean presence on Crete, a matter whim is very 

much open to question, might be expected to have perceptibly modified the 

composi tion of the local population, presumably enhancing the number of 

B J crania (mas t fr equently found at mainland sites), bu t which in any case 

are represented on Crete at an early period, (for instance at Aghios 

loannis and Hyrtos). Finally, it lS exceptionally interesting to note 

that 50% (4/8) of the crania from the Shaft Grave burials at Mycenae are 

grouped in the A cluster. The evidence points unavoidably to the con

clusion that these individuals probably had a Minoan origin. 

In the whole sample from Minoan Crete, there are only three indivi

duals in the B2 cluster, two from Armenoi anQ one from Ailias. (Two more 

crania from Crete In the B2 cluster are dated after the Roman conquest, 

when for a period of time Crete and Cyrenaica formed a single province.) 

The individuals in the B2 group are found predominantly a t African sites 

(64/97). The largest single group of crania in the B2 cluster comes from 

the excavation of the :Egyptian cemetery at Kerma in Nubia (22/37). The 

Egyptians founded a colony there in J970 B.C., which may explain the mix

ture of B1 and B2 cranla In the sample. All of the specimens from Wadi 

Ajjial, In a remote area of the North Sahara, isolated until its brief 

conquest by the Romans in J9 B.C., are in the B2 cluster. Seven cranla 

from Alisar in the central Anatolian highlands, in the Hittite Kingdom, 

J69 

are in the B2 cluster. Three of four skulls from Early Neolithic Nea 

Nikomedeia are also In the B2 cluster. Angel originally studied this mat

erial and suggested. that there are African and namely Nubian genes in this 

population (Angel 1973, J08). This suggestion deserves repeating in view 

of the present resul ts. The evidence clear ly indicates an Air ican associa

tion for the B2 cluster. 

The cranla In the B1 cluster are characteristically associated with 

the coastal sites, except for Nea Nikomedeia. B1 crania are found at 

Eleusis (2), Lerna (15), Mycenae (3), Troy (3), Ugarit (3), Lachish (10), 

Sedment (J3). Sedment has been included among the coastal sites because 

of its location which is well positioned for access to the coast. Bl 
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6.8 Comparative statistics on the original variables for the 
members of the three clusters: A, Bl and. B2. 

Cluster A (48)* 

Mean Std E Median Mode SD Var Kurt Skew Range Min Max 

181.940 1.169 181.100 184.00 8.015 64.243 0.703 0.546 40.00 167.0 207.0 
142.5810.896 142.933 145.00 6.140 37.701 0.076 0.403 28.00 130.0 158.0 
96.630 0.664 96.980 97 .00 4.554 20.740 0.521 -0.294 22.80 83.2 106.0 

100.538 0.889 99.950 98.00 6.094 37.132 2.491 1.066 32.00 88.0 120.0 
132.306 0.805 132.500 135.00 5.520 30.473 -0.295 -0.206 32.00 120.0 143.0 
49.579 0.426 49.600 48.00 2.924 8.549 -0.142 -0.101 13.70 42.3 56.0 
22.268 0.203 22.042 23.00 1.389 1.928 -0.536 -0.272 6.10 18.9 25.0 
39.968 0.357 39.775 39.00 2.448 5.993 2.130 0.901 13.00 35.0 48.0 
32.621 0.303 32.675 34.00 2.075 4.305 0.679 0.471 10.20 28.8 39.0 

Cluster B1 (122)* 

Mean Std E Median Mode SD Var Kurt Skew Range Min Max 

184.202 0.659 184.100 178.00 7.276 52.939 0.200 0.315 35.00 168.0 203.0 
139.388 0.601 135.033 140.00 6.633 44.002 1 .987 0.488 44.50 122.5 167.0 
96.233 0.529 95.983 100.00 5.844 34.150 5.679 1.259 41.00 85.0 126.0 

101.858 0.560 101.050 100.00 6.185 38.257 3.656 1.097 43.00 86.0 129.0 
130.856 0:532 130.850 135.00 5.877 34.544 0.437 -0.243 32.50 112.5 145.0 
50.792 0.307 51.025 49.00 3.388 11.477 0.931 O. 150 21.40 41.8 63.2 
24.666 0.106 24.650 25.00 1. 172 1.373 0.135 0.234 6.00 22.0 28.0 
40.437 0.229 40.250 40.00 2.528 6.392 2.089 -0.537 15.40 31.0 46.4 
33.241 0.210 32.988 33.00 2.316 5.363 2.292 0.846 16.00 27.0 43.0 

Cluster B2 (97) * 
Mean Std E Median McxLe SD Var Kurt Skew Range Min Max 

184.495 0.654 184.208 188.00 6.445 41 .534 -0.087 0.205 33.50 171 .5 205.0 
135.289 0.697 134.833 130.00 6.868 47.176 1.670 0.945 37.00 122.0 159.0 
94.333 0.573 93.525 98.00 5.647 31.892 2.701 0.975 36.00 83.0 119.0 

101.145 0.502 101.200 99.00 4.941 24.417 0.112 0.308 26.50 90.5 117.0 
126.083 0.628 125.775 123.00 6.142 37.726 0.042 0.152 33.00 110.0 143.0 
49.402 0.359 49.200 47.00 3.539 12.522 -0. 112 0.108 17.50 42.4 59.9 
26.554 0.159 26.675 26.00 1.565 2.448 0.142 -0.040 8.30 22.0 30.3 
40.671 0.280 40.900 41.00 2.755 7.593 2.147 -0.199 19.00 30.0 49.0 
32.292 0.217 32.175 32.00 2.133 4.550 2.434 0.S35 12.80 28.0 48.8 

(V6 = Skull Length, V7 = Skull Breadth, V9 = Minirrum Frontal Breadth 
V13 = Basion-Nasion Length, VIS = Facial Bizygomatic Breadth, V19 = Nasal 
Height, V20 = Nasal Breadth, V22 = Orbital Breadth, V23 = Orbital Height) 

* Numbers in parentheses refer to the number of individuals In each 
oluster. 



crania also occur, in imp or tant nu.mbers, at island sites and at sites 

which are more remote from the coast suc:h as Badari (11), Naqada (5) 

and Kenna (I 3) . In more than one sense, the B I c Ius ter has an "inter

mediate" character. Bl group crania have morphological characteristics 

which are intermediate to the other two groups. The cluster testing pro

cedure demonstrated that in the cluster space, the Bl group is located 

in the distance between the other two groups. Also, the Bl cluster-ass

ociated sites occupy a zone which is geographically transitional to the 

distribution of sites associated with the other two clusters. The Bl 

cluster is the largest of the three clusters. But cluster size need not 

necessarily reflect a general population size. The total sample from 

coastal sites (97), which are mainly associated with the Bl cluster, is 

smaller than the total sample from continental sites (101), and larger 

than the sample from islani sites (68). These figures suggest that there 

may be a genuine effect here, and crania of the Bl group may be the most 

frequent in the East Mediterranean. If so, they cculd be considered 

typically East Med i terranean. 

In table 6.7 (below) the means of the variables usErl 1.n the cluster 

analysis ar e presented. 

Table 6.7 

Clus OR 

A 32.63 
Bl 33.24 
B2 32.29 

Means and starrlard deviations of variables used 1.n 
clus ter analysis 

(] L/}.<li !J FB/NB (j OB/MFB (J B/Ba-Na 

2.07 367.85 22. I 595.03 31.7 41. 47 2.88 142.30 
2.32 364.00 24.4 530.83 16.4 42.17 3.59 137.34 
2. 13 374.45 24.7 475. 13 21.6 43.22 3.68 134. 12 

(j 

10.7 
10.7 
9.54 
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Table 6.8 (opposite), presents for each cluster, statistical information 

on the nine original variables from which the above variables are derived. 

It can be seen in table 6.7, that the ratio of maximum facial bizygomatic 

breadth/nasal breadth is the variable which primarily distinguishes betw

een the three clusters. In cluster A, the crania have nasal apertures 

which were proportionately narrowest in relation to the breadth of the 

face (595.03), while the B2 group are at the other extreme and have a pro

portionately very much broader nasal aperture (475.13). The mean value of 

this ratio for the Bl crania (530.83), is approximately in the middle of 

this range. The second most important variable discriminating between the 

clusters 1.S skull length/nasal height. Cluster A (367.85) and cluster Bl 

(364.00) are closer together; b,~+Bl is more distant from B2 (374.45). The 

interpretation of the meaning of these figures is that porportionately, 
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the B2 cranLa have the shortest noses andBI cranLa have the greatest 

nasal height. The third variable exerting some influence on the emer-

gent clusters is skull breadth/basion-nasion length. Cluster A (142.581) 

LS again more distant from cluster B2 (135.289), than cluster B1 (139.388). 

In this ratio, variation in skull breadth appears to be the maLn cause of 

differences between the clusters. Cluster A crania are the broadest; Bl 

crania are less broad; and B2 crania are overall the narrowest.* The re

maining two variables in the analysis have a negligible influence on the 

clustering. 

Male crania alone were used in the analysis, because with the inc·lu

sion of females there is a real risk that in dividing the data into 

"natural groups", the cluster analysis would group crania on the basis of 

variation associated with dimorphic sex differences (Marriott 1974, 68; 

chapter 5.C). Althrugh the result would be a natural grouping it would 

serve no purpose in the present investigation. 

The nLne observed measurements and also sever al different ratio com-

"binations of them have been used to cluster the cases. None proved as 

successful at distinguishing interpretable clusters as the first set of 

variables discussed here. Of these variables maxinum facial bizygomatic: 

bread th/nasal bread th had the strongest determinative inf luence on the 

clusters. Given the available data this particular set of variables 

appears to be the best for distinguishing interpretable groups in the 

samples. Ratios managed to summarize shape better; using ratios helped 

to eliminate (if it does not entirely dispose of) the effect of size 

which operates in independent variables. In morphometric data analysis, 

size usually masks shape. F or example Ln principal components analysis, 

the first component usually represents variation in size, considered to 

be of ques tionab le taxonomic value (Van Gerven, Armelagos & Rohr 1977, 276). 

While the subsequent components normally represent shape and afford 

better discrimination (Blackith and Reyment 1971, 154). Natural varia

tion among humans is such that one can expect a good measure of overlap 

bet,veen populations especially in respec t of size (Laughlin 1977, 113). 

Growth factors are genetically controlled, but they can be affected by 

external pressures such as nutrition or disease and environmental condi

tions may initiate selective processes within a population. Thus alth

ough size variation is not unimportant and gross size d.ifferences between 

populations may have some discriminatory power, informal taxonomy shape 

variations are much more capable of distinguishing.genuine differen~es 

between popUlations. 

* Plates 1-23 illustrate male crania from Crete grouped Ln clusters: A,Bl &B2 
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In summary, cranl.a l.n the B2 cluster which are mainly d.erived from 

African sites, have narrow vaults, short broad noses, and low orbits 

(Table 6.7). Crania in the A cluster whic h are mainly found on islands, 

have broader skulls, narrow and relatively long noses. Bl crania found 

mainly at sites near the coast, have the longest noses, but the breadth 

of the skull vault and the width of the nasal aperture places them in 

an intermediate relation to the other two clusters. There is a very sig

nificant affinity between Minoan and some Shaft Grave crania at Mycenae 

and ~arly Cypriot crania. The results seem to shmv that regional varia

tion is discernible amongst the populations of the East Mediterranean 

even in the latest phase of prehistory. Of course this interpretation 

will need to be re-examined as further skeletal evidence becomes avail

able. 
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Finally clusters were obtained from an analysis run on sample means 

for each population. The dendrogram (See fig. 6.3) gives a general pic

tur e of the hierarchy of relationships among the populations examined. 

Samples from Hinoan Crete,Hycenae and Neolithic Cyprus form a ,veIl defined 

cluster. The largest cluster is formed by samples from Alisar, Lachish, 

Kerma, Naqada, Troy, Lerna, Sedment, Ugarit and post-Hinoan Crete. A third 

cluster which is the most distant from the other two is formed by the 

samples from Nea Nikomedeia, Badari and \~adi Ajjial. 

6.6 Discriminant Analysis 

Discriminant analysis provides a means of identifying major sources 

of interpopulation varia tion and may be used as a pr ed ic tive tool. The 

procedure begins with a collection of variables, Ttlhich are measurements 

of traits on which groups defined a priori are expected to differ. The 

mathematical objective of discriminant analysis is to weight and linearly 

combine these variables to produce functions which give the statistically 

Ilbest" distinction between grrups. These linear combinations of variables, 

which are uncorrelated, are called discriminant functions. The maximum 

number of discriminant func tions derived is either one less than the num

ber of groups or equal to the Dllmber of variables, whichever is the smal

ler, and they are in order of priori ty according to the porportion of 

varl.ance which they explain. Statistical tests are available to measure 

the success with which the var iables ac tually discriminate when combined 

, into discriminant func tions. 

The discriminant functions can be thought of as axes of a geometric 

space; hence they can be used to study the spatial relationship among the 

groups. The discriminant score f or an ird ividual is the sum of the pr 0-
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ducts of the discriminant function coeffic.ients and the values of the 

associated variables. The group centroids are the points defined by the 

average discriminant scores for each group. They summarise the positions 

of the groups in the space defined by the discriminant functions. The 

discriminant scores of individual cases on pair s of discr iminant func tions 

can be plotted to help visualise the spatial relationship among the 

groups: the scores on the first pair of functions are usually the most 

helpful. 

In order to assess the adequacy of the discriminant functions, the 

original set of cases are classified to see how many are correctly 

grouped by the variables being used. For each individual the values of 

all.the discriminant scores are calculated, using the function coeffic

ients for each group 1.n turn, and used to obtain the probabilities that 

the observed data could ar1.se by chance variation ,.;rithin each group. 

The individual is then allocated to the group for which this probability 

is greatest. This method is also used to classify new cases with unknown 

.group membership. 

In the method used here, not all the variables introduced will nece
IA 

ssarily appear 1.n the discriminant fuctions: the decision of whether or 
~ -

not a variable 1.S retained depends on its residual discriminatory pm.;rer 

after the effects of the remaining retained variables are allowed for. 

Discriminant analysis is a very suitable technique for dealing with' 

the particular problems with which the present investigation is concerned. 

It was used on the samples of crania from different excavations on the 

assumption that these correspond to distinguishable populations which 

can be used as "known groups" for the derivation of classification func

tions. Its predictive application was to try to discover the relationship 

of the Cretan sample to the other samples (groups). 

The analysis was run on the IBM 4341 computer of the University of 

Liverpool using version 8 of the SPSS program (Nie, Hull, Jenkins et al 

1975, 434-465). Mahalanobis' (1936) minimum-clistance-between-groups cr1.

terion was employed to control the selection of variables included in the 

analysis. This is the usual distance measure employed with this type of 

data (Mukerjee, Rao and Trevor 1955; Rao 1971; Gower 1971; Nielsen 1970; 

Musgrave and Evans 1980). The parameter "L" (=location) defines the 

"groups" of data sets by their geographical provenance (See Table 6.9). 

Some samples which ar e very small had to be combined to produce estima tes 

of within-group var1.ance. For example on Crete, Aghios Ioannis, Myr-tos 

and Ailias were combined to form a single group (Group 14). The specimen 



Table 6.9 The parameters used to ~oup sets of data 

L IT Cases SITENAME 

{1~ 3 1 f Aghios roannis 
7 2 Ailias 

14 4 2 Myr tos 
14 10 1 Myrtos LMI 

{ 18 13 1 { Pigi . 
19 13 44 Armenoi 

r3 16 1 [Ag Pelagia 

\ 

25 16 1 Kakodiki I 27 17 1 Fournes 
30 18 3 Yortetsa KFF 
35 1 4 Nea Nikomedeia 

p6 8 2 {Eleusis 
37 8 30 Lerna 
38 9 8 Mycenae 
39 4 14 Alisar 

{40 9 1 {TrOY BA 
40 15 3 Troy IA 
41 1 8 Khirokitia 
42 2 3 Sotira 

{43 13 4 {U gari t (Ras Shamr a) 
43 13 2 Ugarit (M. elBeidha) 

(44 8 2 {Lachish BA 
44 15 13 Lachish IA 
45 2 32 Badari 
46 3 14 Naqada 
47 4 28 Sedment 
48 8 37 Kerma 
49 16 4 I Wadi Ajjial 

I 

from Pigi was combined with the sample from Armenoi. Similarly, Aghia 

Pelagia, Kakodiki, Fournesand KFF form another group (Group 23). Eleusis 

has been combined with Lerna (Group 37~ The group from Troy (Group 40) 

contains one specimen from the Late Bronze Age (Troy VIII). The sample 

from Ugarit (Group 43) includes two crania from its port at Minet el 

Beidha and the rest are from the tell at Ras Shamra. The group from 

Lachish (Group 44) contains two crania from the Middle Bronze Age, the 

rest are Iron Age. 

The first step was to run a d.iscriminant analysis using n1.ne variab

les (measurements) for 266 cases ani the grouping parameter "L", to see 

how well linear combinations of these variables (See section 6.3), will 

discriminate between groups of cases defined by their geographical origin. 

The au tcome was that, u sing the discriminant functions derived from these 

sets of variables for the groups, 47.74% of the cases in the analysis 

were correctly grouped. These discriminant functions can distinguish be

tween groups more successfully than random identification, but not suf

ficiently well for them to be conrridently used for the classification of 

further samples. 
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A reduction ~n the number: of variables in the analysis was desirable 

because when one ~s dealing with small samples, if the number of var~

abIes in the analysis exceeds the number of .cases in the samples (as ~n 

gr ou p s 14,23,35,38,40,42,43,49), then "over-d e termination" is likely and 

the analysis will achieve spuricusly exact results for groups. One of 

the conventional uses of principal components analysis is for eliminating 

red.undancies in data (See sec tion 6.8 ). A principal components analysis 

on these nine variables showed that a reduction to four factors would 

lose about 30% of the available variability, and to seven factors would 

lose about 10% (Table 6.10). 

Table 6.10 Principal components analysis on selected variables 

Factor Percent of Var iabili ty Cum Pct 

I 30.6 30.6 
2 18.5 49.0 
3 12.3 61.3 
4 8.9 70.2 
5 8.6 78.9 
6 7.0 85.8 
7 5.7 91.5 
8 4.6 96. I 
9 3.9 100.0 
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The reduc tion in number s of fac tors (variables) was not thou ght to compen

sate for the loss of variability and the subsequent difficulty of inter

pretation. 

It was decided to combine these variables into ratios, which had also 

been used in the cluster analysis, so achieving a reduction in the number 

of variables without completely eliminating any measurement. This also 

reduced problems of scale differences between crania, because the new 

variables (except for orbital height), are expressed as ratios (skull 

length/nasal height, facial bizygomatic bread th/nasal bread th, orbital 

breadth/minimum frontal breadth and skull breadth/basion nasion length). 

Using the new variables, discriminant functions obtained for the same 266 

male crania grouped by the parameter "L", 34.46% of these cases were cor

rectly classified. Better results may have been obtained using the nine 

independent variables to derive discriminant functions primarily because 

of over-determination, although the size factor may also have played a 

contributory role. But at this stage there is little to be gained from 

evaluating the causes of 13% improvement, because in both runs the discri

mination between the samples is low, giving expectations of approximately 

one chance in three or one chance in two of unknown cases being correctly 

identified, using the respective functions. 
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Table 6~ II Discriminant analysis on pair s of (male) samples comparing the r esu lts of analyses using 
9 var iables (upper line) an~ the results' of analyses using 5 var iables (lower line in italics). 

19 23 35 37 38 39 401, 41 42 43)~ 44* 45 46 47 48 49 

80.39 83.33 90.00 84.21 100 90.00 100 100 100 100 95.24 100 100 100 97.67 100 
1, 14 82.35 76.92 90.00 78.95 92.86 80. 00 100 85.71 91.67 95.24 100 100 94.12 95.35 100 

84.31 97.96 79.22 92.45 86.44 100 98.11 87.50 94.12 88.33 100 100 98.63 95.12 100 
*19 76.92 93.88 72.73 88.68 83.05 100 88.68 83.33 90.20 86.67 94.81 96.61 94.52 93.90 95.92 

100 78.95 100 100 100 100 100 91.67 80.95 97.37 95.00 100 88.37 100 
*23 100 71.79 93.33 61.90 100 93.33 70. 00 92.31 81.82 87.18 85.71 91.43 81.82 90.9.1 

35 75.00 100 100 100 100 100 100 100 94. LI4 100 96.88 100 75.00 
80.56 100 88.89 100 100 100 100 94.74 86.11 94.44 100 97.56 87.50 

37 92.50 73.91 100 95.00 65.71 89.47 76.60 84.38 91.30 90.00 84.06 83.33 
85.00 69.57 97.22 90.00 68.57 86.84 78.72 79.69 89.13 88.33 84.06 80.56 

38 90.91 100 100 100 100 95.65 100 100 94. LI4 97.78 100 
77 .27 100 87.50 78.57 82.61 95.00 95.45 91.67 91.11 100 

39 ]00 ]00 88.24 85.00 82.76 93.48 100 97.62 98.04 94.44 
100 81.82 70.59 80.00 72.41 86.96 92.86 90.48 88.24 94.44 

*40 100 laO 100 100 100 100 100 100 100 
100 .IOO 100 100 100 100 100 100 100 

41 90.91 100 95.65 ]00 lOa 100 100 100 
72.73 85.71 95.65 100 100 94.44 100 100 

42 100 72.22 97 . 14 100 93.55 90.00 100 
66.67 72 .22 91.43 100 93.55 80.00 100 

*L13 80.95 100 95.00 82.35 93.02 100 
80.95 92.11 95.00 67.65 88.37 100 

*44 93.62 93.10 86.05 75.00 94.74 
78.72 82.76 65.12 63.46 89.47 

45 91.30 91.67 86.96 86.11 
86.96 86.67 63.77 80.56 

fl6 90.48 80.39 100 
80.95 70.59 100 

47 78.48 96.88 
75.38 100 

48 97.56 
92.68 

~, To identify the pr ovenance of the samples see table 6.9, par arne ter "L I 
•• Code number s 14, 19, 23, 40, 43 and 

fILl represent pooled samples from sites brac.keted in table 6.9. 

- Ho variables qualified for the analysis. ... 



There are several possible explanations for the low discrimination 

between samples in both these runs. The measurements used may not be 

very suitable diagnostic criteria for discriminating between groups. 

Misclassifications may be due to random correlations between ind ivid ua,ls 

from diffe~ent populations represented by small and perhaps atypical 

samples and natural variation may be responsible for over lapping. Or, 

there are strong similarities between many crania ~n various samples 

indicating that they are of common stock, despite belonging to different 

chronological periods or originating from populations which are geogra

phically widely dispersed and which lived under different cErna tic, eli 1-

tural and economic regimes. 
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Table 6.11 presents the results of discriminant analysis carried out 

between pairs of samples. The upper line shows how successfully linear 

combinations of the nine original measurements discriminate between sample 

pairs. These figures can be compared with those on the lower line (in 

italics) which are the results of discriminant analysis on the same sample 

pairs, for which linear combinations of the five new variables were used 

to calculate classification functions. One can see that in 41/136 runs 

the results are exactly the same for each set of variables used. In 9 

runs using the five new variables, the analysis achieved a higher percen

tage of grouped cases correctly classified. In 86 runs using 9 variables, 

a higher percentage of grouped cases were successfully classified. But 

only in 21 of these runs did the difference, from the results achieved 

with the five variables, exceed a 10% improvement, which is not a very 

important difference if the number of cases in these analyses is taken 

into consideration. For discriminant analysis between pairs, using either 

set of variables, the percentage of grouped cases correctly classified 

was under 70% in only 8 of the runs, and between 70-80% in 19 runs. In 

109 of the runs over 80% of grouped cases were correctly classified; ~n 

32 of these 100% discrimination was achieved by both sets of variables. 

(Real similarity and small samples may be the reasons why using five 

variables, none qualified for the analysis between groups 42 and 14 and 

42 and 38). 

These runs demonstrate that discriminant analysis between pairs, 

rather than several ·samples, is more efficient, the reason for this being 

that in order to maximise the difference between populations, the process 

for the selection of variables introduces into the analysis each time a 

d iff erent order or a different subset of variables for der iving the func

tions. This shows that a group may differ from several others because of 
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Table 6.12 Classification of results from discriminant analysis 

Sitename N Groups 35 37 38 39 40 41 42 43 44 45 46 47 48 49 

Nea Nikomecieia ( 4) 35 2 1 1 

Eletisis, Lerna (32) 37 3 11 1 3 1 3 2 1 1 1 3 2 , 
Mycenae ( 8) 38 5 1 1 1 

Alisar (14) 39 1 2 6 1 1 1 2 

Troy ( 4) 40 4 

Khirokitia ( 8) 41 1 5 1 1 

Sotira ( 3) 42 2 1 

Ugarit ( 6) 43 1 1 1 2 1 

Lachish (15) 44 1 3 2 1 1 1 1 1 4 

Badari (32) 45 3 2 2 2 12 2 1 4 4 

Naqada (14) 46 1 1 1 8 3 

Sedment (28) 47 1 1 1 5 4 5 2 

Kerma (37) 48 2 2 2 4 8 7 4 7 1 

Wadi Aj j ial ( 4) 49 1 3 

Cretan males (57) Ungrouped , 1 12 5 3 I 7 19 4 3 1 2 

Cretan females (51) Ungrot:ped 1 11 1 I 51 2 7 171 4 3\ I 1 I I I 

Classification of results from discriminant analysis using 5 variables 

Sitename N Groups )35 37 138139 '40141 42143'44 45 46147 48 49 

Nea Nikomed eia ( 4) 35 2 
I 

1 . 1 

Eleusis, Lerna (32) 37 2 12 1 3 2 3 1 1 1 3 3 

Mycenae ( 8) 38 6 2 

Alisar (14) 39 1 1 3, 4 
I 

1 1 1 1 1 

Troy ( 4) 40 I 4 

Khirokitia ( 8) 41 1 7 I 
Sot ira ( 3) 42 I 2 1 

Ugarit ( 6) 43 1 1 1 1 1 1 

Lachish (15) 44 " 2 1 1 1 3 1 1 2 .:; 

Badari (32) 45 1 22 1 3 3 2 

Naqada (14) 46 12 2 

Sedment (28) 47 2 7 . 3 3 3 9 1 

Kerma (37) 48 1 1 2 4 3 4 6 15 1 

Wadi Ajj ial ( 4) 49 1 3 

Cretan males (57) Ungro~ped ! 1 13 1 13 6 12 6 3 1 2 
, 

I I 
Cretan female .s (51) Ungrouped I 1 5 2 8\ 19 1 , 8 6 1 , , I I 

. Classification of results from Qiscriminant analysis using 9 variables 



the variation associated .... -rith different traits; a particular criterion 

or set of criteria will not nec.essarily be capable of detecting the 

differences among them all. N Gilber t made a similar observation, which 

supports this conclusion, to the effect that the function which beEt , 
discriminates between two populations is not guaranteed to discriminate 

ei ther of the two from some third population and "therefore ..... tech

nlques for discriminating between more than two populations simultane

ously, are not always satisfactory" (Gilbert 1973, 39). 

The next step was to run a discriminant analysis on all samples, 

except for the Cretan crania, grouped by the parameter "L", in order to 

see which population the ungrouped Cretans most closely resemble. In 

the first analysis using five variables (orbital height and four ratios 

of the remaining measurements), the majority of the Cretans were grouped 

either with the Cypriot sample (26/57 in groups 41 and 42), or with the 

Mycenaeans (17/57 in groups 37 and 38). Of the remaining fourteen Cretan 

skulls, four were grouped with Ugarit, three with Alisar, three with 

Lachish, two with Sedment, one with Badari and one with the sample from 

Nea Nikomedeia. Using the nine independent measurements as variables, 

ther e was a repetition of this pattern although the preced ence was d if

ierent. Twenty-six of the Cretan skulls were grouped with the Hycenaeans 

and twelve ~re grouped with the sample from Sotira on Cyprus. Of the 

remaining nineteen crania, six were grouped with the sample from Ugarit, 

six ,,,ith the sample from Alisar, three with Lachish, two with Kerma, one 

with Badari and one with Nea Nikomedeia. 

Very similar results were obtained when 51 female cranla from Cretan 

sites, mainly Hinoan, were analysed successively using the two sets of 

variables (See Table 6.12). In the analysis using nine variables (See 

Table 6.12), a number of females in the sample from Crete are grouped 
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with Badari (8), Sedment (6), and Wadi Ajjial (1), but a probable explana

tion for this gr ouping is the influence of size variar:ion; size d if ferences 

associated with sexual dimorphism may underlie the apparent similarity 

between some female crania and those particular samples. This grouping 

with Egyptian and Libyan samples does not occur when the five variables 

are used in the discriminant analysis, because ratios have reduced the 

influence of Slze in' calculating group distances. (Using ratios (indices) 

could be the best method of comparing male and female data, which is 

viewed problematically by many). 

It is clear from these analyses that the Cretans, both male and female 

samples, appear to have little resemblance to the population samples from 

Egypt, Nubia or Libya. They are however strongly linked with contemporary 



Mycenaean people and In particular with the Cypriot population of a 

much earlier period, suggesting a common ancestry. Except for ten of 

the crania, six male and four female, the sample from Crete is dated 

to LM III times, when archaeological opinion suggests that there may I 

have been a Mycenaean presence on Crete. But individual discriminant 

scores for the ten early crania have values which group all of them 

either with Mycenaeans or Cypriots, except for the s1.\.1ll from Aghios 

Ioannis - believed to be Late Neolithic - which is grouped with Ugarit; 

the two female crania from Koumaro Cave, also believed to be Late Neo

lithic, are grouped with the sample of combined material from Lerna and 

Eleusis (Group 37), (See Table 6.13). An exception is one of the female 

Table 6.13 Groups to which Cretan crania were allocated 

DATE SITENAHE SEX GROUP (5var) GROUP (9var) 

LN Ag Ioannis H 43 43 
LN Koumaro Cave F 37 37 
LN KOlL.'1lar 0 Cave F 37 37 
EHIII/MMIa Hyrtos M 42 38 
11M II A~l~asl M 42 42 
11M II Mhas]" bVI M 37 37 
11M II Ailias om F 42 45 
11M II Ailias F 37 37 

I 
LM I Myrtos M 41 38 
LM I Myrtos M 37 37 

skulls from Ailias which grouped with the Badarian sample (Group 45), 

when the variabil i ty probably inclui ed a significant size component.) 
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The size of the pre-LM III sample, ten skulls for a period of one and a 

half millenni~ is hardly an adequate foundation for building a hypothesis. 

But it may be said that there is no apparent difference in the constitu

tion of the earlier and the later population on Crete, up to the end of 

the Bronze Age. 

The discriminant scores for eight cranla of the Late Hellenistic, 

Roman and Christian eras, have values which group them as follows (See 

Table 6.14). It can be seen that within this small sample there is far 

Table 6.14 Groups to which Cretan crania were allocated 

DATE SITENAME SEX GROUP (5var) GROUP (9var) 

Hellenistic Ag Pelagia M 37 37 
Hellenistic 'Kakodiki M 42 37 
Roman Fournes M 45 45 
Roman Fournes F 44 45 
Roman KSM F 41 42 I 

Christian KIT M 42 39 

I Christian 

I 
KFF M 47 39 

I Chr istian KFF M 39 39 
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FIG 64: MALE CLUSTERS SCATTER - PLOT 
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greater variety of group~ngs than for previous samples. It may be rea

sonable to suppose that changes in the later population of Crete were 

probably associated with migrations for which there is historical ev~-

dence. , 

Discriminant analysis was also run on the same data with groups 

defined by the parameter "IT" (= time), but did not contribute any grea

ter insight into the problem under investigation. The dates for the dif

ferent locations are sufficiently d-istinct to g~ve about the same groups 

when the samples are arranged. by "L" or "IT". Defining' groups with the 

parameter "IT", the discriminant functions derived from nine variables 

(corresponding to nine independent measurements), were able to correctly 

classify 38.72% of grouped cases, while using functions derived from five 

variables (ratios), 28.11% of grouped cases were correctly classified. 

Compared with 47.74%. and 34.46% respectively, when cases were grouped by 

the parameter "L", this grouping of cases was slightly less efficient. 

Hence grouping the data in chronological horizons did not, as might have 

been expected, illuminate any trend in the series suggestive of micro

evolutionary change or migratory movements, which could not have been 

seen by the previous grouping, primarily because of the lack of suitable 

data. 
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Finally a discriminant function analysis was run on the 266 male 

crania divided into three groups, defined by the parameter "CL" (=cluster). 

Using the same variables as in the cluster analysis to derive the func

tions, only five cases were misclassified; 98% of cases grouped by the 

parameter "CL" were correctly classified. Differences Here as follows: 

the discriminant analysis classified two cases from Badari grouped in B2 

as B1 and one case from Sedment grouped ~n B2 as B1; also one case from 

Armenoi grouped in B2 was classified as Bland a secom case grouped in 

A was classfied as B1. A product of di.s:::riminant function analysis is a 

plot of the three groups against co-ordinate axes, which correspond to 

discriminant functions 1 and 2 (See Figure6.4). It can be seen in this 

plot that the three groups appear to be contiguous. The cases in groups 

B2 and. J31are very compact, where as the cases in group 4 are rather dis

persed; most of the outliers ~n group 4 are from Crete (5), Cyprus (2), 

or Lerna (2) and one ~s from Sedment. The first discriminant function 

explained 98.88% of the variation in the samples; most of this variation 

was associated with variable 3, facial bizygomatic breadth/nasal breadth. 

A discriminant analysis on a set of nine variables for the same cases 

defined by the grouping parameter "CL" achieved a very close agreement 



with the first run; seven cases were misclassified. Three cases (one 

from Lerna, one from Sotira and one from Armen6i) , grouped in Bl were 

classified in A; three cases (one from Badari, one from Sedment and one 

from Armenoi), grouped. in B2 were classif ied in B 1; and one case (froD} 

Armenoi) grouped in Bl was classified in B2. Again most (98.54%) of the 

variation was accounted for by discriminant function 1. Variable 18 

(facial bizygomatic breadth) and variable 20 (nasal breadth), have the 

largest function coefficients which therefore appear to contribute most 

of the variation to discriminant function 1. In spite of the fact that 

cluster analysis and, discriminant function analysis used different dis

tance measures (cluster analysis used Euclidean distance and discr iminant 
2 

function analysis used Mahalanobis' D ), very good agreement between their 

results was achieve::i, even when the original variables were substitute::i 

f or the same gr ru ped cases. 
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In summary, the discriminant analysis tested to what extent groups 

which have been define::i by provenance (L) are "true" groups or distingu i

shable populations. When all samples were analyse::i simultaneously, dis

tinguishab iii ty among samples defined by provenance was achieve::i be t,.;reen 

33-47%. However, between pairs of samples defined by provenance it was 

usually above 80%, since it is easier to construct discriminant functions 

to distinguish efficiently between two populations; when nine (rather than 

five) variables were used to derive the functions discrimination between 

pairs of samples was frequently higher ani often 100% (30/136 rt~ns), owing 

to over-determinacy, since the number of variables In the analysis is In 

excess of the size of one or both of the samples. When discriminant 

analysis was used to pred ic t the id enti ty of the ungrouped crania from 

Crete~ the nearest relations of the majority were found either with the 

Mycenaean population, or with an early Cypriot population, ie more or less 

within the Aegean. This suggests continuity of the components of the 

population in this area from the Neolithic to the Bronze Age. When nine 

original variables were used for the analysis a larger number of cases 

grouped with the Mycenaeans; it is speculated that this may be due to size 

variation and may conceivably be a reflexion of nu tr i tional differences 

between the Neolithic and the Bronze Age populations. At present there 

is little evidence for biological association between the African and 

Cretan populations examined. 

Cross-classifications between groups show that few of the groups 

(with the notic~ble exception of Troy), consistently has complete inte
f\ 

grity. An experiment was carried out on samples from four different sites: 



Armenoi, Lerna, Sedment and Kerma. Each sample in turn was assigned into 

blocks in a random fashion and then split into two halves. Discriminant 

analysis was run on each sample to see how well one could discriminate 

between the two halves of the same sample. A 50% discrimination might,. be 

expected, for perfectly homogeneous samples. In most cases (See Table 

6.15), the discrimina tion achieved was around. 60%, except for one analysis 

where no discrimination was possible. This eviQence suggests that the 

Armenoi population may have been inbred. (See also Chapter 9: Discussion). 

Table 6.15 Discriminant analysis on randomly split samples 

GROUPS Armenoi (22) Lerna (5) Sedmen t (14) Kerma (19) 1 

Armenoi (22) 63.64 9var 
- 5var 

Lerna (15) 60.00 etc 
60.00 

Seciment (14) 60.71 
64.29 

\ Kerma (18) 62. 16 
56.76 
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Another experiment was carried out using the same four samples; one 

third of each sample was randomly split off into an ungrouped category and 

discriminant analysis was run on all four samples simultaneously, using 

five variables. Then using 9 variables, the same procedure was repeated. 

(The ungrouped cases were not of course the same ones, because the selec

tion was again random.) It was observed that the percentage of grouped 

cases correctly classified is 68.69% and 74.75% respectively. Ungrouped 

cases correctly classified "lere: Minoans 6/11 and 8/11 r e spec tively; 

Mycenaeans 9/10 and 3/10 respectively; Sedment 3/7 and 4/7 respectively; 

Kerma 5/12 and 8/12 respectively. In both runs the same overall percentage 

of ungrouped cases (23/40 = 57.5%) were correctly classified. These tests 

give some idea of the d.egree of homogenei ty or heterogeneity in the pop

ulations, and of how much local individualities may exist in these pop

ulations, resulting either from separate origin or from isolation which 

gives scope formicroevolutionary changes. 

There are many theoretical reasons why one would expect the existence 

of breeiing isolates in the prehistoric period. Physiographic features 

such as mountains, deserts and sea form natural barriers to contact between 

peoples. It has also been argued that a main function of culture is to 

preserve the integrity of the group. Observation shows that breeding patterns 

are not only influenced by the restraints of culture, but also by religion, 

law, language, dialect, social discrimination, behavioural preference and 
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habit (Laughlin, 1977). These influences operate today despite increases 

in population density and improvements in communications, factors which 

tend to diminish contras ts between human gLOUps. 

From the end of the Neolithic period theLe is evidence for increa-, 
sing contact between all areas of the Aegean, suggesting that when tech-

188 

niques of navigation had been mastered, the sea acted as a culturally 

unifying rather than a divisive force. Communications intensified bet

ween Crete and the surrounding continent and islands of the Aegean, and 

with the rest of the East Kediterranean during the course of the Bronze 

Age. This is shown by the spread of Minoan and Mycenaean pottery through

out the Aegean and beyond it. There is evidence for the exchange of goods 

with Egypt, Cyprus, Anatolia, Syria, Palestine and Mesopotamia. Although 

evidence for contact with the West is meagre Minoan sherds have also been 

found in South Apulia (Kanta 1980,307). One supposes that since humans 

are also capable of exchanging their genes this opportunity was not lost! 

(eg Marinatos 1969). Therefore the idea that one should eA~ect 100% discrim

ination between the populations being studied is not a realistic one. In 
d-\!>ct-i.Mu..~ of 

fact what the analyses appear to show lS that althcughAregional variation 

between human groups populating the East Mediterranean is still possible 

in the Bronze Age, there is a substantial de~ee of shared similarity 

amongst them, which may reflec t the situation described above. 

6.7 Multivariate analysis on female populations 

It is not necessary to present in the same depth of detail as for males 

the multivariate analyses on the female samples of the populations under 

consideration. Precisely the same variables ani multivariate procedures 

were used to analyse the female data. But it is preferable to present a 

surmnary of the results, both for the sake of completeness and in order to 

consider any implications for the hypotheses formulated from the analysis 

of the male data. 

Cluster analysis on the female data also pro:il£ed three maln clusters 

(Fig. 6.5) called 1, 2 ani 3. The sizes of these cluster s WeL e slightly 

modified afteL they were tested for chaining. (See Table 6.16). 

Table 6. 16 Showing the DUmber of times the female clusters were 
tested for chaining before the positions of the cluster 
centroids stabilised. 

Iterations C 1 u s t e r s 
1 2 3 

0 38 120 JOO 
1 37 121 JOO 
2 34 124 100 
3 34 122 102 

I 
4 I 33 123 103 
5 I 32 124 102 
6 32 124 102 . 

I 

I 
I 
I 
I 
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Table 6.18 Identification of the members of clusters 
1, 2 and 3 (females) 

CLUSTER 1 CASES (32) 

4 5 14 17 18 21 24 46 49 75 
80 135 15'1 178 182 209 211 212 213 216 

222 223 225 226 234 235 238 240 241 242 
251 256 , 

CLUSTER 2 CASES (124) 

] 2 3 7 8 15 16 19 20 26 
27 28 30 31 35 36 37 38 39 40 
43 44 45 47 48 50 51 52 54 61 
63 64 65 66 67 68 70 72 73 74 
76 77 79 81 84 85 93 94 96 98 
99 104 106 107 108 109 114 115 1] 7 1 19 

122 123 126 127 128 129 130 131 133 134 
137 138 139 14 I 142 143 144 145 146 149 
150 152 153 157 160 162 165 166 167 168 
172 174 176 190 191 203 208 210 214 2]5 
2]7 219 220 221 224 228 230 231 233 237 
239 243 244 245 246 247 249 250 252 253 
254 255 257 258 

CLUSTER 3 CASES (102) 

6 9 10 11 12 13 22 23 25 29 
32 33 34 41 42 53 55 56 57 58 
59 60 62 69 71 78 82 83 86 87 
88 89 90 9 ] 92 95 97 100 101 102 

103 105 110 11 1 1 12 113 1 16 118 120 121 
124 125 132 136 140 147 148 154 155 156 
158 159 161 163 164 169 170 171 173 175 
177 179 180 181 183 184 185 186 187 188 
189 192 193 194 195 196 197 198 199 200 
201 202 204 205 206 207 218 227 229 232 
236 248 

SITE NUMBERS TOTAL 

Alisar 1 1 
Lerna Neolithic 2- 4 3 
Nea Nikomedeia 5- 13 9 
Eleusis 14- 15 2 
Lerna MH 16- 22 7 
Mycenae 23- 24 2 
Troy BA 25- 26 2 
Troy IA 27- 29 3 
Khirokitia 30- 31 2 
Sotira 32 1 
Ugari t 33- 35 3 
Lachish BA 36~ 37 2 
Lachish IA 38- 62 25 
Badari 63- 75 13 
Naqada 76-131 56 
Sedment 132-156 25 
Kerma 157-198 42 
Wadi Ajjial 199-207 9 
Koumaro Cave 208-209 ') 

L.. 

Ailias Hill 210-211 2 
Pigi 212-2.13 2 
Armenoi 214-256 43 
Fourne5 257 
KSM Knossos 258 



The cases which were shiftei into new clusters are shown below. 

Table 6.17 Female cases which have been reallocated 
to another cluster. 

Cluster 1 from Cluster 2 
4 cases 

4 49 135 151 

Cluster 2 from Cluster 
10 cases 
IS 45 76 99 106 119 128 146 220 231 

Cluster 2 from Cluster 3 
1 case 
165 

Cluster 3 from Cluster 2 
3 cases 
32 124 180 

The provenances of the female cases analysed may be identified from Table 

6.18, which also shows the final membership of the three clusters after 

being tested. 

Site by site, details of the ~~mber of cranla which have been allo

cated to each cluster are given in Table 6.19. 

Table 6.19 E numeration per site of the individuals 
a~located to each cluster 

SITES C L U S T E R S 
1 2 3 

Alisar 1 
Lerna Neo. I 2 
Nea Nikomedeia 1 2 6 
Eleusis 1 1 
Lerna 3 3 1 
Mycenae 1 1 
Troy BA 1 1 
Troy IA 2 1 
Khirokitia 2 
Sotira , 1 
Ugarit 1 2 
Lachish BA 2 
Lachish IA 2 13 10 
Badari 1 10 2 
Naqada 1 28 27 
Secimen t 2 15 8 
Kerma 2 12 28 
Wadi Ajjial 1 8 
Koumaro Cave 1 1 
Ailias I 1 1 

Pigi 2 
Armenoi 13 24 6 
Fournes 1 
KSM Knossos 1 
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At most sites, there is a clear majority of crania associated with 

a particular cluster. The cluster with which a site is mainly associated 

is shown by 'symbols in Map 6. from this it appears that the clusters 

have a geographically meaningful distribution. Chi-squared tests verified , 
that the regional affiliations of these clusters are highly significant 

(Table 6.20). 

Table 6.20 Chi-squared tests on female clusters 

Table of Observed Values 

Island Coastal Interior Row Tot 

17 1 1 4 32 
2 30 42 52 124 
3 7 30 65 102 

54 83 121 Col Tot 

Table of Expected Values 

Island Coastal Interior 

1 6.69767 10.2946 15.0078 
2 25.9535 39.8915 58.155 
3 21.3488 32.814 47.8372 

Chi-squared equals 41.4059 on 4 degrees of freedom 
Probability of chi-squared ~ 41.4059 with 4 DF is less than .0001 

Table of Expected Values 

2 
3 

Island 

11.0365 
28.3796 
14.5839 

Coastal 

16.9635 
43.6204 
22.4161 

Chi-squared equals 11.9812 on 2 degrees of freedom 
Probability of chi-squared ~ 11.9812 on 2 DF is less than .001 

Table of Expected Values 

1 
2 
3 

Coastal 

6.10294 
38.2451 
38.652 

Interior 

8.89706 
55.7549 
56.348 

Chi-squared equals 10.5115 on 2 degrees of freedom 
Probability of chi-squared? 10.5115 on 2 DF is less than .001 

Table of Expected Values 

1 
2 
3 

Island 

6.48 
25.3029 
22.2171 

Interior 

14.52 
56.6971 
49.7829 

Chi-squared. equals .41.0359 on 2 degrees of freedom 
Probability of chi-squared?:... 41.0359 on 2 DF is less than .0001 
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In other words the probability of obtaining these values of chi-squared ~n 

the absence of any regional association for the clusters ~s less than one 
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Table 6.22 Comparative statistics on the Original Variables for the 
members of the three clusters: 1, 2 and 3 

V 6 
V 7 
V'9 
V13 
V18 
V19 
V20 
V22 
V23 

V 6 
V 7 
V 9 
V13 

·V18 
V19 
V20 
V22 
V23 

V 6 
V 7 
V 9 
V13 
V18 
V19 
V20 
V22 
V23 

Cluster 1 (32) * 

Mean Std E Median Mode SD Var Kurt Skew Range Min Max 

174.112 1.238 175.060 175.00 7.00 49.006 -0.069 -0.504 28.00 160.00 188.00 
134.850 1.264 135.150 131 . 00 7. 15 5 1 . 11 7 2.557 -0.943 35.00 111. 00 146.00 
93.022 1.089 93.450 86.00 6.16 37.949 1.514 0.166 31.70 79.30 III .00 
93.937 1 . 148 95.050 97.00 6.50 92.187 5 . 208 -1. 664 34.70 70.00 104.70 

122.541 1.527 123.850 114.50 8.64 74.644 9.653 -2.433 48.00 86.00 134.00 
46.569 0.688 46.350 44.40 3.89 15.136 7.617 -1. 840 22.60 31.00 53.60 
21.216 0.312 21.450 21 .40 1.77 3.122 4.809 -1.897 8.50 15.00 23.50 
38.162 0.499 38.650 37.00 2.82 7.956 o . 71 9 -0. 7 77 12.00 31.00 43.00 
32.841 0.692 32.050 32.00 3.92 15.328 7 . 112 1.509 24.00 24.00 48.00 

Cluster 2 (124)* 

Mean Std. E Median Mode SD Var Kurt Skew Range Min l1ax 

174.973 0.486 175.00 179.00 5.42 29.333 0.602 -0.488 30.00 157.00 187.00 
133.666 0.496 133.033 134.00 5.52 30.501 -0.222 0.238 26.50 121.50 148.00 
91.923 0.695 91.150 89.00 7.74 59.904 10.430 2.476 52.00 79.00 131.00 
95. 151 0.379 95.475 95.00 4.22 17.812 1.454 -0.363 27.00 79.00 106.00 

120.701 0.466 120.983 117.00 5.19 26.898 0.417 -0.114 31.00 104.00 135.00 
47.616 0.265 47.750 46.00 2.96 8.729 0.184 -0.202 15.10 40.00 55. 10 
23.508 0.097 23.517 23.00 1.08 1. 169 0.159 -0.117 6.20 20.00 26.20 
39.693 0.229 39.700 41.00 2.55 6.497 I. 155 -0.599 14.80 31.00 45.80 
32.632 0.179 32.817 33.00 1. 99 3.966 0.241 0.021 10.00 28.00 38.00 

Cluster 3 (102) * 
He an Std E Median Mode SD Var Kurt Skew Range Min Max 

176.585 0.593 177.050 180.00 5.99 35.828 -0.634 0.027 26.00 164.00 190.00 
131.416 0.439 131.450 133.00 4.43 19.654 0.262 0.044 22.50 120.50 143.00 
8 9 . 88 4 O. 4 6 1 89.007 88.00 4.65 21.657 0.377 0.580 23.50 80.50 104.00 
95.830 0.443 95.500 93.00 4.47 20.020 -0.103 O. 145 23.00 84.00 107.00 

1 18.084 0.506 118.017 118.00 5.11 26.106 7.578 -1.565 37.40 90.30 127.70 
47 .288 0.285 47.218 49.00 2.88 8.310 0.007 -0.268 14.20 40.00 50.20 
25.722 O. 148 25.683 25.00 1.50 2.249 3.196 O. 131 11. 70 19.70 31.40 
39.664 0.241 39.950 40.00 2.43 5.917 0.485 -0.354 12.00 33.00 45.00 
32.425 0.225 32.350 32.00 2.27 5.161 0.461 0.404 12.00 27.00 39.00 

(V6 = Skull Length, V7 = Skull Breadth, V9 = Minimum Frontal Breadth 
V13 = Basion-Nasion Length, V18 = Facial Bizygomatic.Breadth, V19 = Nasal 
Height, V20 = Nasal Breadth, V22 =.Orbital Breadth, V23 = Orbital Height) 

* Numbers in parentheses refer to the number of individuals In each 
cluster. 

, 



in a thousand. 

It would not have been all that surprising if the results of the 

cluster analysis on the female data had not shown much correspondence 

to that of the males, perhaps principally because of the differences , 

In sample sizes, which are compared in Table 6.21 below. 

Table 6.21 Comparison of male and female sample sizes. 

SITES Males I Females 

Alisar 14 I 
Lerna Neo 0 3 
Nea Nikomedeia 4 9 
Eleusis 2 2 
Lerna 30 7 
Mycenae 8 2 
Troy BA I 2 
Troy IA 3 3 
Khirokitia 8 2 
Sotira 3 1 
Ugarit 6 3 
Lachish BA 2 2 
Lachish IA 13 25 
Badari 32 13 
Naqada 14 56 
Sedment 28 25 
Kerma 37 42 
Wadi Ajjial 4 9 
Koumaro Cave 0 2 
Aghios Ioannis 1 0 
Myrtos 3 0 
Ailias 2 2 
Pigi 1 2 
Armenoi 44 43 
Post-Minoan 6 2 

TOTAL 266 258 
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Alisar, Lerna, Mycenae, Khirokitia and Sotira show quite large differences 

In sample size. As explained earlier, small samples like these are apt 

to give poor estimates of the populations which they represent. Thus 

incompatible results might be attributed to this cause. However, there 

seems to be a large amount of agreement between the results obtained 

from the analysis of male and female data. 

There are direct analogies between the three male and three female 

clusters. The majority of crania in cluster 1 (53%) are from Crete. This 

cluster therefore seems to correspond well to the male cluster A. Crania 

from Armenoi were mainly allocated to clusters I or 2 and seldom allocated 

to cluster 3. 34% of the crania in cluster 2, which is more or less equiv~ 

alent to the male cluster Bl, are from coastal sites. Finally the majority 

of crania in cluster 3 (64%) are from African sites, as were the majority 
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FIG 6·6: FEMALE CLUSTERS SCATTER-PLOT 
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of crania In the male cluster B2. It lS also significant that most the 

female crania from Wadi Ajjial, Kerma and Nea Nikomedeia are assigned 

to cluster 3 while male cranla from the same sites were mainly assigned 

to cluster B2. Hence, cluster analysis on the female data demonstrated , 
a similar pattern of relationships among the populations studiei and 

on the whole conf irmsthe results previrusly obtained from the analysi s 

of the male samples. 

The validity of the cluster was tested by a discriminant function 

analysis. 99.22% of cases were correctly classified. Only one case 

was misclassified. A scatter plot of the cases in the discriminant 

space is given in fig. 6.6. The clusters in this plot appear contig

uous, but cluster 1 is the most dispersed. Its farthest outliers are 

case 222 from Armenoi and case 24 from Mycenae. 

Statistical information on the variables and original data for each 

cluster is given in Tables 6.22 and 6.23. 

Tables 6.23 Means and standard deviations of var iables used 
In cluster analysis 

Clus. OR 0 L/:t:-l"1i (5 FB/NB (5 OB/MFB r:; B/Ba-Na (5 

32.84 3.92 376.27 32.67 579.12 34.59 41.23 4.32 144.12 i 1 . 12 

2 32.63 1. 99 368.67 22.63 513.78 16.44 43.45 4.28 140.76 8.80 

3 32.43 2.27 374.56 22.11 459.82 19.04 44.21 3.07 137.36 7.42 
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It can be seen that the pr incipal difference between these cluster s re

sides in contrasting proportions of the measurements of facial bizygo

matic breadth/nasal breadth. Skull length/nasal height and skull breadth/ 

basion nasion length have a subordinate influence on the emergent clusters 

carrying almost equal weight. The crania in cluster 1 have the narrowest 

nasal apertures yet the broadest faces, whilst those in cluster 3 have 

the narrowest faces ani the broadest nasal apertures. Cluster 2 is inter

mediate to the other two clusters. It can thus be seen that three clus

ters emerged from the female data due to the influence of the same variables 

whic h de termined the male clusters and that the female clusters 1, 2 and 3," 

correspond well to the male clusters A, B1 and B2. 

Cluster analysis using sample means resulted in the clustering of 

populations illustrated in Fig. 6.7. The first cluster is formed entirely 

by samples from the Aegean (: Eleusis/Lerna, Koumaro, Ailias; Pigi/ Armenoi 

and Mycenae). A second cluster is formed by samples from Sedment, Lachish 

(Iron Age and Bronze Age), Troy (Iron Age) Cypriot (Neolithic) and a com-

,,> Plates 24-44 illustrate female crania from Crete grouped in cluster s: 1,2&3 



FIG.5.7: CLUSTER ANA~(sI$ ON FEMALE POPULATION SAMPLES 
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bined sample of Late Hellenistic, Raman and Christian material from Crete. 

A third cluster is formed by samples from Wadi Ajjial, Kerma, Ugarit, 

Nea Nikomedeia, Naqada, Badari and Troy (Bronze Age). This latter clus

ter ~s closer to the second than to the first cluster, which is formed 

mainly by the Aegean Bronze Age samples. This cluster is finally merged 

with the other two only after being joined to the Lerna Neolithic samples 

to which (as the error sum of square7shows) it is not all that closely 

related. In relation to the Minoans, a notable difference fram the c lus

terin~ of the male population samples (cp. Fig. 6.4) is the different 

grouping of the Eleusis/Lerna (Middle Relladic) sample and of the Cypriot 

(Neolithic) sample. 
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A discriminant analysis run on all groups defined by location achieved 

between 48.25% (using 9 variables) and 38.91% (using 5 variables), alloca

tion of cases to the correct groups. When the groups were defined instead 

by the criterion of contemporaneity, the success of discriminant analysis 

~n allocating cases to the correct groups was marginally diminished: 45.14% 

(using 9 variables) and 36.58% (using 5 variables), this small difference 

is apparently due to the fact that the dates for the different locations 

are sufficiently distinct to give about the same groups ,V"hether the sam

ples are arranged by location or date. 

Discriminant function analysis was run on all female samples (except 

for Cretan crania which were ungroupei) grouped by the parameter ttLtt 

(= location) in order to see which populations the Cretans most'closely 

resemble. Ungrouped male crania were also introduced into both analyses 1 

which used five and nine variables respectively. The results of the 

predictive analysis can be seen in Table 6.24. Cretan crania were con

sistently grouped more often with Mycenae and Lerna/Eleusis than with 

any other samples. But a fair number were sometimes allocated to Ugarit 

or Lachish. These analyses confirm the impression already formed, which 

~s that the Cretan and mainland Greek populations from the Middle and 

Late Bronze Age were in some degree consanguineous. But it must be emph

asised that although a strong affinity between the Minoan and Middle/Late 

Helladic popUlations is indicated by these analyses, we are dealing ,V"i th 

two biologically distinct popUlations. The discriminant analyses on 

pairs of female samples (Table 6.25), shmV"ed that effective discrimina

tion between Minoan and Helladic samples is possible between 70% - 95%. 
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Table 6.24 Classification of results from discriminant analysis 
(female data) 

Sitename N Group 1 2 3 4 5 6 7 8 9 10 1 1 12 
Lerna ( 3) 1 2 1 

Nea Nikomedeia ( 9) 2 3 1 1 1 
Eleusis, Lerna ( 9) 3 1 4 2 1 
Mycenae ( 2)· 4 1 

Troy BA ( 2) 5 1 1 

Troy IA ( 3) 6 3 

Khirokitia, Sotira ( 3) 7 2 
Ugarit ( 3) 8 1 
Lachish BA ( 2) 9 2 
Lachish IA (25) 10 2 1 3 4 4 1 1 
Badar i ( 13) 11 1 1 1 1 6 2 
Naqacla (56) 12 1 1 1 1 7 30 
Sedment (25) 13 1 1 3 2 1 1 
Kerma (42) 14 4 3 4 3 4 4 

'Hadi Ajjial ( 9) 15 J 1 2 

Ungrouped females (51) 9 10 13 2 I 8 1 2 

Ungrouped males (57) 3 17 21 I 10 4 

13 14 

1 

1 1 

5 3 

1 

6 8 

14 2 

5 14 

2 

1 

Classification of results from discriminant analysis using 5 variables 

Sitename N Group I 2 3 4 5 6 7 8 9 10 11 12 13 14 
Lerna ( 3) 1 2 1 

Nea Nikomedeia ( 9) 2 4 1 2 1 1 

Eleusis,Lerna ( 9) 3 1 5 1 1 

Mycenae ( 2) 4 1 1 

Troy BA ( 2) 5 2 

Troy IA ( 3) 6 3 

IKhir~kitia,sotira ( 3) 7 2 

Ugar~t ( 3) 8 2 1 

Lachish BA ( 2) 9 2 

Lachish IA (25) 10 1 3 8 2 5 5 

Badari ( 13) 1 1 2 1 7 1 1 1 

Naqada (56) 12 2 1 2 7 31 5 6 

Sedment (25) 13 2 1 1 1 1 15 2 

Kerma (42) 14 2 2 4 6 2 5 16 

Wadi Ajjial ( 9) 15 1 

Ungroupei females (51 ) 5 8 12 1 10 3 2 3 

Ungrouped males (57Y 2 1 41 1 2 7 1 

Classification of results from discriminant analysis using 9 variables 

15 

2 

1 
, 

1 

1 

1 

1 

I 

5 

3 

1 

15 

1 

2 

2 

5 

8 

7 

2 



Table 6.25 Dis criminant analysis on pair: s of (female) samples compar ing the results of analyses using 
9 variables (upper line) and the results of analyses using 5 variables (lower line in italics). 

12 19 27 34 35 37 38 39 40 41 42 43 44 45 46 47 48 Lf 9 .-
100 -1 I 100 89.36 100 100 100 100 100 100 100 100 100 100 96.3 93.33 96.55 100 100 

100 82.98 ).00 100 100 100 100 100 100 100 100 96.30 93.33 94.83 96.30 100 100 

121 85.11 100 100 100 100 100 100 laO 100 100 100 92.59 100 93.10 96.30 97.73 100 
72.34 100 100 90.91 100 100 100 100 100 100 92.59 86.67 94.83 92.59 100 100 

J 9 I 80.85 100 77.78 79.63 95.74 100 100 97.92 81.25 91.49 90.00 94.83 96.04 92.86 97.70 90.74 
100 68.52 79:63 70.21 97.87 100 95.83 75.00 91.49 92.86 91.38 94.06 91.43 93.10 87.04 

27 I 100 100 90.91 100 100 100 100 100 100 96.30 100 94.83 96.30 97.73 100 
100 81.82 90.91 100 ;1.00 100 100 100 88.89 93.33 94.83 88.89 95.45 100 

34 I 100 100 lOa laO 100 100 lOa 100 100 lOa 100 100 100 100 
100 100 100 100 100 100 100 100 100 100 100 100 100 100 

35 77.78 100 100 ! 00 100 100 100 91 .18 95.45 93~85 94.12 90.20 100 
83.33 100 100 100 91.67 75.00 100 79.41 72.73 84.62 82.35 80.39 83.33 

37 100 100 iOO 100 100 100 97.06 86.36 95.38 97.06 98.04 100 
72.73 100 91.67 100 91.67 90.91 94.12 95.45 95.38 97.06 98.04 94.44 

33 100 100 100 100 100 96.30 100 98.28 100 100 100 
100 100 80.00 100 100 85.19 93.33 94.83 96.30 97.73 90.91 

39 100 100 100 100 100 100 100 100 100 100 
80.00 100 100 100 100 100 100 100 100 100 

40 100 100 100 100 100 100 100 100 100 
100 100 100 100 100 1.00 100 1.00 100 

41 100 100 100 100 98.31 100 100 100 
100 100 96.43 93.75 94.92 100 100 100 

[;.2 100 96.43 100 93.22 78.57 88,89 100 
100 67.86 87.50 86.44 75.00 73.33 75.00 

43 85.19 100 94.83 100 86.36 100 
66.67 86.67 89.66 92.59 84.09 90.91 

44 89.47 80.25 76.00 74.63 100 
84.21 76.54 64.00 73.13 97.06 

I 

.~cS 71 .01 _ 92. 11 76.36 iOO I 72.46 86.84 70.91 1.00 

46 87.65 74.49 95.38 I 
77.78 73.47 90.77 

47 77 .61 9Lt .12 I 
80.60 94.12 ! 

43 90.20 I 
92.1.6 ! 

I 
I 

Key: Koumaro (I) Ailias (12) Armenoi & Pigi (19) Lerna 'N801ithic .(34) Nea Nikomedeia (35) Eleusis & Lerna (37) Mycenae (3<:;,) 
'~.D 

TroyIA (;39) Troy BA (40) Khirokitia & Sotira (41) Ugarit (42) Lachish BA (43) Lachish IA (44) Badari (45) 'c:> 

Naqada Uf6) SecirnE!nt (47) Kernla (48) Ivadi Ajjial (49) 
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Table 6.26 

Cf.l 
>£i 
Cf.l 
<!1 
U 

SITE No 

Wadi Ajjial 10 

Kenna 73 

Badari 36 

Sedment 40 

Lachish IA 72 

Lachish BA 7 

Naqada 59 

Alisar BA 18 

Ras Shamra 15 

Sotira 6 

Khirokitia 20 

Eleusis 12 

Lerna 43 

Nikomedeia 8 

Mycenae 19 

Troy IA " .::> 

Troy BA 4 

Indicating the total number of cases available 
for variables 

.V A RI A BL ES * 

...G 
.w »=I ::r:: »=I 

S ...G .w '\:I 
C) C) ::l .w ...G cU ~ »=I ..!:G ,..-l ,..-l 

~ ..;j C) co ...G b!l Z P4 Q) cU cU 
<!1 ~ ~ .w 0'-; »=I p::: I I () Q) til til 

0'-; Q) '\:I Q) ~ 0'-; cU cU cU ...G cU cU U 
f:r.< P4 U ...:1 »=I ::r:: ,G.. »=I »=I »=I R u Z Z Cf.l 

1 2 5 6 7 8 9 10 13 14 17 18 19 20 21 

7 9 3 5 6 x 4 7 5 4 4 4 4 4 4 

63 63 71 72 72 50 x 60 61 54 57 46 58 59 53 

35 x x x x 34 x 0 x 35 35 32 34 35 35 

39 x x x x 39 x 0 38 38 37 29 39 39 37 

70 67 x x 69 62 70 0 60 33 43 22 54 47 60 

5 x 6 6 x 6 5 0 5 5 4 3 5 5 0 

0 0 46 53 52 46 54 0 42 28 31 18 35 34 0 

0 0 0 x x 14 x 0 14 14 0 x 17 17 0 

13 12 8 13 13 1 1 12 0 8 6 0 9 8 7 0 

x x 5 x x 5 x 0 4 0 0 5 4 4 0 

17 17 17

1

18 18 15 17 0 15 0 0 12 12 13 0 

10 10 9 x 11 5 10 0 6 0 0 8 3 3 x 

x 42 x 42 42 0 42 0 31 0 0 40 37 37 37 

0 0 4 5 5 4 5 0 4 0 0 4 4 4 5 

0 0 15 18 18 0 17 0 5 x 0 13 13 12 IS 

x x x x x x x 0 x 2 0 x x x x 

2 2) x x x x x 0 2 1 0 x 3 3 3 

x all cases available o no cases available 

* Variables: 

»=I 6 u 
0 0 

22 23 24 

5 5 4 

57 56 17 

34 33 32 

36 37 35 

60 60 0 

4 5 0 

32 32 0 

16 17 22 

9 9 6 

4 4 3 

12 12 1 1 

4 9 5 

39 41 39 

5 5 5 

13 14 14 

x x 2 

2 3 3 

1 Frontal Arc 2 Parietal Arc 5 Maximum Horizontal Circumference 

6 Maximum Vault Length. 7 Maximum Vault Breadth8 Height of Basion 

Bregma 9 Minimum Frontal Breadth 10 Biasterionic Breadth 

13 Base Length Basion-Nasion 14 Basion Prosthion 17 Facial 

Bizygomaxillary Breadth 18 Maximum Zygomatic Breadth 19 Nasal 

Height 20 NasalBreadth 21 Simotic Chord 22 Left Orbit Breadth 

23 Left Orbit Height 24 Bidacryonic Chord 

I 



6.8 Principal Components Analysis 

Principal components analysis transforms a set of k observed var~

abIes into a new set of up to k variables which are linear combinations 

of the original variables and uncorrelated with each other. (Where tHese 

calculations are carried out on observational data, rather than on a 

theoretical distribution with a known variance stucture, the number of 

principal components cannot exceed one fewer than the nrrmber of indi

viduals.) The new variables, which are the principal components, are 

arranged in order of importance in terms of the amount of variance which 

they explain; the first principal component is the linear combination 
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with the maximum variance. Fewer than k of these new variables will often 

account for most of the variances and express the main content of the data 

in fewer dimensions, the problem may become easier to handle mathematic

ally by the elimination of redundancies in the original data. However 

it can be very difficult to interpret principal components ani extrac t 

from them a true physical meaning. 

The use of principal components analysis to obtain a reduction in 

the nImbers of variables has been mentioned in the preceding section (6.6), 

on discriminant analysis. A principal components analysis was run on the 

IBM 4341 computer of the University of Liverpool using version 8 of the 

SPSS program (Nie, Hull, Jenkins et aI, 1975; 468-508). The analysis was 

done on nine variables (= original measurements, described in section 6.3), 

to see if these could be replaced more parsimoniously by a smaller number 

of principal components which explained most of the variation in the 

sample. It appeared that 70% of the variation could be explained by 

four factors, or 90% by seven factors, but the economy in factor numbers 

did not seem to be enough to compensate ~n the latter case for the 

difficulty of interpretation, or in the former case for the sacrifice 

of a large fraction of the variation available for discrimination between 

sample popUlations. A statistical technique should always be subservient 

to the needs of a research problem, the use of principal components 

analysis in the present context was discarded because it would certainly 

have compli~ated rather than simplified the problem. 

Principal components analysis may also be used to investigate the 

properties of variables in terms of their variances. Anderson (1958; 

272-273), appropriately illustrates such use of principal components for 

the ordination of variables with the example of a physical anthropologist 

~o might wish to know which measurements are contributing most to varia

tion among individuals in order to study those quantities. Important 



Te.ble 6.27 Armenoi Ha.les; principal cOr:lFone\lts~ cri6 in.:l1. 
ani tr ansf or rued c oef fie ien ts 

J!ile: Genmales results A Liverpool 4341 

Eigenvalues are 1.413300 0.526900 0.233300 0.166100 
Eigenvectors are 

S.c. 

0.024400 
0.098800 

-0.012500 
0.005400 

-0.036400 
0.031600 
0.077200 
0.010300 
0.091200 
0.087600 

-0.0]3600 
0.037600 

-0.038900 
0.002000 
0.945500 

-O.01 Lf400 
O.020b,00 
0.259500 

0.029007 
0.117456 

-0.014860 
0.006420 

-0.043273 
0.037567 
0.09i777 
0.012245 
0.108421 
0.]04141 

-0.016168 
O. O!.l. 700 

-0.0/.62LI 5 
0.002378 
1.124032 

-0.017119 
0.024252 
0.308500 

Scores 

0.141103 
0.571352 

-0.072286 
0.031228 

':"0.210498 
0.1827Ll O 
0.446!+41 
0.059564 
0.527401 
0.506583 

-0.078MS 
0.2J7437 

-0.224955 
0.011566 
5.467742 

-0.083274 
0.117971 
1.500665 

% Var. 47.5 

0.257700 
0.089100 
0.115900 
Q.155900 
0.097700 
0.033600 
0.083100 
0.061500 

-0.017900 
0.062400 
0.078800 
0.092800 
0.099900 
0.51Lf600 

-0.222600 
0.011900 
0.065500 
0.720200 

0.187059 
0.064676 
0.034129 
0.113165 
0.070918 
0.024390 
0.060321 
0.044642 

-0.012993 
0.045295 
0.057199 
0.067362 
0.072515 
0.373537 

-0.16158] 
0.008638 
0.047545 
0.522778 

0.908433 
0.314092 
0.408566 
0.549572 
0.344408 
0.118445 
0.292941 
0.216797 

-0.063100 
, 0.219970 

0.277782 
0.327135 
0.352163 
1.81 "'·046 

-0.784700 
O.0419!.}9 
0.230893 
2.5388 J 9 

17.7 

O. j 56000 
0.012400 
0.117700 
O. ]57[:00 
0.090000 
0.12SiOO 

-0.035900 
0.237Li,00 
0.118200 
0.060100 
0.099600 
0.092000 
0.448600 
0.520800 
0.148400 
0.106200 
0.003600 

-0.560iOO 

0.075350 
0.005989 
0.056850 
0.076026 
0.OLf 3471 
O.060!:25 

-0.0]7340 
0.m4667 
0.057092 
0.029029 
O. OLf 81 08 
0.044437 
0.216679 
0.251552 
0.071679 
0.051296 
0.001739 

-0.270535 

0.471614 
0.037[,87 
0.355827 
0.4758L17 
0.272085 
0.378198 

-0.108532 
0.7177 00 
0.357338 
0.181692 
0.301108 
0.278131 
1.356193 
1. 574466 
0.448638 
0.321060 
0.010883 

-1.693277 

. 7.8 

0.327000 
0.659600 
0.118300 
0.142400 
0.165[,00 
0.192200 
0.072800 
0.173200 

-0.084700 
-0.168200 
-0.272800 
-0.170100 
-0.069000 
-0.191600 
-0.035ljOO 
-0.] 07500 
-0.355400 
--0.069100 

0.133270 
0.268822 
0.048214 
0.058036 
0.067409 
0.078332 
0.029670 
0.070588 

-0.034520 
-0.068551 
-0.111181 
-0.069325 
-0.028121 
-0.078087 
-0.014427 
-0.043812 
-0.144845 
-0.028162 

0.694470 
1.4·00834 
0.251241 
0.302424 
0.351270 
0.408187 
0.154610 
0.367836 

-0.179883 
-0.357217 
-0.579.362 
-0.361252 
--0. 1465/,,0 
-0.406913 
-0.075181 
-0.228304 
-0.754785 
-O.lLI 6752 

5.6 



variables will be recognised by their large (standardised) coefficients 

in the first few principal components. In this thesis, principal compo

nents have b"een usei to investigate the measurements and their variances 

in order to try to identify those which may be useful for exploring phy-, 
sical variation among individuals and populations. 
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Common and less frequently available skull measurements were examined 

by the principal components technique. The measurements~ 1,2,5,6,7,8,9, 

10,13,14,17,18,19,20,21,22,23 and 24, are indicated in Table 6.26. Half 

the measurements listed here had to be excluded from cluster analysis 

and discriminant analysis because they were not available for all samples. 

But it was considered worthwhile examining the whole collection of mea

surements, since they are available for the Cretan samples, (for their 

availability at other sites see Table 6.26) to try to see which of them 

might be potentially the most useful characters for distin~ishing betw

een groups, when large, well preserved cranial series become available. 

Armenoi provides the only substantial sample for which all measurements 

are available (other samples from Crete are very small and become even 

smaller when cases with missing values are excluded). It seemed therefore 

sensible to study the Armenoi sample. Male and female measurements (41 

and 34 cases respectively had complete sets of measurements), were analy

sed separately. 

Principal components anayses are probably most often based on the 

correlation matrix of the observations with the intent of explo!ing the 

relationships within the set of variables. Here we chose instead to use 

the covariance (or dispersion) matrix, because it is the variability of 

physical quantities in the population (through which we may detect 

sources of external variation), in which we are most interested, and 

this information would be discarded by using the correlation matrix. 

Logarithmic transformations of the measurements were used so that measur

ements of different magnitudes but the same proportional variance, were 

given the same importance (Marriott, 1974; 20), which shou.ld simplify 

the interpretation of the resulting components. (This also has the effect 

of standardising the variances of measurements on different scales (Seal 

1964; 117-120), but this problem did not arise here since all measurements 

are linear and measured in millimetres). The principal components analysis 

was run on the IBM 4341 computer at Liverpool using the Genstat V package, 

which includes an option for employing the covariance matrix to derive 

principal components. 

For both the male and female samples, the first four components acc

ount for approximately 80% of the variation; these components will be 
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Table 6.28 Armenoi Females: principal components, original 

and transformed coeffic.ients-

File: Genfems resu .. lts A Liverpool 4341 

Eigenvalues are 1.720600 0.417700 0.295700 0.221600 
Eigenvec.tors are 

s.c. 

0.010600 
0.058100 
0.011200 
0.010600 

-0.001300 
0.028000 
0.028000 

-0.025200 
0.026500 
0.026100 
0.022600 
0.079600 

-0.027700 
0.167800 
0.964700 

-0.029200 
-0.012800 

0.159200 

0.013904 
0.076211 
0.014691 
0.013904 

-0.001705 
0.036728 
0.036728 

-0.033055 
0.034760 
0.034236 
0.029645 
0.104413 

-0.036335 
0.220106 
1.265413 

-0.038302 
-0.016790 

0.208825 

Scores 

0.067262 
0.368669 
0.071069 
0.067262 

-0.008249 
0.177672 
0.177672 

-0.159905 
0.168154 
0.165616 
0.143407 
0.505096 

-0.175768 
1.064763 
6.121435 

-0.185287 
-0.081221 

1.010192 

% Var. 51.4 

0.119800 
0.076900 
0.025100 

-0.-007600 
0.059900 

-0.012900 
-0.009500 
-0.057200 
-0.0654{)0 
-0.280800 
-0.148300 
-0.234800 

0.051300 
-0.671100 

0.229500 
0.020600 
0.239800 

-0.498000 

0.077 426 
0.049700 
0.016222 

-0.004912 
0.038713 

-0.008337 
-0.006140 
-0.036968 
-0.042268 
-0.181480 
-0.095846 
-0. 151751 

0.033155 
-0.433730 

0.148325 
0.013314 
0.154982 

-0.321856 

0.372452 
0.239078 
0.078035 

-0.023628 
0.186226 

-0.040105 
-0.029535 
-0.177832 
-0.203325 
-0.872993 
-0.461057 
-0.729981 

0.159489 
-2.086415 

0.713504 
0.064044 
0.745526 

-1.548256 

12.5 

-0.213100 
0.147000 

-0.062000 
-0.025500 
-0.065600 
-0.015900 
-0.140900 
-0.159800 
-0.118400 
-0.220600 
-0.735100 

0.433900 
-0.195800 

0.091900 
-0.028700 
-0.143500 
-0.112200 
-0.080600 

-0.115580 
0.079936 

-0.033715 
-0.013866 
-0.035672 
-0.008646 
-0.076619 
-0.086897 
-0.064384 
-0.119959 
-0.399735 

0.235947 
-0.106473 

0.049974 
-0.015607 
-0.078033 
-0.061012 
-0.043829 

-0.721435 
0.497653 

-0.209897 
-0.086328 
-0.222084 
-0.053828 
-0.477007 
-0.540992 

- -0.400835 
-0.746826 
-2.488638 
_ 1.468938 
-0.662867 

0.311121 
-0.097162 
-0.485809 
-0.379845 
-0.272866 

8.8 

0.339200 
0.161900 
0.100100 
0.-043800 
0.188500 
0.034200 
0.079900 
0.208500 

-0.325700 
-0.557200 
-0.056200 
-0.027000 

0.181400 
0.217200 

-0.072800 
-0.030000 

0.355800 
0.356200 

0.159676 
0.076213 
0.047121 
0.020619 
0.088735 
0.016099 
0.037612 
0.098150 

-0.153321 
-0.262299 
-0.026456 
-0.01271 0 

0.085393 
0.102246 

-0.034270 
-0.014122 

0.167491 
0.167679 

0.824888 
0.393719 
0.243430 
0.106516 
0.458406 
0.083170 
0.194306 
0.507044 

-0.792058 
-1.355035 
-0. 136671 
-0.065660 

0.441140 
0.528201 

-0.177040 
-0.072956 

0.865257 

0.866230 

6.6 

, 



examined. The coefficients of the first four components were standard

ised by two methods: (1) division by the square root of the correspond.:Lng 

eigenvalue to obtain the "score coefficient" (which has the effect of 

making all components equally variable in the population, and which is 

convenient if values for different components are to be plotted again5t 

205 

one anothe:o; (2) 1ll.lltiplication of the "S.C." by the mean of the corres

ponding variable. The partial scores so obtained reflect both variability 

and the means and where the original measurements are all on the same 

scale this does to some extent highlight the combined effect of mean and 

variability. The score coefficients and scores for male and female samples 

are presented in Tables (6.27 and 6.28). The tables refer to eigenvectors, 

which is a less familiar mathematical term for principal components in 

this context. 

Irrespective of the method of standardisation, it can be seen in 

these tables that a significant amount of variation appears to be associated 

with nasal characteristics. In the first four principal components, 21 

(simotic. chord), 24 (bidacryonic chord), 20 (nasal breadth) and 19 (nasal 

height), frequently appear among the most heavily weighted variables. 

This observation, which is true of both the male and female samples, rein

forces the findings of the cluster analysis and discriminant analysis where 

nasal characteristics were the dominant influences in d istingp. ishing groups. 

As is often the case, the~e principal components are not rea::i ily interpre

table. An obvious correspondence between the components for the male and 

female samples cannot be established.. (However, in both samples variable 

2 (parietal arc), appears to be important in component 1, and variable 

(frontal arc) is also relatively important in components 3 and 4). Often 

with biological data, principal components analysis produces a component 

which may be interpreted as a size measure or a "growth factor" (Blackith 

and Reyment 1971, 154), but bhe presence of coefficients of mixed signs 

in all the components makes it difficult to identify any of them in this 

way. The fourth component for males shows a distinct contrast between 

vault and face measurements, where the coefficients have opposite signs. 

Unfortunately it is not possible to confirm these findings on all 

samples, because of the absence of uniformity in measurements taken on 

samples studied by different investigators. Due to the importance of 

the variables: 21,24,20 and 19, which have been identified by this ana

lysis,.it is recommended that theBe measurements should be consistently 

recorded in future craniometric studies. 



6.9 Discussion 

This investigation has attempted to estimate the relationship be

tween the Minoan population and the other population samples examined 

and to use this information to test the hypotheses of archaeologists ' 

about population acigins. The method of comparing Qifferent populations 

which has been used in this thesis is to compute the relative degrees 

of similarity between them by the analysis of metrical observations. 

The assumption underlying this approach is that similarity is a measure 

of relationship or affinity. 

It seems reasonable to suppose that gralps which have been widely 

separated or isolated for a long time will be most dissimilar and share 

the least affinity, bIt those which have been recently separated or 

between which a certain amount of interbreeding takes place will show a 

greater similarity or affinity. For example it is not difficult for an 

untraineQ observer to dis tinguish Greeks from Swed es, or Italians from 

Norwegians, because the accUlllllated differences between Scandinavian and 

Hediterranean populations which have been separated over a long period of 

time are sufficient to enable a casual observer to distinguish between 

them. It is however more difficult to distinguish between either of the 

Scaniinavian or either of the MeQiterranean popUlations. 
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Crete is an island and hence geographically isolated. In prehistoric 

times geographical separation was obvicusly a much more important factor 

in restricting contact with other populations than it is today. The 

Kinoan popUlation was separated from its parental popUlation or populations 

ani during the course of time inevitably developed distinctive traits dif

ferentiating it in some degree from the population or populations from 

which it was originally descended. The fact that popUlations are constantly 

in the process of change must complicate the problem of trying to identify 

ancestral popUlations which would themselves be changing. Ideally a proper 

study of secular changes requires a chronologically interdigitating suc

cession of samples fram the same populations, which has not been available 

so far. 

It has had to be assumed here that gene frequencies throughout the 

Kinoan popUlation are homogeneous, or in other words that this sample of 

Minoans was representative of the whole population, even though there is 

a real possibility of local variation amongst the islani's communities 

Que to different selection pressures, genetic drift, local pockets of 

colonisation by new immigrants or relict populations. Physically the 

island is divided up by four main mountain masses (Chapter 2.3) and these 



natural divisions reinforced perhaps by conservative marriage patterns 

may well have restrictei gene flow between remote rural districts lead

~ng to differentiation of local communities.* But to test this would 

have require:f an even geographical spread of samples from different ; 

areas of the island. So far these have not been available. 

It has been suggested that one of the functions of palaeoantlropo

logy ~s to confirm biological principles. In any event the interpreta

tion of multivaria te biological data has to take acc.ount of biological 

processes. It has been observed that continuity exists within all groups 

in the ruman species and that there are no sharp divisions between human 

populations. Overlap occurs in respect of s~ze and form even between 

groups which are widely sepaiatem. Evidence of continuity and overlap 

between samples can be seen in the present analysis. Cluster analysis 

which is a classificatory technique arranged individual crania from all 

samples into three groups and showed that intergradation exists between 

individuals in the populations stuiied. Discriminant analysis on contin

uously varying traits allows the discrmination of individuals according 

to the degree of differentiation of the groups to which they belong. In 

discriminant analysis on these samples, the overall ~~ccess rate of pre

dicting correct group membership was only between 34% - 47%. But leaving 

aside problems concerning samples and choice of variables, which have al

ready been discussed (6.2 and 6.8), a likely explanation of these results 

~s that they do to some extent reflect real overlap between human groups. 

It has also been observed that variation within a breeding popula

tion tends to be clustered since factors such as tradition, language, 

religion and law teni to restrict mate exchange within populations, al

though mating can ani does take place between contiguous and widely 

separa ted groups, which came into' contac t for any reason. Here c hi

squared tests showed that there was a significant correlation between 
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the frequencies of cranial forms, defined by the cluster analysis, and 

their geographical distribu.tion, although the clusters were not completely 

segregated geographically. A feasible interpretation is that the evidence 

reflec ts a degree of interbreeding between contig.rous groups. Nonethe

less the samples do represent different populations with different gene 

frequencies, as is shown by the fact that crania from different popUlations 

are allocated to the clusters in different proportions, as well as by the 

* Evidence for congenital dislocation of the hip, sickle-cell anaemia, spinal 
coluTIh~ imperfections, which suggest closed community breeding patterns, 
is discussed in Chapter 9, Part II. 



diffacentiation achieved in discriminant analysis. 

When discriminant analysis was usei as a predictive tool to allocate 

the ungrouped Hinoan crania to the groups which they most c.losely resem

bled, the majority of crania were allocated to the mainland Greek Broaze 

Age samples or to the Early Neolithic Cypriot samples (Tables 6.12 and 

6.25). This is interpreted as meaning that there lS a strong affinity 

between these populations. There lS a great deal of archaeological evi

dence (discussed in Chapter 3) to substantiate a strong Minoan influence 

on many aspects of mainland culture~ in art, ceramic technology, in 

religion, administration and literacy. The two populations are however 

culturally distinct as indeed they are biologically distinct. On present 

evidence it is quite probable that early contact led to a certain amount 

of mixing between the populations and that they may also have had shared 

origins. 
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In cluster analysis on the male data one of the major distinctions 

between the Minoan and mainland Greek populations is the very high pro

portion of Minoan crania in the A cluster (21/51). In the mainland sample 

a small proportion of crania from Lerna (5/40) were classified in the A 

cluster. These crania may therefore be considered untypical of the main

land population, but typical of the Minoan population. It may be that 

within a single breeding community there are persons unrelated to those 

living there, or others who have ancestors of different origins. It lS 

suggested that the crania from Mycenae and Lerna classified In the A 

cluster might represent such iniividuals. Indeed according to a tradition 

which survived down to Classical times Agamemnon's mother was a Cretan 

Princess (Sophocles: Ajax, 1295-7; Apollodorus III, i-ii). Marinatos put 

forward a hypothesis for two ruling houses at Mycenae represented by 

Grave Circles A and B. On present evidence one might suggest the possib

ility that some individuals in Grave Circle B, which is the earlier of 

the two (ME III-LHI), had ancestral ties with Crete. 

It has frequently been suggested that Minoan master craftsmen worked 

on the mainland producing articles of high quality which native craftsmen 

would have been incapable of producing. Metalwork identified as being of 

Minoan craftsmanship has been found more often on the mainland than on 

Crete (Catling in Popham et al 1974). Some of the Lerna pottery has such 

a distinctly Minoan character compared to local ceramics, that it has been 

suggested that there must have been a small colony of Minoans living and 

working there. Thus it seems possible that the cultivation of the mainlan

ders tastes for res Minoi:ca wou1d. have given ample opportunity for some in-
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terbreeding between the Cretan and Helladic populations through the 

migrations of artisans, traders and others (doubtless in both directions), 

long before the supposed Mycenaean conquest of Crete in LM II (Warren 1973, 

45). The present hypothesis would account rather better for the simil

arity between the Cretan and Helladic populations indicated by this 

analysis. 

The resemblance of the Minoans to the Neolithic Cypriots is inter

esting, for although not widely separated geographically they are widely 

separated chronologically. This ev:idence offers the tantalising possibi

lity of proving a) population continuity on the islands of the East 

Mediterranean from the Neolithic period and b) a possible link between 

early Cypriots and early Cretans, if the resemblance between them is not 

fortuitous. (Minoan and Cypriot crania were not linked in the analysis 

of the female data.) Although the Minoan and Cypriot samples are widely 

separated in time, it nevertheless seems possible that they may have 

shared a common ancestry. If for example these islam s were populated at 

the same period, common traits may have been retained in the Minoan 

population, due to the limits imposed on new traits being introduced into 

the Cretan population am due to the influence of similar selection pres

sures acting on populations of common ances try living on island s, um er 

similar environmental conditions. The surest way of trac ing such a hypo

the tical link would be thrcugh the examination of a good sample of Neo

lithic and Early Bronze Age crania from Crete. Unfortunately wE7ll pre

served material of this date has so far been meagre. Doubt has been 

expressed about the date of the Koumaro crania (excavated in unusual condi

tions by the Germans during the occupation of Crete in 1942). It has even 

been suggested that they are Late Minoan. In any event there are only a 

hamful of early crania which qualif ied f or inclusion in this analysis. 

But though there are few of them these early crania do resemble the later 

ones as far as one may juige from their allocations to clusters and groups 

(Tables 6.4 and 6.13). It remains to be seen whether future research will 

be able to flesh out this tentative hypothesis, which may mean that we 

should seek a common (Neolithic) origin for both early Cretan ani Early 

Cypriot populations. 

At the moment there ~s no anthropological proof for the hypothesis 

that the Minoans may have originated from Western Anatolia (Warren 1973), 

although its proximity to Cyprus might be suggestive, becWlse of the lack 

of available samples from this region. Although it is not at present pos

sible to make a more positive contribution than this towards the solution 



of the problem, some negative answers are provided by these analyses. 

On the basis of the samples analysed, there do not seem to be any close 

affinities between the Minoans and the Egyptians, as suggested by 

Weinberg (1965, 307). Nor does there appear to be any evidence of cl9se 

similarity.between the Minoans and the Palestinians, a hypothesis put 

forwani by Branigan (1970, 198-200) suggesting the possible origins of 

the Minoans in the Proto~rban culture of Palestine. Recently archaeo

logists have been examining an alternative model to migrationist ani dif

fusionist theories, for the explanation of culture change. It may be 

that some consideration should be given to the possibility that the deve

lopment of Minoan civilisation was a mainly ini igenous process. Perhaps 

one of the greatest fascinations of Minoan archaeology is that, after a 

century of research its most interesting secret has still not been dis

covered. The origins of this people who displayed such a remarkable 

floresence of human ability and creativity remain an enigma. 

It is hoped that in future palaeoanthropology will be able to make 

a more positive contribution to the solution of this problem. It is 
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felt that through numerical ffiethods it will be possible to extract the 

answers to this enigma when more early skeletal material becomes available. 

It will also be interesting to experiment with different variables such 

as those indicated by the principal components analysis (section 6.8), 

particularly because it became apparent in this investigation that popula

tions can differ from or resemble one another in respect of different traits. 

Hence the more variables it is possible to experiment with the better. 

The relationships between the other population samples included in 

this analysis are not strictly within the scope of this thesis, but some 

of the results deserve a brief comment. There appears to be an affinity 

between the populations of Lachish and Sedment in the cluster analysis of 

the females data (see Fig. 6.7). Such a connexion has already been suggested 

by Risdon (1939) and. Musgrave and Evans (1980). However in the analysis of 

the male data the Lachish sample was paired first with Alisar and. then with 

Naqada. An affinity, shown by these analyses to exist between Kerma and the 

Egyptian population, is in harmony with the archaeological evidence for the 

founding of an Egyptian colony at Kerma in 1970 B.C. The Greek Early Neo

lithic sample £rom Nea Nikomedeia shows a strong affinity to the African 

samples from Wadi Aj j ial and. Kerma, though these are widely separated in 

time as well as geographically. It has already been mentioned that Angel 

su.ggested "Nubian genes ll in the Nea Nikomedeia population. The resemblance 

of the Wadi Ajjial sample to the Nubian group in this analysis, coincides 

with a tradition that the Garamanteans whom Herodotus mentions (:Histories 

IV, 167-188) may have originated from the East. 
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Table 7.la Non-metrical cranial variations in some early Cretan population samples .. 
NEOLI11UC PRE-PALATIAL PERIOD PALATIAL PERIOD 

Males Females Total Males Females Total Males Females Total 
OSSICLES N %Freq. N %Freq. %Freq. N %Freq. N %Freq. %Freq. N %Freq. N %Freq. %Freq. 

LAMBDA 2 0.0% 4 0.0% 0.0% 16 18.7% II 18.2% 18.5% 52 I. 9% 43 13.9% 7.3% 

WORMIANS 2 0.0% 4 25.0% 16.6% 16 68.7% 11 45.4% 59.2% 52 36.5% 43 30.2% 33.6% 

METOPISM 1 0.0% 4 0.0% 0.0% 16 0.0% 14 14.2% 6.6% 53 5.6% 44 0.0% 3.1% 

EPIPTERIC 1 100.0% 4 25.0% 40.0% 6 0.0% 4 0.0% 0.0% 21 4.7% 12 0.0% 3.0% 

PARIETAL 2 50.0% 4 0.0% 16.6% 13 38.4% 8 25.0% 33.3% 37 13.5% 28 21.4% 16.9% 

ASTERION 2 0.0% 4 0.0% 0.0% 16 12.5% I I 9. 1% 11 .1% 52 1.9% 43 6.9% 4.2% 

SAGITTAL 2 0.0% Lf 0.0% 0.0% 16 6.2% 11 0.0% 3.7% 52 3.8% 43 6.9% 5.2% 

CORONAL 2 0.0% 4 0.0% 0.0% 16 6.2% 1 1 0.0% 3.7% 52 3.8% 43 0.0% 2.1% 

PARIETAL FORAMEN: I 100.0% 4 JOO.O% 100.0% 15 73.3% 13 76.9% 75.0% 48 62.5% 43 53.4% 58.2% 
-- - -.-.---~- ---- .. ~- ... --.. ~ 

L...... __ ._ .. ~. _____ ~ 
-~--~--'----~- _L-~._ ... _& __ -

LATE MINOAN III POST MINOAN 
Males Females Total Males Females Total 

OSSICLES N %Freq. N %Freq. %Freq. N %Freq. N %Freq. %Freq. 

LAMBDA 108 8.3% 89 6.7% 7.7% I I .18.1% 5 0.0% 12.5% 

WORMIAN 108 53.7% 89 56. 1% 55.6% 1 I 63.6% 5 20.0% 50.0% 

HE TOP ISM 103 13.5% 96 9.3% 13.7% I 1 18. 1% 6 16.6% 17.6% 

EPIPTERIC 7$ 19.2% 71 23.9% 19.7% II 18.1% 3 66.6% 28.5% 

PARIETAL 100 19.0% 88 21.5% 20.3% II 45.4% 4 25.0% 40.0% 

ASTERION 108 2.7% 89 0.0% 1. 7% II 27.2% 5 0.0% 18.7% 

SAGITTAL 108 4.6% 89 3.3% 4.3% 11 0.0% 5 20.0% 

6':~, CORONAL 108 3.7% 89 2.2% 3.8% I 1 0.0% 5 0.0% 0.0% 

PARIETAL FORAMEN: 94 78.7% 78 76.9% 78.1% ]0 70.0% 7 42.8% 5~~% 
- - --- ---- _ .. _-_ ..... - ---- ---- --- ----- -- ---- - ~ ... -.- .. -.-- --_ ..... ~.--~- - ---



Table 7.1 b .. Non-Ule tr ical cr anial var ia tions in some Minoan populations 

PALAlKASTRO AIL lAS 
Males Females Total Males Females 

OSSlCLES N 7£req. N %Freq. %Freq. N %Freq. N %Freq. 

LAMBDA 14 21.4% 10 20.0% 20.8% 40 2.5% 34 14.7% 

WORtHANS 14 64.2% 10 40.0% 54.1% 40 40.0% 34 38.2% 

HETOPISM 14 0.0% 12 16.6% 7.7% 42 2.3% 38 0.0% 

EPIPTERIC 6 0.0% 4 0.0% 0.0% 14 0.0% 10 0.0% 

PARIETAL 13 38.4% 8 25.0% 33.3% 27 7.4% 22 22.7% 

ASTERION 14 14.2% 10 10.0% 12.5% 40 2.5% 34 5.8% 

SAGITTAL 14 7.1% 10 0.0% 4.1% 40 2.5% 34 5.8% 

CORONAL 14 7.1% 10 0.0% 4.1% 40 5.0% 34 0.0% 

PARIETAL FORAMEN: 13 76.9% 12 75.0% 76.0% 37 62.1% 37 59. L.% 
--.---.~ 

ARMENOl 
Total Males Females 
%Freq. N %Freq. N %Freq. 

8.1% 99 8.1% 78 6.4% 

39.1% 99 57.1% 78 57.1% 

1. 2% 94 11.8% 84 10.8% . 

0.0% 75 20.0% 6LI 25.3% 

14.2% 94 19.3% 78 23.3% 

4.1% 98 3.1% 77 0.0% 

4.1% 98 5.1% 79 3.8% 

2.7% 98 4.1% 80 2.5% 

60.8% 87 79.3% 67 82.1% 

Children 
N %Freq. 

35 8.3% 

35 58.3% 

41 27.9% 

18 5.2% 

23 20.0% 

37 2.7% 

35 5.5% 

34 8.3% 

29 79.3% 
~.- .. ~~ 

Total 
%Freq. 

7.5% ' 

57.5% 

14.6% 

20.3% 

21.0% 

1.8% 

4.7% 

4.2% 

80.3% ! 
I 

f\: 
i
f\, 
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Table 7.2 

LAMBDA 

WORMIANS 

METOPISM 

EPIPTERIC 

PARIETAL 

ASTERION 

CORONAL 

PAR. FORAM: 
- -_ ... _-- --.-~-

Key: 

Comparison of non-metrical cranial variations in some populations 

CRETE 
1 2 3 

20.8 8.1 7.5 

54. 1 39.1 57.5 

7.7 1.2 14.6 

0.0 0.0 20.3 

33.3 14.2 21.0 

12.5 Lf. 1 1.8 

4.1 2.7 4.2 

76.0 60.8 80.3 

(1) Palaikastro 

(5) Middle Kingdom 

(9) Lachish 

EGYPT 
4 5 

11.8 12.6 

31.6 32.3 

6.6 3.3 

6.7 14. 1 

8.3 9. Lf 

4.6 11.7 

1.7 1.7 

53.2 51.8 

(2) Ailias 

(6) Gizeh 

(10) Sarachae 

GOLD 
NUBIA COAST 

6 7 8 

10.0 20.7 12.5 

37.0 44.6 25.9 

10.0 3.2 0.0 

8.0 14.8 6.2 

5.0 0.0 6.2 

14.0 7.0 14.3 

5.0 0.0 0.0 

38.0 56.9 59.2 

(3) Armenoi 

(7) Jebel Moya 

(11) Edinburgh (Medieval) 

Iv 

Vl 

PALES-
TINE TURKEY N EUROPE. 

9 10 1 1 12 

1 I. 1 0.0 14.6 14.0 

29.8 43.5 47.5 40;0 

7.4 6.5 18.0 20,0 

9.5 15.4 18.5 18,0 

2.8 7 . 1 8.0 12!0 

6.5 - 11.0 6,0 

3.7 6.5 3. 1 3,0 

35.2 86.9 52.0 64:0 

(4) Naqada 

(8) Ashanti 

(12) Oslo (Medieval) 
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CHAPTER SEVEN 

NON-METRICAL V~~IATION 

7.1 Introduction 

Non-metrical variations were studied in the crania, teeth, lower 

lumbar and sacral vertebrae of the populations und.er consideration. The 

observations relating to the vertebral column are described in the chap~er 

on pathology (Chapter 9). Non-metrical variations of the cranium are des

crilYed here. 

Similar researches on ancient EgJ~tian cranla and on rats (Berry 

and Berry 1969), have suggested that such skeletal variation is heredi tary 

and. that "it could be used. as a genetical marker in popUlation studies 

In approximately the same ,·my as the frequency of blood groups". 

The data for non-metrical variation of the cranial bones in the 

early Cretan populations, together with similar data for Egypt, Nubia 

the Gold Coast, Palestine, Turkey avn North Europe Medieval published 

by Berry and Berry, are given in Tables 7.1 a + band 7.2. 

Table 7.1 illustrates variations with low and high frequencies In 

the Early Cretan population. Non-metrical variations with frequencies 

under 10% were placed in a new table 7.3, together with certain other 

phenomena, believed to have a hereditary component, which were observed 

In the Armenoi popUlation. These are: 

1 - Eight crania which have a noticeably thicker diploic table, 

possibly indicative of sickle-cell anaemia, which is an inherited 

disease. 

2 - Osteoma of the frontal bone, which was seen in four people, three 

of whom were buried In the same tomb, although osteomata are not 

normally considered hereditary. A fifth person had an osteoma 

on the occipital bone and a sixth had one on the left parietal 

adjacent to the coronal suture. (Plate 45) 

3 - Scaphocephaly, premature closure of the saggital suture, seen In 

three people. The aetiology of scaphocephaly lS unknown, but it 

is possibly epigenetic. (Plate 45) 

4 - A peculiar variation involving the shape of the basi-occipital 

bone was seen in two people. (Plate 46) 

5 - The fusion of the atlas or partially formed atlas to the basi

occipital was seeri in two people. (Plate 47) 

6 - Canines with two roots were seen in four people. 
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Table 7.3 Non-metrical variations in the Armenoi population 

Tmrn SEX AGE 

13A 
191 
24B 
31.3 
46.1 
551 
67E 
67i) 
69.-'\. 
691-
71.'\. 
71E 
73A 
73E 
73[T 
732 
73H 
738 -
7!.A 6 

7

W
" ~ 766 6 

li~ I, f 
806 'i 
8GB I ~ 
862 I .{ 
S9r- 6 

;;PI
1 

} 
89H t 
89K ~ 
89/\ j t. 

·nB I g 
94B + 
951 
956 Z 
95E Z 
95';) 6 

!~~ I t 
98.:. 

103! 
1072 
108L':. 
108K 
117A 
117E 

~ 

~ 
Q 

~ 
Q 

t 
I 

TOT A L 
I 

26 
29 
39 
34 
34 
32 ! 
29 
IS 
40 
23 
25 
25 
28 

9 
26 
4! 

20 
21 

20 
29 
45 
30 
40 

1
25 
20 
23 
17 
26 
25 
30 

I il 
I 
~~ 
36 
26 
13 
SO 
30 
22! 
25 
22 
22 
25 
30 
24 
18 
21 
27 

DATE 

LMIIIa2 
LHIIIbl 
LHIIIa2 

LHIIIa2/bl 
L'11 IIa2 /b 1 
Ll-lIIIa2/b I 

LMIIIa2 

LMIIlb 

L}!IIIb I 
LHIIIb 

" 

LMIlIa2 

LHIIIa2/bl 

U1IIIa2/bl 
L}!I IIa2 /b I 

LMIIIal 

I I.;·lIIIa 
L~!IIIa 

U1IIIa/b 

L}lIIIa 

LMIIIb 
LMIIla/b 

LHIIlb 

I cs OS 

x 
x 

x 

x x 
x 
x 

x 

x 
x 

x 
x x 

x 

8 6 

KEY CS - Sickle-cell anaemia 
OS - Osteoua 
SC - Scaphocephaly 
OC - Occipital 
CO - Coronal Ossicles 
SA - Sagittal Ossicles 
AS - Ossicle at Asterion 

CRANUL DENTAL SPINAL CRANUL 
SC OC CO SA AS L RC RI LG TD AT SO M W E P 

x 

x 

x 

x 

x 

3 2 

x 
x 

x 
x 
x 

x 

x 

x 
x 

9 

x 

x 
x 

x x 
x x 
x 

x x 

x 
x 
x 

x 
x 

x x 
x 
x 

x 

x 

x x 

x 
x 

x 

L - Ossicle at Lambda 

x 

x 

x 

x 

4 

RC - Double-rooted canine 
RI - Double-rooted incisor 
LG - Lingual cusp 
TD - Tauro:lontism 

x 

x 

2 

x 

x 

x 

x 

x x 

x x 
x 

x 

x. 

x 
x 

x 
x 

x 

6 6 2 2 

M - Hetopism 

x 

x 

x 
x x x 

x 
x 

x 
x 

x 
x x 

x 
x x x 
x 
x x x 

x. x 

x 

x 

x 
x 
x 

x 

x x x 
x x x 

x 
x 
x 

x x 
x x x 

x 

x 
x x 

x 

x x x 

x x x 
x 
x x 

x x 

x 
x x 

x 
x 

x x x 

W - Wormian (lambdoid) 
E - Epipteric bone 
P - Parietal Notch Bone 
5 - Sa~ilisation 

AT - Fusion of Atlas & Occiput L - Lumbarisation 
SO - Spina Bifida Occulta 0 - Open Sacral Canal: 

SPINAL 
5 L 0 

x 

x 

x 

x 
x 

x 

x 

x 

x 

x 
x 

x 

x 

x 



7 Maxillary incisors with two roots were seen in two people. 

8 - Lingual cusps on the third molar of five people and on the 

left maxillary incisor and canine of one person. 

9 '- Taurodontism of the second molar in three people and of the 

third molar in two people and of the second premolar In one. 

10 - Spina bifida occult a J.U two people. (Plate 47) 

The ten groups of variation listed above are so distinctive t~at they 

can almost certainly be considered as evidence for blood-relationships 

between the people in whom they occur. 

The simultaneous existence of one or more of the above ten varia

tions and of coronal and/or sagittal ossicles were considered to be 

primary indications of family relationship. The study of other non

metrical variations such as ossicles at asterion and lambda though 

their respective frequencies were 1.8% and 7.5%, metopism, wormian, 

epipteric and parietal ossicles and variations of the lower lumbar and 

sacral vertebrae were considered to be of secondary importance for 

demonstrating family relationships. Some of these variations are illu

strated in plates 48-54. 

7.2 Interpreting the Evidence 

The skeletal material from the Armenoi cemetery provides a unique 

opportunity to investigate family relationships, through the study of 

non-metrical variation. This study uses the data given in Table 7.3, 

and some supplementary evidence of other people not included in this 

table, who may bridge some hiatus in the genealogy which is eventually 

suggested. The idea that it would be practicable to work out possible 

family-trees arose during the field study of the crania. Certain resem

blances in physical appearance ~re so obvious that they betrayed a 

blood-relationship between certain individuals buried either in the same 

tomb or in different tombs. These resemblances are not always describ

able In concrete osteometric terms. However there are a number of 

similarities between individuals buried in the same tomb, which verify 

the hypothesis that these are family tombs. For instance the osteomata 

of individuals In tomb 89; the coronal ossicles of individuals in tomb 

73; the burial in tomb 80 of a mother (80~) with her small child, both 

, of whom have a parietal notch bone In exactly the same position (see 

Plate .51); the coronal ossicles of tomb 117; thesagi '?tal ossicles of 

tombs 86 and 95; and the ossiclesat lambda in tomb 77 are all highly 

srrggestive of blood relationships between iniividuals buried in the same 

tomb. 
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With existing data it is possible to prove the existence of blood 

relationships between two or more people in the same tomb or between 

two or more people from different tombs. 

For instance in the case of the osteomata on the frontal bone there 

~s an obvious relationship between ind.ividuals 89Z, 89K and 89A and a 

probable relationship exists between these individuals and 46-1 or 13A 
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or between all ·of them. The question is who bore whom? The solution to 

this problem lies in the archaeological evidence. First in the chronology 

of the tombs, based on the associated finds. For example if there is a 

relationship between people buried in tombs 89, 46 and 13. mentioned 

above, then the people in tomb 89 are the ancestors of 46.1 and 13A, since 

tomb 89 was used during the LM IlIa1 pericxi, while tomb 46 "las used during 

1M IIIa2-LM Illb and tomb 13 was used d.ur ing LM IIIa2. 

The second piece of archaeological information which may assist us In 

finding the solution to this problem is the sequence of burials within 

a single tomb. This may be deduced from the excavation note-books, where 

some burials are described as having been found in situ, or slightly dis

turbed, or at the back of the tomb in a heap - mixed with other burials -. 

because they were moved aside to make room for new burials. For instance 

among the skeletons 117A, 117B and 117r, the latter 117rwhich was founa 

in si tu died last of all, while 117 A died in child -bir th or i.n:rrnedia tely 

afterwards since the bones of a new born child or fully formed foetus 

were found with her. 117B died either a little while before or a little 

while after her. 

Based on the archaeological evidence and using the rare non-metrical 

variations and where necessary the less rare variations of the skull and 

vertebral column as a guide, it was possible to arrive at the formulation 

of family relationships between those buried In a single tomb or of dif

ferent tombs. The final result was the creation of one or more genealo

gical tables which embrace several families in the Armenoi community. 

However a necessary prerequisite for this is the elucidation of a 

key fact concerning the period under consideration. That is, when one 

uses the word "family" in the late Minoan period., what precisely is its 

meaning. When a man ani a woman are buried in the same tomb, having died 

at a 'productive age' and being obviously related by blood to one another 

(cognates), what should one conclude? That the woman is the mother of 

the man, or that the man is the father of the woman? The form of marriage 

and the matriarchal or patriarchal character of Minoan society are questions 

which must be answered. 



, 

Thomson (1954, 18), wrote that the manner in which ancestry is 

traced is correlated with the manner of food production. At the hunting 

stage of cultural development ancestry was traced predominantly through 

the maternal line (matrilineal), but· this was rapidly superceded at the 

stage of animal domestication and more slowly at the farming stage. 

Undoubtedly the stage of cultural development of Minoan civilisation 

presupposes a patriarchal society. However the same author also speaks 

of the survival of matriarchal elements and of the partially matriarchal 

character of Minoan society (Thomson 1954, 120, 176). Willets (1965, 

72) citing Tho~son's words, suggests that Minoan marriage had a "matri

local" char ac ter. 

In spite of the patriarchal character of the economy it is very 

likely that marriage maintained the matriarchal tradition, or was ~n some 

intermediate transitional state. The question of whether the bride 

changed family and was buried wi th her husband I s family or whe thEir the 

husband did and was buried with his in-laws is unanswerable. 
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Perhaps one should mention here a custom known among African tribes, 

where the newly wedded couple remain for a short period with the bride!s 

family - perhaps for "educational" purposes - and later join the husband's 

family. A similar custom survives today in Greece. There are areas of 

Greece today (for example Crete and the Peloponnese), where the bride 

changes family and it is considered disparaging if the husband live,-.;.;ith 

the bride's family. If this happens then the husband is called t!aw"(a.f.l'Jt

POC;t! (in-groom) an epithet whic.h amounts to a life-long stigma. 

There are other areas, mainly those which were innundated with re~

ugees from Asia Minor after 1922, where custom demands that the bride

groom should go to live with the bride's family, and that he rather than 

the bride's brother for instance should assume the responsibilities of 

the head of the household, after the death of his father-in-law, or often 

even before this event. 

Naturally these customs are not simply based on local traditions, but 

on economic necessities, which have been transformed into tradition. 

For example the former tradition applies in rural areas where the chief 

problem is the transfer of land control and where patriarchal society 

considers it both damaging and shameful for land to pass into strange 

hands. The second tradition applies ~n urban areas, where the economy ~s 

based mainly on trade and ind.ustry. The majority of property owners 

usually have small shops, whereas the majority of the inhabitants live 

mainly by manual labour or by practising a profession. As far as concerns 
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the only transferable property, that is a shop, small factory or business, 

these are totally separate from the' household which the bridgegroom 

enters and of which he assumes leadership. It should be made clear that 

the second custom is not a concession of the' patriarchal system but an 

additional gain, adapted according to the particular situation. 

But as far as modern survivals of marriage traditions are concerned 

it is clear that they are usually derived from the necessities of this 

age and therefore only through an analysis of the social necessities of 

the Minoan period will it be possible to verify one or more hypotheses 

on the form of Minoan marriage. It is consequently impossible to arrive 

at a conclusion about the customary form of marriage in Minoan society, 

since the evidence on this subject is practically non-existant with a 

single possible exception. 
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The fifth century Gortyn Code is a valuable document which is thought 

to embody survivals of Minoan traditions still powerful enough to influ

ence Dorian legislation. The code orders many aspects of social life ~n 

-a stratified society which was clearly undergoing change. Among the 

topics it deals with are land tenure and inheritance \,)'hich are related 

to marriage customs. Through this legal evidence we catch a glimpse of 

conflicting forces of old and new customs, the resist~~t strength of 

landed wealth attempting to maintain the status quo, opposed by the rise 

of the trading class with moneyed wealth. The new patriarchal system 

tried to limit ownership to a restricted circle of close relationship. 

On the other hand there was the old custom of tribal endogamy, which 

continued to be important for several hundred years after the code. The 

agricultural economy of Crete continued into Roman times. Willetts 

(1973) observes that "there is a close relationship between property, 

marriage and klinship at a level which is markedly tribal if not primitive". 

The Code also shows that Cretan society at that time was highly strati

fied. Three groupings of the social hierarchy, chattel slaves, bondsmen 

and landlords, are discernible in the wide discrepancies in the scale of 

fines for certain offences~ 

Through the tombs at Armenoi it may be possible to reveal some 

seceets surrounding the question at issue. It may be possible to obtain 

a lead on the form of marriage in Late Minoan society from tombs in which 

few people are buried, with fairly c~ear blood relationships between two 

or three of them and which are well documented with information about 

the probable order in which they were buried. 

ITnfortunately the analytical study of 9 tombs (namely 117, 55, 71 
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and 67 with relatively few individuals and tombs 86, 95, 108, 110 and 

94 with quite a few burials), did not lead to specific conclusions. 

Below is a summary of the analysis of Tomb 117, which contained only 

three burials. 

7.3 L~ Example of Marriage 

Tomb 117 

Three people were buried in this tomb, 117A (a woman), l17B Ca man) 

and 117 r (a woman). 117r is the last burial, which was found· in situ. 

The bones of a full-term foetus or new-born child were found with the 

skeleton of A, so that it seeIDS most likely that II7A died while giving 

birth. When A died she was aged about 21 years old. It is evident from 

Table 7.3 that A and B were probably blood relations, since they both 

have in common coronal ossicles and wormian bones along the lambdoid 

sutures, while r has neither of these variations nor indeed any of the 

other variations either rare or frequent. Hence the probable conclusions 

are 1) That A is the mother of B and that she died while giving birth 

to another child, the sibling of B. B marriedrand died before his wife 

(patriarchal); 2) B is the father of A and consequentlyris his wife 

(matrilocal marriage); 3) A and B are sister and brother. r is their 

mother (matrilocal). It is clear that any of the above hypothetical 

relationships may be true. The number of hypothetical relationships 

increases according to the increase in the number of individuals found 

l.n each tomb. 

Thus without any firm evidence for the form of marriage :Ln the 

Minoan period, a possible genealogical table has been formulated which 

combines the relationships between people from eight families (tombs), 

in two versions. The first presupposes a patriarchal form of marriage 

and the second a matrilocal form (figures 7.1 and 7.2). 

7.4 First Reconstruction 

From table 7.3 it emerged that individuals 89K, 89A, 89Z, 13A and 

46.1 are related to each other because of the osteomata on their skulls. 

Among tombs 13, 46 and 89, Tomb 89 is the earliest, which according to 

the archaeological evidence was usel during LM IIIal. Tomb 13 is later 

(LM IIIa2), and Tomb 46 is even later (LM IIIa2-LM IIIb1). 

If Minoan society was patriarchal and the bride changel family when 

she married, then the beginning of the line must lie ~th 89K(female), 

or -with 891" ... (female). Perhaps 89A was the first carrier of the osteoma, 

and married 89H (male), who suffered from sickle-cell anaemia (fig. 7.1), 

Their descend.ants were 89Z (male), who had an osteoma and 89K (female) 

who had an osteoma and suffered frOID sickle-cell anaemia. This hypothe-
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tical succession cannot be verified~ but nor can it be contradicted 

by the excavation diaries, since in Tomb 89 it was noted that the only 

burials found ~n situ were A and B (males) who are blood descendants 

of family 89, as is proven by the wormian bones which are common to most 

of the members of family 89. In spite of the fact that this latter 

observation seems to verify the correctness of the hypothesis for a 

society of patriarchal type, where the bride changes family, the burial 

of 89K (female) poses a problem because she is obviously a blood rela

tion of the other individuals, as was already mentioned. Since if 89K 

~s the mother of 89 .L then 89H, who is hypothetically the husband of 
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89 A must have changed families. But if she is the daughter, then either 

she or 89Z (ie. her brother), did not change family, so that the hypothesis 

does not stand. The problem may be got round if we accept that 89K was 

widowed at a young age, or separated for some reason and therefore re

turned to her father's family. Such eventualities are forseen and 

dealt with by the 5th century Gortyn Code. Such may have been the case 

in LM IIIa1, a period which may cover two generations (of 18-25 years 

per generation), if we accept that 89.A died at the beginning and 89Z 

died at the end of LM IIIa1. 

89Z (female) had a daughter, who bore 7IE (male) and died in LM 

IIIa2. 7lE has exactly the same variation of the basi-occipital ai;.-=-

89K (see Table 7.3). The mother of 7IE is probably 7IB (female), who 

like her son has wormian bones. 

71E (male) had a daughter, who like her father had ossicles along 

the sagittal suture, at lambda and along the lambdoid sutures. This 

daughter married someone from family 80, and ~s probably 80!::. (female). 

80!::. (female) also bore a daughter who also has sagittal ossicles 

and wormian bones and a parietal notch bone like her mother. She 

married someone from family 95, and lS 95 e (female). 80!::. died giving 
.rc' 

birthl'80 II child, and was buried at the end of LM IIIa2 or the beginning 

of LM IIIbl. 

95 a (female) gave birth to 952: T (male) and 95N (male), of whom the 

first has wormian bones and the second has a parietal notch bone like 

their mother. 95 e died. in the 1M IIIb period. 

95 tT (male) had a daughter who had coronal and wo~an bones like 

her father. She married someone from family 73 and is probably 73H 

(female). 

73H (female) gave birth to 73A (male) and 732: T (male). The first 



two both have coronal and wormian ossicles and metopism ~n common, 

while 73H and 73l: T (male) had double rooted mandibular canmes. 73l: T 

(male) has an osteoma on the left parietal which seems to confirm the 

line of descent from family 89. 

95 ~ who has no other demonstrable relationship with 95 IT (male) 

and 95 e (female), but who may have been the' grandmother of 95 l: T and the 

mother-in-law of 95 8(female). It is possible of course that she may 

have had almost any other family relationship, but it is worth mentioning 

that this dental variation which exists both in 95 ~(female) and 73H 

(female) and 73 2r (male), constitutes further evidence of a relation

ship between the two families. 

Evidence that 73A and 73 Z T were brothers is provided by taurodont

~sm in both, as well as anomalies of the vertebral column. In the case 

of 73A, the first sacral vertebra ~s lumbarisei, while 73 I: T has an open 

sacral canal. (95l:T, who may have been the grandfather of these two 

brothers, also has taurodontism~ However, the features which they have 

~n common do not exclude the possibility that 73 IT is the father of 

73A. The reverse seems unlikely since 73A was found in situ and is 

therefore the last burial ~n tomb 73. Also the age at death of both of 

these individuals, 73A was 28 and 73L Twas 26, allows the hypothesis 

that 73Z T was the father of 73A, but it does not exclude the hypothesis 

73 ZT was the elder brother of 73A. 

The children 73E, 73Z, 733 are either the children or brothers of 

73A, a hypothesis which emerges from table 7.3. Their position in the 

genealogical table may take almost any other place in the line of suc-

cess~on. 

73A (male), apart from the above children, also had a daughter who 

had coronal ossicles, ossicles at lambda and ~.;rormian bones like her 

father. This daughter 1I7A (female), married someone from family 117 

and bore 1I7B (male), who had coronal and wormian bones. The details 

about family 117 have already been discussed. 

7.5 Second Reconstruction 

In this reconstruction (fig.7.2) possible family relationships are 

considered with the assumption that in the Late MinQan period - irres-

, pective of the partriarchal or other character of the society - it was 

the groom rather than the bride 'who changed family at marriage. 
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Thus starting ,vith family 89, for the same reasons which have already 

been explained at the beginning of the first reconstruction, the begin-
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n~ng of the line is probably 89Z (male) who had, an osteoma on the fron

tal bone. 89Z was the father of 89 A(female), who had a similar osteoma 

and who probably married 89H (male), who sufferei from sickle-cell 

anaemia. Their children were probably 89K (female) "Who ruffered from 

sickle-cell anaemia and had an osteoma on the frontal bone and 89 ~ 

(female) with sickle-cell anaemia and one more male child who married 

someone from family 13 ani thus when he d'ied he was buried. in tomb 13. 

These events took place during the L~ IIIa1 period. 

89K (female) hai two sons, one of whom had an osteoma and suffered 

from sickle-cell anaemia is probably 46-1 (male), while the other had 

precisely the same peculiar morphology of the basi-occipital as his 

mother and is probably 71 E (male). Also the son of 89 A who married 

someone from family 13, had a daughter with an osteoma: 13A (female). 

These possible events probably took place in LM IIIa2. 

7IE (male) who as we have already mentioned had wormian bones alor:tg 

the sagittal suture and at 1 ambd, a, probably had two sons with the same 

. cranial variations, one of whom married someone from family 73, so that 

when he died he was buried there and he is probably 73A (male). 73A 

(male) who apart from the above mentioned variations also hed wormian 

ossicles on the coronal suture, had a daughter who was probably 73H 

(female) who also has coronal ossicles and metopism as well as worm~an 

ossicles along the lambdoid suture like her father. The other probable 

son of 7IE (male) marriei someone from family 80 and probably had a 

daughter 80 t.(female) with wormian ossicles along the sagittal suture 

and at lambda also. These events probably took place during the LM 

IIIbI period. 

At this point it ~s worth noting the case of 73 ~T (male), who as 

we have already mentioned in the previous reconstruction and as can be 

seen in Table 7.3, has double rooted mandibular canines and taurodontism. 

73H (female) also has a double rooted mandibular canine, while 73A (male) 

has taurodontism. There is no evidence that these dental variations are 

inherited. Their aetiology ~s unknown and it is possible or at least not 

excludei from having a genetic origin. In the development of the recon

structionbased on the assumption of "androtopic" marriage, it was pre

SLme:!. that these dental variations are inherited in order to build up 

, possible relationships. If this asrumption is acceptei here too, then 

it must be supposed that 73 ~T (male) is a blood relative of the above 

two members of family 73, thus it ~s possible that' he did not marry_and 

so didn't change family according to the present theory, or this theory 
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is upset - as is probably the case with the hypothesis which ,;vas developed 



In the first reconstruction In the case of 89K or 89A (both females) 

who remained In family 89. However it is likely that relationships were 

notso schematic as they have been described in these two hypothetical 

reconstructions of family trees suggested here. 

Completing this hypothetical genealogical tree, among the events 

of the LM III period, it is supposed that 73H (female) hal two sons, 

of whom one with coronal ani epipteric ossicles and wormian bones along 

the lambdoid suture, like his mother, probably married 117 r (female) who 

bore 117A (female), with coronal ossicles and wormian ossicles along 

the lambdoid suture, like her mother, and with an ossicle at lambda like 

her great-grandfather and other blood relations from family 73. This 

son of family 73, is probably 117B (male). The other son of 73H (female) 

is probably 95 ~T (male) who has coronal ossicles and wormlan bones along 

the lambdoid suture like his mother and taurodontism like his grandfathers 

73A (male) and 73 LT (male). 

7.6 Epilogue 

As had already been stated, it is impossible to demonstrate from 

the existing evidence the specific family relationships which existed 

between the iniividuals whose bones have been preserved. However it is 

apparent that non-metrical variation could be the means of unravelling 

some of the social mysteries of Late Minoan society. 

The discovery of the form of marriage at this period, whether 

descent was through the male or female line, will provide an indication 

of the economic conditions and of the social classes which existed. It 

lS also possible that those buried in the tombs were not only the free 

members of the family, but also slaves or the children of slaves, or 

even more complicated, the off-spring of mixed marriages between free 

and enslaved members of the family (Willetts 1973, 26; see Gluckman 1971, 

15 for modern parallels). On the other hand, during the 1980 excavation 

at Armenoi, a group of tombs which were clearly poorer than any previously 

found, may correspond to the burials of the lower classes in the commun

ity. Naturally this poses the question of whether there were separate 

tombs for the poorer classes, although class mixing still cannot be excl

uded. 

The complete excavation of the cemetery at Armenoi and the study of 

, the whole material, with the addition of all possible parameters (~both 

non-metrical and metrical variation, inherited diseases, archaeological 

ev1dence etc.), and the appropriate investigation using a computer, will 

place us in a position, I believe, to provide answers to the social 

~estions formulated here. 



Table 8.1 

SAMPLES 

Crete: 

Neolithic ~ 

EM/l:'lH 6 
~ 

Ailias 

Armenoi J 
~ 

LM III 6 
~ 

Hellenistic/ 
Roman 

Greece: 

The Incidence of Caries and Ante-Mortem Tooth Loss among 
some ancient people 

Caries Teeth Percent AM Loss Sockets Percent 

11 46 23.9% 11 112 9.8% 

14 153 9.2% 39 316 12.3% 
16 105 15.2% 37 213 17.4% 

11 .6% 14.4% 

134 1505 9.0% 185 1352 13.7% Carr 

224 1298 17.3% 501 2237 22.4% 
143 771 18.6% 662 1837 36.0% 

17.7% 28.6% 

9 87 10.3% 1 1 117 9.4% 
22 143 15.4% 33 272 12.1% 

13.5% 11 .3% 

13 92 14.1% 44 206 21.4% 

Author 

1960 

Nea Nikomedeia 24.7 457.9 5.5% 62.7 575.7 10.9% Angel 1971 

Lerna 6 70.2 959.4 7.3% 187.2 1134.9 16.5% fI II 

~ 62.5 605 10.i% 105 712.5 14.7% II 11 

1 

8.5% 15.8% 

Mycenae 16 524 3.1% 10 556 1.8% fI II 

I 1 
Classical 69.6 1713.9 4.1% 234 9 2610 9.0% " " 
Modern 554.6 2737.6 20.3% 991.2 3728.8 26.6% II " 

Cyprus: 

Khiroki tia 12.8 771.2 1.7% 70.4 777 .2 9.2% Angel 1953 

Modern 158.4 2719.2 6.0% 484 2719.2 17.8% II II 

Palestine: 

Jericho B.A. 11 361 3.1% 76 601 12.7% Brothwell 

Egypt: 

Predynastic 40 1742 2.3% 287 3326 8.6% Brothwell 

Ancient Egypt 82 1805 4.5% - - - Carr 1960 

Libya: 

Garamantean 45 224 20.1% 126 426 29.6% 

Cretan Neolithic sites: Aghios Ioannis, Gerani & Koumaro 

1965 

1963 

Early-Mid.Minoan sites: Platyvola, Palaikastro, Chryssolakkos, Isle of Christ, 
Knossos, Ailias, Pyrgos 

Late Minoan III sites: Sellopoulo, Pigi, Galia, Aghios Syllas, Deliana 
Creta~ Hellenistic-Roman & Christian material: Aghia Pelagia, Kakodiki, Aghios 

Pavlos, Fourn~ Chersonissos,Krevatina, KSM & KFF 
Libyaj Garamantean material: Zinchechra, Cleff, Charaig, Saniat. Ben Huwedy. 

l 
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CHAPTER EIGHT 

DENTAL PATHOLOGY 

8.1 Caries Inci~ence and Ante-Mortem Tooth Loss 

Dental disease was a serious problem among the Late Minoan popUlation 

at Armenoi. By comparison with several other ancient Mediterranean pop

ulations (Table 8.1), it has the highest percentage of carious teeth. 

At Armenoi, the incidence of car~es ranges between 17.3% among males and 

18.6% among females, or 17.7% among the whole of the adult population. 

While the number of diseased teeth lost before death was 22.4% among 

males and 36% among females, or 28.6% among the whole of the adult pop

ulation. 

If one compares the two largest samples from Minoan Crete, it is 

striking that the number of carious teeth at Armenoi in LM III is double 

the frequency calculated by Carr (1960) for the Ailias Hill sample (9%)", 

which dates to MM I-III/l1~ I (or Proto- and Neo-Palatial) periods. Sim

ilarly ante-mortem tooth loss was twice as frequent among the Armenoi 

popUlation compared with Ailias, where the number of teeth lost before 

death was 13.7%. The data show a remarkable increase in dental decay 

~n the Hinoan population in the course of several hundred years. 

The inciience of caries and ante-mortem tooth loss in the Ailias 

Hill sample is closely comparable to that in the contemporary Middle 

Bronze Age popUlation of Lerna. At Lerna, caries incidence ranges 

between :?, .,:% among males and I': • % among females, or .::>% among the whole 

adult popUlation. While the number of teeth lost before death was 16.5% 

among males and 14.7% among' females, or 15.8% among the whole adult 

population at Lerna. 

Among the Neolithic popUlation at Nea Nikomedeia the incidence of 

caries is 5.5% and ante-mortem tooth loss is 10.9%. Among the Neolithic 

population at Khirokitia the frequency of caries is 1.7% and ante-mortem 

tooth loss ~s 9.2%. Apart from an apparent diminution in dental disease, 

4.1% caries and 9% ante-mortem tooth loss in the Classical period, there 

seems to be a constant rise in the frequency of dental disease from 

prehistoric to modern times. Among modern Greek males the frequency of 

dental caries is 20.26% and ante-mortem tooth loss is26 0 58>%. The over-

t all trend indicates that civilisation, paradoxically, bas a deleterious 

effect on dental health. 

It is not clear how dental car~es is caused (Pl. 55). There are 

several theories which try to explain its aetiology. According to the 
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acidogenic theory the tooth ~s destroyed by acids, mainly lactic acid, 

which are produced from the degradation of carbohydrates by bacterial 

action. The accumulation of dental plaque ~s a generally accepted 

mechanism for holding acids at a given point on the tooth causing carLes. 

This plaque is also the origin of periodontal disease. According to the 

proteolytic theory enzymes which are produced by microorganisms (bacteria 

which live in the natural flora of the mouth), destroy the proteins which 

are the main organic component of the tooth. However a more recent v~ew 

suggests that the acidogenic and proteolYLic mechanisms may not be sep

arate and distinct but combined. Some bacteria capable of producing 

acid from carbohydrate may even degrade protein in the absence of carbo

hydrate. This theory reconciles the two earlier theories. Another theory 

states that the bacterial attack on the enamel initiated by keratolytic 

microorganisms consists ih a break-down of the protein and other organic 

components of enamel, chiefly keratine. This results in the formation 

of substances \.;hich may form soluble chelates with the mineralised com

ponent of the tooth and thereby decalcify the enamel in a neutral or 

even alkaline environment. Besides these theories there are a number of . 

possible indirect or contributing factors, related to the tooth (its 

composition, morphology and position), saliva and diet (quantity and 

quality), which are involved in caries incidence. 

The role of diet and nutritional factors deserves special considera

tion in caries incidence. The physical nature of the diet has been sug

gested as one factor responsible for the difference in caries experience 

between primitive and civilised populations. The di2t of primitive man 

consisted generally of raw, unrefined foods containing a great deal of 

roughage, which cleanses the teeth of adherent debris during the usual 

masticatory function. The presence of soil and sand in incompletely 

cleaned vegetables or in inefficient stone grinding of grain to produce 

flour (Leek 1969, 291), induced severe attrition of both occlusal and 

proximal surfaces of the teeth, the flattening causing a reduction in the 

probability of decay. In civilised diet, soft refined foods tend to 

cling tenaciously to the teeth and are not removed because of general 

lack of (roughage). Augmenting this collection of debris on the teeth ~s 

the reduction of mastication due to the softness of the diet. The detri

mental effect of this decreased function on the periodontal tissu.es ~s 

obvious. Mastication of food red.uces the number of cultivable oralm~cro

organisms, since those areas of teeth that are exposed to the excursions 

of fooi are usually immune to caries, mechanical cleansing by detergent 

foods evidently has some value in caries control. 
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Table 8.2 Some foods known or thought to have been available ~n Minoan times 

DOMESTICATED ANIHA.LS PROVEN}'..NCE 

GOATS 
HORNED SHEEP 
SHEEP 
CATTLE,LONG-HORN 
CATTLE, SHORT-HORN 
SWINE 
HORSE 
DOG 

\HLD ANIl1ALS 

w'ILD CATTLE 
RED DEER 
ROE DEER 
WILD GOAT 
WIW BOAR 
RABBIT 
HARE 
HEDGEHOG 
TORTOISE 
SNAILS 

BIRDS 

CHICKEN/GEESE?,EGGS 
DUCK " 
DOVE 
HOOPOE 
I:L,\wLZ 
PARTRIDGE 
PEACOCK 
PHEASANT 

SEA FOOD 

EEL 
FLYING FISH 
MULLET 
NAUTILUS 
OCTOPUS 
SCARUS/TUNNY 
SF..ARK 
SQUID 
COCKLES 
CRAB 
LIMPET 
LOBSTER 
OYSTER 
WHELK 
MUREX TRUNCULUS 
UNIO PICTORUM 

FOOD PRODUCTS 

MILK 
CHEESE , 

Krasi,Miamou 
" " 

Knossos ,Miamou 
" 
" , Tylissos 
" ,Krasi 

Archanes (seal) 
Knossos,Krasi 

Tylissos 
11 ,Gerani 

Knossos ,Gerani 
Tylissos 

II 

Miamou,Phaistos 
II ,Krasi 

Krasi,Petsofas 
Palaikastro 
Knossos 

Knossos(fresco) 
Aghia Triadha 
Knossos(vase) 

11 (fresco) 
Ailias (seal) 
Knossos(fresco) 

fT rr 

1f " 

Knossos(fresco) 
Mavrospelio 

Marine style 
" II 

Knossos(seal) 
Krasi 
Hieroglyph 
Knossos 

II , Miamou 
!l ,Myrtos 
II ,Miamou 
" 
II 

II 

II 

DO}-lESTICATED PLAL'ITS. PROVENAL'ICE 

WHEAT (varieties) 
BARLEY 11 

OATS 
EGYPTIAN BEAN 
BROAD BEAN 
PEA (varie ties) 
VETCH 
CHICK-PEA 
LENTIL 
OLIVE, OIL 

VINE, WINE, VINEGAR· 

VEGETABLES 

BEETROOT 
BROCCOLI 
CELERY atA. \, vov 
CHICORY at pI.. <; 

CUCUMBER a C }I;V 0<; 

GARLIC ax6p6ov 
LEEK npa.aov 
MARROW xo\oxvv8a 
PEA It C aoe; 
CHICK-PEA epe~ \,v8o<; 
RAl.'1PION crCO'apo<; 

I WATER -P ARSNIP (J C OV 
ONION? 

FRUIT 

GRAPES, RAISINS 
FIGS 
DATES 
PLUMS, PRUNES 
POMEGRANATES 
QUINCES 
BERRY FRUITS ,ARBUTE 
MEDLAR 
APPLE 
PEAR? 
ALMOND 
PISTACCHIO 

CONDIMENTS 

CORIANDER 
CUMIN 
CYPERUS 
FENNEL 
SESA..l1E 
MINT 
PARSLEY 
THYME 

Knossos,Mallia 
Knossos,Myrtos 
Debla 
Knossos 
Nirou Khani 
Knossos,Gournia 
L-lOSSOS ,Nirou Khani I 

Aghia Triadha 
Knossos,Mallia 

11 ,Phaistos 
Myrtos;Palaikastro 
(olive-press) 
Archanes, Vathype tro 
Palaikastro(wine
presses) . 

Pylos (linear B) 
Pylos (linear B) 
Knossos (linear B) 
Pre-Greek word 

.11 

II 

II 

11 

II 

II 

If 

II 

Myr tos 
Aghia Triadha 
Knossos (vase) 

11 (faience) 
(I (bone-inlay) 

End.emic to Cre te 
11 " 
(I II 

Pre-Greek word 

Knossos 
II 

Knossos(linear 
II 

II 

II 

11 

" 
II 

II 

" 

B) 

Endemic to Crete 
II II 

" 11 BEE CULTIlRE 

HONEY Knossos(linear B) OREGANA etc. If (I 

. SALT 

(Sources: Greig & Warren 1974; Marinatos 1929; Hadzidakis 1912; Renfrew in Warren 
1972; Vickery 1936; Ventris & Chadwick 1959; Georgiou 1977) 
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Evidence for the diet of the populations at the sites on Crete from 

which the "ikeletal samples under consideration are :lerivedis indirect. 

But a study of finds from excavations makes it clear that the people 

of the Bronze Age were well provided with a variety of food and equip

ment for supplying the table (Table 8.2). The Minoans had a selection 

of cooking vessels (Betancourt 1980, 1-14), in which they were able to 

boil, bake or fry meat, fish and other sea foods, fowl, ga~e and snails, 

or stew vegetables and bake coarse and probably unleavened bread from 

wheat or barley or oatmeal. They could prepare a variety of dishes from 

milk and cheese. They had all that was necessary to make green salads 

with vinegar and olive oil, like the modern inhabitants of the island 
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who are well acquainted with the many species of green vegetables (chorta), 

which grOiv wild. The olive was almost certainly cultivated from Early 

Minoan times (Boardman 1976, 188; J Renfrew 1972, 317). Olives were 

pressed to produce oil, but they could also have been pickled using salt 

or salt and vinegar. Crete has a rich variety of herbs which could have 

been used for seasoning - and medicinal purposes - wild fruits and nuts. 

Sweets could have been prepared with honey. Beer from barley (Evans 1921. 

-36, I, 415) and wine made from grapes was almost certl,.:.nly drunk. It 

is suggested that the Minoans used honey for alcoholic fermentation 

(Davaras 1976, 144). It is certain that the Minoans were as skilled and 

civilised in the preparation and cooking of food, which clearly had a 

long tradition, as they were in every other aspect of their life and cul~ 

ture. One consequence of the sophistication of food preparation must 

have been the decrease of strong masticatory function. 

At Armenoi, it may be inferred from the topographical situation of 

the site that animal husbandry played an important role ~n the economic 

base of the community. This hypothesis is confirmed by the animal borne 

diseases which are thought to occur in the human popUlation at Armenoi 

(Chapter 9). Brucellosis must have been contracted from sheep/goats 

suited to the hilly terrain of the surrounding country. Spindle whorls 

which are found in the tombs at Armenoi suggest that an important occupa

tion must have been the production of yarn and perhaps textiles, in 

addition to other agricultural produce, for instance cheeses. Thus there 

is no doubt that this population had at its disposal a ready supply of 

meat and milk (main sources'of protein calcuium and phosphorus), as well 

as cultivated and wild plant foods. 

Curiously the frequency of dental '.decay ~n the Armenoi populat~on 

is more closely comparable with statistics quoted for the modern Greek 

population, than with that of any of the ancient Mediterranean samples. 
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Mouth acidity from increased dietary Slgar is believed to contribute to 

the high rate of dental decay in modern times. In antiquity the main 

source of sugar 'was honey. There is abundant evidence that bee culture 

was practised by the Minoans. Bees appear in Minoan art, for instance 

the famous gold bee perrlant from Chryssola..1<.kos, Mallia and. in the legend 

of Glaukos son of King Minos who drowned. In'a vat of honey, The linear 
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B tablets too mention offerings of honey to the Minoan goddess Eileithyia. 

Apart from honey, the frequent consumption of other sugar-containing 

foods such as dried figs and raisins and perhaps dates, may have been a 

factor contributing to the higher incidence of tooth decay in Late 

Minoan times. 

It is worth mentioning that in Crete today a spoon of honey is given 

daily to children up to the age of four as a preventive measure against 

illness. But this habit lS not practised elsewhere in Greek folk medi

Clne. Since many Cretan mothers do not know the origin of the habit, 

it is thought that it may be a very ancient tradition. Popular medical 

opinion suggests that the reason for the habit is that honey confers 

immunity to allergies. This view seems to be verified by observation, 

since the frequency of allergies is lower in the Cretan population than 

elsewhere in Greece. 

Other foods which have high carbohydrate content are cereals 

(wneat, rye, barley and oats), and legumes such as beans, lentils and 

peas, and certain fruits, all of which were available in Hinoan Crete 

(see Table 8.7), The carbohydrate content of the diet has been almost 

universally accepted as one of the most important factors in the dental 

caries process. But In spite of the overwhelming evidence correlating 

carbohydrate diet with increased caries incidence, this is not a simple 

problem. In India among certain sections of the popUlation there may 

be a high carbohydrate intake but a very low caries incidence. On a 

sound scientific basis it is difficult to draw definite conclusions 

about the relation between dental caries and refined carbohydrates. How

ever the bulk of the available evidence indicates that a positive rela

tion exists even though many other factors are also important. 

The vi tamin content of the diet has been reported to have a signifi

cant effect on dental caries incidence. Vitamin B-c6mplex deficiency 

may exert a protective influence on the tooth, since several of the B 

vitamins (found for example in Wheatgerm), are essential growth factors 

for the oral acidogenic flora and also serve as components of the coenz

ymes involved in glycolysis. But vitamin B-6 (Pyridoxine), has been 

proposed as an anti-caries agent, by promoting the growth of non-cario-
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genic organisms which suppress the cariogenic forms (Schaffer, Hine & 

Levy 1974, 387). (The effect of other vitamin deficiencies will be 

discusseQ later in relation to tooth form.) 

The fluorine content of the d.iet and of specific food-stuffs in 

particular has been investigated by numerous workers in relation to 
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caries resistance. Varying amounts of fluoride are found in a good many 

plant substances, depending to some extent upon the fluoride content of 

the soil in which they were grown. In general the leaves of plants con

tain more fluoride than the stems and the skin of fruit contains more 

fluoriQe than the pulp. But dietary fluoride is relatively unimportant 

compared to fluoride in the drinking water because of its metabolic una

vai~ability. Since fluoride inhibits enzymes by inactivating the coenzyme 

portion of the enolase system, it is thought to protect against caries 

by preventing carbohydrate degrtl,dation. But the level of fluoride taken 

In is so low, the dilution factor by saliva is so great and the oral 

clearance so rapid that this mechanism is generally dismissed as insigni-. 

ficant. However other studies have shown that the optimal fluorine con

tent of water lS 1.0 parts per million, so that there is minimal caries 

incidence and minimal degree of dental fluorosis (mottled enamel). 

As a matter of interest it was decided to examine the natural 

fluoride content of drinking water at Ailias Knossos and at Armenoi 

Rethymnon, to see if there was a critical difference, which could have 

influenced carles resistance of the teeth of the respective populations. 

Of course it is quite likely that such factors as tectonic movements may 

have caused sources of water used In antiquity to disappear. Such inst

ances have been mentioned in Chapter 2. Nevertheless it is believed that 

the vater samples which were obtained from wells (i.e. from underground 

sources filtered by the geological strata in each area), should bear some 

relation to the nature of the prehistoric water supply. The analyses 

were done at the National Laboratory in Athens. The results of these 

analyses show that the natural fluoride content of the well-water at 

Knossos, 0.64 ppm, is indeed slightly higher than at Armenoi, 0.59 ppm. 

Although this difference is small, it is at least consistent with the 

better dental health of the Ailias population and it may have been a 

factor contributing to the greater caries resistance of the MM population 

at Knossos over the LM III population at Armeno~. (See appendix II.) 

8.2 EnamelHypoplasia 

The suggestion that the morphology of the teeth influences the

incidence of dental caries was mentioned. earlier. Enamel Hypoplasia or 

defective structure of the tooth enamel caused by nutritional or disease 
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Table 8.3 

The Incidence of Enamel Hypoplasia among Early 
Cretan populations and the Garamanteans 

SAMPLES PRESENT ABSENCE No. CASES 

Crete: 

Neolithic 83.3% 16.7% 6 

EM II-}1M III 71 .4% 28.6% 21 

Armenoi 6 64.4% 35.6% 73 
~ 67.9% 32.1% 78 

all 66.2% 33.8% 151 

LM III 85.7% 14.3% 15 

I Libya: 

I Garamantean 61.5% 38.5% 13 
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stress, is reported in several prehistoric populations. At Lerna it 

is reported to occur in 9% of the population. There are no figures 

available for the sample from Ailias studied by Carr. But 11 out of 

14 of the crania ~th teeth from Ailias (78%) which I studied show some 

degree of ridging or other abnormal formation of the dental enamel. At 

Armenoi the proportion of the popUlation with some degree of enamel 

hypoplasia reaches 66%. Due to variation in the samples sizes it is 

difficult to attribute any definite meaning to different frequencies of 

enamel hypoplasia between the Neolithic (83%), EM II-11M III and Ul III 

(Table 8.3), 

It is possible that pitting or ridging in dental enamel (see Plates 

56-59) may occur In the same way as it is believed that Harris lines 

occur in bones, due to diseases in childhood (such as measles, chicken

pox or scarlet fever) interrupting development at times when the crowns 

of teeth are being formed. (The crowns of all the teeth illustrated, 

except for 86~ MJ, are formed by the age of eight. The crown of the 

~hird molar is completed between the ages of 12-16 years). Enamel 

hypoplasia has also been described in relation to deficiency states. 

Calcium and phosphorus intake has been popularly related to dental caries 

experience (cf. Angel 1971, 89), although the scientific evidence for 

this correlation is lacking. Disturbance in calcium and phosphorus meta

bolism during the period of tooth formation may result in severe enamel 

hypoplasia and defects of the dentine. But a calcium disturbance after 

tooth formation has been completed causes no changes In the tooth sub

stance. The available evidence indicates that there lS no relation 

between dietary calcium and phosphorus and dental caries experience. 

There is general agreement on the necessity of vitamin D for the normal 

development of teeth. However the relation of rickets to dental hypop

lasia is not well defined. The only possible way in which infantile 

rickets could influence dental caries incidence is through alteration 

In tooth structure making the teeth more susceptible to caries. 

It has been suggested that the initiation of dental caries may be 

related to tooth morphology. Enamel hypoplasia predisposes to the 

development of dental caries. The more severely the tooth is affected 

the more extensive will be the caries. The presence of deep narrow 

occlusal fissures or buccal and lingual pits are defects which tend to 

trap food debris and bacteria causing the rapid development of caries in 

these areas. But with advancing age, attrition may. flatten the inclined 

planes on the occlusal surfaces of the teeth, thereby diminishing the 

opportunities for entrapping food and caries predisposition. The avail-
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Table 8.4 

SA..~LES 

Cre te: 

Neoli thic 

EMIl-III 

Ailias 

Armenoi b 
~ 

LM III 

Hellenistic-
Roman/Xtian 

Greece: 

The Incidence of Periodontal Disease among some 
anc{ent'popul<itions 

NO. 
NONE 'SLiGHT MEoilTM CONSID . 

,. 

CASES . AUTHOR 

42.9% 57.1% 7 

6.9% 24.1% 65.5% 3.5% 29 

20.0% 26.0% 26.0% 28.0% (140) Carr 1960 

10.6% 36.2% 38.3% I 14.9% 94 I 15.5% 33.8% 31.2% 

I 
19.5% 77 

12.9% 35.1% 35.1% 16.9% 171 

78.6% 7.1% 14.3% 14 

44.5% 44.5% 11.0% 9 

Nea Nikomedeia 47.0% 26.0% 27.0% 19 Angel 1971 

Lerna 6 18.0% 37.0% I 45.0% 39 Angel 1971 
~ 17.0% 57 .0% 26.0% 25 

17.2% 43.8% 39.0% 64 

Mycenae 50.0% 40.0% 10.0% 20 Angel 1971 

Classical 40.0% 20.0% 40.0% 87 Angel 1971 

Palestine: 

Jericho 52.0% 22.0% 26.0% 23 Brothwell 

j Libya: 
I I Garamantean 7.6% 23.1% 46.2% I 23.1% 13 I 
I 

, 

J 
1965 

1 



able evidence indicates that defects of tooth structure due to distur

bances in formation or calcification ~s of secondary importance in dental 

caries. The rate of caries progression may be influenced bu t the initia

tion of car~es is affected very little. 

Among the sample of children studied from Armenoi there were many 

cases of enamel hypoplasia (55%), involving both permanent and deciduous 

teeth. It is believed that hypoplasia seen in prenatal enamel (3 cases), 

may have been due to gastrointestinal disturbance or some other illness 

in the mother. 

8.3 Periodontal Di sease 
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Periodontal disease ~s extremely common among the Bronze Age popu

lations of Crete under consideration. Among the Middle Minoans at Ailias, 

80% of the population have some degree of alveolar recess~on. Among the 

LM III population at Armenoi 87% of the population had periodontal disease. 

There was a slightly higher frequency among males than females, although 

this could be attributed to their greater longevity. At Armenoi the 

Irequency of periodontal disease is slightly greater than at Lerna. At 

Middle Bronze Age Lerna 82.8% of the population had periodontal disease. 

But only 50% of the 'princely' Shaft Grave burials at Mycenae (MH 111-

LH I), and 60% of the population of the Classical period studied by 

Angel had periodontal disease. But in the early Greek Neolithic popula

tion at Nea Nikomedeia 53% of the adults had periodontal disease 

(Table 8.4). 

It is well recognised that diseases of the peridontium cause the 

loss of more teeth than any other disease. A variety of factors, local 

irritants or systemic dysfunctions, are involved in the progress of the 

disease. Local inflammatory factors such as microorganisms (staphyloc

occus, streptococcus etc.), calculus, food impaction and malaagned teeth 

may cause gingivitis and periodontitis. Even mouth breathing which dries 

the oral mucous membrance may irritate gums. Nutritional, metabolic and 

endocrine dist~rbances often cause changes ~n the gingiva and underlying 

peridontium. Pregnancy with i~associated hormonal disturbances appears 

to cause a remarkable response to local irritation which in the non

pregnant woman would possibly be of insufficient magnitude to cause any 

gingival reaction. In the Minoan period pregnancy may well have been a 

, "permanent" state in most women after puberty to the end of life. Tuber

culosis may induce non-specific types of gingivitis. Dystrophic or regre

ssive changes of the peridoritiumare caused by degenerative circulatory 

or mechanical influences, or by other abnormalities which result in path

ological changes in the peridontium. 
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Table 8.5 The Incidence of Calculus among some ancient peoples 

NO. 
SAL'1PLES NONE SLIGHT MEDI1JM CONSID. CASES AUTHOR 

Crete: 

I Neolithic 71.4% 28.6% 

\ 

7 

EMIl-EMIlI 48.4% 22.6% 22.6% 6.4% 31 

Armenoi t 44.7% 22.3% 22.3% 10.7% 94 
~ 71.8% 16.7% 7.7% 3.8% 78 

57.0% 19.8% 15.7% 7.5% 172 

L.~ III 31.2% 37.5% 18.8% 12.5% 16 

Hellenistic-
37.5% 25.0% 25.0% 12.5% 8 Roman/Xtian 

Greece: 

Lerna 91 .0% (9.0%) 64 Angel 1971 

\ Palestine: 

Jericho 15.4% 76.9% 7.7% 13 Brothwell 1965 

Libya: 

\ Garamantean 15.4% 46.1% 38.5% 13 
I 

, 
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The first definite clinical evidence of periodontosis is deep 

pocket formation often at only one tooth, as in the case of 98 r a 

female from Armenoi, with the bone of the adjacent tooth relatively 

normal. Actually this is the beginning of the last stage in the deve

lopment of the disease. At this point mouth fluids, microorganisms and 

debris enter the pocket and the usual inflammatory symptoms of gingivitis 

and periodontis follow. 

Periodontitis begins as a simple marginal gingivitis on the basis 

of local irritation or calculus formation. Finally inflammation appr

oaches the crest of the alveolar bone. As the disease progresses the. 

teeth become increasingly mobile. A vicious cycle of irritant (calculus) 

collection, inflammation and detachment continues along with periodontal 

bone resorption in an apical direction. With the passage of time chronic 

periodontitis may result in exfoliation of teeth. (See Pl. 59: ZOE; Pl. 

64: 3]-1.) 
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8.4 Calculus 

8.5 

It has already been mentioned that calculus may play an active role 

1.n caries incidence and periodontal disease. At Armenoi calculus was 

observed in adults in 43% of mouths examined. It was also seen in 5% 

of children. Angel reports a frequency of only 9% calculus in the adult 

population at Lerna. Unfortunately there is no comparative data avail

able for the other Greek sites. In a small sample from Jericho, Brothwel1 

reports the occurrence of calculus in 11/13 (85%) of individuals. 

(Table 8.5) 

Calculus 1.S deposited at irregular intervals throughout life. Some

times there is rapid deposition over a short period of time and then no 

deposition of calculus for days or weeks. According to its location 

calculus 1.S c1 .. ssified as supra-gingival and SUb-gingival. Calculus 1.S 

composed of approximately 75% calcium phosphate and 15-25% water and other 

inorganic material. Many theories have been formulated to explain cal

culus deposition, but none of them is completely acceptable. Some workers 

believe that diets deficient in certain vitamins, or of fine physical 

consistency and a high calorie content acquire heavy deposits of calculus. 

Dental Abcesses 

In the Armenoi popUlation the frequency of dental abcess is 2.7% 

among males and 2.3% among females, or 2.52% among the whole of the adult 

population. Among the Middle Minoan population at 'Ailias, the incid~nce 

of dental abcessing is double (4.9%) that at Armenoi. However this figure 
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Table 8.6 The Incidence of Abcesses ~n some ancient populations 

SAMPLES ABCESS SOCKETS ··PERCENT AUTHOR 

Cre te: 

Neolithic 1 112 0.9% 

EHj:MH 6 10 312 3.2% 
~ 9 213 4.3% 

19 525 3.6% 

Ailias 68 1400 4.9% Carr 1960 

Armenoi 6 60 2223 2.7% 
~ 42 1825 2.3% 

102 4048 2.5% 

LH III J 0 1 17 0.0% 
~ 2 272 0.7% 

2 389 0.5% 

Hellenistic- 2 206 1.0% 
Roman/xtian 

Greece: 

Nea Nikomedeia 19 575.7 3.3% Angel 1971 

Lerna 58.5 1134.9 5.2% Tl II 

25 712.5 3.5% 
83.5 1847.4 4.5% 

Mycenae 4 556 0.7% Angel 1973 

Classical 95.7 2610 3.7% Angel 1971 

Mcxiern 259.6 3728.8 6.9% It It 

Cyprus: 

Khirokitia 16 771.2 1. 9% Angel 1953 

Palestine: 

Jericho 38 541 7.0% Brothwell 1965 

Libya: 

Gara:nanteans 11 426 2.6% 

, 
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lS closely comparable to the occurrence of ~ental abcesses in the 

Mi~Qle Bronze Age population at Lerna, 4.52%. At Lerna, as at Armenoi, 

there is a slightly lower inciQence of dental abcesses among females 

(3.5%), as compareQ to males (5.2%). Among the people buried in the 

Shaft Graves at Mycenae the incBlence of dental abcess is extremely rare 

(0.72%). In Angel's data for a sample of modern Greek males, the incid

ence of dental abcess reaches nearly 7%. (See Table 8.6) 

Dental abcesses may arise in several different ,vays. Acute pulpitis 

usually occurs In a tooth with a large caries lesion. As a greater pro

portion of the pulp becomes involved with intrapulpal abcess formation 

the pain may become increasingly severe. The abcess contains pus and is 

most apt to occur when the entrance to the pulp is a tiny one and there 

is lack of drainage. If the pulp is closed to the outside considerable 

pressure is formed and the entire pulp tissue undergoes rather rapid 

disintegration. Numerous small abcesses may form and eventually the 

entire pulp undergoes liquefaction and necrosis. Sometimes an acute 

pulpitis, especially with an open cavity, may become quiescent and enter 

a chronic state. The peri-apical abcess may develop directly as an acute 

apical periodontitis following an acute pulpitis, but more commonly it 

originates as periapical chronic infection. It may also occur after 

traumatic injury. A tooth in this condition lS extremely painful and 

slightly extruded from its socket. (See Pl. 61: 95ZT; 78B) At Armenoi 

peri-apical sinuses for the drainage of pus from a chronic supp~ative 
"-

abcess were frequently observed. The lateral periodontal abcess is 

related directly to a pre-existing periodontal pocket, as In the case 

of a man from tomb 67 E (PI. 62) and 89 r (male) at Armenoi. When 

Slch a pocket reaches sufficient depth perhaps 5-8 mm, the soft tissue 

around the neck of the tooth may approximate the tooth so tightly that 

the orifice of the pocket is occluded. Bacteria mUltiply in the depth 

of the pocket and cause sufficient irritation to form an acute abcess 

with exudation of the pus into this area. Abcesses may release pus by 

the formation of a sinus in any direction. Most often the alveolus was 

seen to be perforated by a sinus on the buccal surface, but sometimes 

the palatal surface, ego 20Ll (male) and 93 r (male) (PI. 63) , or as In the 

case of 31.1 (male) the maxillary cavity was perforated (Pl. 64) 

8.6 Attri tion 

Dental attrition lS physiological rather than pathological and it 

is associated with the ageing process. The older <:;t person becomes, the 

more attrition he exhibits. But at Armenoi there are several cases in 
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which severe attrition was seen ~n prlmary teeth. For instance, there 

lS marked attrition on the incisors of 79 -6., a five year old child, and 

on the surviving deciduous canine and molars of-73E, a nine year old, 

as well as on the deciduous second molar of 94r , a ten year old child 

(PI. 65). Marked attrition has also been observed on the deciduous 
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teeth of a nine year old child from a Geometric cremation burial at 

Gavalomouri , and in a ten year old child from the 7tb century Christian 

osteotheke at Fortetsa, KEF - vii (see illustrations) ~ In modern times 

severe attrition is seldom seen in primary teeth, because they are not 

normally retained for any great period of time, except in some rare 

pathological conditions. Children with amelogenesis imperfecta (hypocal

cification of dental enamel), or dentinogenesis imperfecta (where there 

is an abnormal dentine-enamel junction), may develop pronounced attrit

tion as a result of ordinary masticatory stresses. But as both of these 

rare conditions are excluded after x-ray examination of the pulp chambers, 

it seems likely that in these cases, the children were subject oro; extra

ordinary masticatory stresses due to a habitually coarse diet. Enamel 

hypoplasia observed on the permanent first molars of 73E and 94r and on 

the erupted permanent teeth of KEF vii, may have some relevance. 

Among the adults in the Armenoi population, men usually exhibit 

more severe attrition than women of comparable age, presumably as a 

result of the greater masticatory force of men. When there is no pre

mature loss of teeth, attrition may progress to the point of complete 

loss of cuspal interdigitation. At Armenoi this condition is seen in the 

population mora frequently among men (eg. 10-1, 10-3, 20ll, 31-3, 46-1, 

69A, 71 Z, 76 b., 79 27.1:, 85 r, 89 r, 93 r, 95H, 95K, 9 E[1' and 108 8), than 

among women (eg. 10-2, 13A, 46-2. and 95Z). In rare cases some teeth are 

nearly worn down to the gingiva (eg. 117B, 73A, 95H and 95K, all males). 

8.7 Dental Variation and Developmental Disturbances 

Microdontia, a term used for teeth which are smaller than normal 

~s a common condition ~n some populations loday. It most often affects 

the maxillary lateral incisors and third molar teeth, which are also among 

the most frequent congenitally missing. At Armenoi in the adult popula

tion 39.8% of third molars examined were of reduced s~ze. Microdontism 

of the third molar was slightly more common among fe~ales (43.75%), than 

among males (35.6%). 

Although any tooth may be congenitally absent, there is a tendency 

for certain teeth to be missing more frequently than others (Dolder 1937, 

142). Studies of the frequency of missing third molars in recent popula-

* These illustrations follow the plates in volume two. 
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tions have show~ this tooth to be congenitally absent in as many as 35% 

of all subjects examined, with a slightly greater frequency in females 

arid a frequent absence of all four third molars in the same person 

(Hellman 1936, 750). In the Armenoi populatlon,one or more third molars 

was congenitally ab sent in 9% of all persons examined, or 1.nll. 8% of 

females and 6.93% of males. Poulianos (1971, fig. 57 & 87), found a 

frequency of 27.5% of third molars congenitally absent among his sample 

of the modern Cretans. Although the aetiology.of missing teeth 1.S 

unknown, it has been observed that there is a familial tendency for this 

defect in many instances. Some investigators believe cases of missing 

teeth to be evidence of an evolutionary trend towards fewer teeth. 
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The available evidence shows that the teeth which are most frequently 

impacted are maxillary and mandibular third molars and maxillary cuspids. 

In a recent population the incidence of impaction of maxillary and man

dibular third molars was 22% and 18% respectively, while the incidence 

of impacted maxillary cuspids was 0.9% (Dachi and Howell 1961, 1165) . 

. Among the early Cretans studied, impacted third molars were seen in nine 

people (5 from Armenoi, 2 from Pigi, 1 from the Isle of Christ and I from 

Sellopoulo). While impacted canines were occasionally seen (all three 

occurrences are described below). Impacted teeth are those ,,,hich are 

prevented from erupting by some physical barrier in the eruption path. 

The cause of an impacted right maxillary canine of a young woman, No. 2 

from Koumaro Cave, and of an impacted left mandibular canine of a man, 

95H from Armenoi, may have been premature loss of deciduous teeth and 

partial closure by bone of the area which they occupied. Alternatively 

these impactions could have been caused bYBck of space due to crowding 

of the dental arches. These are common factors in the aetiology of 

partially or completely impacted teeth. Finally the most complicated 

case with an impacted canine was that of 74Z, a woman from Armenoi. The 

left maxillary canine was inverted and the crown pointed towards the 

nasal cavity (see Pl. 66). 

Similarly in several of the cases seen with impacted third molars, 

rotation of the tooth buds had resulted in teeth which were aimed in the 

wrong direction, because their long aXlS was not parrallel to the normal 

eruption path. For instance ?lA, a man from Armenoi had an impacted 

left mandibular third molar which is in a horizontal position with respect 

to the body of the mandible (see Pl. 66). The crown was probably in 

contact with the distal surface of the roots of th~ second molar and 

could have caused the resorption 6f the roots of M2 and consequently the 

loss of the tooth. The left mandibular third molar of a young woman from 
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the Middle Minoan cemetery on the Isle of Christ was also horizontally 

impacted, in exactly the same position as the case just described. The 

left maxillary M3 of a man from Armenoi 86r , and the left m~xillary M3 

of a young woman found in Tomb II at Sellopoulo were both impacted in 

a "distoangular" position. In both cases the tooth lay in an oblique 

position with its roots approximating the distal surface of the root 

of the second molar and the crown pointing posteriorly. The left mandi

bular M3 of a man from Pigi III and also that of 67B from Armenoi were 

impacted obliquely in a mesioangular position, its crown in contact with 
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the crown and root of the second molar (Pl. 67). In the remaining cases 

(67E, 89r, and Pigi IV), the impacted third molars were in a normal 

position, but unable to erupt due to lack of space. At Armenoi no case 

of impacted third molars was seen among the females, although this ~s 

presumably merely accidental. Among the male population at Armenoi the 

incidence of impacted third molars is 7.5% (ie. five out of 67 people. 

examined with third molars present). The impaction of teeth due to lack 

of space provides support for the theory mentioned earlier that there 

may be an evolutionary trend towards shortening of the jaws. Functions 

no bnger required seem to have led to the redundancy of the third molar, 

~n particular, which ~s used for crushing food. 

Rotation of teeth was often seen ~n canlnes, ~nc~sors and pre

molars. Among the Armenoi population the majority of rotated teeth were 

canines, often mandibular canines (: 10-3, 35 r, 73 r, 73H, 76[T, 79H, 

842, 89LT, 89-2, 1036, 103E). These had rotated out of their normal 

posi tion by as much as 90°. In two cases, 206 and 107H, the premolars 

had rotated and in two or three cases crowded lateral incisors (eg. 

9SA and 197H) were rotated, or malpositioned (eg. 35 r). Again this 

phenomenon is often due to insufficient space for eruption from premature 

loss of deciduous dentition or abnormal development of a short or narrow 

mandible. Hypothetically it could also be due to premature eruption 

and occlusion with the maxillary teeth. 

In the majority of early Cretans examined overbite was normally 

seen. However there were a few rare exceptions among the Armenoi popula

tion. Pronounced overbite was observed in two male crania. There were 

six cases of edge to edge bite and two or three cases of under-bite 

(Pl. 68), one of which however was due to resorption of an edentulous 

palate. The reasons for over and under-biter~1 be attributed to skeletal 

causes, either to micrognathia or to macrognathia, ~e to an abnormally 

short or long mandible. This abnormality accompanies certain syndromes. 

For example hypoplasia of the mandible is associated with Treacher 
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Collins Syndrome and Crouson's disease and hyperplasia of the mandible 

is associated with cleidocranial dysostosis .. However in the most 

remarkable case with underbite, 55f from Armenoi, one wonders whether 

it is chance that the complete skeleton except for the clavicles was 

recovered during the excavation, or -whether the clavicles were indeed 

absent. 

ffShovelling ff of incisors was quite rare among the early Cretan 
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people examined. Only four cases have been noted: one from Chryssolakkos, 

one from Sellopoulo, one from Aghios Syllas and one from Armenoi. This 

phenomenon is said to be characteristic of Mongoloid groups (Brothwell. 

1963, 119). Occasionally a small lingual cusp was observed on the third 

molar ego 31-3, 67E, 78~, 80A and 117A from Armenoi. Lingual cusps 

were also seen on the left maxillary lateral incisor and canine of 71A 

from Armenoi. The significance of this phenomenon is not known. 

A not uncommon developmental condition among the early Cretans 

examined was the appearance of supernumerary roots. In several persons 

~he mandibular cuspids, normally single rooted teeth which were most often 

affected, had two roots (: 732:T, 73H, 956, 103f, Gerani 2), while a 

maxillary cuspid belonging to an individual found at Aghios Syllas also 

had two roots. There are t'\vO instances of individuals examined (768 

and 69f ), with two roots on maxillary lateral incisors. There are three 

instances of individuals examined (from Platyvola, FourneS and Armenoi 

89H), with two roots on the maxillary first premolar. The maxillary M3 

of 67E from Armenoi also exhibited a dwarf supernumerary root and an 

extra lingual cusp mentioned above (Pl. 62). It looks as if this root 

may have been a factor in causing the impaction of the tooth. 

Taurodontism was noted in at least six adults, four males and two 

females, in the Armenoi population. It affected the second molar ~n 

three cases (73A, 94B, 98A) , the third molar in two (786, 9.5I:T) , and 

a second bicuspid (732:T) , apparently unilaterally. ffTaurodontism", 

meaning bull-like teeth, is a term first coined by Keith. Taurodontism 

is commonly found in Neanderthal man and seems to have been prevalent 

among Neolithic people. It is also known to be widespread among many 

modern peoples. (Hamner et ai, 1964, 409). Possible reasons for this 

phenomenon enumerated by Mangion (1962, 309), include the possibility 

that it is a primitive character, that it is a special or retrograde 

character, a Mendelian recessive trait, or a mutation resulting from 

odontoblastic deficiency during dentinogenesis of the roots. TaurodGntism 

occuring simultaneously with amelogenesis imperfecta has been reported 
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(Crawford 1970, 171). The heretability of this cOlldi tion has not yet 

been fully investigated. 

"Dilaceration", an angulation, sharp bend or curve in the root 

of a tooth was noted ~n two persons found at Ailias. The first case 

involved the posterior buccal root of the left maxillary third molar 

belonging to a man from Ailias (Tomb VI-XVI). The second case involved 

the root of the left maxillary first premolar, which was bent in a 

posterior direction, belonging to a woman from Ailias (Tomb VII - larnax 

Ia). This condition is thought to be due to trauma during the period 

when the tooth is forming, with the result that the position of the 

calcified portion of the tooth is changed and the remainder of the tooth 

is formed at an angle. The curve may occur anywhere along the root 

depending on the amount of root formed when the injury occurred. In the 

first case the injury must have occurred in late teens (16-25 years) and 

in the second during childhood between the ages of seven to twelve. 

8.8 Discussion 
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Perhaps the most impressive fact in this study of the teeth is the 

high incidence of caries in the LM III population at Armenoi which denotes 

a marked increase in dental caries incidence between earlier and later 

Minoan times. It has already been made clear that no single factor but 

a combination of factors may influence dental caries incidence. In 

addition to factors so far mentioned, a genetic background has also been 

linked with dental caries incidence. But study of the pure effects of 

heredity is confused by eating and cooking habits, aspects of culture, 

also passed down from generation to generation. Hence there is no incon

travertible evidence that heredity per~ has a definite relation to dental 

caries incidence. 

The most widely accepted theory of the aetiology of dental car~es ~s 

the acidogenic theory which implicates the carbohydrate content of the 

diet as a main factor ~n dental caries incidence. A possible hypothesis 

is that increased dental carles incidence in LM III may have been brought 

about as a result of a gradual change in dependence on certain food stuffs, 

but not necessarily new ones. It is known from the archaeological record 

that many foodstuffs were available to the islandTs inhabitants from Early 

Neolithic times. One suspects that other varieties of food known from 

later archaeological contexts (and some which are not yet known and others 

for which there may never be proof), may well have existed in earlier 

times too. A fundamental difference in the quality of life between the 

earlier and later phases of the Cretan Bronze Age was the greater degree 
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Table 8.7. 

FOOD 

1 Goat/Sheep 
2 Cattle 
3 Pig 
4 Animal liver 
5 lungs 
6 heart 

Nutritional values of some foods considered to have been 
available in·Minoan times 

CARBO-

I CALORIE I 
PROTEIN FAT HYDRATE VIT. VIT. .Fe Ca PER I 

gr% gr% gr% C D +/mg % +/mg at -100 gr /. 

20 12 - + + 188 
20 8 0.5 3.2 1 1 154 
20 20 - 7 242 
16 4 3.5 + + 8.8 1 14 
15 2 0.5 

I 80 
17 10 0.5 160 

7 kidney 18 5 0.5 + 119 
8 spleen 18 4 1 + 112 
9 brain 9 9 - 117 

10 Hilk human 1.3 3.7 6.5 32 65 
11 cattle 3.3 3.6 4.6 + + 0.2 1 18 64 
12 goat 3.3 4.2 4.8 + 70 
13 sheep 6.3 6.5 4.5 + 100 
14 Cheese Feta 20 25 1.5 310 
IS Mizithra 18 1 2 93 
16 Cheese,hard 34 341 
17 Olives 1 20 9 + 220 
18 Olive Oil - 100 - 900 
19 Geese,Chi~ken 21 5 - 1.3 130 
20 Egg (50gr) 12 12 1 + 2.4 + 160 
21 Fish Mullet 12 1 - + 1.0 57 
22 Eel 12 25 - + 273 
23 Oyster 10 1 1 53 
24 Wheat 12 1.5 66 325 
25 Rye 11 I 70 333 
26 Barley 9 2 67 320 
27 Oats 10 5 60 55 325 
28 Beans dry 19 1.5 48 + 2.5 163 283 
29 Lentils 24 2 5 I + + 310 
30 Peas 22 2 52 + 57 314 
31 Celery 0.8 - 6 + 27 
32 Cucumber - - 1 4 
33 Leek - - 9 36 
34 Garlic - - 24 96 
35 Beans,fresh 2 - 6 32 
36 Figs, Grapes - - 16 64 
37 Almonds 21 53 1 1 + + 605 
38 Plum dry 1.5 - 50 206 
39 Plum fre sh - - 8 32 
40 Figs dry 2 - 53 220 
41 Dates 1 - 58 236 
42 Veget. -Salads 1 - 2 + 9.5 + 12 
43 Apple - - 12 0.3 6 48 
44 Pear - - 9 36 
45 Medlar, Berry - - 10 40 
46 Rabbit 21 (5) - 125 
47 Deer 21 (5) - 126 

, 

I 

I 
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of 'security'. In other words they were able to eliminate some uncer

tainties in life, through well orgaaised production which provided. 

surpluses enabling them to survive bad: harvests or other eventualities 

and avoid starvation. Inevitably the need for security must have 

guided them to a preference for cultivating the kind of food surpluses 

which could be storei from year to year, for instance cereals, legumes, 

oil, pickled dives (which I am told may be kept in the traditional manner 

in clay storage jars, uncut, in salt brine for at least two years), dried 

fruits such as plums, figs, raisins or dates and honey. The cultivation 

of such foods may have been favoured because they can be easily stored 

and provided. the means of ensuring the survival of the communities in 

difficult times. In this way these foros could have become "staples" on 

which the population was dependent. The common factor of the foods ment

ionei above is that except for oil they all have a high carbohydrate 

content, especially the cereals and legumes (Table 8.7). The dried 

fruits have a higher carbohyurate content than fresh fruits. Moreover, 

with the exceptions of beans and lentils, these foods are deficient 

in iron, vitamin C and calcium. This hypothesis would account for the 

high calculus deposition, associated with high calorie diets, and would 

also explain the frequency of anaemias seen in the ~xmenoi material (see 

Chapter 9). The hypothesis of a greater dependence on storable foods 

seems plausible in view of the likelihood that the Armenoi community was 

probably primarily engaged in animal husbandry and the wool industry, tc 

the degree that specialisations occurred at this time without endangering 

self-sufficiency. 

A consideration of the data, for the Armenoi community, on tooth 

loss and diseased teeth plotted. by age groups (Table 8.8), emphasises 

the very much poorer dental health of women compared to men at every 

stage of life except the last. It seems that the minority of women who 

survived 45 years, were in better general health because of better 

nourishment which is reflected. by their teeth. Those women who died 

at ages of peak mortality for this population had fewer (caries free) 

teeth than the women in the highest age group, who had an average of ten 

caries£ree teeth. It is possible that the stress of pregnancy was to 
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a greater extent responsible for the lower life expectancy of women, which 

has already been commented on in Chapter 5. The ages of peak mortality 

among females correspond to the most productive period of a woman's life, 

so there is a direct correlation with reproductive activity. A pregnant 

woman's dietary intake must have been frequently below her bodily require

ments, significantly increasing the risks to health and decreasing the 

life span. This implies that men took preceience in the sharing of food 
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Table 8.8 

A comparison of Caries and Ante-Mortem tooth loss in males 

and females from the Armenoi cemetery, at different stages 

of life. 

AGE Percent Teeth Lost Percent Teeth Diseased. 

GROUPS Males Females Males Females 

15 -21 9.72% I 23.6% 1 1 % 18.04% 

21 -25 17 . 19% 23.4% 15.62% 11.4% 

26 -35 22.49% 42.1% 18.36% 29.4% 

36 -45 27.74% 65.77- 16.04% 14.7% 

46 43.92% 56.25% 40 % 13.3% 
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and the natural conclusion ~s that the status ofa woman ~n Minoan society 

was secondary to that of a man. 

It has already been mentionei ~n relation to the high incidence of 

dental caries that honey and dried fruits were the most likely sources 
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of dietary sugar for the Minoans. Evans (1976) has written that olive, 

vine and fig played_ a decisive role in early development of urban society 

in this region. Wine, oil, honey and figs are among the articles ment

ioned in the linear B tablets from Knossos 0Tentris and Chadwick 1959, 

50). The fig grows wild in the Mediterranean, thus it is a cheap source 

of food which is storable in its dried form. In ancient Athens the slaves 

ate figs, which have a high calorie (energy) content and sustain hunger, 

but as Aristotle observed they ruin the teeth. 

The Minoans suffered from the same kind of dental problems and dis

comfort which trouble us and in this respect we can share a strong sense 

of empathy with them. In the material studied, there was more than one 

instance where unbearable pain from a carious tooth on one side of the 

mouth had obviously caused a preference for chewing on the opposite side 

of the mouth. This resulted in an unequal degree of attrition; tooth 

wear being noticeably more severe on the side of the mouth where food was 

habitually chewed. It is not improbable then that the }hnoans developed 

some treatments for dental problems. In some of the skulls examined the 

excellent healing of the, alveoli seem to provide firm evidence for the 

view already expressed by Carr (1960, 121), that "extractions were. known 

to these people". Rodgers (in JD Evans 1971, 239), has also suggested 

that extractions were done in the Chalcolithic period in Malta. In the 

Late Minoan period at Armenoi there is some positive evidence for extrac

tions. In the case of Tomb 89r, the broken roots of the left maxillary 

HZ were embedded in the alveolus. The only possible explanation for this 

~s that the rotten crown of the tooth was broken off during its extraction 

and the roots remained in the jaw, since when a tooth is exfoliated there 

is natural evulsion of the roots and sepsis. Another case where extractions 

seem probable is that of a female, aged about 22, found in Sellopoulo Tomb 

II. Although both of the maxillary second molars were missing and the 

alveolus was completely healed, there was no evid_ence for caries on any of 

the other teeth. It was mentioned above that both the maxillary third 

molars of this person were impacted in a distoangular position. It is 

possible that pressure of the impacted third molar roots on the second 

molars, may have caused irritation and referred pain, which incriminated 

the second molars and this resulted in the removal of both these teeth. 



, 

Extractions are relatively easy and do not require any sophisticated 

technology, which did not alre&iy exist in Minoan Crete. In modern 

Greece it is not long since barbers were extracting teeth as part of 

their professional duties. Even now in the villages, I am reliably 

inforIDei, that a troublesome tooth which ha.s become loose in its socket, 

may be yanked out with a pa~r of pliers by the sufferer himself. 
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CHAPTER NINE 

SKELETAL PATrlOLOGY 

Introouction 

For the following chapter 6,325 bones were examined "clinically". 

Of these 1,074 were x-rayed and examined radiologically. The cri ter ion 

for x-raying a bone was its abnormal appearance, or the suspicion of 

pathology. However when funis permit there is clearly a need for total 

radiographic screening of every bone irrespective of its external 

appearance. This was demonstrated by the case of a vertebral column 

from Tomb 103;:', which was x-rayed for another reason but revealed in 

terms of pathology avery interesting metastatic cancer, not otherwise 

visible to the naked eye. The economic aspect of the matter must be 

disregarded, except to mention that because of the manner and place ~n 

which the radiography was undertaken, these x-rays have been a very 

expensive part of the work. However it will become obvious below that as 

far as the archaeology and anthropology of the material is concerned, 

this does not affect the information from which the conclusions are 

drawn. Thus the original plan of carrying out selective x-raying was 

adhered to throughout the research. 

In order to present the findings of the pathological examination 

of the bones, this chapter is divided into two parts. In part one with 

the title "Diagnoses", a selection of pathological bones is presented, 

arranged according to morbidity or disease. In part two, entitle.i 

"Discussion!! a series of interesting conclusions are formulated, which 

emerge from the anthropological interpretation of the medical diagnoses. 

It must be said that in order to form diagnoses in the living 

several kinds of evidence - clinical, laboratory and radiographic -

must be correlated. In palaeopathology, diagnoses are based only on 
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the latter evidence (and the macroscopic appearance of the bones), and 

therefore each diagnosis is prefaced by TTmay be", TTpossible TT , or "probable". 

The wider the variety of forms with which a disease manifests itself the 

~eater, correspondingly, is the number of possible diagnoses of its x-ray 

presentation. In such cases several possible diagnoses are suggested 

and that which seems most probable is indicated. 

, Finally, because the subject of this chapter is relatively special-

ised, it includes a number of terms which facilitate and objectify the 

presentation. Some basic details concerning the disease noted. are given, 

together with explanations of terms when they are mentioned for the first 



253 

time. All these details are included in the text with the diagnoses. 

Thus the use of footnotes ani a glossary was avoided. A list of 'further 

cases' is appended to the end of some sub-sections ego osteoporosis, 

osteomyelitis, tuberculosis, in order to avoid needlessly long and 

repetitive descriptions. 

PART I DIAGNOSES 

9.1 Fractures 

Plates 69 & 70 

89A: The right tibia has a twisted oblique fracture of the distal end of the 

diaphysis, which had healed. A slight shortening Ci.4 ems) of the bone lS 

noted when compared to the left tibia of the undamaged limb belonging to 

the same individual, a man. aged about 35. The fractured bone is also 

slightly broader. The size and the direction of the repair, together with 

the broadening mentioned, are due to the overlap of the two broken ends-

of the bone, which happens in oblique frac tures bef ore reduc tion. - Thick-

·ening of the compact bone both towards the medullary cavity and outwards 

to the periosteum is also noted. It is evidently due to the onset of 

osteomyelitis which implicated the injured tibia. Finally roughening of 

the surface of the bone at its distal end is observed. 

Although oblique fractures mend more quickly, due to the larger surface 

area of the ends to be united, the period of approximately 12 weeks re

quired for healing and the relatively successful repair of this tibia 

(its owner would have been able to walk again, perhaps with a slight limp), 

provide proof that the limb was immobilised for healing. This evidence 

consequently leads one to the ~pothesis that some primitive but effective 

fracture treatment existed in Minoan times. 

Plates 69 & 70 

89A: Right fibula which has suffered post-fracture inflammation. The healing 

of this fracture is described above. Thickening due to the sub-periosteal 

development of new bone as a result of inflammation is indicated. Sinuses 

for the escape of sera-pus from the inflamed bone are visible near the 

d.istal articulation. It is likely that this osteomyelitis was caused by 

staphylococcus, which often complicates healing in bones. 

, Plate 71 

76A: Left tibia with a greenstick fracture, below the middle of the diaphysis 

and on the lateral surface, which has healed. Such fractures are usually 

seen in children under the age of 10, because the strong, thick periosteum 



prevents displacement, but it can occur in adults - as in this case of 

a man aged' 35 - when the active force provokes compression of the bone 

down its longitudinal axis. Such fractures heal rapidly. Given that 

with greenstick fractures sustained by adults displacement does not 

occur, it is impossible to suggest that treatment was given to this 

individual. 

Plate 71 

792:T: The radiographically sclerotic appearance of both the cortex and the 

cancellous bone tissue of approximately two-thirds of the diaphysis of 

the tibia is noted. It is probably due to an old, healed compression 

facture. The bone belonged to a man aged about 31. 

Plate 71 

31 1: Right tibia of a man about 30 years of age. At the mid-shaft there is 

marked sub-periosteal bone-forming activity on one side which has caused 

an increase in bone thickness at that site. The increased density of 

bone is evidently the result of osteomyelitis or periostitis, possibly 

following injury or fracture of the bone, which eventually healed. 

Plate 71 
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95M Osteomyelitis of the mid-shaft of a tibia belonging to a girl, approxi

mately 13 years old. The thickening of the cortex is within the medullary 

canal, that is from below the periosteum (original cortex) and towards 

the centre of the bone. The infl~tion probably succeeded a fracture 

of the mid-shaft of the tibia. 

Plate 71 

98Z The left tibia of a man (aged 23+) with mUltiple lines of arrested growth. 

A probable case of osteomyelitis, which complicated the healing of a 

fracture of the mid-shaft of the diaphysis. 

Plate 71 

84 2~ The left tibia of a child, about 5 years old. A sub-periosteal bone-form

ing reaction is seen around the mid-shaft of the diaphysis, together with 

a slight d.istortion of the bone. This is probably a greenstick fracture 

, 

or osteomyelitis after an injury to the bone. 

Plate 72 

67A: A sub-periosteal bone forming reaction is discernible on the distal 

epiphysis of the right tibia, belonging to a child aged about four. It 

is probably a healed fracture.' 



Plate 72 

77 D.. : Two fractuTes, both healed, were evident macroscopically: one below the 

head of the left humerus and the other at the distal end. of the left 

radius diaphysis. Radiographically both fractures are clear. 
, 

However 
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osteoporosis of both bones is seen with remarkable thinning of the cortex 

and rarefaction of the trabeculae of the cancellous bone. This may be 

disuse atr ophy resulting from prolonged immobilisation required for 

successful healing of the arm. Osteoporosis of the left scapula is also 

seen (Plate 72). 

The very deep pre-auricular sulcus on the pelvic bones indicates that this 

is a woman, who probably had a history of several births. The sites of 

the fractures might be explained aetiologically, by the woman having been 

hit from above and on the left by a hard object (e.g. a stick), or by a 

bare, strong (male?) hand, which she tried to avoid, at the same time 

instinctively protecting her head, bending the forearm and bringing the 

wrist towards the shoulder. It is therefore possible that what we see 

is the result of a violent family dispute, which seriously damaged this 

young ,.;roman, aged about 25. Naturally this gives rise to the query, how 

did osteoporosis set in during the 8-10 weeks required for the healing 

of the immobilised bones of the humerus and forearm. The duration of 

healing is inversely related to the quantity and quality of nourishment. 

A fact which should not escape us ~s that the woman might have breast fed 

her child for as long as three years (Brothwell & Sandison 1967, 498, 511), 

a situation which presupposes a considerable expenditure of nutrients and 

calcium. 

Plate 73 

93A :Left humerus of a man over 50 years of age. The bone presents distortion, 

particularly of the lower third of its diaphysis and senescent osteoporosis 

corresponding to the age of this person. (Bone density regresses with age.) 

While at the site of a post-mortem crack, evidence of an old healed fracture 

is discernible. 

Plate 73 

86!.T:Healed fracture of the distal end of the right radius, belonging to a woman 

aged about 25. This is the usual site for the occurrence of a Colles'/ 

Smith's fracture. The satisfactory healing, combined with the ciisplacement 

(-which usually occurs) could suggest some treatment. The persistence of 

the displacement is related to the manner of control of the reduction and 

the means of immobilising the limb. 



Plate 73 

100-5: A large exostosis H observed. near the distal epiphysis of the ulna, 

belonging to an adult aged 25+. The diameter of the diaphysis at that 

point appears larger, bu.t the bone is porotic (rarefie::I) 1.U its compo-si

tion. The distortion may be due to incomplete reduction of the broken 

ends of the bone after a fracture. This may be chondrogenous exostosis 

following a fracture or a severe injury to the bone, or a fracture dur

ing which fragments penetrated the interosseous membrane (which forms 
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a bridge between the radius and ulna). Remodelling may have left a spike 

of bone. However it is possible that this could be a neoplasia of osteo

lytic type, for example Ewing's sarcoma, while the exostosis may be a 

typical Codman's triangle (Harrison 1977, 2044).* 

Plate 73 

98B :Healed fracture of the distal articular ends of the bones of the left 

forearm (radius and ulna), belonging to a woman aged about 28. Immobil

isation is also likely in this case and may explain the marked osteopor

osis of the bones of the forearm. 

Plate 74 

118.6.: The right radius belonging to a woman, about 24+ years old, with a healed 

fracture of the distal epiphysis. Evidence of sub-periosteal ossification 

is observed. 

Plate 74 

76 8:Exostoses are noted round the lower margin of the acetabulum belonging 

to a man, about 30 years old. A mass of bone is noted in the left 

acetabulum, which in size and shape corresponds to a deficiency of bone 

in the head of the femur. The cortex of the distal end of the di~physis 

of the femur appears thinner. The lumbar vertebrae are porotic with 

marked osteophytosis and exostoses: similarly the calcaneum, the 6th 

cervical vertebra and the sternal articulation of the right clavicle. 

The most probable explanation which can be given for the above is that, 

after an anterior dislocation of the hip, the head of the femur atrophied, 

due to the injury sustainei by the artery of th~ femoral head, and became 

ankylosed below its physiological position. After this walking was impos

sible. Osteoporosis developed because of immobility or stiffness. Clin

ically this is callei disuse atrophy (Collins 1966, 119). 

Plate 75 

92B : The left innominate bone, belonging to a man about 40 years of age, with 

* Abbreviation for Thorn et al J 97 7) Harrison's: Principles of Internal Hedicine . 



a fractQre of the floor of the acetabulum. The whole bone has a porotic 

and d.istorted appearance. This is probably a central dislocation, due 

to a fallon the great trochanter which thrust the head. of the femur 

into its socket, splintering the floor of the acetabulum, so that it , 
became dislocated inside the pelvic inlet. Given that such fractures 
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are extremely difficu.lt to reduce to~ay, (they require traction for six 

weeks, physiotherapy and walking on crutches for 4-6 months, without 

putting any weight on the leg (Garoufalides 1973, 463; Apley 1973, 474-5)), 

it is very improbable that this man ever walkei again. At least this 

would explain the severe osteoporosis. Consequently this fall was most 

probably thecaus e of his death. (See also section 9.6.2 on osteomyelitis). 

Plates 75 & 117 

32B: The skull of a man aged about 29 with an injury to the nose, probably a 

fracture. The nasal bone has an asymmetrical, distorted appearance which 

is abnormal. 

Plate 76 

31 2: On the external surface of the metopic bone of this skull, belonging to 

a·woman aged about 22 years old, there are traces of the organisation of 

a haematoma. Blood stains are discernible macroscopically. These facts 

lead to the conclusion that this woman's death was caused by external 

violence. 

9.2 Exostoses - Post-Traumatic Arthritis 

Plate 76 

78Z: On the posterior surface of the calcaneum a sizeable channel is observed, 

around which are exostoses. It is evidently traumatic arthritis resul-

ting from injury to the joint. Exostoses appear on the trochlea 
of .. 

of the distalarticula tion "the right humerus, also belongl.ng to thl.s 

adult male aged about 30. These exostoses are the result of post-trau

matic arthritis of the ankle joint. These exostoses probably represent 

the final appearance of a totality of degenerative changes which can 

occur at an injured joint. In the first place, when a joint is injured 

the joint capsule which surrounds the joint is irritated and becomes 

hyperaemic causing an oedema and the joint is filled with inflammatory 

fluid. In severe injuries, the capsule is ruptured and the joint fills 

with blood. Coagulation of the blood is usually hindered. by the synpvial 

fluid and the blood is absorbed after days or even weeks. If the blood 

is not absorbed, it coagulates in the spaces between the joint (synovial) 

folds. The ruptured joint capsule heals and thickens (the scar constitu-



tes a lower quality connective tissue), causing restricted mobility of 

the joint. This restriction causes the muscles and tendons which sheath 

the joint to·~inkle. A joint which has been subjected to the above 

changes is vulnerable to further injuries. The joint cartilage, because , 
it is not properly supplied by synovial fluid, deteriorates and uncovers 

the bones which are below it. Thus degenerative arthropathic changes 

develop on the bare bone surfaces. Depending on their size, these are 

called osteophytes or exostoses. With due consideration to the total 

number of observed changes, affecting the bones of this individual, one 

might tentatively deduce that he was a manual labourer, perhaps employed 

in agricultural work, on hard and stony ground. 

Plate 76 
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55A:Exostoses are present on the lower and posterior surface of the calcanea 

(a condition known as Policeman's heel CApley 1973, 331», belonging to 

an adult male aged about 30. They are probably caused' by recurring injury. 

Plate 77 

Pigi 4 :Calcanea and sacrum, belonging to a young adult female. The calcanea 

present degenerative changes and exostoses (Policeman's heel), probably 

due to recurring injury. Sclerotic areas appear on the sacrum, which 

are exostoses mainly on the sacro-iliac joint. The 5th lumbar is probably 

sacralised. 

Plate 77 

71E:The presence of osteophytes and the destruction of the inferior articular 

surface of the 4th lumbar vertebra, belonging to a man aged about 25, is 

noted. Osteophytes are also noted on the thoracic vertebrae, while the 

rest of the lumbars present degenerative changes. This is probably a case 

of spinal arthopathy, having a rheumatiod or traumatic aetiology. 

Plate 77 

80u :A typical case of osteoporosis in the axial skeleton (sacrum and lumbars) 

of a woman, whose age is estimated to be 26 years old. The trabeculae of 

the cancellous bone appear unduly slender, while the compact cortical 

bone appears thin, having undergone cancellous transformation. and the 

vertebral bodies have become compressed especially from top to bottom. 

The fifth lumbar vertebra is severely collapsed. Exostoses, mainly on 

the right s;~e of the centra, are also observed and suggest the onset of 

ankylosing spondylitis, evidently of traumatic and then degenerative 

aetiology. The injury could be due to congenital dislocation of the hip 

or due to habitually carrying some weight on the side of the body corres-
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ponQing to the injury. 

Plate 77 

78B: Degenerative art~pathy of the vertebrae. (Of the three lumbar s the , 
second and third are fused together.) Osteoporosis, osteophytic promin-

ences and exostoses, as well the onset of ankylosis of the spinous proc

esses are noted. The lowest most porotic and Qeformed vertebra of all has 

collapsed. The youthful age of this man, about 29 years old, makes one 

suspect that this degenerative spondylo-arthritis is the result of injury. 

Plate 78 

67B: Exostoses appear on the lateral condyle (meniscus lateralis) and margins 

of the tibial platform, resulting from arthritis of the knee, probably 

having a traumatic aetiology. This man is estimated to be about 30 years 

old. 

Plate 78 

8Sr: There are exostoses on the lateral condyle of the tibia belonging to a 

man of approximately 31 years of age. It is possible that it may be due 

to osteochondritis of the knee joint, or more likely that it is the 

result of traumatic arthritis from chronic injury, due to the nature of 

this person's occupation. 

Plate 78 

77f: Osteophytes around the margin of the right acetabulum of this adult male 

aged 26+ are probably due to arthritis of a traumatic orlgln, which - as 

the mUltiple perforations In the floor of the acetabulum reveal - was com

plicated by bacterial infection and became purulent. There are also 

exostoses and osteophytes around the margins of the glenoid cavity of 

both scapulae and on the centrum of the only surviving vertebra (lumbar), 

also probably Que to arthritis and having a traumatic aetiology. 

Plates 78 & 79 

8~T: Exostoses on the3.rticula tiori~~ tibia of a wom:m, ageQ between 21-25 years, 

due to traumatic arthritis from a fall or a knock on the knee, or due to 

osteochondritis of the lateral condyle. The other tibia (Plate 79), presents 

areas of bone atrophy, probably due to loss of function after an injury or 

Bacture, a fact which confirms the traumatic origin of the exostoses already 

mentioned. 

Plate 79 

II Exostoses on the anterior and lateral surfaces of the distal articulation 



of the left tibia, belonging to an adult male about 28 years old. It 

is probably an infection following an injrrry to the ankle joint. 

Plate 79 
~ 
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32B: The left tibia of a man, aged approximately 29 years. Exostoses are noted 

on the lateral condyle (meniscus lateralis), probably due to post-trau

matic arthritis of the knee. An exostotic mass is also noted on the dis

tal articulation, U-shaped with smooth margins, also of traumatic origin. 

Plate 79 

2cr: The right tibia of a man of about 20 years. Exostoses, 5 mm diameter, 

are noted on the distal articulation, below the fibular articular surface. 

This is probably the result of post-traumatic arthritis due to recurring 

injury of the ankle. It is also worth noting the Harris lines, or lines 

of arrested growth, due to a febrile disease or malnutrition during the 

development of the bones. 

Plate 80 

103il: The left tibia of a man, about 29 years of age. Osteophytes are noted 

on the distalarticulationXhere are also osteophytes on both calcanea. 

These changes are probably indicative of post-traumatic arthritis, due to 

recurrent injury. 

Plate 74 

1088: The left tibia of a man aged about 45? years old. A zone of osteoporosis, 

osteophytes and exostoses on the distal articulation are noted. These 

changes are probably due to post-traumatic arthritis from recurring injury. 

Plate 80 

110A: The left tibia of a man, aged about 26. At least ten Harris lines are 

visible in the x-ray. Exostoses and osteophytes noted on the distal 

epiphysis probably result from post-traumatic arthritis, resulting from 

recurring injury. 

9.3 Osteoporosis - Atrophy 

Plate 80 

74Z: Osteoporosis: rarefaction of the bone is diffused In this tibia. The com

pact cortical bone has become thin. The medullary cavity appears enlarged. 

The osteoporosis appears to be of the senescent type, a result of the 

reduction of the organic sub-stratum and the inorganic salts of the bone. 

The remaining bones and teeth of this person also indicate that the osteo

porosis may be age related. It is worth noting that in spite of the 



osteoporosis of the tibia, the Harris lines remain completely intact. 

This tibia belongs to a woman over 26 years old, with a history of many 

bir ths, ind ic.ated by the deep scaring of the pre-auricu.lar sulcii on 

the innominate bones. Consequently the osteoporosis may be climateric , 
rather than senile, without underestimating the reasons mentioned above, 

more weight is given because of age to the sudden cessation of function

ing of the ovaries at the menopause. 

Plate 80 

78H: A differential diagnosis of osteoporosis and osteomalacia is tentatively 

made on this tibia. To begin with interest centres on the probable age 
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of the individual, which is estimated between 23-25 years old. If the 

contradiction between age and the number of teeth (half the teeth had 

been lost ante-mortem), is attributed to a calcium poor diet, or to 

diseases which cause distrubance of calcium absorption, as happens with 

chronic sprue (Harrison 1977, 213), or with disrurbance of the discharge 

of bile caused by gallstones, then a diagnosis of osteomalacia may be 

suggested. Signs of childbirth, scaring on the pelvis owing to deve

lopment of muscular attachments, plead this case. Pregnancies contribute 

to the d.evelopment of galls tones. The abund ant sunshine in Crete is a 

factor which goes against the diagnosis of osteomalacia, since this gives 

ample opportunity for the production of Vitamin D. Also the absence of 

Looser's zones, transverse radiolucent bands characteristic of this ill

ness, at the sites where the bone bears the most mechanical stress/weight 

(Harrison 1977, 2034), suggests the alternatives of disuse atrophy or a 

form of osteoporosis. The immobility of the patient, due to an illness 

of long duration which kept her in bed, could provide an explanation. 

At any rate, the large number of Harris lines confirm that this person 

was chr onically undernour ished or susceptib Ie to illnesses. Finally 

the you thful age of this per son gives rise to the suspicion that, besides 

disuse osteopor osis, this cou Id be a case of Sudeck-Kienback osteopor osis 

(Apley 1973, 381; Collins 1966, 121), or in other words acute atrophy 

of the bones. The mechanism responsible for this type of osteoporosis 

lS completely d:ifferent from that of disuse osteoporosis, where it is 

known that the normal sitmulants which d.rive the osteoblasts to produce 

bone tissue are absent. 

Plate 81 

95Z, E &l:.~ From left to right, tibiae of three woman from the same tomb, aged 

+ . I about 35, 30 and 50 - 5 respectlve y. All three bones are osteoporotic. 

There is probably a relationship, presumably inverse, between the calorific 



requirements of these women as mothers and their calorific intake and 

the kind of nourishment generally allotted to the women-members (second 

class?), of the family. (See Discussion.) 

List of further Cases of Osteoporosis: 

Plate 81 

77E: Tibia of a woman aged about 36 years. 

Plate 81 

89K: Tibia of a woman aged about 30 years. 

Plate 81 

84M: Tibia of an adult female. 

Plate 82 

76B: Tibia of a woman aged between 40-50 years. This ~s probably post

clima¢eric osteoporosis. 

Plate 82 

14 1: Tibia belonging to a woman aged about 41 years. 

Plate 82 

926: Tibia belonging to a woman aged about 29 years. (also Plate dO) 

Plate 82 

, 
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92 B: The skeletal remains of a man aged about 40, whose case is described in 

section 9.1 on fractures, with a central dislocation. Here the picture 

of osteoporosis of the 5th right metatarsal, of the sacrum, of a thoracic 

and of the lumbar ver tebrae veri fie s the hypothesis alread y formulated 

that this man had a serious accident which prevented him from walking 

aga~n caus~ng disuse atrophy. 

Plate 8:2L 

108A: Right tibia belonging to a woman aged about 41 years old. 

9.4 Avitaminosis - Hypovitaminosis 

Rickets - Scurvy 

Plate 83 

671: Thinning of the cortex of the diqphysis of the distal femur belonging to 

a child aged eight .is noted, as well as deformity in the shape of the 

bone, probably caused by scurvy from lack of vitamin C. In the next 

x-ray increased thickness at the epiphyseal growth plate, which is cupped, 

is noted. The compact cortical bone appears thin. The old remedy for 



scurvy - two oranges and, a lemon a day - recommended in 1747 by James 

Lind, the Naval surgeon (Harrison 1977, 459), might seem, inappr opria te 

in Crete where today citrus fruits are grown abundantly, but were not 
( 

known in an tiqui ty . The ciai ly vi tamin C requirements of a sma 11 chi ld 

are approximately 50 - 100 mg. (Matsaniotis 1972, 244). The maternal 
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milk of an adequately nourished mother contains 5-7 mg/ 1 00 !Ill. (Harrison 

1977, 460). Consequently the inadequate nourishment of a mother, or 

her absence could be the cau se of this child's illness. 

Plate 83 

94E: Thinning of the cor tex of the diaphysis of the femur and cup-shaped distal 

end, signs which are characteristic of rickets, due to the absence or 

more likely the poor absorption of vitamin D. A disease which causes 

poor calcium absorption is chronic sprue. The diagnosis is verified 

by observations on the teeth of this chilci aged six. The permanent teeth 

especially the first molars which had erupted, were noticeably hypoplastic. 

9.5 Osteochondritis 

Plate 83 

73E: Osteochondritis of the head of the femur (Perthes-Calue-Legg disease), 

of a child aged abou t nine. It had probably reached the r estora tive stage 

of the ailment, which is CaGed by aseptic necrosis of the sub-cartilage 

bone tissue of the femoral head. The disease mainly attacks boys aged 

between 4-}} years. The basic pathogenic mechanism is the blockage of 

the artery which feeds the bone thus depriving it of blood supply. The 

cause of the blockage may be a thrombosis, or an embolism, or at this 

age it is more likely to be caused by micro-embolism in the small arter

ies, due to sickle-cell anaemia. The bone becomes necrotic at these 

sites and ~s replaced by fibrous connective tissue, which over a period 

of a year or more is replaced by new bone tissue. However, during this 

time the child continues to move and use the pathological limb, putting 

the weight of his body on it. This results in the d,istor tion of the 

he'aci of the femur, which in this case is seen to have an enlar ged wid th, 

while the neck is broader than normal, with an angle of 135 degrees to the 

axis of the shaf t. 

Plate 83 

79A: Osteochondr,itis of the right femur of a child, aged about four. 



9.6 Infectious Diseases 

-g. 6.1 Viruses (Poliomyelitis) 

Plate 84 

19A: Bone atrophy of the tibia of a managed about 30 years. If one takes 

into account osteophytic and exostotic changes to the superior surface 

of the 1st sacral vertebra, which are degenerative and probably have a 

traumatic aetiology, caused for instance by the manner of valking, one 

may form the view that the atrophy of the femur is the result of lack of 

normal function of the limb, due to paralysis, such as commonly occurs 

in poliomyelitis. 

9.6.2Bacterial Infections (Osteomyelitis) 

Plate 85 

78Z: Osteomyelitis of the left tibia. A sub-periosteal bone forming reaction 

is discerned in the x-ray, while the cortex of the shaft appears 

rough and anomalous. At the middle of the lower half of the diaphysis 

sequestra (dead bone) are discerned encapsulated in sclerosed bone. 

Macroscopically a sinus, 0.5 - 2.2 mm in diameter is discerned on the 

anterior surface of the diaphysis, evidently for the escape of sanious 

pus from the medullary cavity. Radiographically, spindle shaped trans

lucencies which enclosed pus are observed within the enlarged cortex. 
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The absence of infection from the articulation indicates that the blood 

was supplied to the articulation from the artery of the bone and in other 

words that the slov1 circulation in this area had ceased. This is another 

factor which helps to determine that the age of this individual exceeded 

19-20 years. The initial cause of this osteomyelitis, which seems clear 

in the x-ray already mentioned on p257-8, is due to injury and the 

probable fracture of the bone. 

Plate 85 

100B: An advanced case of osteomyelitis of the femur of a child aged about five. 

Thickening of the compact cortical bone (sub-periosteal reaction) is seen 

as well as increased density of the trabeculae of the cancellous bone tissue 

within the medullary cavity. It is worth noting' the striking contrast 

between this bone compared to the healthy femur next to it (left), belong

ing to a child of approximately the same age. 

Plate 86 

73H: Thickening of the compact cortical bone of the right femur - compared 

vith that of the left femur of the same individual, a woman aged 20 -



~s observed in the upper part of the diaphysis. The macroscopic appea

rance of the SQrface of the bone is rough and striated. The x-ray 

appearance of the tibia shows blurredness sub-periosteally on the medial 

surface of the diaphysis. This is probably an incipient osteomyeliti~ 

of the right femur which was cured. by itself, or was stopped at this 

stage by death, which could have happened: due to any other cause. 

Plate 86 

71H: Chronic osteomyelitis of the tibia of an adult male. An osteoblastic 

reaction below the periosteum of the diaphysis is noted. There is a 

sinus at the distal articular end 2.5 mm in diameter, evidently for the 

escape of sere -pus from the medullary cavity. 

Plate (not illustrated) 

86E: In the macroscopic examination of this calcaneum belonging to a young 

woman a perforation with smooth surfaces was observed, probably due to 
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a cist, which is verified by the x-ray. This cist within the bone, 

lacking osteoblastic reaction around its walls, probably had an infectious 

aetiology. But the absence of osteoblastic reaction, already mentioned, 

probably excludes osteomyelitis or Brodie's abcess. The sub-tropical 

climate of Crete and the location of the abcess bring to mind a relatively 

unusual inflammation of mycotic aetiology, maduromycosis (Harrison 

1977, 949). There is no other evidence however to support this diagnosis. 

Plate 86 

92f: Clavicle of a man aged about 30 years old. The bone appears porotic, 

almost without any cortex, while the cancellous bone tissue is unduly 

slender. There is an area of radio-transluscency at the conoid articula

tion, surrounded by a zone of osteoblastic reaction. This could be osteo

myelitis from staphylococcus or salmonella, or a case of tuberculosis. 

List of further cases of Osteomyelitis 

Plate 87 

766: Tibiae belonging to a man aged about 45 years. 

Plate 87 

84B: Tibia belonging to a man aged about 30 years. 

Plate 87 

67Z: Tibia belonging to a woman aged about 26 years. 

Plate 87 

20A: Left tibia belonging to a man aged about 26 years. 



Plate 87 

-11: Right tibia -belonging to a man aged about 29 year s. 

Plate 87 
; 

27 I: Tibia of a man aged about 50 years. 

Plate 88 

Pigi 5: Left tibia of a young woman. 

Plate 88 

92B: Left tibia belonging to a man of 36 wi th central dislocation of the left 

hip, described in the section on fractures. 

Plate 88 

95l~: Tibia belonging to a man aged about 25 years. 

Plate 88 

103f: Tibia belonging to a woman aged about 25 years. 

Plate 88 

103E: Tibia belonging to a man aged about 40 years. 

Plate 80 

93A Femur belonging to an adult male, aged about 50. 

Plate 88 

98 8: Tibia belonging to a child, aged about 13 or 14 years old. 

Plate 88 

98 1: Tibia belonging to an adult male, about 25 years old. 

Plate 88 

98 5: Tibia belonging to an adult male, about 29 years old. 

9.6.3 Brucellosis Melitensis - Undulant Fever 

Plate 89 
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74Z: Brucella spondylitis in an adult female, about 26 years old. The anky

losis affects the spinous processes and the posterior half of the verte

bral bodies. The bottom lumbar vertebra is deformed, whilst both verte

brae have osteophytes on their anterior margins. This anky-losis could be 

of rheumatic origin, but it H probably brucellosis (undulant fever), a 

disease usually transmitted through cow or sheep or goats milk (cheese) 

or meat and also carried by swine, pre-eminently affecting individuals 
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and populations engaged in animal husbandry. At all events, bearing 1n 

mind the facts mentioned about the Same ind.iviciual on p260-61, it is qui te 

likely that this woman was engaged in animal husbandry, perhaps at a 

domestic level, in the nature of home-economy such as still occurs even , 
today in the villages of Crete. (Although the occupation site of 

Armenoi has not been located '. the topography of the area which 1.S most 

suitable for the herding of sheep and goats, clearly indicates that this 

must have formed a significant contribution to the economy of the community). 

Plates 90 & 91 

67E: Brucella spondylitis. Ankylosis affects the anterior ~ of the centra and 

the spinous processes of these two thoracic vertebrae. Similar exostoses 

are also seen macroscopically on the rest of the thoracic section of the 

vertebral column of this young man aged approximately 25 year s. Tre loca

tion of the changes (on the vertebral centra), the bone-producing process 

and the absence of a hump, turn the diagnosis towards melitococcosis 

osteomyeli tis (brucellosis). Clinically brucellosis manifests periodical 

fever, persistent pain in the spine and rigidity or stiffness of the 

vertebral column (Harrison 1977, 856). If this individual was attacked 

by this disease, it would certainly have impaired his natural efficiency, 

the strength of Which one suspects from the observation of the size, 

thickness and general robusticity of his bones. This would constitute 

an explanation of the reason why so young a man met such a violent end. 

There are traces of cutting by a sharp instrument (a dagger, sword or axe), 

at many sites, ego the trochlea of the humerus, the mid-shaft of the 

femur and the mid-shaft of the tibia, which indicate that the body and 

bones of this young man had been hacked to pieces or dismembered. Macro

scopically, traces which very strongly resemble blood stains are also 

present on many bones (See Pl. 91 ). One inevitably questions the manner 

of death and whether it followed a duel or a murder attempt over some 

differences which arise between shepherds, or perhaps a vendetta - a 

social disease which afflicts Crete even today. Exostoses which are also 

~een on the superior surface of the talus combined with changes already 

mentioned clearly lead to the Same conclusions reached for 78Z, that this 

person was engaged in manual labour. 

9.7 Tuberculosis 

Plate 92 

69A: The following interpretations were formed from the examination of the 

x-rays of the tibia, sacrum and innominate,' 'Which belong to a man aged 

about 40~ 
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a) Concerning the tibia: at the mid-shaft a difference in the thickness 

of the compact cortical bone is observed.~ The cortex of this left tibia 

~s increased. in thickness on the right (that is the medial) surface. A 

shadow ~iscernei at the same place is evidently an inflammatory reaction 

below the periosteum. A differential diagnosis must consider chronic 

osteomyelitis (usually caused by staphylococcus aureus) and tuberculosis 

of the bones. Both diseases provoke a sub-periosteal reaction in their 

early stages and thickening of the cortex when they are advanced.. At all 

events the absence of osteolysis from the tibia and of sequestra encap

sulated ~n sclerosed bone on the one hand, and the simultaneous appear

ance of bone destruction and sub-periosteal reaction on the other hand 

weaken the argument for osteomyelitis and reinforce that of tuberculosis 

of the bones. 

b) Concerning the sacro-iliac bones: 

1) From the vertical and anterior views: partial ankylosis of the 

sacro-iliac joint is observed, and the presence of osteophytes and 

deformation of the joint fissure in the places where it continued 

to exist. 

2) From the posterior v~ew: complete ankylosis of the sacro-iliac 

joint is observed. The sacro-iliac joint cannot be distinguished 

at all. 

A differential diagnosis of the causes of the ossification .of the 

articular cartilage of the sacro-iliac joint must include ankylosing 

spondylitis of rheumatic or degenerative origin and tubercular spondyli

tis. Here osteomyelitis ~s excluded because of the attack on the carti

lage. In any case this characteristic differentiates tuberculosis from 

common (staphylococcal) osteomyelitis, since the articular cartilage 

imposes a restraint in osteomyelitic inflammation. Combining the above' 

three x-rays, although tuberculosis of the sacrum is relatively rare, 

a probable d,iagnosis of general tuberculosis of the bones was concluded, 

evi~ently secondary to tuberculosis of the lungs which would also have 

caus~ this person's death. 

Plate 93 

sEf: Tuberculosis of the vertebral column: destruction of the bone and distor

tion of the shape of the thoracic vertebrae is noted ~n a man aged about 

39. Tbe osteophytes, the ossification of the cartilage and the calcifica

tion of this region have converted the two thoracic vertebrae and a rib 

into a single united. mass. The tubercu lous changes are located in the 
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spongy tissu.e of the bcxiies of the vertebrae, which is extremely vascular. 

The first bone destruc.tion by· the invasion of the Koch bacillus; occurs 

along the upper margin of the vertebral body. The vertebra is erod.ed at 

this point, lead.ing to the destruction of the intervertebral disk, whj,lst 

the adjacent vertebra causes the d.iminution of the intervertebral space. 

In the course of time Lannelongue T s erosion begins due to compression, 

when the vertebra lying above sinks, usually on its anterior section, into 

the one lying below. At the same time the diseased vertebra slides back

wards, because of the destruc..tion of the joint, causing the formation of 

a hump-back, which is characteristic of tuberculous spondylitis, or Pott's 

disease. This hump enlarges as the tuberculous process contimLes and 

spreads to other vertebrae. In the continuation of this process the 

diseased. vertebrae fuse together, thus bringing about their complete ank

ylosis. When extensive destructions involve the middle of the thoracic 

region of the vertebral column, as in this case, the thorax assumes a 

particularly characteristic shape. The head appears sunken between the 

shoulders and the chin practically rests on the protruding sternum. The 

back develops severe angular kyphosis, the spaces between the ribs are 

effaced, while the organs inside the thoracic cavity (lungs, aorta, vena 

cava), are compressed causing them to malfunction. The blurred irregular 

outline of the separate ver tebr ae in the next x-r ay is pr obably due to 

the of fibrocaseous tissue 1.n the region. The deposition 

of calcium salts in the fibrocaseous tissue and the development of the 

caseous material itself are reaction mechanisms of the organism which 

help to confine the inflammation. (Furthermore an anatomical variation 

of the fifth lumbar is noted (Plate93). There is an incision-like flaw 

on the upper articular apophysis - left side - creating a deformity of 

the vertebral foramen). 

Plate 94 

86~T: Spondylitis which appears to have a tubercular aetiology, and practically 

the whole of the vertebral column has become involved. Distortion, os teo

phytes and changes to the textu.re of the bone of these vertebrae are noted. 

On the fourth lumbar vertebra a perforation surrounded by d.ense bone tis

sue is seen, which is probably due to a cold abcess of the psoas muscle, 

which characteristically occurs in association with tuberculosis of the 

sp1.ne (Harrison 1977, 796). (The first cervical vertebra,. atlas, shows 

m1.nor congenital variation: the two halves of the neural arch are incom

pletely developed.) However, a fact which 1.S worth noting is that this 

probable case of tuberculosis in a young woman was found in the same 



tomb as the prevLous case mentioned. On the one hand this verifies 

both diagnoses, since. tuberculosis is a highly contagious disease. On 

the other haDd, it poses the need. to formrlate some ideas, which will be 

mentioned in the final section of this chapter (see the Discussion). 

PlateB 94 & 95 
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TIB: Arth;-opathy of the right shoulder joint of a woman aged about 45. Exto

stoses on the lower and posterior margin of the glenoid cavity are noted. 

Exostoses also appear on the greater tubercle of the humerus (Plate 94 ). 

These osteophytes are evidently ankylotic agents. The restriction of 

movement by the ankylosis, probably aggravated the already existing post

climateric osteopor osis which is seen in the humerus. Shadows are dis

cerned around the centra of the three lumbars which have a thin, almost 

normal, clear outline of periosteum. Evidently there was calcification 

of the soft tissue around these vertebrae. A perforation is seen on the 

4th lumbar ver tebra, around which there is osteoblastic ac tivity. It is 

probably a sinus of a cold abcess of the psoas muscle. This is tubercu

lous spondylitis, which is probably part of general tuberculosis of the 

bones, if the same cause is accepted for the changes at the shoulder 

joint. 

Plate 95 

71A: Complete ankylosis both of the centra and spinous apophyses of two lumbar 

vertebrae. Exostoses are observed on the inferior and superior margins 

of the vertebrae. This is possibly a case of tubercular spondylitis, d is

cerned in the 7th cervical 7 3rd and 6th thoracic, belonging to a man aged 

about 35 years old. In the next x-ray erosion of the bone is discerned 

in all three vertebra~, while exostoses and calcification of fibr ocaseous 

tissues around the vertebral bodies is observed. It is significant that 

this case LS from the same tomb as the previous case described (7IB), 

with a psoas abcess. 

Plate 96 

118 B,ll,Z,H: Tuberculous spondylitis. Exostoses, calcification, bone destruc

tion and deformity of the vertebral bodies, belonging to two young women 

and two young men (aged about 26,24,23 and 32 re·spectively), which were 

all found in the same tomb, is noted. The inferior margin of the centrum 

of 4th lumbar belonging to 118R appears to be severely eroded. 

List of further cases of Tuberculosis: 

Plate 96 

76Y: Lumbar vertebrae belonging to an adult male. 



Plate 97 

76X~ Thoracic and lumbar vertebrae of an adult male. 

Plate 97 

76f: Lumbar vertebra belonging to an ad ult female. 

It is worth noting that all of the above three cases are from the 

same tomb. 

Plates 96 & 97 

118f: Fourth lumbar vertebra belonging to a woman aged about 26. 

, 

J.18Z: It appears from macroscopic observation that the 6th, 7th, 9th and 10th 

thoracics am the 3rd and 4th lumbars were involved. They belonged to a 

young man aged about 23. 

118H: Thoracic and lumbar vertebrae belonging to a young man aged about 32 

years old. 

The above three cases all came from the same tomb. The last two indivi

duals have remarkable dental hypoplasia. 

Plate 97 

20B: Right femur and 5th lumbar, belonging to a man aged about 28. 

Plate 98 

35f: The 2nd, 3rd and 4th lumbars of a man aged about 35 years old. 

Plate 98 

10-1: 1st, 2nd, 3rd and 4th lumbars of a man aged about 34 years. 

9.8 Spondylitis: Rheumatic, Degenerative and Ankylosing 

Plate 98 
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67B: The lumbar section of the vertebral column of a man aged about 31 years 

old. All five vertebrae are porotic, with marked osteophytes and exos

toses on the vertebral bodies and on the spinous processes mainly on the 

2nd, 3rd and.. 4th lumbars. On the posterior part of the inferior surface 

of the 3rd lumbar there are two depressions. Similar depressions are 

observed on the superior surface of the 5th lumbar. All the vertebrae -

mainly the first, to a lesser degree the second, still less the 3rd and 

4th - appear to be deformed. Finally the umbrella-shaped exostoses on 

the articu lar surfaces of the vertebrae are typical .of ankylosing spondy

Ii tis, which is the probable diagnosis of this case due to a degenerative 

or rheumatic aetiology. 



Plate 98 

-77A: Arthritis ~n a man aged 40 years old. Ankylosis of both thoracic verte

brae, exostoses ani osteophytes are observed. The lower vertebra has 

collapsed and the spinal canal appears deformed. This deformity may, 

have had neurological consequences for this man. 

Plate 99 
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20E: ArtbOpathy ~n a man estimated to be over 80 years of age. The congenital 

absence of the neural arch and spinous process of the 5th lumbar is 

observed. Spina bifida occulta in this mature individual was probably 

asymptomatic. Complete ankylosis of the pelvic bones is discerned. 

There are exostoses round the margins of the ace tabulae. The osteopor

osis observed is of a degree corresponding to the age of this person. 

Plate 100 

55A: The whole of the vertebral column and the sacrum excepting theIst lumbar 

which ~s absent, of a man aged about 30. Osteophytic prominences are 

noted on the centra of the lower thoracic and lumbar vertebrae. On the 

10th and 11th thoracics rarefying changes are noted on the vertebral 

bodies which have a linear shape; macroscopically these look like scars 

on the intervertebral surfaces. The degenerative change on the 10th 

thoracic is surrounded by a thin layer of compact bone tissue. The neural 

arch of the 2nd lumbar appears to be fractured, possibly after spondylo

lithesis. These changes are probably of a rheumatic or degener.ative 

aetiology. It is noted that in the same individual the opening of the 

sacral canal extends down to the second segment of the sacrum. 

Plate 100 

10lI': Osteophytes and exostoses are noted on the porotic 7th cervicalvertebra 

belonging to a woman over 40 years of age. This is a case of degenera~ 

tive spondyloarthritis, perhaps of rheumatic aetiology, which spread to 

the whole of the vertebral column; the changes and compression of the 

bodies increase in severity from top to bottom. Osteophytes and exosto

ses are observed on the superior surface of the sacralised 5th lumbar 

and on the remaining lumbar and thoracic vertebrae. Compression of the 

vertebral bodies and collapse of the intervertebral disks is observed 

in the lumbar region. 

Plate 101 

95H: Degenerative vertebral arthropathy, probably of a rheumatic aetiology, 

in a man aged about 40 years old. 



Plate 101 

103E: A man about 40 years old, with degenerative vertebral arthropathy accom

panied by senile osteoporosis. Thever tebrae appear compressed and 

deformed, with zones of porotic rarefaction, osteophytes and exostoseL 

Rheumatoici'artbritic changes are noted in the finger bones. 

Plate 101 

Pigi 4: Degenerative artROpathy of the spine. There are osteophytes on the 
J<.. 

thoracic section of the vertebral colunm. The centra of the lumbar 

ver tebr ae are d istortei and the spinous processes ankylosed. 

List of further cases of Rheumatoid Spondylitis: 

Plate 101 

nf: 3rd lumbar belonging to an adult male. 

Plate 101 

32A: Sacrum belonging to a woman aged about 29 years. 

Plate 102 

953: Vertebrae belonging to an adult female. 

9.9 Anatomical Varia dons of the Ver tebral Colunm 

Plate 102 
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84H: Sacrum with partial, unilateral sacralisation of the 5th lumbar. ClU:S6! P:l~52) 

86E: Incomplete sacralisation of the 5th lumbar vertebra. The spinal canal 

continues down the sacral section .. The segments of the sacrum are incom

pletely ossified on the anterior surface of the bone. It belongs to a 

woman aged ab ou t 19 year sold. 

79f: Sacrum belonging to a woman aged about 23 years, ~n which the laminae 

have failed to develop proper ly. On the posterior sur face the spinal 

canal remained. open d.own to the 4th segement of the sacrum. 

lIE: Sacralisation of the 5th lumbar in a man aged about 2S years. 

69B:Lumbarisation of the sacral vertebrae ~n a woman about 50 years old. 

73~T: Spina bifida in a man aged about 26. Exostoses are observed on the rup

er~or surface of the 1st sacral vertebra. Exostoses were also observed 

macroscopically, on the superior surface of the 5th lumbar~ 

T9H: Partial sacralisation of the 5th lumbar, ~n a woman aged about 24. 

Plate 103 

78Z: A large triangular-shaped sacral f issure ~s observed ~n a man aged about 



30 years. Osteophytes are observed on the superior articular surface 

of the sacrum. 

84A: The sacral canal lS open down to the second sacral segment, and from the 

4th segment clown there is a clefective development of the vertebral lafu

inae. The sacrum belongs to a man aged. about 43. 

766~ Sacralisation of the 5th lumbar vertebra, belonging to a man aged about 

30. 

77A: Sacralisation of the 5th lumbar vertebra, belonging to a man aged about 

40. 

(77B: Osteophytes on the superior articular surface of the first sacral verte

bra and round the sacro-iliac joint. There is a depression wh~h runs 

cliagonally across the surface of the 1st sacral vertebra: in the x-ray 

(a-p view), this is V-shaped and defined by a thin layer of per iosteal 

bone. The sacrum belongs to a man aged about 25 years old. ) 

Plate 104 

7ar: Osteophytes on the superior articular surface of the first sacral verte

bra. The spinal canal is open from the 3rd sacral segment downwards. 

The sacrum belongs to a man aged about 23. 

78~T: Sacralisation of the 5th lumbar vertebra, on the superior surface of 

which osteophytes are observed. (The 5th sacral segment is missing). 

The sacrum belonged to a man aged about 20. 

79Z: Spina bif ida, due to the absence of the neur al arch and spinous process 

of 5th lumbar, while the opening of the sacral canal is large. The 1st 

and 2nd segments of the sacrum are not yet fully ossified. This is a 

male, aged approximately 29 years old. (See also Plate 47) 
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(7~: Morphologically normal sacrum, belonging to a young man about 20 years, 

old; the segments of the sacrum are not yet completely ossified. The sacral 

canal is open from the bottom of the 3rd segment.) 

86H: Sacralisation of the 5th lumbar of a male, about 29 years old. 

85A: Unilateral sacralisation of the 5th lumbar on the right side, with marked 

presence of osteophytes on the sacrum and 4th lumbar, belonging to a 

woman aged' about 23 years old. 

Comment on Plates 

It is most probable that the anatomical variations of the sacra in 

these x-rays were asymptomatic. Moreover, it lS certain that none of 

them bore any relation to the caUse of death, as is proved by the ages 



of their owner s, because such anomalies would. br ing about death almost 

simultaneously with birth, or a little later. In cases of neoarthrosis 

(lumbar isation) it is possible that lumbago or sciatica was exper ienced 

when movements required hyperextension or the lifting of heavy objec ts. , 
In the case of sacral spina bificta, which might have been accompanied 

by a dermal cyst with a tuft Qf hairs and hairy pores (bu t may also have 

been completely asymptomatic, given that to:lay it OCCUTS in 17% of the 

normal Greek population (Matsaniotis 1972, Vol. 2, 1172), and is found 

accidently when radiographic examination has been occasioned for some 

other reason), even if it was relatively easy for these ind ividuals to 
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be attacked. by meningococcus or some other virus - due to the hairy pores, 

for instance - recovery from meningitis would have been difficult, or at 

least more difficult than it is to:lay. This question brings to mind some 

cases of trephination of the skull am the survival of certain imividuals 

with large sections of thercrania missing. Today one is amazed by such 

"miracles" (See Brothwell and Sandison 1967, 673). It could well be that 

the resistance of these people to micro-organisms was far greater than 

our s to:lay in this age of antibiotic s. 

List of further cases of Ana tomical Varia tions of the Vertebral ColU1lli1.: 

A. Sacralisation of the 5th Lumbar 

ssE Male aged about 33 (Plate 104 & 52) 

Platyvola: Adult male (Plate 104) 

10-1 : Male aged about 34 (Plate 105) 

31-3: Male aged abru t 34 (Plate 105) 

11BB: Female aged 26 (Plate 105) 

B. Lumbarisation of the 1 s t Sacral Ver tebra 

10SB: Female aged about 25 (Plate 105) 

11S2:;T: Male aged 17 plus (Plate 105) 

C. Persistence of Open Sacral Canal 

14-1: Female aged about 41 (Plate 105) 

46-2: Male aged about 30 (Plate 105) 

9.10 Congenital Dislocation of the Hip 

Plate 106 

7 Sf: The necks of both femora in this x-ray are short and thick. Their c.api ta 

are not completely hemispherical, but appear to have a small angle on their 

inferior surface. Taking into account this information, the sex of the 

individual (a man aged about 23) and provenance, one may suggest that there 



~s evidence for a diagnosis of bilateral congenital dislocation of the 

hip. Among congenital deformities, in Greece CDR occupies a primary 

position and affects females 6-8 times more frequently than males. It 

is usually bilateral, but the left feIJ]J.r is affected 3 times more often 
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than the right In Crete it has an endemic character (Matsaniotis 1972, 

1302). For the material which we are examining, this observation ~s an 

indication of an endogamous society (See also 84B below). 

P 1 a te s 106, 107 & 108 

84B: The shortness of the anatomical neck of the femur and the 'mushroom' 

(rather than hemispherical) shape of the head and the exostoses on the 

surgical neck of the femur are evidence of probable congenital disloca

tion of the hip, in a man aged about 30. Observing the exostoses around 

the right acetabulum of the pelvis (Plate 108), probably due to 

injury and the fact that the opening of the acetabulum at the bottom ~s 

disproportionately large, it is suggested that the diagnosis of CDR 

becomes more certain. This is evidently a forward displasia of the 

hip. 

Plate 106 

86A: The shortness of the neck of the femur and the reduction of the sphericity 

of the head of the femur are noteworthy. These are indications of 

possible congenital dislocation of the hip, in a female aged about 30. 

Plate 108 

35r: A male about 35 years old. The openlng of the left acetabulum and exos

toses inside the acetabulum suggest the possibility of congenital dis

location of the hip. 

Plate (not illustra ted) 

76A: Lef t femur with a peculiar flat)mushroom-shaped head belonging to a man 

aged 35 years. 

9.11 Head Injuries 

plate 109 

27: A child aged about 10 or 11 years. The skull has areas of reduced radio

graphic shading, and looks as if it had. been "hammered". It is a typical 

I illustration of increased intra cranial pressure . ....... 

Plate 109 

17.2: Areas of increased and decreased radiographic shading are seen ~n the x-ray 
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of a skull belonging to a young woman, aged. abcut 19. An abnormally high 

intracranial pressure is probable, calLsed by some reorganisation process. 

Plate 109 

71H: The cranium of a child aged about 13 years. A space between the sutures, 

disproportionate to the age of the child, is noted. A compression fracture 

of the left parietal and frontal bones is observed. Parietal hyperostosis 

~s also seen, evidently due to the slow increase of intracranial pressure, 

a consequence of a probable subdural heamatoma, which was not completely 

organised. Only thus c.ould one explain the anomalous space which is dis

tinguished in the shadow of the calcification aI'..d the osteoblastic reac

tion of the left parietal. The haematoma is probably due to a fall, in 

which other injuries were presumably sustained, the most important of which 

may have been the perforation of the roof of the left orbit.,5.6 - 3.5 lIIID. 

in diame ter, uhich is of traumatic origin. The haema toma and the infec

tion (meningo-encephalitis), if this perforation was a portal of entry' 

for bacteria, were obviously the C3:'0.se of this child's death. 

9. 12 Hyd.rocephaly 

Plate 110 

739: Characteristic appearance of hydrocephaly in a child aged 2 - 2! years. 

(The comparison with cranium 19 f , which belongs to a child of 12, ~n the 

same x-ray is striking.) The disproportion of face to skull vault ~s re

markable. The antelJ"ior fontanelle remains open and its size is enlarged. 

The sutures - mainly the coronal, to a lesser extent the lambdoid and tem

poral - remained open. A profounder impression of the cerebral cortex and 

arteries (and vessels) .on the inner cranial table is observed, due to 

greater intracranial pressure. The pre- and post-cranial fossae are en

larged. However, the sella turcica remains normal. This is probably an 

obstructed hydrocephalus, due to blocking of the acqueduct of the 4th 

ventricle, such as happens with tumours of the post7cranial fossa (Harrison 

1977, 1875 & 1888). 

Plate 110 

78E~ Hydrocephalus child, aged about 3 years old. The disproportion between 

the size of the facial and. the cerebral cranium is r.emarkable. The impres

sion of the cerebral cortex and the broaiening of the post-cranial fossa 

is noted. The internal surface of the orbit is punctuated with tiny holes 

the size of pin heads. A small enlargement of the sella turcica, blLt 

mainly thinning of the bone substance, is also notei. Thinning of the 

clinoid processes and the bones :Of the cranial vau:lt is also noted. It ~s 
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possible that a chromophobic adenoma resulted in second.ary Cushing's 

disease, defects of vision - even blindness, due to pressure on the optic 

chiasm - diabetes insipidus and slow development of the body. 

9.13 Frontal Sinusitis 

Plate 111 
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78B: The frontal sLnuses appear enlarged in Slze. The bone cortex of the skull 

is thick, whilst the wall of the sinus is thin and irregular, with· a 

shape that reminds one of a shell. The left sinus is missing,-but the 

indicated shape of the missing part, suggests that there was symmetry and 

similar thinning .of the bone. The nasal diaphragm is slightly distorted 

and in the middle seems displaced towards the left (side opposite the 

surviving sinus). This could be a normal variation. But the distortion 

of symmetrical development may also be due to the development of some 

benign tumour, for instance giant-cell tumour. This could be due to 

sinusitis which involved some injury to the face and in particular to 

the nose, from a fall or a knock. Finally, it is possible - perhaps most 

likely - that the deformity described is due to chronic frontal sinusitis 

(Harrison 1977, 162; Apley 1973, 101). Tnis skull belonged to a yaung 

man aged about 29 years old. 

9.14 Paget's Disease 

Plate 112 

Platyvola: Thickening and distortion of the compact cortical bone below the 

middle of the diaphysis of the tibia. Disturbance of the direction of 

the bone trabeculae, in relation to the force lines of the bone, is ob

served. Einally zones of increased and decreased radiographic shadow are 

noted. This may be an osteogenic osteoma, or more likely Paget's disease. 

Paget's disease usually affects individuals over 40 years, males slightly 

more frequently than females inaratio of 4:3 (Collins 1966, 229). 

9.15 Osteoblastic Sarcoma 

Plate 112 

95K: The right ulna of a man aged about 45 years old. The distal third of the 

diaphysis has a very bulky shape, enclosed in a thin layer of periosteum. 

This may be Paget's disease with a'pathological fracture and a secondary 

callus, or an osteoblastic type of neoplasia, for instance osteoblastic, 

periosteal sarcoma. The compact bone cortex of the large tibia in places 
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appears partially thicker. This could. be a metastasis of the ulna sar

coma. Metastasis from the ulna to the life organs (for example the lungs), 

would kill the person. The diaphyses of the survivirig metacarpal bones 

appear enlarged in width, mainly in the miDdle, while their cortex is 

very thin. The spongy bone appears porotic. 

9.16 Metastatic Cancer to Bone 

Plate 113 

1036: An osteosclerotic sacrum belonging to a man aged about 29 years old. The 

first sacral vertebra appears to be lumbarised whilst this is one of t~e 

rare cases where the coccyx lS preserved. This diffuse sclerosis could 

be the result of metastases to bone of malignant neoplasia, or Paget 1 s 

disease which most often affects the axial skeleton. In the next x-ray 

the thoracic and lumbar section of the vertebral column of the same indi

vidual can be seen. On the third thoracic there is a healed fracture of 

the spinous process. Osteophytic proj ec tions (ver tebr al a·rthropa thy) can 

also be seen. The lumbar vertebrae, particularly the last three, but also 

half of the first lumbar appear dense. The hypothesis of metastatic neo-. 

plasia is also suggested by this. Practically any tumour with the excep

tion of the primary tumours of the central nervous system, may occasionally 

metastasize to bone, but this phenomenon is highly characteristic In 

cancers of the breast and prostate. From a half to two-thirds of these 

carcinomas, some time in their cour se metastasize to bones (E. Aeger ter 

and J. Kirkpatrick, 1975, 470). The lumbar and sacral vertebrae with the 

pelvis bones are the ones usually affected in carcinoma of the prostate. 

Emboli of viable tumour cells are carried by both the blood vascular and 

lymphatic systems. Because the latter method is exceedingly common in 

prostate cancers, the pattern in these lesions is highly suggestive. It 

is true that carcinoma of the prostate and also most metastatic carcinoma, 

causes bone Jysis. So the principal symptoms and. signs of metastatic 

bone tumour are bone destruction, pain and. pathological fracture. Frac

ture may stimulate the remaining normal skeletal tissues to produce callus 

and eventually achieve some healing even in the presence of the tumour that 

caused the fracture. It is pos.sible that the third thoracic vertebra may , 

have been broken and healed by these mechanisms. But any cancer that des

troys a cons~erable amount of bone may initiate sufficient osteoblastic 

, reparative activi ty. This is' particularly trle of prostatic cancer which 

is often of the osteoblastic or sclerosing type. Excessive amounts of 

mineralising osteoiD are characteristically produced in response to the 

presence of carcinoma of the prostate. The rad.iographic manifestation of 
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a metastatic carn~noma of the prostate may be confused with that of 

Paget's disease (Aegerter & Kirkpatrick, 1975, 472). The osteoblastic 

response of a prostate metastatic tumour radiographically results ~n 

areas of opacification that are homogeneous but fuzzy in outline, as 

in the present case. It seems probable that this man had a painful end, 

caused by cancer of the prostate. 

PART II ~ DISCUSSION 

The greater part of the material examined in this study ~s derived 

from the Late Minoan cemetery at Armenoi. Because the skeletal material 

from Armenoi is particularly well preserved and abundant, it allows one 
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an opportunity to arrive at detailed conclusions regarding this particu

lar population. The material available from other sites included in this 

study is poor by comparison with the abundant material from Armenoi, which 

consequently gives an impression of bias to the following discussion. But 

the material from Armenoi provides a special advantage since it gives one 

a unique opportunity to examine in detail a section of a particular com

munity living on Crete in the Late Minoan period. Many conclusions drawn 

from this study have particular reference to Armenoi, but their wider sig

nificance and general implications for the rest of the Minoan population 

cannot be excluded. 

The bones recovered and examined from the Armenoi excava tion belong 

to 250 adults (143 men and 107 women) and 106 children. One question which 

arises from such a study, "how often did these people fall ill and from 

wha t cause?", will unfortunately remain unanswered. The percentage of 

disease in the population due to illnesses which could be detected, ~e. 

which affect bones, (excluding post-traumatic arthritis and fracture), 

is 24.4%. But this figure is only a rough estimate of the real figure, 

s~nce it is clearly impossible to include a large number of diseases fr·om 

which members of the population suffered and died. since they leave no 

trace on bones. A historical illustration of this point is the number of 

deaths caused by small-pox in 17th centu.ry Europe, estimated. at 60 millions 

or 10.9% of the world population of 550 millions (Vasileiades 1971, 55 and 
-

442). Thus to search for a figure which represents the true or total fre-

quency of disease in the Late Minoan community at Armenoi is meaningless. 

Even rough comparison with the percentage of disease in modern times is 

useless since the differences between the Minoan period and contemporary 

times as regards hygeine, nu tri tion, vaccination, med.ic.ine and technology 

are vast. However consideration of the available evid·ence permits one to 
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arrive at a series of interesting conclusions, which help to determine 

quali tatively the answer to the original query formulated above. 

Both the average length of life, about 30.67 for men and 27.56 for 

women, and the distribution of ages at death correspond to expectations 
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f or the period. Mean stature was 1.68 m for men and 1.55 m for women, 

comparable to modern Cretans. It ~s true that the quality of the diet 

and its protein content are directly correlated" with growth achievement 

since better nourished individuals achieve greater stature. These fac ts 

confirm the archaeological evidence which also indicates that one ~s 

dealing with a prosperous cOIIDllUnity, where the standard of living was 

relatively high. This conclusion is not altered by the evidence for vit

amin deficiencies or by evidence of frequent osteoporotic changes which 

were observed macroscopically on the cranial vaults and in the roof of 

the orbits, indicating chronic and relatively serious anaemias, mainly 

iron deficiencies. The cases of scurvy in children, already described 

are most probably due to sprue or some other protein-losing enteropathy 

yi th consequent malabsorption of the nu tri tious elements of the die t, 

rather than to an inferior diet and a low standard of living. 

But these phenomena do give rise to the question of to what extent 

a high standard of living was cammon to the whole community. Whether 

or not social or class distinctions existed in Minoan society and was there 

a system of serfdom or slavery, since differences which were not just bio

logical but also social differences between men and women are evident. 

Although the female is biologically more resilient than the male, only 

15.3% of women reached the age of 35, when reproductive activity ~s sig

nificantly reduced, compared to 25.3% of men who reached the age of 35. 

The higher frequency of female deaths between the ages of 20-25 years, 

compared to that of male deaths at the corresponding age is apparently due 

to female deaths ~n child-birth. 

It would seem that there were no concessions to women for increased 

responsibilities and biological stresses of child-birth, which aggravated 

their social position. The nutrition of women seems to have been below 

their requirements. 80% of . osteoporotic bones belonged to women. 18.8% 

of female tibiae displayed osteoporosis compared to only 2.8% of male 

tibiae. If one takes into consideration the possibility that during one 

third of her life a woman might nourish either through her blood during 

pregnancy or through her milk during lactation a second human being, and 

if one calculates her requirements in terms of proteins and iron, then the 

fundamental cause of the high frequency of osteoporosis among the female 
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population at Armenoi 1.S easily u.nderstood. It seems probable that at 

this period women not only breast-fed their children for perhaps as 

long as two or three years, but they were also responsible for feeding 

the whole family, whilst men and male children were the main consumers. 

The inferior position of women in society is a phenomenon which must have 

had immediate consequences for the life and health of the population. 

The possible existence of a closed endogamous type of society also 

has direct and very significant consequences. In a farming community 

whose economy is based on animal husbandry, one would expect that the 

transfer of land and flocks would constitute a particularly important 

preoccupation. Often the solution to this problem is provided by the 

arrangement of marriages among the members of the sa~e community. This 

results in the transfer of property by inheritance within the limits of 

the community. But it also perpetuates inherited diseases or anatomical 

variations. Conversely it might exclude such diseases which might be 

endemic to other areas of fue island. Four interesting matters which tend 

to support this hypothesis are discussed below. 

I. Dozens of cran1.a with osteoporotic vault surfaces were x-rayed in 

the expectation of finding cases of thalassaemia in the population (p1.114). Mac

roscopically dispersed osteoporosis was visible and particularly marked 

on the external vault surfaces of a number of crania and on the roof of 

the orbits. Such changes occurred in 82.79% of the preserved crania and 

6.25% of orbits examined. Osteoporosis of the cranial vault occurred 1.n 

88% of the male crania; 52% of them were severe, 15% were medium, and 21% 

were slightly affected. Osteoporotic changes affected 76.74% of female 

crania examined; 37.2% of them were severe, 17.44% were medium, and 22.09% 

~re slightly affected. 4% of male skulls and 8.69% of female skulls pre

sented osteoporotic lesions 1.n the roof of the orbits. 

It must be kept in mind of course that similar changes to the bones of 

the skull generally occur with all anaemias (Matsani6tis 1972, 981). In 

children such lesions can occur when iron which is supplied to the body by 

a·normal Qiet, is inadequate to cover their needs. In the first two years 

of life the total amount of iron which may be derived from fruit, meat, 

eggs and milk does not exceed 4 mg daily. It is prob.able that 1.n early 

times breast feeding continued during the first 2-3 years of a child's 

life (Sigerist 1951, 243). But one litre of milk contains only 0.5 mg of 

1.ron. The daily requirements of children at this age reach 8-10 mg of 

metallic iron. Clearly a high frequency of iron deficiency anaemia at 

this phase of bodily growth and skeletal development is not surprising In 
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Minoan times, Slnce it lS a serlOUS problem today. 

Particular attention has been paid to the explanation of the most 

probable means by which iron deficiency anaemia was established, because 

after detailed radiographic examination of the suspected bones there fs 

no evidence for any case of thalassemia. This negative discovery re

garding the population examined is nevertheless important. For reasons 

which will be explained below, it constitutes evidence that the Armenoi 

population was a closed community. 

The high frequency of B-thalassemia anaemia which is encountered in 

the modern Greek population is a serious and very difficult social prob

lem (Matsaniotis 1972, 1005). There are no accurate figures for the fre

quency of the occurrence of the B-thalassemia stigma. In Crete it is 

approximately 7.6%. In Rhodes, which is a smaller island, it has a fre

quencyof 16% (Daikos, 1971, 125). It is of course encountered chiefly 

in the islands of the Mediterranean, in Southern Italy, Central Africa, 

Asia, the South Pacific and in some areas of India (Harrison 1977, 1695). 

Individuals who suffer from the homozygous B-thalassemia usually die 

at a young age. One of their characteristics is that they have in their 

blood more iron than lS normally required (Iron-wastage anaemia). It lS 

therefore possible that in early times of famine, individuals with B

thalassemia lived longer than normal 'healthy' individuals because their 

needs for iron were small. This is a personal theoretical view which may 
VI. 

explain how this serious disease has persisted throughout millenia and 
A 

survived natural selection, or rather been favoured by natural selection 

under adverse nutritional conditions. The fact that not a single case of 

thalassemia was discovered in this sample may be proof of the hypothesis 

that there was no, or very limited, cross-breeding with any other area 

of the island. If there had been, according to the law r of probability, 

one \·;rould have expected to find at least one case of a child who had died 

from thalassemia. 

The survival of the thalassemia trait has been linked with malaria. 

But it is not only thalassemia which provides protection against malaria, 

a theory which has been strongly projected in archaeological literature 

(Angel 1964). Increased protection against malaria is given by the pre

sence of abnormal haemoglobins, mainly haemoglobin S (Sickle-cell anaemia), 

by the mechanism which is described below (III). It is possible that the 

same protective effect may be exerted by haemoglobin C,D,E'thalassemia 

and glucose 6-phosphate deficiency, since these abnormalities are more 

frequently found in malarious areas (Harrison 1977, 1072). Thus if one 



attempts to correlate endemic malaria on Crete and thickening of the 

cranial diploe in some of the material studied, thalassemia would not 
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be the only haemoglobinopathy with which one would link it. This sug

gestion would. be more likely if one found similar changes mainly in sI¥ll 

children. But so far no children t s skulls with evidence of thalassemia 

have been found. 

II. A second indication of the existence of a closed type of cOIDmlnity ~s 

the relatively numerous cases of congenital dislocation of the hip, which 

were identified and discussed ~n the section on diagnoses. This is an 

inherited disorder, which is encountered in communities of an endogamous 

type (Apley 1975, 261). 

III. A third indication which may support the theory that the Armenoi 

community was of an endogamous type, is the frequency of osteomyelitis 

(10.8%), and its relationship to sickle-cell anaemia. For unknown rea

sons, individuals with sickle-cell anaemia are significantly more suscep

tible to osteomyelitis caused by salmonella infection (Harrison 1977, 1692; 

Daikos, 1971, 807). In this disorder the haemoglobin is abnormal and ~s 

called haemoglobin S. It differs from normal haemoglobin A of adults, in 

that the glutamic acid of its b-chain is replaced by another amino-acid 

called valine (Harrison, 1977, 1689-1691). The natural chemical proper

ties of Hb-S result in the manifestation of the disease under conditions 

of low oxygen pressure (hypoxia), such as occurs in venous blood. The 

particles of Hb-S join together and form long chains, which result ~n 

changes to the shape of the red blood cells, vlhich assume a crescent or 

'sickle'-shape and are destroyed~ Masses of sickle-cells block the blood 

vessels and create obstructions (infarctions) such as those already des

cribed in explaining the mechanism of osteochondritis. 

In Greece the sickle-cell gene has a frequency which varies between 

10-20% in the population according to the region (Gardikas 1977, 614). 

This frequency exceeds 20% in areas plagued with malaria, because carriers 

of the sickle-cell trait (heterozygotes) survived malaria epidemics ,vhen 

the other inhabitants succumbed and died. It has been shovffi that the sickle

cell trait confers protection against falciparium malaria. It seems that 

when the parasite is in a red blood cell which contains Hb-S it favours 

sickling and the destruction of the red cell which results in the death 

of the parasite (Gardikas 1977 ,616). The question is whether or not there 

is any evidence for· the existence of malaria in the region of Armenoi, 

which could verify this hypothesis of the existence of sickle-cell anaemia. 

Radiographic screening of the tibiae of 100 individuals (61 men and 
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No.lnd ividuals 

20 

18 

16 

14 

Total(49) 
if (30) 
~ (19) 

Distance between Ha rris Lines 

Fig9.1 Individuals \;\ljtll Harris Lines at Regular Intervals 



39 women), for the observation of Harris lines, or so-called lines of 

arrested growth, which ind.icate nutritional deficiencies or febrile 

infectious diseases, produced the following results. 

a) Harris lines were seen in 86% of individuals: 88.5% of males and 82.0i% 

of females. 
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b) Regular distances occurring between Harris lines ie. the repetition of 

lines at approximately equal intervals, were seen in 56.9% of irrl ivid uals 

wi th Harris lines~ 55.5% of males and 59.3% of females. (See fig. 9.1.) 

c) The regular appearance of Harris lines every 2 mm was observed in 40.8% 

of individuals with regular Harris lines (36.6% of males and 47.3% of 

females), or 20% of the total number of individuals examined. 

Since the majority of Harris lines observed were near the epiphyseal 

plates, they must be interpreted as signs of interrupted growth or deve

lopment at ages between 14-18 years. At this period the tibia grows on 

average about 5 mm per year (Bass, 1971, 189). It is concluded that a 

large section of the population suffered from some febrile disease, which 

arose periodically at intervals between 1-4 months. Diseases Which are 

associated with periodical, repetitive fevers at similar intervals are 

malaria, salmonellosis and, more rarely, brucellosis and relapsing fever 

(Harrison 1977, 934-936). 

According to the etymology of the Greek word, malaria is an illness 

associated with marshes which are rare phenomenon in Crete, although 

Watrous (1974) has suggested that part of the Lasithi plain may have been 

marshy in antiquity. The chief geophysical characteristics of Crete are 

its mountains and its long coast line. It is known that two kinds of 

malaria bearing mosquito exist in Crete, one which breeds In streams at 

altitudes up to 1200 metres and another which is tolerant of saline water 

(See Chapter 2.10). It is also known that until a few years ago, malaria 

was endemic to Crete. The disease may well have been a serious problem 

in Bronze Age Crete. Summation of the evidence seems to provide some con

firmation of the above hypothesis. 

IV. The fourth indication of the exi.stence of an endogamous-type community 

lS the large number of congenital variations affecting the vertebral column 

In 23.1% of individuals (25.6% of males and 16.6% of females), details of 

which have already been given in the previous section. Finally to round 

off the evidence for an endogamous-type community I should like to mention 

again six cases of cranial osteomas, two cases of anatomical variations 

of the atlas (1st cervical vertebra), two scaphocephalic crania ap~ two 
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anatomical variations of the base of skull, which were presented ~n more 

detail in chapter seven on non-metrical variation. All of these varia

tions could well have an hereditary origin. The osteoma which is found 

in four different tombs, provides proof of a family relationship betw~en 

the individuals in tombs l3(A) , 46(1) 73tT, and 89 (K A). , 

In discussing the evidence above I have tried to demonstrate the 

probable existence of an endogamous type of rural community dependent 
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on a mixed farming economy. The discovery of a number of diseases con

nected with agricultural labour and animal husbandry reinforces this 

hypothesis. In the sections on diagnoses a large number of cases of 

exostoses of traumatic origin has been noted. 30.6% of adult individuals, 

whose tibiae and clacanec:, were preserved, presented exostoses of post

traumatic arthritis (39.4% of men and 21.2% of women). Traumatic arthri

tis of the limbs is an occupationally-linked disease. In farming little 

accidents and injuries which occur almost daily will bring about these 

changes in the way already described in the section on diagnoses. 

Figure 9.2 opposite presents the frequency of osteophytic and 

exostotic changes of degenerative, traumatic and infectious aetiology in 

the surviving vertebrae examined. The frequency of changes to the 5th 

lumbar vertebra is diminished (or biased), because in many cases the 5th 

lumbar ~s sacralised. Descending the vertebral column, the increased fre

quency of changes, clearly has a degenerative rheumatoid aetiology. The 

high percentage of changes ~n the lower . thoracic vertebrae might be att

ributed to infectious causes, especially brucellosis and tuberculosis 

which are discussed below. 

Brucellosis, as was already stated in the previous section, ~s an 

occupational disease of people who are involved in animal husband ry. It 

is caused by three species of Brucella, of which Brucella melitensis is 

the most commonly distributed form in Greece. (The eponymous disease 

"Cretan Fever" is an alternative name for brucellosis.) The food which 

most often carries Brucella is the milk of goats and cows and their pro

ducts, for instance yoghurt and cheese. 

Contact with animals and in particular with milk producing animals, 

kept either for meat production or used in the home economy to supply the 

needs of the family, is probably responsible for the other serious infec

tious disease mentioned above, tuberculosis. Tuberculosis has probably 

accompanied hominid popUlations since earliest times. Today five species 

of tubercle bacilli have been described. Two of these are known to be 
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pathogenic for m:tn: Mycobaeterium tuberculosis hominis a.nd Mycobacterium 

tu.berculosis bovis. lt is also known that the most c.ommon tubercu.losis 

whic.h is lu.ng tuberculosis is d.ue to the hnnan strain, while tuberculo

sis of the bones is due to the bovine strain. But tuberculosis may spread 

thrrugh the blocxI stream to bones from a primary lung infec tion in the 

advanced. stages of its developmen to Consequently it is not .possible 

to know wi th certainty which mycobacterium caused the disease, merely 

from examining the bone changes. 

The species of mycobac terium responsible here for the disease may 

be relatively obscure but, the attituie of the people studied to tuber

culosis is quite c.lear. Taking into consideration the cOIDlIllnal burials 

of tubercular individuals, who are clearly from the same family exempli

fied by tomb 118, in which five yrung iniividuals aged between 23-28 and 

related to one another, died with the same symptoms at about the same 

age. It seems probable that as far as concerns the popUlation being 

studied tuberculosis was not connected with the animals on which their 

livelihocxl.s depended, bu twas regarded. by them as a her ed i tary disease. 

Indeed the same view was held by Hippocrates, who was the first to report 

that tuberculosis is transmitted from parents to children. It was not 

until the 2nd century PJ) that Galen suggested that the disease was 

infectious (Liokis 1974, 125). 

Their occupation with animal husbandry not only gave the inhabitants 

a comfortable livelihocxl. ani fatal diseases. It is very likely that it 

stimulated the early development of medicine. The manner 1.n which this 

might have come about can be illustrated by a very colourful story which 

is well known in Greece. In Athens there are still vivid memories of the 

Vlach 'practical' surgeon, now deceased. A group of Athenian doctors had 

br ought an action against him in the cour ts to prevent him pr ac tising. 

According to tradition, the Vlach, a former shepherd, appeared before the 

court with a lamb. He broke all of its legs and then invited his oppon

ents to make the lamb walk. When the d.octors professed themselves unable 

to do this, the Viae h broke a stick which he made into four splints. He 

reduc.ed. the fractures by manipUlation and bound the splints to each of the 

ani1!l3.1's legs. The lamb got up and walked ani the man's critics were S1.

lenced. (Many people prefer to take their ailing bodies to such practit

ioners who still exist in Greece, . rather than go to conventional d.octors!) 

This story clearly demonstrates the direct relationship between animal 

husbaniry, a main preoccupation of the Armenoi community, and the develop

ment of orthopaedic techniques. 



In the section on diagnoses a nunilier of cases of fractures, most 

of them healOO, are describe:!,. In describing them it was mentionOO that 

J.n my opinion, some of them had been immobilisOO by the application of a 

perhaps 'primitive' but effective technique for treating fractures and , 
some had not been reducOO', or had healed without any external assistance. 
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In 4 out of 15 fractures describe:!, in the diagnoses (that 1.S 26.6%), one 

c,an say that rOOuc tion and immobilisation was neOOed. 14 out of 15 frac

tures (93.3%), IIllSt have been immobilised, since bone callus was formOO. 

But the stu:ly of the bone callus formation does not verify the hypothesis 

of orthopaedic rOOuction, nor does it exclude it. The unrOOuced and un

healOO central dislocation of the hip, as was already mentionOO, presents 

a difficult orthopaOOic problem even tolay. However, even if one is de

pendent on only 26.6% of cases, ,it may still be said that some kind of 

mOOical treatment of fractures was already developed in Minoan times. 

In what measure such treatment was administerOO by a profession with 

specialised talents, or whether it was merely home medicine and practical 

metho:is, or both is open to question. 

The Greek word i-ja-te, meaning doctor, 1.S recorded on a linear B 

tablet from Pylos (Lejeune 1971, 213; Bennett and Olivier 1973, I, 132; 

1976, II, 89; Bartsokas 1964, 115). There lS little doubt therefore that 

this profession was recognised and existed 1.n Greece as early as the 14th 

century B. C. According to a Persian document there were thr ee kinds of 

healers or doctors in Greece 1.n the period before the 1st millennium B.C. 

There were those who curOO with plants, those who used magic words and 

those who use:i the knife. On Crete there is archaeological evidence that 

all of these methods for dealing with disease were used. 

It is clear that the Minoans were very familiar with the properties 

of the many species of herbs in their island environment. The goddess 

from Gazi with her crown of poppy heads was mentioned in Chapter 3. It' 

is thought that the drug was usOO in religious rites to iniuce a state 

of euphoria in the participants. Dyctamon is another herb native to Crete 

which has been widely praised since antiqu,ity for its medicinal properties. 

Herbs mentioned in the Knossos tablets are Coriandrum sativum and Cyperum 

rotundus from which aromatic oils were made. Such oils were traded wi th 

Egypt and they may have been considered to have medicinal properties. The 

Ebers papyrus records a prescription of Cretan origin used by the Egyptians. 

It is also known that the Egyptians used 'curative' spells or incantations, 

some of them in foreign languages. One recorded in the London Medical 

Papyrus is in the Cretan language (Sigerist 1951, 280). It seems that these 

magic words were so effective against diseases that they were importe:! 



from Crete. Presumably they could have been muttered by the patient 

before imbibing a potion or by the priest/magician doctor who administ

ered it. 
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On Crete there is evidence for the association of priests with otring 

of disease: Anathema ta which portray limbs and parts of the human body 

which were clearly pathological, have been found at peak sanctuaries. 

They were mentioned in Chapter 3 (See plate 115). They are obviou sly the 

prototypes of similar votives found in the Askiepeia in the classical per

iod and of the 'tama ta' in the Greek Or thodox Church ted ay (Plate 116) . 

It may be that in Minoan times priests exercised the function of healer s 

by virtue of a divine authority invested in them. Finally one must turn 

back to the skeletal evidence, to explore the possibility of the existence 

on Minoan Crete of surgeons who used the knife. 

E our interesting cases which may provide evid ence of surgical inter

vention will be discussed below. The first is a cranium of a young male 

individual (32 B) aged about 25 years old, from a tomb at Armenoi (PI. 117). It 

was noted to have scars of incisions made by a knife on the frontal bone. 

The deepest incision on the right side of the frontal bone is 17.5 mm 

long. L~other parallel to it and nearer to the midline was 11 mm long. 

There is a third incision, ~n a similar position on the left half of the 

frontal bone, measuring 16.6 mm. The second case concerns the cranium of 

a young female (86B) aged about 23, from another tomb at Armenoi, which 

was observed to have a small circular depression on the surface of the 

posterior left parietal near lam1:x:la. It ha::l. an approximate diameter of 

10.6 mm and a depth of 2 mm. The thickness of the diploe at the centre 

of the depression is 4 rom compared to an average parietal thickness of 

6 rom. A depression about 16.2 rom in diameter was observed on the left 

parietal of another skull belonging to a 35 year old male (67B) from Arm

eno~. (See plate 118). Finally a similar phenomenon was noted on a MM 

skull from Knossos Ailias Tomb V, larnax Vc. A roo ghly circu lar depress-

ion with a maximum diameter of 16 mID was observ~ on the posterior left 

parietal, 27 IDlll from the sagittal suture and 53 mID from lambda. The thick

ness of the diploe in the centre of the depression was 5 rom compared to an 

average par ietal thickness of 6.5-7 mID. Beside the depression there were 

seven shallow incisions, which variecl from a minimlli~ of 3 rom to 10 rom long 

(See Plate 119). They appear to have been made by a knife., There is the 

possibility then that in both cases the scars have been made by a knife 

for the purposes of treatment. 

The area of the frontal bone, which is the location of the scars 



observed in the first case, is supplied with blood from the frontal 

(anterior) branch of the superficial temporal artery (Warwick & Williams 

1973, 628). 'Dilatation of the temporal arteries with stretching of the 

surrouruiing sensitive structures is believed to be the mechanism of most , 
of the pain of migraine. This artery when involved in giant-cell arter-
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itis (cranial or temporal arteritis), usually observed in older individuals, 

gives rise to headaches of a dull aching and throbbing type. The pain is 

severe arui persistent over a period of weeks and months. The offending 

artery is not always tender to pressure, but section of it may relieve 

the pain (Harrison 1977, 21). It is hypothesised that the cut marks noted 

on the metopic bone of the cranium described, were made with a knife 1.n 

an attempt to treat surgically, a persistent headache of the type mentioned. 

I have personally encountered an empirical form of this headache treatment 

on a visit to Libya in 1973. A workman on the excavation complained of 

persistent headache. We suggestei to him that he should take an aspirin. 

When I saw him a few days later and inquired after his health he explaine:i 

that he had found relief through blee:iing by making incisions with a knife 

on his forehead. The region in which he made the incisions is the same 

as that described on the cranium 32B from Armenoi and is the region of 

the anterior temporal artery. 

As far as concerns the remaining cases, the problem was how the 

parietal depression was formed. The hypothesis of depression fracture 

seems Qnlikely, first because the depressions are smooth and almost cir

cular and second because there is no inward displacement or trace of callus 

on this part of the skull. In spite of this the means by which these de

pressions were made are traumatic. Traumas of the skull as shown by ne\\Ter 

techniques 1.n neuro-radiology and improved angiographic procedures are 

the result of traumatic aneurysms of the blood vessels of the scalp, more 

frequently than was formerly believed. The vessels may be damaged by a 

variety of mechanisms including skull fracture, direct contusion of the 

vessels by bone or missile fragments. The result of these will be the 

formation of a localised dilatation or aneurysm, an arteriovenous fistula, 

or a serpiginious venous "circoid" (Rhoton, Jackson, Gleave, Rumbaugh 1977, 

29). The effects of any of these on the bone during the course of years 

will be to form an imprint such as those which we have found, due to the 

chronic pressure of the vessel on the bone. The consequence of this mal

formation creates symptoms of headache. The attribution of the headache 

to the malformation is relatively simple, because if it is a venous circoid 

it will be an obvious swelling, while if it is an aneurysm or fistula it 

will pulsate. The treatment even today is surgical removal of the malfor-

mation. It is believed that the cut marks on the skull from Ailias c--::. an 



293 

attempt to treat surgically, headache attributable to one of these causes. 

Such an intervention is relatively simple and has a good prognosis for 

recovery because of the abundant anastomoses network of the arte~es;hich 

supply the area (: posterior (parietal) superficial temporal artery, ~ight 

and left, posterior auricular artery and occipital artery - all branches 

of the external carotid artery (Warwick and Williams 1973, 623, 629 and 

fig. 6.45). 

One need not look far for archaeological evidence to confirm that the 

Minoans were conscious of the importance of cleanliness for health, take 

for instance their sophisticated drainage and sanitation systems and the 

light zoma (codpiece) which was the preferred form of Minoan dress. Tak

ing into account the hypotheses formed in the seconci half of this chapter 

(fracture reduction and surgical intervention) and ~n the previous chapter 

(tooth extractions), the impression gained is that as regards the sector 

of health, the Minoans were relatively advanced, as they clearly were in 

many other aspects of their cultural and social life. 



CHAPTER TEN 

Conclusions 

Archaeologists in the past have not fully realised that there is an 

enormous reservo~r of potential information to be extracted from human 

skeletal remains. Hence skeletal remains found in excavations were n6t 

collected systematically or g~ven appr opria te treatment, because they 

were not considered to have any intrinsic value, nor to possess scienti

fic importance equivalent to that of artefacts. As a result of this 

error of judgement much information has been irretrievably squandered. 

The ultimate aim of archaeological science is to achieve an accura te and 

detailed picture of ancient societies through the interpretation of the 

excava don recor d. The meticulous study of human skeleta 1 remains, like 

the study of artefac ts found in excavations, can make a valuable and 

relevant contr ibu tion to the reconstruc tion of the life of anc ient socie

ties and, it ishoped in this case, to our view of Minoan society. These 

conclusions recapitulate the most important points of the new evidence 

pr esented and discussed in this thesis. 

In Minoan times the average expectation of life was about half that 
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of a modern Englishman. Due to the lack of advanced modern medical skills 

and technology for dealing with disease and ~nJury, a man rarely survived 

the fOl.lrth decade. A woman's life was even shorter. The apparent reason 

for this difference of life expec ta tion between the sexes, was the greater 

vulnerability of females, mos't of whom died during the period -which coin

cides with peak reproduc tive ac tivity. Judging from the frequency of 

deficiency anaemias and premature osteoporosis observed among young females 

a woman's food intake was probably below her nutritional requirements 

during pr egnancy ani lac ta tion. Lac tation which may have been pr olonged, 

causes a drain on the body's mineral resrurces which may not have been 

replenished by the average diet in Hinoan times. This physiologica 1 d is

ruption made women less resistant to diseases and consequently diminished 

their overall expectation of life compared with that of males. The samples 

examined showed that from the earlier to the later phases of the Minoan 

period the mean age at death of women did not vary significantly (28.06 -

27.32 year s), but there was a much more 1l12rked decrease in the average age 

at death of men (35.24 - 30.84 years). Despite {ndisputable improvements 

in economic efficiency and living standards which are obvirus from the gro

wth of existing settlements and the steady rise in the nu.mber of new settle

ments est:ablished during the Minoan periai., it is probable that the popula

tion increase was acc ompanied by an inc rease in inf ec tiru s d isea ses. This 

may account for a reduction in life expectation, particularly of men, in Late 



Minoan times. Infant and child mortality was high and may have been 

aggravated by the suggested increase 1.n infectious diseases and by ignor

ance of disease mechanisms and means of combating infection. 

Abundant new data show that the mean stature of the Minoans 1.S cbm

parable with that of moiern Cretans and disprove a popular misconception 

that Minoans were people of pygmy proportions. It is well established 

that there is a direct correlation between nutrition and physical develop

ment achieved. It seems that generally speaking the Minoans enjoyed a 

diet which was adequate for the achievment of physical growth comparable 

with that of the medern population. 

Dental caries and ante-mortem tooth loss in the LM III population at 

Armenoi was sustained 1.n a degree comparable with that of modern Greeks. 

The evidence suggests that their diet may have included a high carbohydrate 

content, considered to be an important factor in dental car1.es. Food s 

thought to have been available, which have a high carbohydrate content 

incidentally have a po,?r mineral content. (Mineral deficiency may result 

in micro~e£ects of tooth enamel, such as those observed which 1.n some 

cases occurred in prenatal enamel.) There 1.S a sharp contrast between 

Middle Minoan times and Late Minoan times, when the frequency of dental 

car1.es doubled. The most likely explanation for this is that there was 

a change in eating habits. The diet may have become softer due to im

provement in methods of foed preparation. It may also have included more 

dietary sugar from honey and dried fruits as well as other forms of car

bohydrates. The ability of a community to survive and flourish partly 

depends on the organisation of its food resources and the accumulation of 

surpluses which can be stored and will be available to tide them over 

difficult periods. Those foeds believed to have been available, which 

could have been stored have a very high carbohydrate content. This may 

explain the suggested change in eating habits. Thus an increase in car

bohydrate consumption would explain the observed increase in dental 

car1.es. It may also have contributed to a shorter life expectation, S1.nce 

it; has been observed that such a correlation exists in modern populations 

(cf. Table 5.5). 

L,9S 

The chapter on skeletal pathology discusses an unprecedented volume of 

new evinence for disease'among the Minoans 1.n a depth of detail, which has 

never been previously attempted. It gives only a partial indication of 

disease stress in the population. It is of course impossible to estimate 

the total frequency of disease in the Minoan population, since not all 

diseases leave traces on bones. Even if this were possible, any comparison 
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with modern populations would not be appropriate since the Minoans were 

not equiped with moiern medicines and knowledge available today. For 

instance, one would not expect any valid comparison in the frequency of 

age-related diseases which are frequent in modern populations, s..nce the 

Minoans had a much shorter life expectation. For this reason the prol1able 

case of metastatic cancer in bone, perhaps from a primary cancer of the 

prostate gland, is of un~que interest. It indicates that cancer did occur 

~n early populations, although they did not normally live long enough to 

be expose:I to carcinogens in the same degreeas mo::l.ern populations. Tuber

culosis is a frequent and highly contagious disease which wipe:I OJ t a 

whole family in the Armenoi community (see p. 289). Non-tubercular osteo

myelitis is also a frequent disease problem in the population, which may 

be linke:I to the probable existence of the sickle-cell gene in this pop

ulation, since individuals with sickle-cell anaemia are significantly more 

susceptible to osteomyelitis caused by salmonella infection. Some diseases 

give a picture of how the population lived in a very literal sense. A 

number of individuals with post-traumatic arthritis seem to have been 

employed in manual labour, presumably working the land. It may be inferred 

that others who suffered from brucellosis, contracted from animals, were 

involved ~n animal husbandry which was probably the mainstay of a mixed 

economy. This view is supporte:I by the numerous spindle whorls founi in 

the tombs, which suggest that yarn and textile production may have been 

important. A textile impression note:I on a femur from one of the burials 

may have been a locally made cloth (See Plate 120). Certainly this would 

have been a useful trade commcdity, which could explain the number of vases 

imp or ted from the Kyd onian workshop and some even from the mainland. The 

island -wide contacts and overseas trading ac tivi ties of the Minoans may 

also have led to the intr od uc tion of new pa thogens. 

The Minoans regarded disease as a very serious pr oblem., Their attitude 

is touchingly obvious from the votives found at peak sanctuaries to which 

pilgrimages may have been made for miracle cures. However the skeletal 

evidence also indicates that the Minoans had begun to develop practical 

medical skills. They probably knew hm,r to extract teeth and possessed ex

pertise in setting fractured bones. A hypothetical explanation of how the 

Minoans might have attained exper tise in frac ture reduc tion and immobilisa

tion through their preoccupation with animal husbandry was given in chapter 

n~ne. There is also evidence of rudimentary surgical intervention from 

Middle Minoan times ~ The Minoans possessed precision instruments with whic h 

they made objec ts such as seals of fine technical and ar tistic achievement. 

Such instruments could also have been adapted to surgical use. The prac tice 

of medicine may have been a specialised profession, as that of potters or 



lapidaries for instance are thought to have been. These professions may 

have been 'hereditary', passed down from generation to generation, as 

was the case in ancient Greece where certain clans monopolised crafts. 

The Asklepiadai were physicians. The Pylos tablet which mentions the , 
name of a doctor is written evidence that the profession was recognised 

in Mycenaean times in Greece. The skeletal evidence presented here is 

unique for Crete am indicates that the practice of medicine probably 

began there in Middle Minoan times and possibly earlier. 

Despite the cosmopolitan spread of Minoan culture, skeletal evidence 

suggests that in Late Minoan Crete, breeding patterns in rural society 

were conservative. Certain hereditary diseases observed in the LM III 

community at Armenoi, for instance congenital dislocation of the hip, a 

haemoglobinopathy and spina bifida occulta, suggest that Armenoi was an 
\ 
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endogamous community. The frequency of other genetically based traits such 

as worm~an bones, ossic les at lambda, coronal ossicles, parietal notch 

bones etc .. also support this view. Since Armenoi was a rural settlement, 

an important reason for the tendency for mating to take place within a 

village community must have been consideration of the rules of inheritance 

through marriage, whether matriarchal or patr iarchal. In origin the vil

lage community was probably the clan settlement, which corresponded to a 

territorial unit. The community at Armenoi was depeooent on the land for 

its production and consumption. Thus it was extremely important to main

tain control of it ard property considerations must therefore have dictated 

a preference for marriages within the community. The mating patterns of 

other Hinoan village communi ties may have been equally conservative for the 

same reasons. 

Physical resemblances and shared non-metrical characteristics were 

observed among individuals buried in the same tombs at Armenoi. They 

indicate the existence of blood relationships between occupants of the same 

tomb 0 and establish firmly the family usage of tombs in the LM III period at 

Armenoi. This fact opened up the possibility of eX4mining direct evidence 

for marriage traditions in Minoan society. As a rule, due to a lack of pri

m~ry evidence,social hypotheses formulated for archaeological populations 

resort to parallels with modern popUlations which have remained at a pr~m

itive level of social evolution. To the writer's knowledge, this is the 

first time that an attempt has been made to investigate relationships 

between ird ividuals buried in the tombs of a single cemetery or to recon

struc t a genealogical table of relationships. It is hoped that future 

research with the aid of computer facilities may enable one to reach a con-



clusion on the pre-eminence of matr iarchal or patriarchal marriage tr ad

itions in Minoan society. But the study and evaluation of non-metrical 

traits per se has been handicapped by the lack of comparative data from 

other sites in the Mediterranean area. 

Modern anthropological parallels suggest that matriarchal societies 

are usually those associated with earlier stages of cultural development. 

Female deities are thought to indicate a surviving matriarchal element in 

Minoan society. Minoan women also appear to have taken an active part 1n 

public life. They are depicted in frescoes, on gems or seals as boxer s, 

bull-leapers, acrobats, priestesses and members of the court. But the 

skeletal evidence suggests that the role of women in every day life was 

not so exalted as might be imagined from these idealised representations. 

Judging from their lower life expectancy and poorer dental health (see 

p. 248-249), the fate of women seems in general to have been inferior and 

probably secondary to tha t of men. 
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The fact that family tombs were used in the LM III period suggests an 

evolution in the structure of Minoan society which has significant implica

tions. From Early Minoan times through to the end of the Minoan period one 

can trace social evolution in terms of changes in burial customs. Communal 

burials in caves or in large burial monuments which served the whole community 

were customary in Early Minoan times. The transition to the use of smaller 

family tombs in Late Minoan times ind ic ates that y.d.noan socie'ty had undergone 

fundamental changes. The use of tombs for family burials ini ica·tes the 

emerging importance of the familYUlit over that of the clan. It seems rea

sonable to suppose that Minoan society also became increasingly stratified. 

The social status of the deceased is usually ind icated by grave furniture 

and good s placed with the burial. Although there are no acute differences 

in wealth evident among the tombs at Armenoi, during the mos.t recent exca

vations a new group of tombs were opened which, judging by the material pos

sessions of their occupants, were poorer than any previously excavated. 

Thus it is likely that while the family unit grew in importance there was a 

parallel evolution of social differences, which developed gradually with the 

refinement of labour and production techniques. Economies with a low level 

of production and consumption are collective and 'depend on group cooperation 

but as labour becomes more productive an individual claims for himself and 

his relatives the vealth which he earns through his personal efforts. This 

is the origin of social divisions which can ultimately lead to conflict. 

Skeletal evidence for violence 15 rare, but at Armenoi there is a unique case 

of death by violence. A young man of about 25 years (67E) had been hacked 

to pieces (Plate 91). As there is no other evidence of violence to suggest 



general warfare, the mO$t likely explanation is that he was the victim 

of a feud. The change in burial customs suggests that Minoan society 

had gone through a process of change, which may have played a role in 

disturbances known to have occurred from the archaeological record. ~n 

considering possible causes of destructions of settlements and palaces 

the element of social strife has occasionally been suggested, but has 

not attracted many adherents. It was suggested that a local insurrection 

may have brought about the final destruc tion of the palace at Knossos 

(see p. 63), while In relation to LM IIIc distrubances Kanta (1980, 326), 

found it difficult to decide whether the danger came from within Crete or 

outside. Evidence for the change In burial customs with its emphasis on 

the family irrl icates a comparable change in the cbarac ter of Minoan 

society, the implications of which must in future be considered in the 

interpretation of events. 

Multivariate analysis was used on statistical data to investigate the 

relationship of the Minoans to other sample populations. Results showed 

that the closest affinities of the Minoans appear to be with the mainland 

Greek population. These results are in harmony with other archaeological 

evidence suggesting that the Cretan and Peloponnesian populations had 

established regular contact from very early times. The evidence for phy

sical similarity between the populations suggests that there may also have 

been a certain amount of gene exchange between the populations, which was 

probably two-way and accompanied the assimilation of Minoan influence on 

mainland culture in the Palatial period and vice versa in the Late Bronze 

Age. In toto the evidence suggests that the Minoan and mainland popula

tions were culturally and genetically closely related, but nevertheless 

distinct. The analyses also showed that some of the individuals in the 

Shaft Graves, who are said to be more variable than the rest of the pop

ulation, looked more like Cretans than mainlanders. Thus there seems to 

299 

be some substance for a tradition which survives in classical literature, 

namely that dynastic marriages took place between the ruling houses of these 

two neighbouring powers. The stature of the Shaft Grave people which is 

significantly greater than the average height of the rest of the Mycenaean 

population, is closer to the estimated mean stature of Late Minoan Cretans, 

some of whom attaine-d a stature equal to that of the Shaft Grave princes. 

This could be taken to be a further indication that the ethnic origins of 

some of the Mycenaen Shaft Grave people may have been Cretan. 

The Minoan population also showed a similarity to the Early Neolithic 

population of Cy~rus, although these two populations are widely separated 



~n time. It may be that the two populations shared a common ancestry, 

either becau~e the islands were populated at the same time or because 

some of the Cypriot population may have subsequently migrated to Crete, 

and that similar traits were preserved in the Minoan population due t~ 
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the limits imposed on new traits being introduced into the island's pop

ulation and perhaps due to the influence of similar selection pressures 

being exerted on populations of common ancestry living under similar 

island conditions. (A loose parallel might be drawn between human pop

ulations evolving in the same direction and the Late Pleistocene evolution 

on both Crete and Cyprus of related species of pygmy elephant and hippopo

tamus.) As well as illuminating the relationship between the Minoan and 

Mycenaean populations, the new evidence has brought us a step closer to a 

solution of the problem of Minoan origins. It is hoped that new material 

will become available, especially for the earlier phases of the Minoan 

period and to brllige the hiatus In Anatolia which some favour as the 

place of origin of the Minoans, In order to test the present conclusions 

further. 

The aspiration of this research was to make a contribution to Minoan 

archaeology. If in addition it helps to achieve wider appreciation of the 

role of palaeoanthropology in Aegean archaeology, it will indeed have 

achieved a useful goal. 
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3:1-1 t.14 ".1e have yet to me2,3UTe the stable carbon isotope ratio. An 

esti::latea. figure for this has o.:::en used for the tiDle being, but the final 

c13te is unli::::ely to be very different from the provisior~2.1 value given 

above (:!: 50 years or so, j!rcbably). 

Please let :;,;e have your ccrn.ments on tb.ese :cesul ts when you have had 

time to consid3r them. 

';Ii th very best uishes. 

Yours sincerely, 

:';~;~~~r d.;c .E;::t~~ ~i~;50--w:l ~;,;.r !T!cmbc~ cf l!:: =t..a.l.·:r ':::L"'1'a.::c.:~P{ !;a::-Ji~!r/ i0r the GP;n~ord t~'"!cy may cxprr::-...,. Oi1 obj~c:.s 3~br:litted f\.iT 

:dcnt~(':lticn or fe; i:,J0rTIl3.!:on: nc·r C:1n L~C"l ;;-lve vali.1:acioru. 
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APPENDIX III 

The Sources of Comparative Material used In Multivariate Analysis 
, 

Data analysed from sites outside Crete (except for Wadi Ajjial) were 

obtained from publications by the following authors and are listed in 

the bibliography at the end of the thesis. 

Greece 

Eleusis 

Lerna 

Mycenae 

Nea Nikomedeia 

Turkey 

Troy 

Alisar 

Cyprus 

Khirokitia 

Sotira 

Syr ia 

Ugari t 

Palestine 

Lachish 

Egypt 

Badari 

Naqada 

Sedment 

Sudan 

Kerma 

Libya 

Wadi Ajjial 

J.L. Angel 1975 

J.1. Angel 1971 

J.L. Angel 1973 

J.L. Angel 1973a 

J.L. Angel 1951 

W.M. Krogman 1937 

J.L. Angel 1953 

J.L. Angel 1961 

D. Ferembach 1962 

D.L. Risdon 1939 

B. Stoessiger 1927 

C.D. Fawcett & A.Lee 1902 

T.1. \\foo 1930 

M. Collett 1933 

This material has been studied by the 

writer and is unpublished. Interim reports on the 

excavations since 1965 by C .M. Daniels have been pub

lished by the Society for the Promotion of Libyan 

Studies 
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APPENDIX IV 

Some Histograms of Cranial and Post-Cranial Indices 

, 
. The diagrams in the following pages have been output by the computer 

on a graph plotter. They are included in order to amplify the informa

tion on means for skeletal measurements of the Cretans given in Chapter 

Five, Tables S.6a-b and S.7a-b. They illustrate the distribution of the 

available values of cranial and post-cranial indices for the male and 

female samples. The samples are arranged in contemporaneous groups 

(see p. 139), except for those from Ailias and Armenoi which are treated 

separately. The diagrams are presented as follows: 

Index Page 

Cr ania I ind ex 

Fronto-parietal index 

Crania-facial index 

Upper facial index 

Nasal index 

Orbi tal index 

Palatal index 

Humerus mid-shaft index 

Humerus r obustic ity index 

Clavic ulo-humer al index 

Brachial index 

PIa tymer ic index 

Crural index 

Cnemic index 

Pubis-ischium index 

Pubic index 

305 - 319 

320 - 334 

335 - 349 

350 - 363 

364 -377 

378 - 391 

392 - 406 

407 - 410 

411 - 413 

414 - 417 

418 - 421 

422 - 425 

426 - 429 

430 - 433 

434 - 436 

437 - 440 



Text cut off in original 



2 MALES 6 6 VS. 7 7 

PALAIKASTRO CEMETERIES & PYRGOS MALES 

No. Individuals 

1 2 

1 0 

8 r--

6 

4 r-
I 

I 
I 

2 
1 

o 
60 

I 

70 75 

CRAUIAL IlG:8A: - -
o - 69.99 Hyperdclic~ccrany 

70 - 74.99Dolichocr~~ 
75 - 19.99 MasoC.T.-e~y 
80 - 84.99 Brachycrany 
85 & oVer lly?e~Grachyc~any 

I I I 

, 

80 85 90 

305 

, 

-

-

n5 '/ 



306 
3 i"1 ALE 5 6 6 V S , 7 7 \ 

~~~~~~~~~--~------------------------------------------~i 
GYPSADHES, MONASTlRAKI KEPHA11 & PYRGOS MALES 

l'ioo L'1di viduals 

4 

2 

r' U 

, 

\ 

I 

\ 
I 

I 
6[-, 7 (-60 _J U 75 

THE CRANIAL INDEX! 

o - 69.99 
70 - 74.99 
75 - 7~.99 
80 - 84099 
85 &. ov~r 

Hyperdoliehoc~~ 

Dolichocr?..ny 
116 soerallY 
&achycrany 
Hyperbra.cbycra.ny 

I 

, 

80 
, 

nn 
7u 

I 

I 
, 

C) [~ 
I -J 



lET ELIAS MALES 6 6 VS. 7 7 

AlLIAS MALES 

No. In.ii viduals 

12 f-

18 

6 

r 
L;-

2 t-

60 

. 

I 

i r-
c:.) 7~ 

I .-1 

o - 6Jo99 Hype~ioliehocrar~ 
70 - 74.99 Dolichocrany 
75 - 79.93 Hesocra"1Y 
80 - 84.99 Brac~ycrany 
85 & over Hyperbrachycrany 

307 

I 

I I 

I 
~ 

~ 
i 
I 
I 
I 

I 
-1 
I 

l 
I 

. I 



01 MALES 6 6 VS. 7 7 

lio o Individuals 

40 

35 

3'" \../ 

25 

20 

~ r--

!".J 

10 

o 

I 

r 

r 

t-. 

I 

I 

I 
L 
I 

I 
I 
l-

; 

60 65 

THE CR..4.NIAL INDEX: 

o - 69099 
70 - 74~99 
75 - 79099 
80 - 84099 
85 & over 

AFMEJlOI MALES 

-

Eyperdolicnocrany 
Dolichocrany 
Mesocrany 
Brachycrany 
Hyperbrachycrany 

60 

I 

- 90 0,5 G. 

308 

1 
-

-

i 
I 

I 
-J 
i 

I 
I 
I 
1 
I 
I 
I 

~ 
I 

_I 

95 



309 
) 4 !'1ALE5 6 6 VS. 7 7~ __________________ _ 

.A..GHIOS STLLAS,DELIANA,GALIA.,PHAPHALAGoS,PIGI,SELLOPOULO & STAVROMENOS MALES 
No. Ind.ividuals 

6 

4 

2 

o 

, I 

l-

r 

I 

I 
60 65 70 

TP"...E GRAIHAL INDEX: 

o - 69.99 Eyperdolichoc~~~ 
70 - 74.99 Dolichocrany 
75 - 79.99 ~esvcr8ny 
80 - 84.99 Brachycrany 
85 &. over Ey:perbrachy"crar.y 

I 

80 -85 

I 

I 

"0 't 

l,-

I 

I 
J 

I 
I 

I 
I 



5 MALES 6 6 VS. 7 7 310 

AGHIA PELAGIA, AGHIOS PAVLOS, CHERSONISSOS, FOURNES& KA.KODIKI MALES 
!foe Individuals- -

4 

2 r-

o 
60 65 

o - 69.99 
10 - 74.99 
75 - 79.99 
80 - 84.99 
85 & over 

70 

Hyperdolichocr~~y 

Do lichoc:rany 
llesoc ra.·"lY 
Brachycre.n;:
HYperbrachycrar~ 

80 85 90 OC 
/ -.! 



6 MALES 6 6 V5: 7 7 

4 

2 

o 

No. Individuals 

, 

I-

I 
I 
I 
I 
\ 

60 

TEE CRAlfIAL DmEX: 

o - 69099 
70 - 74.9') 
75 - 79.93 
80 - 84.99 
85 &; over 

KFF ,TEKE,& AGHIA PEIAG.IAr, ,MALES 

70 

Hyperdolichccrany 
Dolichocrany 
11esocrany 
Brachycrany 
Hyperbrachyorany 

80 

, 

; 

85 

311 

, 

I 
~ 

\ 

I 

, 

90 



: i F 6 6 VS, 7 7 3 J 2 
~-----------------------------------=:"'::"'='-----'Ii 

KOUMAR 0 CAVE FEMALES 

No. Individuals 

2 

o 

I 

---

I 

60 65 70 75 

THE CRANIAL nmEX ~ 

e - 69099 Hypardolicnocrany 
70 - 74.99 Dolichocrany 
75 - 79.99 Mesocrany 
So - 34099 B-l'achycl'any 
85 &: over Iiy]:>erD:;:-ac}-.:yc:ral1Y 

t 
80 85 

t 

, 

I 

I 
I 

I I 
90 95 



I 2 FEMALES 6 6 VS. 7 7 

PALAIKASTRO CEMETERIES & PYRGOS FEMALES 

No c Individuals 

4 

2 

o 

I 

I 

\ 

60 65 

THE CRP.NIAL INDEX: 

o - 69.99 
70 - 74099 
75 - 79099 
80 - 84<>99 
85 & over 

70 75 

Hyperdolichocrany. 
Dolichocrany 
Mesocrany 
Brachycrany 
Hyperbrachycrany 

I I 

80 85 

313 

I 

I, 

, 

90 95 



I 3 FEMALES 6 6 V5. 7 7 

KNOSSOS,GYPSADliE3, MOHASTIP..A...T{I KEPHALI & PYRGOS FEMALES 
No o Individuals . 

2 

o 

I 

I I 

60 65 

THE CRANIAL TImEX: 

o - 69099 
10 - 14.99 
15 - 19099 
80 - 84099 
85 & over 

70 75 

liyperdolichocrany 
Dolichocrany 
Mesocrany 
Brachycrany 
Hyperbrachycrany 

80 

I I 

: 

85 90 

3J~ 

. . r 
'I 

, 

I 

I 

95 



lET ELIAS FEMALES 6 6 VS. 7 7 

AILIAS FEMALES 

lio. Individuals 

12 

10 

8 

6 

4 

2 

o 

I 

l-

I 

I 

I 

60 65 70 75 
( -

THE CRAlfIAL IlillEX: 

o - 69099 Ryperdolichocr~~y 
70 - 74. 99'Dolichocra..1"lY 
75 - 79099 Mesocra..~y 
80 - 84099 Rrachycrany 
85 & over" Hyperbracbycrany 

I 

80 

! 

85 

I 

I 

9(' -0 

, 

I 

I 
I 

l 
i 

I 
I 
I 

..J 

I 
I 
I 

~ 
95 

315 I 
I 
I 

I 

I 
! 



10 I FEMALES 6 6 VS. 7 7 

ARMENOI FEMALES 

Ho. Ind..ividuals 

35 

30 

25 

20 

15 

1
" 
. I 

I 'J 

5 

i I 

t--

r-
I 

f--

I 

~ 
I 

r 
l 

I 

/ " eu 65 70 75 

~HE CRP.JrIAI. INDEX: 

o - 69099 
70 - 74099 
75 - 79.,99 
80 - 84099 
85 &: over 

Hyperdolichocrany 
Dolichocrany 
Mesocrany 
Brachycrany 
ayperbrechycrany 

EO 

316 

I I 

-

j 
J 

I 
I 
I 
I 

I 
I 
l 
I 
\ 

~ 
I 
I 
\ 

-

I 

85 90 95 



) 4 FEMALES 6 6 VS. 7 7 317 

AGHIOS SYLLA.S,DELIANA, GALIA, PHAPHA.LA.GOS,PIGI,- SELLOPOYLO & STAVROMENOS mJALES 

No" Individuals 

6 

4 

I 
r 2 

I 

o 
60 

I 

o - 69,,99 
70 - 74.99 
75 - 79099 
80 - 84099 
85 &: over 

70 

Hyperdolicb~~rany 

Dolichoorany 
Mesocrany 
Brachycrany 
Hyperbrachycrar~ 

I 

80 

I I 

I 

I 
I 

i 

I 
I 
I 

~ 

I 

I 
! 

, 

90 95 



) 5 FEMALES 6 6 VS. 7 7 

I] 

-CHERS ONISS OS , FOURNE5& KREVATTIrA. FEMALES 

No o Individuals 

, 

I 

I 

60 65 

THE CRAlHAL INDEX: 

o - 69099 
70 - 74099 
75 - 79<>99 
80 - 84099 
85 & over 

I 

70 75 

Hyperdolichocrany 
Dolichocrany 
1iesocrany 
Brachycrany 
Hyperbrachycrany 

80 

318 

I I 

~ 

I , 

85 90 95 



6 FEMALES 6 6 VS. 7 7 

o 

lioe Individua.ls 

I 

I 
I 

60 

I 

65 

o - 69.99 
70 - 14.99 
75 - 79.99 
80 - 34.99 
85 &. ovel.' 

KSM &. KFF FEMALES 

I 

I 

70 

EJrperdolictocrany 
Dolichocrany 
L1esocrn...'1Y 
Braabycr<my
Eyperbrachycra!lY 

I 

80 

319 

I 

I 

I 

85 90 



2 MALES 7 7 VS. 9 9 320 I 
------------------------------------------------------------------------l~ 

PALAIKASTRO CEMETERIES & PYRGOS MALES 

Jro. Indi viduils. 

6 

4 

2 

o I 

I 

I 

60 65 

THE FRONTO-PARI~AL INDEX: 

o - 65.99 stenometopic 
66 - 69.99 Metriometopie 
70 & Over Eurymet$pic 

I 

, 

-

--

70 75 



) 3 MALES 7 7 VS. Q 9 
GYP3ADHES, MONASTlRAKI KEPHALI & PYRGDS _MA.LEB 

No. IDdi riddle 

.2 

I 

I 

o 

, : 

I 
I 

I 

60 6S 

o - 65.99 stenonatopie 
66 - 69.~9 ~triometop1e 
70 & over Bur.1~-top1c 

I 

70 

321 

I 

I 
\ 

\ 
i 
I 

I 
I 

I 
I 

I 
! 

I 



iET ELIAS MALES 7 7 VS. 9 9 

AILIAS MALES 

110. Individuals 

6 f-

4 

I 
I 

2 I 

o 

I 

I 

I ; 

60 65 

o - 65.99 stanometopic 
66 - 69.99 Matriometop1e 
70 & over Eurymetopie 

7 r , 
u 

I 

I 

322 

, 

-



101 ~1.ALES 7 7 VS. 9 9 

ARMENOI MALES 

No o Individuals 

24 

22 

20 

15 

16 

1 4 

12 

1J I I 

("' 
G 

6 

4 

2 

o 

; 

l-

I-

~ 
l 
I I 

", 

r 

; I 

60 

THE FRONT0-PARIETAL INDEX: 

o - 65099 stenometopic 
66 - 69099 Metriometopic 
10 & over Eurymetopic 

323 

I 

I 

l 
] 
J 
I 
I 
1 

I 

I 
l 

\ 

, l 
70 



324 
I 4 MALES 7 7 VS. '9 9 

AGHIOS.SYLLAS, DELIANA,GALIA,PHAPHLAGOS,PIGI,SEELOPOULO & STAVROMENOS MALES 

110. !D4.1v1duOla 

2 

I 

\ 

I 

I 

I 

o , 

, 

I 

o - 65.~~ S~to~ie 
66 - 6;.)9 ~t~~to9ie 
10 & over Euryoetep1c 

l , 

70 

I 
',1 
'J 

I 
! 



) 5 MALES 7 7 VS. Q 9 
AGHIA PELA.GIA,AGHIOSPAVLOS, CHERSONIS_SOS,FOURNE$& KAKODIKI MALE:) 

Eo. Individuals 

2 

o 

, 

I 

60 65 

o - 65099 stenometopie 

66 - 69099 Metriometopic 

70 & over Eu~metopie 

i 

I 

70 

325 I 

l 
I 

, 

I 

I 
I 



I 6 !'1ALES 7 7 V5. q 9 

KFF, TEKE & AGHIA PELAGIA \ MA.L:ES~ 
Bo. Individuals 

2 

o 

; 

I I 

60 65 

c - 65.99 stenometopie 

66 - 6'J.99 Metriomstopic 

10 & over Eur,ymetopie 

I 

70 

- - _._--------. __ .-- - --- .. --- -- ~- .. ~-.-.., 

326 

I 

, 

I 
I 
I 
I 

I 

I 
I 

I I 
75 



11 F 7 7 VS: Q 9 

KOUMARO CAVE FEMALES 

Noo Individuals 

2 

i 
I 

I 

o 

, I 

\ 

I 

60 6S 

THE FROlfrO-PLB.IEl'AL TImEX: 

o - 65099 stenometopic 
66 - 69099 Metriometopic 
70 & over Eurymetopic 

70 

327 

, 

I 

I 
I 

, I 
7S 



2 FEMALES 7 7 VS. 9 9 

PALAlKASTRO CEMETRIES ~_ PYRGOS FEMALES 

Bo. Indi viduiib 

4 

2 

I 

o 

I I 

I 
I 
I 

I 

60 65 

o - 65099 stenornatopic 
66 - 69.99 Metriometopic 
70 & over Eurymatopic 

70 

I 

, 

1 
I 

~ 
I 

75 



3 FEMALES 7 7 VS. 9 9 

KNOSSCSj1YPSADHES, MONASTlRAKI KEPHALI &: PYRGOS FEMALE3 

110. IDd1Y1duAla 

o 

; , 

, 

60 65 

o - 65.99 Steno~top1e 
66 .... tl).9J Metriometopie 
10 & cr'er EUryeetopie 

70 

329 

. --.z 

I 

II 

I 

I 

I 
7S 



..l~T 'I T AS ,r-MAL~S 7 -( \/r-. o. 9 IL-: LL-.L. rL: L- v~~ .. 

AILIAS FEMALES 

Bo. Individuals 

8 

6 ~ 

/ 
'-t ~ 

I 

2 

f 

o , 1 

60 65 

o - 65.99 sten~st~pic 
66 - 69 .. 99 Metriometopic 
70 & over Euryrnetop1c 

I 

70 7[
.J 

I 

I 

l 
I 
I 
I 

I 

~ 
I 

I 
I 
I 

I 

330 



lor FEMALES 7 7 VS, Q 9 

ARMENOI FEMALES 

lio. Individuals 

28 

26 

24 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

o 

~ 

f 
I-

~ 

~ 

, 

I I 

60 6S 

o - 65.99 stenometopic 
66 - 69.99 Metriometopie 
10 & over Eurymetopie 

70 
-1. 

7[
.J 

331 

, 

-

~ 
~ 

\ 

l 
I 

1 
J 
I 
I 

1 
I 

l 
I 

~ 
I 
I 

~ 
I 
i 



4 FEMALES 7 7 VS. 9 9 332 

AGHIOS SYLLA.S, DELIANA, GALIA,PHAPHLAGOO,PIGI,SELLOPOULO,.& STAVROMENOS FEMALES 

No o L'1dividuals 

6 

4 

2 

o 

: I 

f-

f-

I 

60 65 

THE FRDNTG-PARIETAL IlIDEX: 

o - 65099 stenometopic 

66 - 69099 Metriometopic 

70 & over Eurymetopic 

1 

I 

I 

I 

I 
70 7l) I _ 



~ 5 FEMALES 7 7 VS. 9 9 

CHERS ONISSOS , FOURNES& KREVATINA FEMALES 

No. Individuals 

o 

, 

I 

60 65 

o - 65.99 stenometopic 

66 - 69.99 Metriometopic 

70 & over Eurymetopie 

70 

333 

I 
I 

I 

I 
I 
I 



6 fEMALES 7 7 VS. 9 9 
KSM & KFF FEMAUS 

lio. Individuals 

2 

I 

I 

o 

, 

60 65 

o - 65.99 steno~topic 

66 - 6J.99 ~etrio~topic 

70 & over Eur.rmetopic 

I 

70 75 

I 

I 

I 

334 

-, 
" 



) 2 MALES 7 7 V5, 18 18 

PALAIKASTRQ: CEMETERIES & Pl'RGOS MALES 
No. Individuals 

2 

o 

I 

I 

80 

, 

8
,

':J 90 95 

CRANIo-FACIAL INDEX: 

o - 89~99 stenozygoma 
90 - 94.99 Metriozygoma 
95 - 99 .. 99 19J.ryzygoma 

100 • over aypereuryzygoma 

) 

100 ins I V 

335 

[, 

I 
I 

\ 

I 
I 
I 
I 

I 

I 1 0 



GYP.3ADHES, .MOUASTIRAKI KEPHALI & PYRGOS MALE3 

)foe Individual. 

2 r 

I 

I 

I 

I 
I o L 

80 

I 

85 90 

o - 3J.:H steno:-.y~ma 
90 - JA.79 lietriozygoma 
95 - 99.99 Et.aryZygoza 

I 
95 

100 • over nrpereuryzy~ 

I 

! 

100 105 

336 

, 

-

I 1 0 



iET ELIAS MALES 7 7 VS. 18 18 

AILIA.S FEMAL]S 

lfo. Individuals 

2 

r, 
U 

I 

f-

80 90 

CiliUiIo-FACIAL INDEX: 

o - 89.99 stenozygoma 
90 - 94.99 Metriozygoma 
95 - 99.99 Euryzygoma 

100 & over BYPereur,yzygoma 

I 
I 

337 

, 

I 

I 

100 105 



JOI MALES 7 7 VS, 18 18 

AIDlENOI MALES 

No. Individuals 

30 

28 

26 

24 

22 

20 

1 3' 

1 6 

14 

12 

10 

8 

6 

4 

2 

o 

, 

I-

I-

I-

l-

-

~ 
l-

80 8 [~ 
.~ 90 

CRA1HO-FACIAL IHDEX: 

o - 89099 stenozygoma 
90 - 94099 Metriozygoma 
95 - 99099 Euryzygoma 

100 & over Hypereuryzygoma 

338 

I , 1 

-

~ 
I 

J 
I 

I 

-

I ..., 
I 
I ..., 

I 
...J 

I 
I 
I 

l 
I 

~ 
I 

I 
--J 
I , 
\ 

1 

I 

I 1 
100 1 nJ~ I I .-.J 



18 339 4 MALES 7 7 VS. 1 q , u 

AGHIOS SYLLAS,DELIANA,GALIA,PHAPHALAGOS,PIGI,SELLOPOULO,STAVROMENOS MALES 

2 

o 
80 

I 

I 

i 

90 

o - 8) .. Y; st'~z..,;r~ 
')0 - j!..)9 ~etriQz7~ 
95 - 9909] ~ygc~ 

95 

100 .~ ¢var F.yp~~~ 

I 

i I 

100 -105 I 1 0 



I 5 MALES 7 7 VS> 18 1 B 

AGHIA PELAGIA,AGHIOS PAVLOO, CHERSONISSOS,FOURN~& KA-KODIKI llALES 

No. Indi vidua.ls 

I 

c -.l 

, 

80 85 90 100 105 i 1 0 

CRAJiIOfFACIAL INDEX: 

o - 89.99 Stenozygoma 
90 - 94099 Me~riozygoma 
95 - 99.99 Euryzygoma 

100 & over Eypereuryzygoma 

340 



6 !'1l\LES 7 7 V5. lq 1q 
u ,,-, 

KFF, TEKE & AGHIA PELAGIA VlALES 
lio. !nell vidua.ls 

2 

o 

l-

I 

I 

q r· uU 

, I 

o - 89.99 stanozygoma 
90 - 9<~. 99 i!etriozygoctS. 
95 - 99.99 furyZygcma 

100 & over Hyperaur,yzygoma 

95 100 

341 

I j, 
I 

I 
I 

I 

105 11 0 



) 1 F 7 7 VS, 1 8 1 5 

KOUMARO CAVE FE1lALES 

No. Individuals 

2 

o 
80 85 90 

CRANIC-FACIAL INDEX: 

o - 89099 stenozygoma 
90 - 94099 Metriozygoma 
95 - 99.99 ~~zygoma 

95 

100 & over Eypereuryzygoma 

342 

, 

I I 
100 'O~ I -' 1 1 0 



18 18 

PALAIKASTRO CEMETERIES & PYRGOS FEMALES 
Ho. Individuals 

2 

I 

o 
80 85 90 

o - 59 .. 99 Stenc7.ygoma 
90 - 9-1...)9 ~i:etriozygo!ila 

95 - 99.99 Eu~zygoma 

95 

100 & over ~pareu.-yzygoma 

I 

I 

100 105 

343 

I 

I 

I 
I 

/ , n 
I I ~ 



) 3 FEMALES 7 7 VS. 18 18 

- -- - - -

GYPSADHES, YONSTIRAKI KEPHALE & PYRGOS FEMALES 

I 

I 

o 
80 

, 

85 90 

o - 2. J .19 S t::il 0 z:r L~ 
}O - J~.79 ~:etriozj~ 
95 - 9J.99 ~ygoma 

I 

I 

95 

100 • over F~rynygoma 

i I 

100 -105 

344 

, 

11 0 



iET EL I.AS FEMALES 7 7 VS, 1 8 1 8 

AILIAS FEMALES 

1l0. Individuals 

2 

I 
I 
I 

I 

o 
80 

I 

I -

85 90 

CRANIG-PACl!.I., Ii'IDEX: 

o - 89.99 stenozygoma 
90 - 94.99 Metriozygom.:"l 
95 - 99.99 Euryzygoma 

100 &. over Hypereu...-yzygoma 

95 

T 

I 

1 0(\ 
I .J 

I 

'fie::; lU-, 

345 

I 

I 1 0 



~o I FEM,ALES 7 7 VS, 1 8 1 8 

ARMENOI FEMALffi 
Io. Individuals 

30 

23 

26 

24 

22 

20 

18 

16 

14 

12 

10 

6 

6 

4 

2 

o 

I 
f-

~ I 

I 
I 

I 
I 
r 
[ 
I I 

80 85 90 

CRL'>.fIo-FACIAL INDEX: 

o - 89.99 stenozygoma 
90 - 94.99 Metriozygorna 
95 - 99.99 Euryzygoma 

100 & over Hypereuxyzygoma 

95 

346 

-

-

J 
I 

~ 
I 

1 
1 
l 
I 

-l 
I 

l 
1 

I 

l 
I 

1 I 
100 105 I 1 0 



I L- 7 7 VS. 347 

AGHIOS ~SY1LAS,J)ELIANA, GALIA,J~F..A:e.HALAGOS.$.PIGI,.SELLOPOULO,.STAVROMENas, FEMALES 

No. Individuals 

4 

2 I 

I 
I 

o 
80 90 

CRANI~FACIA.L INDEX: 

o - 89099 stenozygoma 
90 - 94099 Metriozygoma 
95 - 99099 EurJzygoma 

"5 'I 

100 & over HYpereuryzygoma 

I , 

I 

1 
I 
I 
I 
I 
I 

I 1 

iOO 105 I 1 0 



) 5 FEMALES 7 7 VS, 15 18 

CHERSONISSOS, FOaRN~& 1CREVAT:niA FEMALES

No. Individuals 

o 
85 90 

o - 89.99 stenozy~~ 
90 - 94.?9 ~etriozygona 
95 - 99.99 Eu...7zygo!!ts 

100 & over. I!ypereu.ryzygoma 

n5 y 100 

348 

I 

1 oe-
I _J I 1 0 



A r~MAL~0 7 7 1/5. _, r L_. I ,-,,) Y 18 18 

EEl! & KFF FEMA.LES 

No. IndivIduals 

o 
80 90 

o - 8:'h 9:l Sten:cz;n,.>'O,-:ID 
·90 - 94.99 }j2tric~y~~ 
95 - 99.99 Bur.1z~goma 

100 & over ~~~~zygon& 

95 

349 

, 

I 
100 110 



) 2 MALES 18 18 VS. 16 16 

- PALAIKASTRO CEMETERIES &. PYRGOS MALES 

-Jio. Individuals 

, I 

o , .L 

40 45 50 

UPPER FACIAL INDEX: 

o - 44.99 
45 - 49.99 
50 - 54.99 
55 - 59.99 
60 &. over 

Hypereuryeny 
Euryeny 
Meseny 
Lepteny 
Hyperlepteny 

55 60 

I 

It 

I 
I 

65 70 

350 

- -, 
, 
; 



3 MALES 18 18 VS. 16 16 

GYFSADRES, MONASTlRAKI KEPHALI & PYRGOS MALES 

rio. Individuals 
2 

I 
c I 

-.z:5 • ...J 

I 

I 

40 

o - ~4.99 
45 - 49 .. 99 
50 - 54.93 
55 - 59#99 
60 &; over 

I 

45 

l-epteny 
Hy-psrlepteny 

55 

I 

I 

60 65 

351 

, 



iET ELIAS MALES 18 18 VS. 16 16 

AILIAS :MALES 

No. Inti viduala 

2 

o 

I 

I 
I 

I 
I 
I 
I 

I 

35 Ln ,U 45 50 

UPPER FACT..AL nmEX: 

o - 44e99 ~1Pareu.~~ 
45 - 49.99 Euryeny 
50 - 54.99 1!eseny 
55 - 59.99 Lepteny 
60 & over ayperlept~ 

352 

I 

I I T 

I 

55 60 65 



353 

~o I M,ALES 1 8 1 8 VS. 16 16 

ARMENOI MALES 

No o Individuals , 

2q 
.\...1 j I I I 

2A '....J 

24 -
I 

J 22 I 

20 I 

18 

1A , \...I 

1 4 
[ 

I 

I 
12 I 

I l 
1 D ~ 

I 
I 

8 ~ 

A J 
\....; I 

I 

4 ~ 
I 
I 
I 

~) I 

L r-

1 0 
7r-
.,) ~j 40 45 50 55 60 65 7n 

. \..I 

UPPER FACIAL INDEX: 

o - 44099 Hypereuryeny 
45 - 49099 Eur,feny 
50 - 54c99 Meseny 
55 - 59099 Lepteny 
60 & over Hyperlepteny 



4 MALES 18 18 VS. 16 16 354 

.. -
AGHIOS SYLLAs,DELIANA,GALU,PHAPHALAGOS,PIGI,SELLOPOULO,STAVROMENOS 'MALES 

170. Individuals 

I 

o l 

I 

, 

40 

o - 44e;t) 
45 - 49 .. 93 
50 - 54.99 
55 - 59.99 
60 &. over 

I 

45 co ..J' 

Hy?e-rsuryen-.y 
EU.-ytStny-
J!.-e-s eny 
Lepteny 
Hyperlepte:l3' 

I 

I 

I 
I 

; 

60 
I 

65 

~ 

7 r , 
. J .'-' 



5 11/\1 ES 18 18 VS, i6 16 

2 

o 

AGHIA PELAGIA,AGHICS ._PAVLOS;CHERSONISSOS;FOURNE5& KAICODIKI YALES 
lio. Individuals 

; 

I 

, I 
40 45 5r -J 

UPPER FACIAL INDEXI 

o - 44.99 HYPereuryeny 
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