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NEUTRON ACTIVATION ANALYSIS OF BARLY BRONZE AGE 
1 1 

POTTERY FROM LAKE VOULIAGMENI PERAKHORA CENTRAL GREEC 
__ .f 

Thermal-neutron activation followed by high­

resolution gamma-ray spectroscopy was used to measure 

the coricentrations of 19 trace elements in III samples 

of pottery, terra-cotta, mud~brick and clay from the 
\j .-

Early Bronze Age settlem~nt at Lake vouliagm~ni, RerakhOra, ,.. 
Central Greece. Treatment of the data by cluster a,Aalysis 

/ 

and multivariate statistical methods yielded 6 maj6r groups: 

- 3 of local1y-made Early Helladic (or EH) Ii pottery 

- 1 consisting of aIl the samp1ed Late Hell/dic" and 

Archaic (Corinthian) material plus half ~~ EH l 

samples, ~nd matching the composition of the 
, 

Perlman-Asaro " Mycenae " group 

l~ EH 1 and II coarse wares 

{ s~ller EH on~. 
\ 

The implications qf these results re discussed 

with referenoe .to the Aegean Barly Bronze A 

particular to the development of the Vouli ~ni site. 
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Michael Attas ~ Chimie/Etudes Anciennes 
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ANJu,YSE PAR ACTIVATION NEUT~6NIOUE DE CERAMIQUE 
~ 

PROVENANT DU LAC VOULIAGMENI, VILLAGE DE 

L'AGE DU BRONZE ANCIEN, A PERAKHORA EN GRECE CENTRALE 

Les concentrations de 19 ~l~ments a l'~tat de traces 

dans 111 ~chantillons de c~ramique, terre-cuite, torchis, et .. 
argile provenant du si te de Lac voulia~ni, a perakh6ra en 

Grêce centrale (village de l'Age du Bronze Ancien) , ont ~t~ 

dêtermin~es par l'activaeion neutronique suivie de spectroscopie 

gamma l haute r~solution. Des analyses taxométriques et 

statistiques ont pu distinguer 6 types de cêramiq\)e': 

- 3 d'origine locale ~riquêà pendant la deuxième 

phase de l'Helladique Ancien (HA II) 

- 1 qui cOlI'prend toutes les pH!ces test~es des .. 
pariodes Hellad~que Récent et ArchaIque (Corinthienne) 

• ainsi que la moi tiê des ~chantillons de HA l, et, 
. 

dont la composition correspond d'ailleur~ a celle 

d'un groupe de Myelnes ana1ysê" par per1man et Asaro. 

1 de. cêrDique grossiAre HA 1 et II 

- 1 pet! t groupe' de la p6r~ode HA. 

Les rGsultatB sont discutas dans le ~ntexte de 

1 • Age du B~onze Ancien dan. l' Bg" et lurtout par rapport au 

dGveloppement, du· site .a. Lac Voulia~i. 
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1. INTRODUCTION 

• 

1.1 Technical Analxsis of Potterx 

The determination of the place of manufacture of 

artifacts, especially of pottery,;is an important aspect of' 

archaeology. Traditionally these assignments of provenance 

have been made on stylistic groundsj that is, pots made in 

specifie shape's or painted in distinctive ways were usually 

assumed to have been manufactured whe~e the largest deposit 

of similar wares had been found. This meth6d of sourcing 

has its fauIts, however, particuiarly in regions where pottery 

of the sarne type was made at many different centres in a 

manner so uniform that stylistic criteria are inadequate 

guides to origine A method not relying on habits of potters 

and painters but on characteristics of the pot fabric itself 

would permit archaeologists to make mo,re definite statements 

about provenance., ; 

Clays around the world are composed of roughly the , 
same main constituents. The characterization of a particular 

"clay bed or area requires a study of tlle minor or trace 

constituents of elay. For coarse pottery, petrographie 1 

examination of the natural1y-oecurr~ng or artifieially-added 

rock grains in ~6-potte~ f8bric ean be used ta assign pots 

to p~bable regions of manufac~ure ~peacock 1970, Shepard 1965). 

However for fine, grain-free pottery ~ pottery containin9u 

- 1 - J 
H .... 

. " 
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only common sq~d grains, one must resort to chemical or .. 
specialized physical methods. 

) 

It has been found that certain trace elements, 

present in amounts ranging from around one percent to le5s 

than one part per million, vary greatly in concentration 

between clay beds, but relatively little within a given bed 

(e.g., Birgül 1975). The determination of the concentrations 

of a nurnber of these can establish a trace-element pattern 

unique to a particular area, with which the corresponding 

patterns of pieces of pottery can be compared. Obviously 

the more elements determined the more sure is the assignment 

of pots to clay beds, as the probability of coincidental 

similarities in trace-element patterns becomes exceedingly 

~l. 
Several assumptions are ~plicit in this methodology: 

! 

that ancient potters did not tran~9rt raw clay over great 
T 
1 

distances for the manufacture of their warés, and that the 

pattern of trace-element concentrations remains constartt both 

"' during the creation of the pot (including clay refining, 

possible addition of temper, and firing) and during th~ -t:.~ 
• 1 

the pot has Iain buried (leachlng and de~osition of salts 

due to sea and groundwaters r . The first must be considered 
o 

a reasonable assumption, .based on observation of modern-day 

primitive potters. As far as the second consideration is 

concerned, wherever raw clay and fired pottery from the sarne 

,. 

• 
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have been compared, agreement for all elements except 

• 

" " 

the volatile ones ,).s rernarkably good {Perlman and Asaro 1969, 

Catling and Millett 969, Abascal et al. 1974, Brooks et al. 

1974}. f The addi tion most kinds of temper, usually qui te 
, 

pure, has the effect ering the concentration of aIl 

elements by a constant factor, but leaving the pattern of 

relative concentrations unchanged. Alternative~, refining 

the clay by letting larger. grains settle out has the effect 

r 
of raising the trace concentrations by a CCnstant factor, 

J 

again leaving the pattern unchanged (ibid.) 

The effect of groundwater percolation is quite 

serious on elernents in easily-exchangeable or soluble forms. 

Sorne studies done (Freeth 1967, Poole and Finch 1972, Biéber 

et al. 1975) indicate that though under certain conditions 

sodium, calcium, barium, manganese, zinc, and sulphur con-

centrations may change between raw clay and excavated pot-

sherd, most other elements remain valid for use as indicators 
--; 

of place of manufacture • 

A further complication arises when the locations 

of the clay beds used in ancient times are unknown, or when 

for ather reasons the raw clay cannot be directly studied. 

in that case, archaeological considerations as ta which pottery 

is likely ta he local must be cambineë. with many analyses, in, 

the hope of yielding one or two average composition patterns 

wh~ch can te~tatively be considered as those of the local; 
1 

l' .J, . ...-

__ I!II!I!!II ______ ._., 
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clays (see section 4). This procedure does not always work, 

for instance when a sma11 site is being studied and all its 

pottery was imported. In most other casas a typica1 composition 

pattern can be obtained. 

~th these caveats in mind, provenance determination 

by chemica1 and physica1 analysis of pottery can and often 

does s ucceed. 
( 

The first mul tielement provenance studies 'of ancient 

pottery were carried out at Oxford in the late 1950's using 

optical emission spectroscopy (Richards and Hart1ey 1959) and 

continue to the present day (Boardman and Schweizer 1973, prag 

et al. 1974). At that tirne the technique used was the best 

available, but today it suffers in cornparison with neutron 

ac~ivation analysis and X-ray fluorescenoe spectrometry, both 

capable of greater sensitivity, precision, and simultaneous 

multie1ement analysis capability. 

Neutron activation studies also began at that time' 

(Sayre and Dodson 1957, Sayre ~ al. 1958, Eme1eus 1958), eut 

were restricted to the analysis of at most four 'or fi ve elements. 

The development of the high-reso1ution solid-state gamma-ray 

detector in the ear1y 1960's gave neutron activation the ' 

necessary tool for analysis of over twenty e1ements simu1tanéously, 

'and it was immediately app1ied to the study of ancient glass 

(Sayre 1965) and pottery (Perlman and Asaro 1967). The technique 

" 
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is based on the fact that many e1ements when bombarded with 

neutrons (usually in a nuc1ear reactor) produce radioisotopes 

which emit gamma rays of known energies characteristic of those 

particul.a'r isotopes. By measuring the number of gamma rays of 

the char~stic energies emitted by a sample of unknown 

composition it is possible to ca1cu1ate the concentrations of 

,certain elements in the samp1e. Pottery neutron activation 

analysis using large lithium-drifted germanium detectors has 

become the most accurate rnethod available for provenance studies, 

provided a nuclear reactor and gamma-ray detector (both pieces 

of expensive equipment) are at hand. Excellent reviews of 

applications to 1971 are those by Sayre (1972) and Perlman, 

Asaro, and Michel (1972). The following more detailed explanation 

of the principles of neutron activation analysis is taken largely 

from Lyon (1964). 

• 
1.2 Neutron Actjvatio~nalysis 

Nuc1ear reactions, as opposed to chem!ca1 ones, are 

responsible for the success of neutron activation as an 
, 

analytical technique. The most common reaction emp10yed ia 

the neutron-gamma (n, y), in which a neutron (usua11y of 

very low energy) ls capt~ed by a target atom and one or 

more gamma rays are promptly emitted • .' The chemical identity 

of the tarqet ~'atom remains uncha,nged, but its nucleus, heavier 

by one mass unit, 1a u8ua11y unstable. It therefore under-

9Qe. radioactive decay at a rate dependent on its nuclear 
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nature. This decay can take many forms, usually the emission 

of a negative beta particle, but positron emission, emission 

of a gamma ray, or cap~ure of an orbital electron occur 

frequently. Most of these proce~ses involve the release 

of at Ieast one photon, be it a gamma ray from within the 

nucleus or an X-ray from the surrounding electron cloud. 

These photons are monoenergetic and characteristic of the 

nuclear species which emits them. Their detection i9 thus 

an indication of the presence of that species in a sample, 

and their intensity is proportional to its abundance. 

The number of activated atoms produced is dependent 

on several factors. The~first is the tendancyof the target 

atoms to irtteract with neutrons, termed the neutron-capture 

• cross-section. This can vary enormously from one nuclear 

species to another. The intensity of the neutron source and 

the duration of exposure of a sample to that source also 

affect the yiel~ of activated species. Usually nuclear re-

actors are used as sources, since they pr~duce very high 

neutron fluxes. Irradiation times can 'vary from a few seconds 

ta several weeka. A 

The rate of decay of radioactive species ia expressed . 
in terms of the half-life, or ~unt of time required for half 

the total number'of atoms ,to decay. Half-lives of activ~ted 

species range from fractions of a second to many years, so 

that the timè elapsed between neutron bombardment and activity 
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'J measurement is often critical. Species with very short half­

lives fmay have decayed completely away in that time. Alter-

natively, weak radiation from longer-lived species may be 

masked at firs~ by the stronger activity from shorter-lived 

ones. Occasionally a roaterial whose activated fo~has an 

inconveniently short half-life can still be det~rmined if 
• 

that activated forro decays to another radioacti~ ~pecies 

with a longer half-life~. This i8 the case with t~rium-232, 

which is activated to thorium-233, or 233Th . 233Th decays 

with a half-life of'22 minutes to protactinium-233, or 233pa . 

233pa in turn decays wi th a half-life of 27 days' to uranium-233, 

so that measurement of the 233pa decay can be usea to determine 

the thorium concentration. 

The contributions of the var~ous factors to the 

decay rate of an activated sample can be expressed mathematically. 

If the decay constant À of the activated species is defined in 

relation to its half-life Ti as: 

À = • 
ln 2 0.693 1.2 .. l 

then the measured rate of decay R (in disintegrations per 

an irradiation period second) at a time t after th, end of 
.~ 

o! duration.T (both in the ~ ~ime units as the half-life, 

sucb a8 day.) is.given by: 

1.2 ... II , 

• 
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where E is the efficiency of the detector, N is the nurnber 

of atoms of the target element present in the sample,' cr is 

the neutron- capture cross-section of the target element in 

cm2 , ~ is the irradiation flux in neutrons per cm2 per 

second, and e is the base of natural logarithms, 2.718 ...• 

, Gamma-ray spectroscopy for multielement neutron 

activation ~nalysis is most co~~~niently accomplished using 

a lithium-drifted germanium detector. Gamma rays passing 

through the detector crystal induc~~the formation of ion , 

pairs (electrons and hOles) which à~ quickly swèpt to 
.J,Ii '" 

opposite faces of the crystal by ~"Îrl:gh apPlied':~~ectric 

fiel~: This colle,ction process results. in a small voltage 

pulse whose intensity is proportional to the number of 

electron-hole pairs formed, in t~~n proportional to.the 

energy of the g~a ray. These pulses are then amplified 

and sorted according to size. The result is a spectrum of 

gamma-ray peaks of different energies, the area of each peak 

being proportional to the intensity of its corresponding 

gamma ray (see Figure 4) •• 

. D~rect.dete~'n~t~on8 of elemental ~entrationa 
éan be a~ompli.bed O~-;With a qreat deal of difficulty. 

Neutron-capturè cr~s-~e~~ion8, neutron flux, and abeolute 

S~l~ activi~~ m~st li~re known with a high degree of 

accuracy, requirements-, cli.!u;.c?~lt to achieve in practice. 

V\. 
1 r 

r . ~ '\ 

1 

Instead, most activation 'analyses use-~ comparator technique; 

1r:. 

t 
Iio 

J ~ 

, .. tr 
" 

.. 
.fi 

f 
~r", 
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\. 't 
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whereby a ,standard sample of known composition and the unknown 

. sample are irra~iated sirnuitaneously under the same conditions. 

If activity measurernents are aiso taken under identical 

conditi~ns, none of the above terms i9 included in the cal-
" 

culations. The rat~o of the activities o~ the unknown'and 

standard samples is the sarne as the ratio of the corresponding 

concentration of each element analysed. Thi. can be seen by 

forming the ratio of unknown to standard sarnple decay rates 

RI and R2 respectively using equation 1.2 - II: 

RI ENlo~-Àtl(l_e-ÀT) 
1. 2 - III • 

If the rates are corrected for the differénce between tirnes 

of measurement t 1 and t 2 , this ratio simplifiés to: 

1.2 - IV 

Expressed in terms of concentrations Cl and C2 (in parts per 

million de percent~qe) it becomes: 

1.2 - V .. 
!here "1 and "2 are the weiqhts of the unknown and standard, 

8..plè8,r •• pectively. Binee C2 il known, Cl ean he calculated 

. by transforming the equation tOI 

- Cl • Ca )( Rl/Wl 

. 12"'2 

• 
1.2 VI 

J 
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This method minimize. errors resuJ.ting from aIl the other 

factors (Lukens 1972), and"was the method used in this study . 

• 
1.3 Studies of Aegean Material 

1 

Ceramic products from Classical Greece and Rome 

and from the Eastern Mediterranean were among the first to 

be studied by chemica1 methods, and they continue to receive 
-~ 

much attention. The major investigations are conc~ned with 

the Greek Late Bronze Age (see Figure 1), when Mycenaean 

influence had spread as far west as southern Italy and east 

aIl the way round the Mediterranean coast to Egypt. The 

extreme stylistic uniformity of the pottery found in that 

wide area raised many questions about the location of the ' 

main manufacturin~ centres and the direction and extent of 
• trade. Sorne of these questions have been answered, both by' 

the Oxford group (Cat1ing !! ~ 1963, Catling and Mi1lett 

1965a, 1965b, 1969) using optica1 emission sp~ctroscopy" and 
il 

by the Brookpaven and Lawrence Berkeley Laboratories (Asaro 

et al. 1971; Harbottle 1970, Bieber et al. 1975) using neutron 
....-, - ---~ 

, . 
activatio •• The latter groups are a1so,studying Cypriot 

pottery of the ~te Bronze Age, of <asucceeding "Dark Age" 
", 

(11th-9~ centurie. BC), and of the Phoenician Period (5th-4th 

centuries Be), timea during which the extent of foreign influence 

on Cyprus ia controveraia1 (~ara9êor~is ~ ~ 197~\ Artzy 

et al. 1973, Bi.ber et al. 1973). ~ -- -...--.. 

'. 

" 

1", 
l" 

r 
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Archaic Greek Pottery (7th and 6th centuries BC) 

is also being investigated both by optical emission spectroscopy 

(Boardman and Schweizer 1973) and by neutron activation analysiè 

(Farnsworth 1974). 

In the course of these studies, pottery of many 

periods from aIl parts of Greece has béen analysed ta serve 

as comparative materia~, though not aliithese an\lyses have 

,fi been pUblished. However., to the author' s knawledge no program 

of analysis has.yet been undertaken on Greek Early Bronze Age 

pottery, other than the one here presented. Tpough the extent , 
of this Bronze Age culture is not as great as that of the ,. 
Mycenaean civilization, trade relations are problematic and 

directions of influence much debated. A study ~f ceramic 

p~venance in such a restricted a~ea ~emands chemiéal analyses 

of hi.gh precision and statistical analyses_ of""consi~erab1e 

aubtlety (Bieber!! ~ 19?5). It ia h9ied that this work can .. 
provide information useful to the study of regional inter­.. 
relationships during the Greek Early Bronze Age . . ' 

." 
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2. ARCHAEOLOGICAL BACKGROUND 

2.1 in the Ae Area 

Abqut the middle of the second millenium BC, the 

first European civilization appeared around the Aegean sea. 

T~is wis the Minoan-Mycenaean civilizat,ion, characterized 

by royal palaces, highly stratified social organization, 

,wri tten systems' of hcounting, and a beautiful naturalistic . , . .-
art.. But a thousand yeats earlier, in the third millenium 

, BC, the Aegean area ha~ been brought to the br~nk of 

.civilization with the flowering pf the Early Bronze Age 

cultures, ~he first to advance from simple village sUbsistence, 
~ 

economy to more complex proto-urban settlements. The Early , 

Helladic period, as the Earl~ronze Age on the Greek rnain-

land is known, is marked by,cornrnunities with fortifications 

and large central, buildings, and by increa,sed evidenct for 

bro~e metallurgy and widespread trade. The succeeding Middle 
.. n 

~élladic, or Ma, period (2000-1550 BC) is regarded as a period .. 
if not~f stagnation at least of consolidation and little 

progresse The Late Helladic , or LH, period is more familiarly 
L' 

known as the Mycenaean Age (see chronological chart, Fig. l). 

~ 

'''' Several good summaries of the archaeology of the 

Early He11adic period {u.ually.abbreviated EH) have recently 

been written (Caskey 1971~ Vermeu1~ 1972, Renfrew 1972). In 

this thesis, Renfrew's will be referred to most often as it 

la the most detai1ed. 

- 12 -
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FIGURE 1 

, , 
" 

5 

, .,' 

Chronologica1 chart of the Aegean Bronze Age, 

after Higgins (1967: 13). In the Cyclades 

the subdivisions of the Late Cycladic period 

* are s~ldom used; th~ LM and LH systems are 

used inst'"ead. In Greece MH is not yet s,usceptib'l/e 

of division into phases. The' terms LH anQ 

"Mycenaean" are synonymous. The dates are 

on1y approximate, especially before 2000 BC. 
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The first of the Early Bronze Age cultures on the 

r,mainland, EH l, is aiso known as the Eutresis culture after 

an important site in Boiotia (see map, Fig. 2). There, 

continuous occupation from the preceding Neolithic period 

right through the Ear1y Bronze Age shows that this culture 

had its origins essentially in the previous one. The pottery 

shows a fair variety in fabric: a red-s1ipped ware is 

characteristic, together with burnished monochrome w~re, 

light coloured plain ware~ and coarse ware (Renfrew 1972: 

100). The 11 j ug" or one-handied cup occurs as do deep bow1s 

(often with lug handIes), jars, and incised fine ware (Fig. 3). 

A kind of f1anged disk decorated with incisions known as a 

"mainland frying pan n originated in this period, though it 
. 

is aiso found in EH II contexts (Renfrew 1972; 536). 

Apart from the pottery, few EH l finds are exceptionai. 

There are toois of bone and stone (especi~ly-obsidian blades), 
\ 

clay Iop~weights and spindle whorls, but pr\ctically' no metai 

finds at aIl. In fact, the .term "Bronze Age" for this phase is 

a mi snome r • 0 

The succeeding EH II phase, also knowp as e Korako6 

culture, shows dramatic advances in numbèr of 
. 

of influence, and variety of materiai remains (Renfrew 1972: 

107). The ~ine pottery, characteristically ehin-wall~d and 

,highly polished, is known as urfirnis. Typical shapes are 

the odd but elegant "sauceboatW
, the col1ared jar, the askos, 
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FIGURE 2 

Maps i11ustrating the position of Lake 

Vouliagméni in relation to other Early 

Helladic sites. Map II after French (1972, 

fig. 10, distribut~n of KorakoO (EH II) 

phase "urfirnis" ware in Central Greece). 

The major sites are labelled as fol1ows: 

'\ 

l. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
lI. 
12. 
13. 
14. 
15. 
16. 

1 . Al.gl.na 
Asine . 
i)skitari6 
Ayios Kosm,:{s 
Berbati . 
Eutresis 
Keramid~i (Corinth) 
Korakou 
Lake Vou1iagméni 
Lerna 
Man:!ka 
Mycenae 
per~hôra (Heraion) 
Raph{na 
Tiryns 
Z 

. , 
yqourl.es 

j , 

\ 

) 

c 
\ 

/ 
} -.. 

, , 
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FIGURE 3 

Shapes of typical E~rly Helladic l and II 

pottèry vessels. A~H after Caskey (1960: 

291); l after Renfrew (1972: 181); J, K 

after Mylonas (1959, figs. 56 and 58): and 

L after caskey and Caskey (1960: 141). 

A. Deep Bow1 

B-D. Saucers 
E-H. Sauceboats, Caskey types I-IV 

respective1y 
1. ' "Main1and Fryinq Pan" 

J. One-Handled Cup 

K. Askos 

L. Co11ared Jar 

'. 

L 

l 

------=-___ l 
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and the li~tle footed bowl or saucer (Fig. 3). Sorne urfirnis 

pottery is further decorated with dark lustraus paint. 

The impressiveness of, the EH II culture does not 

lie only in its pottery, however. Over one hundred sites are 

known to exist. Several of them are fortified (Renfrew 1972: 

107-8 lists Lerna, ASkitari6, Raph{na, and possibly Man!ka 

and A!gina), and at two at least, Lerna and Tiryns, l~rge and 

presumably public buildings exist. In fact, orne EH II 'settle­

ments (Renfrew 1972: 108 ~ ~yios Rosm's, Zygou "s), can be 

considered as small towns, with numerous clOSé 

togethé~ and separated by narrow alleys. Large storage jars, 

decorated with a roll stamp, are often found in the Peloponnese 

as are seal-impressions on clay, presumably put there to 

id,ntify the ownership of jars containing various commodities • 
...... 

Loom-weights and spindle whorls of terracotta and polished 

and flaked stone tools are aIl more common, bone tools very 

mu ch 80. Copper and b~onze tools are very weIl represented: 

fIat axes and chisels, daggers and spearheads, knives, awls, 

borers, and tweezers are often found in hoards and graves. 

Gold and silver j_lluy is Jllso fQund, as are vessels of 

preèioua metal in the seme shapes as the pottery. 

Althouqh such an expansion in settlements and material 

culture has been explained as being due to an influx of new 

people, sufficient similarities exist between the Eutresia and 

KOrakO~.cul~ures ~o c~ll the latter indigenoua. In façt, at' 

Eutresis itself, the only aite where a clear transition fram 

u 
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EH l to EH II can be observed, it seems to be a ~radu~l one 

(Renfrew 1972: 114, see also Fossey 1969). 

The subsequent EH ~II period (WTiryns culture") is 
• 1 

J 
marked by a significant decli~e i~ the number of know~;sites, 

~ . 
and in their size and richnass. The pottery too is quite 

different. In fact, the Tiryns culture has stronger affinities 

with the succeeding Middle Bronze Age c~lture in mainland Greece 

than with the preceding two Early Bronze Açe cultures. Thé site .., 

at Lake vouliagrn~ni, Perakh?r~, has no EH III rnaterial, and 

this culture does not enter into discussions in this.paper, so 

it will not be further presented. Suffice it to say, as Renfrew 

tmplies(1972: 116), that if ever prehistoric Greece was in-

vaded by foreign peoples, the invasion came between EH II and 

EB III. 

During the Early Bronze Age, the Cycladio islands 

and Crete experienced advances in culture similar to those 

taking place on the mainland. Bowever, in Crete the transition 

from the Early to the M~ddle Bronze Ag~ (Early to Middle Minoan 

periods) was. marked by the foundation of the firet Minoan 

palaces and by the emer9~nce of civiljzation itself, at least 

as Renfrew defines·it (1972: 81). Connections between the 

Cyclades and mainland Greeee appear to have been extensive, at . 

le~ during EB Il (whi~h corresponds to Early Cycladic II or 

the K'ros-syroa culturé in the islano.). During the Middie 

Bronze Age, the Cycladic ialand8 came under Cretan control, 
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and later on under (ycenaean control. We will later have 

occasion to discuss the possibility of imports from the 

C l d t th ' t L ~ V l' " , ~ yc a e~ 0 e s~te a ahe ou ~agmen1. 

2.2 i ' , i 1 The Site at Lake Voul agmen , PerakhQra 

The Early.Helladic settlement at Lake ~ouliagméni, 

Perakh6ra, lies along a low ridgé between the 1ake and the .. 
~' . 

Gulf of Corinth, on the south side of the perakhora Peninsula 
o 

just north of Corinth (see ~p, Fig. 2). Excavations wére 

carried out there in 1965 and 1972 by John FOSS~y under the 

auspices of the British School of Archaeology at Athens. 'The 

1972 expedition was staffed by Classics students from McGill 

University, the present, author fbcluded, as was a 'study session 
'J 

held in 

briefly 

. 
1~74. The results-of the excavations can be summarized 

he~e (see Fossey 1969, 1974a, 1914b, Michaud 1973). 
') 

In 1965 a trench eut through the lower, central part 

of the si te revealed three occupati'on levels of the EH 1 period 

in clos81y s~ratified sequence, desiqnated x, ~, and Z from 

earlieat to moat recent. Phases X and y contained por~ions 

of buildings v~th stooe foundations for rounded and stralght 

walla respectiV$ly, accompanied by mu~ typical EH l ,pottery. 

Phaae Z con.1ated of a wide ear~ bank running Along the édge 

of the Ialte, vi th occupation debria of transi tional ~H I/EH II 

forza bebind i t, but no traces of building_"e 
0' \ 

• 
/ 

), 
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In 1972 land ~ights problerns forced the digging to 

continue onlyon the western, higher part of the site. Bere 
~ ~ 

the occupation debris was found "to belOllg only t.~ the EH II 

periode This shift of the centre of activity uppill may have 

been caused by a sea level rise known to/have taken place 

around this tirne, which probably subjected the lower part of 1 

the site ta floo~~ng (Fink and Schroder 1971). Infact, the 

earth bank discovered in 1965 rnay have served as a dyke to 

hold back the water. 
", 

In the main area of EH II occupation 

three phases was found. The eartiest of these 

a sequence of 
) 

was in faç~ 
1 

j~st a rubbish dump, in a small ravine over two metres dekp , 

,fi'lled with broken pottery. The top of this fi~l was levelled 

to take the crude stone foundations of the second phase, a 

amall freestanding building a little less than two metres .. 
square. Inside this buil~ing, on a floor of fine grey silt, 

lay ~'even almost complet;~ vases, inclu~in9 one in the form 
" 

cJ a croucQing rame The purpose of this structure, containir;lg 
.' 

n6 bonas or tra'ces, of bq~ial and too small to be' a habitation, 
Q • 

ia as yet unknown. 

rt was c~red up in the,third,phase of occupation 
~/ /~ ~.. ' 

by ~ much /~~~ building, excavated only in part, with well-

1aid ~e.foundations of at lea.~ two rooms ,nd a corridor. 
/' 

Ita walls vere made of mud-brick and its roof was apparently 

~iled. This building pontained only a small amount of 

-----------------------~ .. __ .".~ 

~ -, \ 
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.. 
pccupation debris, and seems to have been destreyed by fire . . , 

.' . 
The rubble from its collapse added at least a metre te the 

ground leve 1. 

From that time,-about the middle of the third 

millenium BC, te the present day, only,two more.~hases of 

occupation are ~vident in the two metres. of natural soil 

which accumulated. There is a poorly-preserved Mycenaean 

wall with sorne bits of associated pottery, and there are • 
traces of a series of Archaic wooden structures (c. 6th 

century Be), possib1y part of a fa~ compl~x of which another 

payt was found in 1965. '!bey too CObta1.Ud • littl.~pôttery. 

The site was not built upon from then unti1 the present day. 

A sma11er area (area aB-) also excavated in 1972 

revealed two superimposed, poorly-pre8erv~d buildings dated 

to EH II by the associated pottery. 

• • 

, -

.' '" 

• 

1 
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, 3. , CATALOGUE OF SAMPLED OBJECTS 

3.1 Introduction 

The samp1es Iisted here have been numbered ascording' 

to their archaeological context. The information given in each 

case consists of: 
\ 

a) the three-digit sample identification number 

(always underli~d); 

b) the archaeo1ogical identification code, 

usually consisting of the trench, level, , , 

and object s~codes, in that order; 

c) a brief designation of the form of the 

object, indicating the shape and the 

portion preserved; 

d) the Munsel.+~loul!' index (Munseli 1971) 

o~ tne actual powderéd sample (see note 

belo",) ; 

e) a short paragraph,liatinq additional 

infOrmAtion abol the abject. Th~ usually 

i.naludea type and oolour of the ceramic .. . 
fabric, surface finish, decorative features, 

ref.rance to illuatrated.parallals (analoqous 

.. tarial) for the ahape, and dimensions 

(alwaya given in centiMtr~s). The following 

abbreviattona are uaed in tbis .~ction: 

- 22 -



wu _ 

1 

Note: 

, 

: . • 

l - 23 -

d., diameter 

th., thickness 

1., length 

w., witlth 

h., height 

max., maximum 

The Muns~ll system of colour notation uses 

three variables to designate a colour. The 

first is the hue, or relation of 'the colour 

to primary colours. Pottery colours are 

covered by the hue range Red to Yellow, given 

in the soil-colour booklet in the stéps lOR, 

2.5YR, !YR, 7.SYR, lOYR, 2.SY, and 5Y. The 

other variables are the value and the chroma 

indices. The value is the lightness of a .. 
colour; it ranges from 0 for absolute black .. 

~, 

to 10 for apsolute white'
l 

The cheoma is the 

strength~ or puritYi it varies from 0 far 

natural 9~eys to o~er 10.iQr very strong colours. 

The hue letter is alwaya followed by a ,space, 

and a diaqonal line separa tes the value and 

chroma numbers. Thua lOR 5/8 ia a atrong red; 

SYR 6/6 a medium brown, 7. SYR 8/4 a pink, , 

lOYR 7/4 ~ beige or ftbu~fn, 2.5Y 8/6 a 'yellow, 

and SY ,8/3 a pale 9rey-~ .. n. 

For inclusion in Table II the ~ nota,tion 

has been further abbreviated. The steps liated 
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above are denoted by the digits 3 to 9 

respectivelYi for .instance, lOR 5/8 is 

coded as 3 5/8, 2.5Y 8/6 as 8 8/6, a~d 

80 on. 

3.2 Samples pt the Natural Clay (~-016) 

A large quahti ty of the c.lay immediately beneath 

the bottom layer (levéls '(13) and ,(14» of the pottery dump 

in trench AI was available for analysis. Samples of other 
, . 

clays from the immediate vicinity of Lake Vouliaqmeni were 

also taken, but have not yet been analyzed. Small amounts 

of the natural clay were refined .to various extents and fired 

to various temperatures before they were s~led ·for analysis, 

in an attempt to duplicate the treatment accorded to clay by 

the ~historic potters. It i8 felt that the degree of re­

fining of 012-0!4 corresponds to "~emifine" pottery, that of 

2!Q and ~ to co&rse vase., and that of.Q![ and Q![ to the 

liquid "slip" applied to the surface of some fine vaSés. 

-Firj DtJ- ~_r_a_~_ures vere intended to cover the range from 
, 

that of unfired clay, through 108S of bOund water and 108S , 

o~ carbo~ dioxide from the o.rbêmate ion, to the beginnings 

of sintering or vitrification. 

AI natural clay lOYR 1/2 
, ' 

raw lU1llp' dried overnight at _;c 
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AI natural clay 7.SYR 6/4 

raw lump mixed with water, left'to dry, and fired 
to 700 C for one hour in an electric (oxidizing) 
kiln. 

AI natural clay 7.SYR 7/4 

raw lump mixed with water, left to sattle for 
one hour~ upper part of sediment removed, 1eft 
to dry, and fired to 700 C as 011. 

AI natural clay 7.SYR 7/3 

raw lump treated as 012 but fired to 900 c. 

AI natural clay 2.5Y 5/6 

raw lump treated as 012 but fired ta 1100 c. 

AI natural clay 5YR 5/8 

~per part of sediment (as 012) cen~rifuged 
for ~ne minutei upper part ~that dried and 
fired to 70a C for one hour • 

AI . natural clay lOYR 5/6 

sediment treated as OlS but fired-to lioo c. 

3.3 Objects fr9m the Square S,~ructure "(101-108) 

T~is collection of eight ~ases was fouhd as a group 

in a corner of the structure m&king up the secaLd phase of 
"-

EH II occupation at Lake voUlia~ni. They are thus aIl 

acces8ioned in leveI (18sq), and are g'ive~ individual vase 

numbélis. 



101 

102 

103 

- 4 

\ 

- 26 -

AIl (18sq) Vase no. 1 sauce~: complete (mended) 
7.5YR 7/5 

semiçoarse buff, varying to orange and pink "lOYR 7/4 
to 5YR 6/6), with large (c. 0.2) dark red grains, 
some smaller orange-brown arid many tiny dark grey 
and black ones; no traces of either slip or burnish 
inside or out; low foot-ring and inturned rim: cf. 
Siedentopf 1973: 4 fig. 2, 7; long-tailed T incised 
outside below rim; h. 6.1 1 max. d. 12.3; (" Saucer" 
is the technical term used"by Caskey and C.key (19'60: 
l65'n.33) for these small bawls, which can be very 
shallow or relatively hemispherical, as this one is). 

AIl (18sq) Vase no. 2 
10YR 7/3 

saucer: complete (mended) 

.~rnifine ~e butf, varying to yellow and pink 
(2.5Y 8/4 to 7.5YR 7/4), with various tiny inclusions 
in ~ark r d, orange-brown, brown, black, and dark 
grey; poo ly preserved dark red-bro~n slip inside 
(2.5YR 6/ to 7.5YR 5/4), with traces of horizontal 
brush marks; low foot-ring and inturned rirn (il1. . 
Michaud 1973: 275 fig. 43): cf. Caskey and Caskey' 
1960: 154 fig. Il, VIII.34; h. 6.2, max. d. 11.2. 

AIl (18sq) . Vase no. 3 
5Y S/2 

sauceboat: spout missing 
f.>. 

fine"pa1e green, with no traces of slip or burnish 
inside or out; low foot-ring, deep cylindricàl body, 
double vertical handle like an 8 in horizont~l section; 
cf. Caskey 1960: 291 fig. 'l, III; h.}' (as pr.eserved) . 
13.8, max. d. 12.6. 

AIl (18sq) Vase no:-4 
with handle 
5YR 8/4 

. ' 

sauceboa't: rim 'fr~gment 

semifine frange with,some dark red, or~nge-brown, 
~r9Wn, wh1te and beige inclusions c. 0.1 and sroa~ler, 
and some içres~ions-~f plant-stalkS C.- 0 .1 long ; no 
traoes of slip ins1de or out; squat horizoJ)tal handle " 
at 1eve1 of riml. cf. Caskey 1960: 291 fig~ l, inter-
mediate,between types II and IV. . 

o 

.l 

, " ,1 
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AlI (18sq) 
(. 

Vase no. 5 bowl: rim to base preserved 
7.5YR 7/4 

coarse buff, with large (0.2 - 0.5) angular grey-brown 
~clusions, smaller dark red ones, and'others; thick 
cream slip inside and outi very shallow (cf. Caskey 
1972: 371 fig. 6, C34 for rim), wi th a low foot-ring i 
h. 6.9, d. 70. 

AII (18sq) Vase no. 6 bowl: rim fragment 
10YR 7/4 

coarse dark rad (5YR 5/8) with large (c. 0.2) white, 
beige, dark red, grey and black inclusions; unslipp~d, 
but smoothed on outside; lug handle just below thiëkened 
rim, cf. Saflund 1965: 147 fig. 112, 19; d. greater 
-than 50. 

,... , .... 

AlI (18sq) Vase no. 7 "salt pot": complete 
7.5YR 7/4 

serniço~rse buff, poorly fired, with small (c. 0.1) 
angular dark grey and black inclusions; many traces 
of red slip (2.5YR 4/6) inside and out; fIat oblong 
dish divided into two compartments, with smal1 vertical 
ribs and horizontal 1ugs app1ied outside; h. 4.6, 
1. 16.4, w. 8.1. if' 

AIl (18sq) Vase no. 8 ram vase: complete 
5YR 6/6 

semicoarse orange, with large (c. 0.2) ~ark red 
~~inclusions and smaller white, brown, grey and black 

/ 

ones; plastic vase in f~ of crouched ram, with the 
openinq on its back, off èentre; similar heads have 
occasionally been found on sauceboat spouts, cf. 
Weinberg 1969;· 1.;.13.6, h. 6.6, w. 5.2. 

3.4 Miscellan~ from the Pottery Dum~ (!!!-116) 

These six samples were taken from objects of 

'particular arch~eological interest found in the "low~r levell$ 
-~ ..... 

of trench AI; levels (i2) and (13) correspond to the dump 

'. 
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proper, and (9A) to its levelling in preparation for the large " 

building of the third phase of occupation. 

Object subcodes enclosed by triangles indicate objects 

separately recorded as small-finds. The subcode UT is short 

for "Unaccessioned Tile"; i. e., tile fragments only separately 

recorded after the excavation, during study. The waster 

fragments were also separately recorded then, and given capital 

letters for identification. 

III 

112 

113 

114 

AI (12) incised sherd 7.5YR 7/4 

semifine, well-fired buff with a few tiny (less than 
0.1) orange-brown, dark red, and black inclusions; no 
traces of slip either inside or out~ a few deep incised 
lines outside, lIUlny lighter scratches inside, aIl made 
before firing; 8.2 by 7.5. 

AI (13) bowl (?): impressed base 7. 5YR 7/4 

semifine buff, dense and well-fired, with very small 
dark red, dark grey, and black inclusions; very fine 
stalk impressions visible on fresh break; t~es of 
red slip (5YR 6/4-6/6) inside and out; irnpr ssion of 
a woven mat on the bottorn, probably the mat n which 

--the pot was resting while it was being forrned; cf. e.g., 
Blegen 1928: 177 fig. 109; base d. 6.0. 

AI (12~ sealings on fired clay lump 10YR 7/1 , 

semifine pale buff, hard and well-fired, with a few 
veu, small black inclusions; stamped four times with 
the sarne seal (circular, d. 2.55, of complex non­
symmetric design); lump dimensions 5.4 by 4.2 by 1.9. 

AI (9A) 
IOYR 7/3 

plastic vase fragment: head of fish 

semifine pale buff, hard,' dense and wel.l.-fired, with ~~_ . ./ 
specks of dark grey, brown and bl.ack inclusions; redar;h .~~ 
s'lip (2.5XR 4-5/6) outside;- preserved l.. 4.6,h. 3.5, ~ 
w. 3.2 .. 
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AI (13) UT. 3 
10YR 7/3 
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ti1e: large portion includihg edge 

semifine pale brown with smal1 (c. 0.1) grey-brown 
stone inclusions; unslipped; a1ong-edge, three paralle1 
rows of impressed slanted triangles, simi1ar to the 
decoration on a pithos rim from Eutresis (cf. Go1dman 
19 31 : 9 6 fig. 12 4 , 2); 1. Il, w. 12, th. 3 • 7 - 3 • 9 a t 
edge, 2.4 elsewhere. 

AI (12) waster B 2.5Y 8/2 

extreme1y hard, semifine greenish clay with small 
(c. 0.1) black or dark grey inclusions, and patches 
of bluish grey-green (7.5Y 8/2?) on surface; large 
mass (18 by 16 by 7) of collapsed overfired pottery 
from a kiln accident, twisted and stuck together. 

\ 

Objects from an Occupation La.xer (15l-.~"Q) 

AlI ten objects in this group come from levei (17) 

in trench AIl, which is part of the third phase of EH II 

occupation, immediate1y preceding the final destruction of 

the site. The sherds chosen for sampling were typical in 

co1our and fabric of most wares found in occupation levels, 

except for 160, an example of the rare "fine mottled. ware". 

151 AIl (17) 2 bowl(?): han4le fragment SY 8/2 

coarse green with tiriy black, white, and grey 
inv1 .. ~ unslipped; lug or strap, ha~dle attached 
t~plain fbowl rim; th. 0.7. 
,/ 

AIl (17) 4 jar: rim fiagment 2.5Y 7/2 

semifine green vith tiny black inclusions1 unslippedi 
neck of jar ~ith flarinq rim, d. 127 cf. Saf1und 1965: 
151 fig. 11gb, 4. • 1 

') 

, 
." 
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AIl (17) 5 jar(?): handle fràgment 5y'8/1 

semifine green with tiny black inclusions; uns1ipped; 
hand1e circu1ar in section, d. 1.8. 

AIl (17) 13 bow1: rim fragment 7.5YR 7/4 

semifine buff with a few dark red inclusions; bowl 
with thickened, f1at-topped rim, d. 46~ dark red 
(lOR 5/6) thick matt worn slip inside~ cf. Saflund 
1965: 147 fig. 112, 10. 

AIl (17) 30 
SYR 6/4 

'large bow1 (?): wall fragment 

semifine pink with tiny dark grey and dark red 
inclusions; wall or possibly rim fragment of large 
bowl (or pith~s?), d. 55, with two horizontal app1ied 
bands of "piecrust" decoration on outsider liqht 
brown (7.5-10YR 8/3) matt slip inside and out. 

AIl (17) 31 ' bowl: 

coarse red with large 
fIat rim, d. 60, cf. 

AIl (17) 33 bowl: 

rim fra9Jllent 

(~h 0.2) dart 
SKflund 1965: 

r'im fraqment 

1 

lOYR 7/4 

gre'9 anqulu· 'inol.uatonsi 
147 fig. 112, 23a. 

7.5YR 6/4 
.. 

coarse red with 1~rge dark 9rey inclusions; thickened 
rim with fIat top, d. 3~; thick matt cream slip (2.5Y 
S/2) inside and out; cf. Saflund 19~5: 149 fig. 117, 5. 

-.. 
AIl (17) 35 bbwl: rim and handle fragment 

1 
10Ya 6/3 • 

~-ar.e red witk"la~ge (c. 0.2) dark grey inclusions; 
~in bowl rim (d. 40) vi th beginnings of round bandle 
emerging from top, wi4th 1.8, thick matt cream slip 
(2.5Y 8/2)" inside and out; cf. Fossey 1969: 66 b,owl. 2. 

J 

AIl (17) 36 bowl: rim fra~nt 7.9YR 6/4 

ooarse red with small dark red and grey inclusionS1 
incurvin9 ri., d. ~"with app1ied ·piecrust" deeoration 
outside .long .Iu..,.thick matt cream Slip (2.5-~Y 8/~) 

~. ina1de and out., cf. Sif1und 1965' . 149 fig. 110, 8. 
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AIl (17) 52 sauceboat: rim fragment 2.5Y 7/2 

fine grey-pink mottled ware, very smooth surfaces, 
varying in colour from 7.5YR 8/4 to N B/O, th. 0.3-0.4J 
for fabric cf. Caskey and Caskey 1960: 150 and 153. 

3.6 Fragments of Mud-Bri,ck, ~ 201-206) 

Six of the many pieces of sun-dried mud-brick were 

sampled, with colours varying from orange to green. Most 

were recorded as small-finds during excavation and so given 

numbers enclosed in triangles, but a'couple were on1y separately 

recorded during study as "unaccessioned terra-cotta" or qTC. 

201 -

202 

204 -

205 -

AIl (11) A roud-brick f~ent 2.5Y 7/2 

bright yellow with ,small black inclusions 1 5.2 by 
4.9 by 3.7. 

AI (SE) ~ mud-brick. fraqment 7.5YR 7/4 

pale orange, quite pure; 6.0 by 4.5 by 2.B. 

AIl (7) ~& mud-brick fragment lOyR 8/3 " 

pale Q~ange-bUfffith light red inclusions, among 
others; 5.3 by 4.6 by 2.4. 

AI (SE) ~mud-bri'1' fra~llt ' 2.5Y 7/2 

pale yellow-green with fine stalk impressions; 4.5 
" by 3 • 5 by 3. 0 • 

AIl (18sq) OTC 8.1 mud-brick fragment 2.5Y 8/2 

~ pale yellow vith saall black inclusions: a flat 
s~face, vith tra~. of burninq; 5.7 by •• 6 ~ 3.3 • 

. -' , 
,1 

t 

, 1 

j 
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206 -
\ t , 

AIl (18sq) UTe 8.2 ~J~-brirk fragment 7.5YR 7/4 

~e ora::-brown,,'~ \; surface, 3.2 by 3.2 

3.7 Vases from Area "Sn (301-~) 

The four outstanding objects from the small excavation 

(designated "B") on the hi}ltop jusbtnorth-west of the main 

excavation ("A") were also sampled. They are EH II in date, 

thouqh their chronological JalaUmHlhip wi th the three phases 

of occupation of the main excavation is not yet clear~ r 
301 

302 -

303 -

BII/III (3) 51: B Vase no. 4 
preserved at handle 
10Y~ 7/4 ~ 

jug: rim to belly 

semifine buff-browp, with a ted slip (SYR ~/3) outsidei 
globular upper body, constrlcted neck, co~cal rim, 
possibly a spout, strap handle fragments at rim and 
shoulder~ preserved h~ 7~OJ cf. G01dman 1931: 103 
fig. 136. 

BII/III (2) B Vase no. l saucer (mended): 
only ..chips missing 
10YR 7/3 

fine pale ye11ow-buff (2.SY 8/2 to 7.5YR 8/4) with 
flakey worn b1ack(?) slip inside; d. 13.6, h. 6.0; 
cf. Caskey and Caskey 1960: pl. 50, VIII.22'., 

BII bau1k (1) 1: B Vase no. 3 sauceboat: rim 
base preserved at back 
7.518 7/4 ~ . .' 
semifine buff with a few small· (c. 0.1) light red a 
red-brown ~n9u1ar inclusions; thin matt slip inside 
out, dark red to dark brown (5YR 6/6 to SYR 4/4), w 
brush marks; quit~ squat, ring base, high horizonta 
handle; rouqhly shaped outside, smoother inside; preserved 
h. Il.0; cf. Céskey 19,60: 291 fig~ 1, 'in~ermediate 
betw~en t~s II and IV. 
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BIll (3) 37: B Vase n~. 2 askos: rim with 
handle 
10YR 7/3 ! 
semifine orange with a few small ~.5-1.5) white and 
grey inclusionè: dull orange slip (lOYR 8/3f inside 
and out; handle round in section leaving horizontally 
from edge of rim; d. of opening 9.0, th. 0.45; cf. 
Caskey and Caskey 1960: pl. SI, VIII.2i. 

3.8 Representative Sherds from the Pottery Dump (!Ql-422) 

Sherds from pots of typical shape and fabric were 

~ected for sampling. 

~ates (!Q!-407), bowls 

Among the, most common shapes were 

with "piecrust" applied decoration 

(408-413), and jars (415~~16), in fabrics ranging from buff 

to green. 

401 

402 

ill 

404 -

~I (12) 707 plate: rim fragment 7.5YR 6/4 

coarse red with many inclusions up to 0.1 in size; 
unslipped; fIat or 'slightfY concave shape, with plain 
rim: cf. Caskey 1972: 364 fig. 3, B28; d. 60, th. 0.9. 

AI (12) 711 plat!~$im fragment 7.SYR 7/6 

semicoar$e orange~red with several inclusions up to 
0.06 in size~ unslipped; plain rim, as 401: 'do 30, 
th. 0.6. -

• 
AI (12) 713 plate: rim fragment 10YR 7/4 

semifine Duff with a f~w inolusions up to 0 .. 02 in 
size; unslipped; plain rim, 

, ' 
as !.Q.!; d. 22, th. 0.6. 

AI (12) 141 plate: rim fragment 10YR 1/4 

semifine buff with a few inclusions up to 0.02 in 
size; unslipped; plain rim, as 401; d. 35, th. 0.7. -
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AI (12) 753 plate: rim, fragment 2.5Y 7/2 

coarse green with several inclusions up to 0.08 in 
size; unslippedi plain rimr, as 401, possibly from a 
large bowl; d. 6,0; th. 0.8. --

AI (12) 507 plate: rim fragment, lOYR 7/3 

semicoarse buff with sorne small dark red inclusions; 
unltlippedi thickened, rounded rim: cf. Caskey 1972: 
371 fig. ' 6, C 34 ; d • 50, th • O. 6 • 

AI (12) 545 ~late: rim fragment 10YR 7/3 

semicoarse buff w~~ome inclusions up to 0.1 in 
size; uns1ipped; slightly incurving, rounded rim: 
cf. Caskey 1972: 371 fig. 6, 'C5J d. 24, th. 0.7. 

AI (12) 706 large bowl: rim fragment lOYR 5/2 

semifine reddish (with a grey core),with a few 
inclusions up to 0.1 in size; unslippedi thickened, 
incurving rim with sca110ped "piecrust" outside; cf. 
Siedentopf 1973: 10 fig. 8; d. 30, th. 0.8. 

409 ~ AI (12) - , 
719 large bowl: rim fragment 7.SYR 7/6 

semiCQarse orange with a few inclusions up to 0.1 
in size; unslipped; smoothly inturning rim with 

, "piecrust" decoration applied below 1ip, outsidei 

410 -

411 

cf. Fossey 1969: 58 fig. 3, 2 (top); d. 30, th~ O.S. 

AI (12) 733 large bowl: rim 'fr~qment 10YR 8/2 

semicoarse yellow with many inclusions up to O.~ in 
size; unalippedi thickened rim with "piecrust" 
decoration outside below lipl cf. Saflund 1965: 
147 fi,. 112, 22; d. 40, th. 1.2. 

AI (12) 756 large bowl: rim fragment 7.5YR 6/2 

odarse pale green with many inclusions up to 0.2 
in size; unslipped; thickened rim with "piecrust" 
decorat~on applie~ outside; cf. Saf1und 19'65: 149 
fig. 117, 5; d. 35, th,. 2.5. 

\ 

" 
• 
1 
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AI (12) 558 large bowl: rim fragment 7.5YR 6/4 

coarse red with Many large (c. 0.2) inclusions and 
a thick green slip inside and out; "piecrust" decoration 
Along outside of lip; cf. Saflund 1965: 149 fig. 116, 8 
(but yet more incurving than his); d. 30, th. 1.0. 

563 large bowl: rim fragment 7.5YR 8/2 

semifine buff with only a few very small (c. 0.05) 
inclusions; unslipped: "piecrust" decoration outside 
below gently intu~ned, thickened rim; cf. Siedentopf 
1973: 9 fig. 7, 76 (but deeper th an his); d. 60, th. 1.8~ 

AI (12) 567 thick pan: rim fragment 7.5YR 7/4 

semicoarse du1l orange with Many small (c. 0.1) dark 
réd inclusions; unslipped: very shallow, with thick 
rounded vertical rim; cf. Caskey 1972: 367 fig. 4, 
B66 (but a little more upright than his); d. 30, 
h. 4.5, th. 1.5. 

AI (12) 547 
10YR 7/2 

jar: fragment of rim with handle 

semicoarse yellow'with Many small black inclusions; 
unslipped; base of vertical handle of twisted-rope 
type attached to slightly outturned, rounded rim; 
cf. Goldman 1931: 113 fig. 151, 3; d. 8, th. 0.6. 

AI (12) 569 
10YR 7/2 

jar: fragment of rim with handle 

semicoarse ye1low with Many sma11 black inclusions; 
unslipped; base of vertical hand1e of twisted-rope 
type'~ttached to slightly outturned, rounded rim: 
cf. Go~n 1931J 113 fig. 151, 3; almost identica1 
in form'and fabric to 415; d. 10, th. 0.5. 

" --
AI (12) 576 saucer: rim fragment 2.5Y 7/2 

fine yel1ow-green; uns1ipped: pointed, sharp1y 
inturned rim; cf. Siedentopf 1973: 4 fig. 2, 7; 
d. 15, th. 0.3 • 

, ' 
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AI (12) 579 jar: rim fragment 5Y 8/1 

fine yel1ow-green; unslipped; rounded, smoothly 
outturned rim; cf. Clskey and Caskey 1960: 141 
fig. 7, IV. 6; d.. 9, th. 0.4. 

AI (12) 542 large bow1: rim fragment 7.5YR 7/4 

. semicoarse red-orange, with ~ome medium (c. 0.15) 
inclusions; dark red slip inside: gently inturned, 
flattened rim; cf. Saflund 1965: 151 fig. 120, 10: 
d. 30, th. 1.0. 

AI (13) 1604 Dowl: rim fragment 7.5v.R 7/4 

semifine orange, with a f~w sma11 dark red inclusions; 
red slip inside and over lip; fIat, smoothly inturned 
rim with lug handle below lip1 cf. Caskey and Caskey 
1960: 141 fig. 7, IV.2; d. 42, th. 0.6 • 

. 
AI (12) 609 bowl: rim fragment 10YR 6/1 

fine grey, slipped inside in red and outside in 
mottled'shades of o~ange, brown, grey and black; 
hard clay, outer surface pitted, àlso snowing 
burnishing marks; plain rim, but twisted (due to 
a kiln accident?). 

AI (12) 843 bowl,: rim fragment lOYR 7/4 

semlcoarse buff, with Many small black inclusions 1 
unslipped; fIat inturned rim, with uneven "piecrust" 
along outside of lipi twisted shape, scarred inside 
(due to a kiln accident?); d. 20?, th. 1.5. 

Lata Helladic ("Mycenaean") and Archaic ("Corihthian ",,) , 

Potte!y (SOI-ill) 

These sherds were found in the upper levels of the 

excavation. more or les8 aSBociated with the. ~cenaean wall 
'" 

41 
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and the post-hales of the Archaic periode The dates and 

attributions given were kind1y supp1ied by the excavator. 

In this section, FM stands for the Furumark Motive Number 

(see Arne Fururnark, The Mycenaean Pottery: Analysis and 

Classification; Stockholm 1941). Sample 510 is an EH II 

sherd of unusua1 nature which had found its way into an 

upper 1evel. 

501 AI (4) 1 Corinthian skyphos: base fragment 2.5Y 7/1 

fine grey, with traces of black and red-orange paint 
on the bottom inside and on the wall autside. 

S02 AI (4) 2 corinthia~owl or skyphos: base fragment 
10YR 8/3 

,/ 
~ 

fine buff, with thin f1akey black glaze inside and 
out • 
.. 

1 
" r / 

50-3 AI (4) 3 Corinthian miniature bow1: rim fragment 
7.5YR 7/7 

fine orange, uns1ipped; apparently hand-made; d.S. 

\~. 

504 AI (4) 19 Corinthian sky.phos: base fragment lOYR 8/4 

fine buff with orange surface; smooth shiny black 
glaze inside and out. 

505 AI ('4) 20 Corinthian pyxis lid: rim fragment lOYR 8/3 

506 

/ 
/,'. 

fine yellow-buff; painted des)gn Qn upper surface: 
red bands bordering a band of black cheokerboard; 
Middle orLate Protoçorinthian (co 700-640 BC). 

AI (4) 30 Corinthian skyphos: 

fine orange, with red paint in 
lines" paûtern, and red circle 

• 

base fragme~t 7.5YR 7/5 

the "r~d 't~ng base 
underne h base~ . ' 

/'" 
/ 

1 

/ 
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507 AI (SA) 25 Mycenaean vessel: fragment of spout 
SY 7/1 

508 

509 

510 

fine green ("Minyan"); a matt brown horizontal 
stripe of paint around the rim, with attached brown 
vertical stripes. 

AI (SC) 6 Mycenaean closed vessel(?): wall fragment 
10YR 8/3 

fine buff, with one wide and three narrow bands of 
red lustrous paint (SYR 6/8) on the outside; th. 0.5; 
LH IlIA or IIIB. 

AI (6) 1 Mycenaean kylix: base fragment 7.5YR 7/4 

1 fine yellow-orange, with black paint on upper surface; 
LH IlIA or IIIB. 

AI (7) 277 EH II vessel: wall fragment lOYR 7/1 

fine 'grey, with mottled dull red, brown, ye110w and 
grey ~urfaces, slipped and polished (cf. Caskey and 
Caskey 1960: 153); possibly from sauceboati th. 
0.3-0.4. 

511 AIl "(2) 1 Corinthian skyphos: base fragment 2.5Y 8/2 

fine beige; interior dul1 black glazei exterior du11 
black g1aze under base ring inside which two concentric 
circles and fi1led centre in red paint; d. 4.0. 

512 AllI (1) 5 Corinthian large closed vessel: base fragment 
7.SYR 8/4 

heavy base ring, (d. 8.0) in fine buff, with red paint 
on outside. 

• 
513 AllI -(1) 12' corintfi~ pyxis lid: rim fragment 10YR 7/3 

l , 

fine buff with traaes of white or pale ,pink slip on 
. upper surface; d. 1'2.0. 

7' ' , l ~tl:'l..~ t;" "<l1 ••• / I-,~~M~ ~"' .... \-~..... - • ", ~ "?'"5"--e 
, . 
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AllI (3) 8 Corinthian pyxis~lid: frÀgment 7.5YR 7/4 
.. 

fine buff-orange, with fi11ed centr~ and compass­
drawn concentric circles in dark red· paint on upper 
surface; Late- or Subgeornetric (c. 750-650 BC). 

AllI (3) 37 

This samp1e was taken but not analysed. The number 
remains in the catalogue to simplify the coordination 
ôf ana1ytical and archaeo1ogical records. 

516 AllI (48) 7 Mycenaean ky1ix: base fragment 7.SYR 7/4 

517 

fine orange-brown, with traces of red paint on upper 
surface; LH IlIA or IIIB; d. 9.0. 

AllI (S) 2 Mycenaean conical bowl: 
10YR 8/4 

,/ 

rim fragment l~ 

fine buff with yellowish sltp inside and out; painted 
with a black band on the inside and a broad red band 
on outside of rim and top of shoulder; LH IlIA or IIIB; 
d. 56. 

518 AllI (5) 6,Mycenaean deep bowl(?): rim fragment 
7.5YR 8/5 

possiply rather an amphora;, uplifte~ horizontal handle 
attached at rim: fin~ buff with traces of black and 
red paint on outside; LH III • 

. 
519 AIIIS (4) 1 Mycenaean ve •• el: wall fragment 2.5Y 7/3 --

pale grey with tiny black inclus~ons; unslippedi a 
single band of dull brown p~int 0.6 broad; th. 0.4-
0.6; LB IIIC? 

~ AIIIS (4) 3 Mycenaean deep bowl: rim fragment lOYR 8/3 

fine pale yellow, with high-quality blac~ lU$trous 
paint inside and out; d. 18, th. 0.4-0.5; LH IlIA or 
IIIB. 

./ 

n , 
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521 AI (3) 51 Corinthian larop: spout fragment ].5YR 7/4 

fine buff, wlth black glaze inside body and Spout; 
semi-op~n type; 5~4century 'SC? 

522 - AIl (6B) l Mycenaean open vessel: wall> fragment 
7.5YR 8/4 

fine buff, with a cream slip inside and out: a black 
band of paint inside, and a black band with red cross­
hatching outside (FM 78); LH 1 or rI. 

523 AIl (6B) 6 Mycenaean vessel: wall fragment 7.5YR 8/4 

524 

525 

fine buff, with a crearo slip inside and out; on the out­
side, two parallel wavy red lines p~inted between 
two paral1.el strpight horizontal red lines (FM ~3. 9) ; 
LH r or II. 

AIl (6B) Il Mycenaean open vessel: 
7.5YR 7/4 

1 

handle fragment 

fine buff, with a cream slip inside and out; a stripe 
of brown paint on ~he inside and a stripe of black on 
the outside: lower~junction of high-swung handle. 

! 

1 
'AlI (6B) 14 Mycen~ean deep bowl: handle fragment 
7.5YR 8/3 

fine buff, wi th a- c"ream slip inside and out; cracked 
black paint on the inside, and black vertical stripes 
under the·handle on the outside; rim and beginning of 
vertical strap handle; probably La IIIC. 

~ ~II (6B) 36 Mycenaean bowl(?): rim fragment 2.5Y 8/2 

~ine buff, with a thin dull line arOund the outside 
lof the rim; possibly from a' IiIhallow, car!nateca bowl; 
.LH II or III. 

'" 
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3.10 Early Helladic l Pottery from the 1965 Excavation (601-623) 

'1 

t· Most, though not aIl, of this material was published 

. h . . 1 h 1n t e Annual of the Br1t1sh School at Athens for 1969. T e 

""'-descriptions given -here may differ slightly from the published 

ones as a result of further examination of the pottery. 

601 

602 

603 

604 -

605 

606 

VP65 YZ pot 4 "frying pan": rim fragment 10YR 6/2 

coarse grey-brown with burnished black slip inside; 
incised with simple strokes, spirals, and connecting 
tangents; of mainland type as opposed to Cycladic 
(Renfrew 1972: 536); il!. Fossey 1969: 68 top right. 

VP65 Z JI Jar; rim fragment 5YR 7/3 

fine dark red, unslipped but burnishedi thick flaring 
rim; ill. Fossey 1969: 66 top left. 

VP65 Z JlO jar: shoulder fragment 7.5YR 7/6 

fine orange-buff; pattern of small stamped triangles 
on shoulder, combined with deep inclsed lines and 
smaller, shallower incisions; il!. Fossey 1969: 66 
top centre. 

VP65 Z Jil 
10YR 6/1 

jug: fragment of neck and shoulder 

coarse grey wi th srnaii black inclusions (similar to 
608); incised lines in groups of three on shoulder; 
III. Fossey 1969: 66 centre. 

VP65 Z B2 bowl: rim fragment 10YR 7/4 

fine buff, with traces of smoothing lines on outsidei 
heavy loop handle rising above rim; ill. Fossey 1969: 
66 top right. 

VP65 Z B3 bowl: rim fragment 10YR 7/3 

• fine buff, with thin red slip (SYR 6/6) inside and 
out, burnished; flat-rimmed shallow bowl wi th a ho le 
pierced a little below the rim; i11. Fossey 1969: 
66 top right. 
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"frying pan" (?): rim fragment 

coarse orange, unslipped, with a few black and dark 
red inclusions: decorated with irnpressed spirals and 
joining tangents, together with stamped triangles; 
possibly a bowl or pyxis rim, but if a "frying pan" 
it is of Syros type (Renfrew 1972: 528); ill. Fossey 
1969: 66 bottom right. 

VP65 Z P2 "frying pan": :rirn fragment 2.5Y 6/2 

coarse grey with small black ov'dark grey inclusions 
(similar to 604); dècorated with impressed spirals, 
joining lineS;-and tiny starnped triangles; ill. Fossey 
1969: 66 bottom right. ' 

VP65 Z Ml ladle(?): bowl fragment 7.5YR 7/4 

fine pink, with go0c)-quality dark red slip (2.5YR 4/6) 
covering the outer surface; d. 6; cf. SIegen 1928: 
96 fig. 84. 

. ... 
VP65 y B27 bowl: rim fragment 7.5YR 6/8 

sernifine red wi th a few tiny black and whi.te inclusions; 
a dull, dark red slip inside (2.5YR 7/6) and out 
{lOR 6/6}; a disorderly double row of deep point 
impressions along the flat~ned rim; d. 32, th. 0.9; 
cf. Goldrnan 1931: III fig. 146, 8. 

VP65 Y p2 Il frying pan": rim fragment lOYR 6/2 

coarse grey-brown, neither slipped nor burnished; 
decorated with' r,adial strokes, deep1y incised, on 
upper surface and along edge; of rnain1and type, as 
601 (Rénfrew 1972: 536); i11. Fossey,1969: 63 
bottom right. 

(} 

VP65 y pl "frying pan": rim fra~ent 2.5Y 6/2 

coarse grey-brown, with grey burnished slip outside; 
on the upper surface, incision forrning three concentriè 
circ1es, the inner and outer in zig-zag forrn, the midd1e 
of short radial strokes; of mainland type (Renfrew' 1972: 
536); i11. Fossey 1969: 63 bottom right. 

i. " ...... ______ §I!IL.~ ____________ I11._§.a;:;:;:~,~".~_·:,.,.~JS!!II .... !!~!II: ____ .!lZiEJ2mll!;:llJ.~.,.---" ____ ~ 
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"scoop" (?): complete profile preserved 

coarse red with large (c. 0.2) grey-brown inclusions; 
burnished inside and out; possibly rather a narrow­
mouthed -jug; ill. Fossey 1969: 63 bottom left 
(restored as a scoop). 

VP65 y J6 jar: rim fragment IOYR 7/3 

fine buff, neither slipped nor burnished; outturned 
lip; knob decoration applied on outside at constriction 
of neck; i11. Fossey 1969: 61 top right. 

VP65 y JI small jar: rim fragment 7.5YR 8/4 

fine buff, with dark red bUrnished slip on the outside 
and over the lip to the inside of the rim; ill. Fossey 
1969: 61 top left 

VP65 X B20 bowl: rim fra~nt 2.5Y 8/1 

fine buff, with burnished slip, dark red (2.5YR 4/6) 
inside and red-brown (SYR 5/6) outside; wide bowl 
with flattened rirn and trumpet-ended handle; il!. 
Fossey 1969: ~ 58 rniddle right. 

VP65 X J19 
to belly 
lOYR 6/4 

small jar: profile preserved from rim 

fine buff-orange, unslipped but fire-blackened 6utside; 
'high collar neck; ill.FOSfey 1969: 56 lower left. 

VP65 X J20 
lOYR 6/4 

small jar: complete from neck down 

fine buff-pink, with thin dark orange (2.5YR ~/8) 
matt slip outside; attachment for handle preserved 
on bel~y; i11. Fossey 1969: ~wer middle. 

VP65 X J21 
2.5Y 8/2 

small jar: complete from shoulder down 

fine pale green, without slip or burnish; ill~ Fossey 
1969: 56 lower right. 

, 

- -
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small jar: complete f~m base of 

fine pale pin~, varying to pale green, 
or burnish; traces of shaping marks on 
ill. Fossey 1969: 56 lower rig 

VP65 X M3 
preserved 
7.5YR 7/4 

small "spoon": complete profile 
-. . 

fine pink, with red slip (2.5YR 6/6) inside and out; 
beginning of vertical ting handle preserved on rim: 
il1. Fossey 1969: 58 bottOm left. 

VP65 X MS 
7.5YR 7/5 

1( 
"fruitstand"(?): central portion 

semifine orange with a few tiny dark red, and white 
(calcareous) inclusions;, red matt slip (2.5YR 5/8) 
on the inner surface of the shallow side; vessel 
flares both upwards and downwards, wtth a double 
horizontal strap handle and incised slashes around 
constriction; probably six bored holes iipaced.,around 
vessel on shallow side; il1. Fossey 1969: 58 bottom 
right. 

VP65 X M4 
lOYR 7/2 

lentoid pyxis: ffi?st of body preserved 

coarse grey-brown with some liqht-coloured inclusions; 
slightly flattened base, d. 8; traces of burning on 
outside; i1l. Fos~ey 1969: 58 bottom middl~. 
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4. ARCHAEOLOGlCAL PROBLEMS TO BE INVESTIGATED 

AND REASON FOR CHOICE OF SAMPLES 

A natural question arising from consideration of 

the great amount of pottery recovered durihg excavation of 

only a small part ot the site is whether ~ost of the pottery 

was manufactured locall~ or imported from ot~ produ~tion 
centres. That sorne of it was of local manufacture is clear,ly 

shown by the presence of waster fragments, twisted pieces of 

pottery spoilt by overfiring, several of which were found in 

the rubbish dump at vouliàgrn~ni. These useless pieces must 

have been made right at the site, as no one would bother 

importing or exporting them. If the compoaition of one of 

these pieces (e.g. sample 116) matchef the composition of 
• 1 

the bulk of the other sh~rds sampledr this would indicate 

hat most of the pottery was of locryl manufacture. Most of 

the wasters are made of a black-sperkled green fabric, but 

a couple of sherds which may also t;é wasters <ill,.' 422) are 

grey and buff respectively, indicating that differing colours 

may imply either the existence of a variety of 'clay beds \ ' ,,' , . 

available to the local pottera or the use of various firing 

techniques with the same clay(s) rather than necessarily 

different geographic origins •. 

Two oth,r cheoks can be made to determine the . 

chemical "fingerprint" of locally-made pottery. The first 

- 45 -
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is th~ composition of the natural soil, actually quite a 

good clay, found~nderneath the rubbish dump. Samples of 

this clay were analysed after being refined to various extents 

and fired to various temperatures (010-016).1 The second is 

the composition of sorne of the many lumps of hard earth found 

mostly in the destruction debris above the final EH II phase 

but aIse among the ruins of the small square structure. These 

lumps are very probably remains of the sun-dried mud~brick 
, 

used as wall material above a stone foundation for these 

buildings. The large quantity required, simplicity of 

manufacture, and crude nature of these muq-bricks argue for 

their being made locally. Six mud-brick samples of various 

colours were analysed (!Q!-206). 

Having estab~ished the mean composition of vouliagméni 

pottery, one can then tackle several other questions. Did 

the inhabitants of the Lake Vouliagmèni site in EH l ~timesr 

also make their own pottery from the '~ame clay s6ur~êts) , 

or did the local ceramics industry start ohly in EH II? . . 
i' 

Twenty-three samples of EH l pottery were analyseB C60l-623), --
including typical sherds from aIl thr~e pfiases of occupation, 

and pieces of "frying pans" and of other unusual wares~ 

Can the,locally-made pottery ~ ,assigned a cert~, 
fabric type such as "black-speckled green fabric" or "pink 

\ 
~o red with dar~ grains", or at least a restri~ted range of 

colours? Pottery from an occupation -level of thè final 
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EH II phase (samp1es 151-160) was according1y se1ected to -- --.. 
span the range of common fabric types. Various fabric types 

were a1so sampied for severa1 common shapes of pottery found 

in the rubbish dump (401-422). 

The composition of objects of particu1ar archaeologica1 

significance is a1so of interest in that specifie pottery 

forms and decQrative motifs can he assigned local provenance 

with a fair degree of certainty. The most important deposit 

was of course the group of vases fountl in their original • 

P?~itions within the sma11 square structure (101-108). These 
~/ 

objects were the best-preserved of any material from the 

excavation. The enigmatic nature of the building in which 

they 'Were found makes information 94th.Nd from these associated 

finds particu1ar1y valuab1e. That two of the vases (107, 108) --, , 

are unique increases the importance of knowing their provenance. 

The finer vases (~-lQ!) from the smaller 1972 excavation 

site "B", and unusual pieces from ~he rubbish dump (111-115) 

are also of special archaeological interest. 

Articles which are fbund to ,e imports can perhaps 

be assigned a specifie Qrigin by comparison of their trace­

e1emènt composition pàtte'rns with those qf later wares, 
, " 

pub1ished in the "studies mentioned in section 1.3. This 

comparison with other composition da~ ls especial1y important 

in the study of the Late Hel1adic and Archaic pottery (501--
.~). At vou1iaqm6ni bath' these periods seern to be represented 

.. 
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only by isolated buildings, making it highly unlikely that 

pottery maaufacture was carried out locally. The sherds 

chosen for sampling were ones which could be easily identified 

and precisely dated, and sorne for which a geographic origin 

in Corin~h can very safely be deduced on archaeological 

grounds. The latter, by their nature, provide yet another 

source of control. 

~----. 
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5. EXPERIMENTAL PROCEDURE 

The analytical procedures employed in this study 
• 

were adapted from those of" the Lawrenèe Berkeley Laboratory 

(Perlman an4 Asaro 1969) and the Brookhaven National 

Laboratory (Abascal et ~ 1974). They w~re rnodified for 

use at McGill University with the help of Dr. O. Birgül, 

a visiting professor there during 1974. 

" 

5.1 Sampling 

The pottery sherds were sampled in the Perakh6ra 

museum during the summer of 1974. Most of thern had pre­

viously been washed in dilute hydrochloric acid and rinsed 

in tap water. Solid tungsten carbide d~ill bits of 1.5 mm 

diameter were used to extra ct about 300 mg of sample in 

powdered form from vario~s places along the edge~ of the 

sherd. This was accomplished in the following manner: an 

ordinary slow-speed (900 rprn) electric hand drill was 

fastened horizontally to the edqe of a table. With the 

side of the. dr'ill bit,> some edqes of the sherd were ground 

clean in preparation for the actual sampling. After the 

bit had been rinsed with distilled water and acetone and 

then wiped clean, the hand-held sherd,was pressed aqainst 

it 50 that the rotating bit entered to a depth of l to 2 cm 

parallel. to the sherd's surfaces. The pottery powder was 

- 49 -
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allowed to fall anta a clean index card, fram which it was 

poured into a washed polyethylene sample vial with a snap 

top. Usually four or five holes resulted from the sampling. 

5.2 Encapsulation and Irradiation 

Quartz tubing of 3 mm inner diameter was eut into 

5 cm lengths and sealed at one end. Ëach piece was then 

washed thoroughly in distilled water and acetone and left 

to dry overnight. About one hundred milligrams of pottery 

powder was weighed into the tube, which was then sealed, 

labelled with an indelible marking pen, wrapped in aluminum 
J 

foil, and labelled again. The wrapped samples were then 

245 cm long and 0.5 cm in diameter. They were sent in this 

farm ta Chalk River Nuclear Laboratories, where they were 

p~cked ten per self-serve capsule, and irradiated in the 

NRK'r~actor for 24 hours at a flux of about 1013·neut~ons 
per square centimeter per second. The samples were returned 

ta this laboratory for activity measurements àbout a week 

after irradi~tion. 

Empty tubes labelled and handled in the same way ° 

. '" as theosamples showed no signirioant interfering gamma radiation. 
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5.3 Standardization 

Together with eight samples, two tubes containing 

a standard pottery prepared by Perlman and Asaro (1969) were 

packed as far apart as possible in each self-serve ,capsule. 

The composition of this standard pottery has been accurate1y 

determined, 50 that tte c~lculation of trace element con­

centrations in the samp1es (see below, section 5.6) is greatly 

simp1ified. Prob1ems of determining the neutron flux, the 

. ratio of thermal to fast and epithermal neutrons, the ir-

radiation 'time, and the neutron-capture cross-sectiofls were 

eliminated, as was the necessity of knowing absolute gamma-ray 

intensities and detector efficiency for each radioactive 

species formed. 

The Brookhaven team (Abascal et al. 1974) use as 

standards six United States Geological Survey rocks,- which 
"-

have been extensively analysed by. many methods 'in many labo-

ratories (Flanagan 1973). The composition of t~~se standards 

is more accurately known than that of the Perlman-Asaro 

standard, but as only ten samp1es fit in each capsule under 

the irradiation conditions here emp1oyed, it was felt that 

the sliqht 10ss of absolute a"ccuracy was justified by the 

greater number of samp1es which cou1d be simultaneous1y 

analysed using the Pèr1man-Asaro standard. 



• 
.,. ,... ,. .... ~ Il, .f~ 

- 52 -

5.4 Gamma-ray Detection and Pulse-height Analysis 

Immediately upOn re~eipt,.the samples were unpacked 

and taped to the Radiochemistry laboratory's standard sample 

holders in a reproducible position. Activity rneasurements 

,were taken with the sample h'Older on shelf 2 (abc~)Ut 4"3 mm 

from the centre of the detector crystal), the samples for 

4000 seconds each, the standards for 20,000 seconds. Measure-

ments were retaken two to three weeks after that for 10,000 

':. and 20,000 seconds respectively. 

The gamma-ray detector used has the following 

characteristics: a 30 cm3 lithium-drifted germanium crystal 

with a resolution of 2.8 keV at 1.33 MeV and a peak-to-Compton 

ratio'of 16 to 1. The pulses were fed from the preamplifier 

through an amplifier to a Nuclear Data ND2200 pulse-height 

analyser. Dead time was On the order of 15% for the first ~ 

activity measurernent and 5% for the second. The resulting 

spectrurn of gamma-ray energies was transferrea ~utomatica11y , 

at the end of the measurement period onto magnetic tape in 

the forro of 4096 'channe1s of binary information, together with 

" the four-digit "tagword" or identification nurnber, the duration 

of the rneasurement, and the time of day at its end. Energy 

calibration of the system was achieved using standard sources 

133 137 60 of Ba, Cs, and Co. 

Typical spectra obtained from the first and second 

activity measurements are presented in Figure 4, (a) and (b) 

raspe.cti valy. 

• 
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FIGURE 4 

Typical gamma-ray spectra of sarnples, 

obtained from activity measurements made 

one and three weeks after irradiation 

respectively. Gamma-ray peaks used in 

the calculation of trace-element con­

centrations are numbered as follows: 

( a) 

1. Antimony 

2. Arsenic 

3. Barium 

4. Calci\lJ1 

5. Lanthanum 

6. Lutetium 

7. Samarium. 

8. YtterbiUIl\ 

(b) 

9. Cerium 

10. Cesiwn 

Il • Chromi um 
12. Cobalt 

13. Europium 

14. Hafnium 

15. Iron 

16. Rubidium 

17. Scandium 

18. Tantalum 

19. Thorium 
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5.5 Spectrum Analysis 

Tne magnetie tape was read and analysed using the 

computer prograrn GAMANAL (Gunnink et al. 1968), slightly 

~~ied for use at MeGill. This prograrn scanned eaeh 

speetrum to locate aIl the significant peaks, and then 

caleulated the net area of each peak, resolving doublets 

and triplets where neeessary. Energies were assigned to 

the peaks using a third-degree polynomial funetion fit ta 

the energy calibration spectrum. The final result was a 

list of peaks, with channel number,<.peak height, area, energy, 

and percent standard deviation of the area. For each sample 

at the end of the output this information was reprinted in 

a table containing only the peaks of interest (selected by 

their assigned energies). 

5.6 Determination of Trace-element Concentration 

Before they could be compared, the sample and 

standard peak areas had to be corrected for decay time and 

for differences in weight and duration of activity measure-

ment. In fact, the quantities compared wére net specifie 

activities (per ~undred milligrams per 4K or lOK seconds, 

for the first and second measurements respectively), cer-

recte,d to the mid!light precedin<J the beginning of the series 

of measurements. The ratio of corrected sample 'activity te 

corrected standard activity was multiplied by the known 
/ 
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element concentrations in the standard (Perlman and Asaro 

1971: 187) to give the element concentrations in the sample 

(see also seçtion 1.2). 

A list of the elements determined together with 

other relevant data is given in Table I. 

~ 

5.7 Discussion of Experimental Procedure / 
In principle, the usefulness of the analysis 

increases both with increasing number of elements determined 

and with increasing precision of these determinations. Of 

course, in practice compromises between these two factors are 

necessary. 

The technique of neutron activation analysis i8 

sensitive enough for the determination of about thirty or 

fort y elements present down to trace amounts. Certain very 

çornmon elements cannot be determined by this method, because 

they either do not açtivate well with thermal neutrons or 

have sufficiently short half-lives that,they' decay away almost 

immediately -- arnong these are silicon, oxygen, carbon, 

,hydrogen,' and aluminum. ~is is ,ac~ually an advantage, as 

the above ele~ents are the major constituents of most clays 

and pottery, are not useful as indicators of specifie clay , -

sources, and fo~tunately do net interfere with the determina-
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TABLE l 

Elements determined, with half-lives and gamma-ray 
energies of the radioactive species used in the determination 
of their concentrations with reference to Perlman-Asaro 
standard pottery. H~lf-lives and gamma-ray energies are 
taken from Wakat (1971); standard-pottery composition from 
Perlman and Asaro (1971: 187). Elements' in the top half of • 
the table are determined from the first activity measurement, 
the rest from the second. 

Element Determined Half-life 
/ r from (d=days, 

y=ybars) 

Antimony 122Sb 

Arsenic 

Barium 

Calcium 

Lanthanum l40La 

Lutetium 177 Lu 

Samarium lS3Sm 

Ytterbium 175Yb 

Cerium 

Cesium 134cs 

Chromi um 51cr 

Cobalt 60co 

Europium 152Eu 

Hafnium 181Hf 

2.8 d 

l.10 d" 

12 d 

4.5'3 d 

1. 68 d 

6.7 d 

l. 96 d 

4.21 d 

33 d 

2.05 Y 

~7.8 d 
{ 

Gamma-ray 
energies 
(keV) 

564.1 

559.1 

496.2 

1297.1 

1596.2 

208.4 

103.2 

396.1 

145.4 

604.6 
795.8 

320.1 . 

1173.2 
1332.5 

1407.9 

Composition given 
by Perlman and Asaro 
,for their standard' 
pottery (ppm, except 
Fe in %) 

1.71 + 0.05 

30.8 + 2.2 

712. '+ 32. 

44.9 + 0.45 

0.402+ 0.036 

5.78 + 0.12 

2.80 + 0.36 

80.3 + 3.9 

8.31 + 0.55 

11S.1± 3.8 

14.06± 0.15 

1.291± 0.034 . 
6.'23 + 0.4~ -

Jron 

12.7 Y 

'42.5 d 

45 d 

482.0 

1099.3 
1291.6 

L017+ 0.012 (%) 

~. 
Rubidiùm 

Scandium 

'l'anta1um 

Thorium 

86
Rb 

46' 
Sc 

'\ 
18.66d 

83.9 d 

115 d 

27 d 

1078.8 

889.2 
1120.6 

1188 :9 

311.9 

70.0 ± 6.3 

20.s5± 0.33 

a 

'1.55 ± 0.044 

13.96± 0.39 
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tion of other more sensitive elements. There are, however, 

trace elements of possibly greater value in characterizing 

clays"which aiso are not suitable for analysis by neucron 

activation: lead is the most important of these. 

The week-Iong wait between the end of irradiation 
1 

and the receipt of the sampl~ prevented the deterrnination 

in this study 6f various s~rt-lived aGtivated elernents which 

are deterrnined by other l~bor\tories. Arnong these are 

manganese, potassium and ~?dium, aIl with half-lives of less 

than one day. Though they have occasionally,been considered 

unreliable on geochemical grounds (see section 1.1), the y 

would seern nevertheless to be essential in certain instances 

in distinguishing among very sirnilar pott~ry groups (Bieber 

et al. 19751 Il). 

/ 
Elements with half~lives"between one day and two 

" • 0' 

weeks suitable for neutron activation analysis include those 
,-

given in the top half of Table l, and also gold, titanium, 
<> , 47 ' 

and uranium. Of these, 'titahiurn (rneasured frorn Sc) and 

gold were not detected in this program of analysis. Uranium 

was detected ,only in about half of the samples, usually with 

a 40% standard deviation, and so was not reported. The re-

maining eleven elements in T~le l were determined from t~ 
, ~ ~ 

second activity measurernents, made three to four weeks aft1f 

.irradiation. i}Y this time measurements o~, longer duratiorf 

could be made, and as the high background ac~iyity due to the 
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shorter-l~ved radioac~ive species had died down, the longer-

live~ activated. e1ements cou1d be more accurately determined. 

v~e5 for nickel (measured from S8Co ) and zinc content are 

a1.0 occasionally reported by the Lawrence Berkeley Lab 

(Pertman and Asaro 1969) but ,these elements were not detected 

in the present study. 

Calcium is' an element only weakly Îactivated in a 

neutroo flux. However, it occurs in sorne ceramics as a major 

constituent of up to ~% by weight, in which case it'can be 

easily detected. Unfortunately, the Perlman-Asaro standard 

pottery contains no ~alcium, 50 that indirect standardization 
~ 

was used. The magnitude of the l297-keV peak of 47ca was 

compared with that of the 1291-keV peak of S9pe , both corrected" 

for deç;y to seven pays after ir~adiation. To arrive at an 

absolut~va1ue for calcium conce~tration, a sample tube con­

taining ~own amounts of standard\pottery and of anhydrous 

calcium oxide was irradiated. A comparison of the magnit~des, 
\ 

of the calcium and iron peaks in that samp1e revea1ed that 

peaks of equa1 ~ize indicated a calcium content of 15.9%, 

with a standard deviation of 12% of that value.- The precision 

of this value was sufficient for tbe purposes of this study: 
-. 

The final results are presented in Table II. 

Estimation 'of Analytical Precision 

The idea1 way to estimat~ the precision of the 

.. 
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TABLE II 

Trace-element co.ncentra~ions of the pottery 

samples from Lake Vouliagméni, Perakhora, 

CeIjltral Greece. 
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TAIIl.~ Il TRAC~-~L~N!NT eOhC~HTRATle~s 0' THE ~OTT~RT SA~l.!S ~~~ LAK! VOULIAGM!NI. P!RAKHOAA. C!HTAA~ G~IICI 

ALI.. V41..ueS ~lvrN IN ~ARTS ~~R "'I..LION !KCE~T CA A~ l'E. GIV!N IN ~!RCENr"GE 
A Z~O "NTAT r"OICAr~ THAr AN !L!~Hr .AS NOT oeTacrao IN A PART'CVI..AR SA~PI..!1 A DLANK. THAr IT WAS NOr DETeRMINED 
THI,COLOVR NOTATION IS EX~AI~D IN SECTION 3.1 

10 COI.olUlt F"SIHC ~0It .. 

010 
011 
OU 
Oll 
01" 
015 
016 
101 

'''2 10l 
1". 
105 
~06 

'1'1" 
1')11 
III 
III 
H3 
Il'' 
liS 
116 
IS 1 
151 
153 
15. 
US 
156 
.57 
IS. 
l'n 
l60 
Z)I 
201 

Z:'- J 

1'. 
235 

2". 
3111 
3?Z 
JOJ 
3',. 
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88. 7.61 1 •• 5 lai. 13.1 19.0 l6.3 3.60 o.lIa 1.92 0.2eo 7.2 2.67 O ••• 163. 3.ll 19.Z 6.6 0.43 
7J. 5.~6 IS:6 212. 13.a ZI.2 "1.2 3.92 0.~3 2'''3 0.33l 6.0 J.26 0 ... \ 139. 3.2" \7.1 7.1 0.6. 
911.6.77 21.1 2J9. IS.7 2 ••• 48.3 4.6<; 1.10 2.~. 0.3'\ e.s l.4' 0.72 220. J.9J 2 •• J •• 1 0.92 
l'ft. 7,'9 20.1 loa. IS.? 2S.a .. 7.6 •• l8 1.01 2'''5 0.J17 •• 0 J.lJ 0.41 215. 3.92 Z4.5 9 •• C.7S 
67. 5.51 20.7 256. 'S.II 2 ... 0 4!.1 '.J' 1.02 2.'" 0.324 8.0 3 •• 3 0.5. 200. l.91 25.t a.a 0.97 

169.16.55 0.0 206. Z2.S 27.6 51;2 ... 24 1.06 2.Ol 0.374 9.2 l.o~ 0.e6 267. 6.l1 37.3 15.5 1.10 
150.12.03 Il.~ 266. 22.7 2'.5 52.0 4.07 0.97 2 ..... O.lll tO.7 J.46 0.64 Z68. 6.J6 J9.0 &J.S 1.16 
56. 6.03 8.9 7J7. 21~I 22.0 4~.6 0.98 2.30 0.3l6 6.1 l.le 0.21 261. 5.24 J9.2 12.1 0.91 
2S. 4.25 a.013~2. 19.7 23.l .S.O t.OO 2.\J 0.J08 '.3 3 •• 0 0'''2 556. S.t8 .. 5.8 tt.O 0.73 
20. 5.92 10.3 757. 20.7 2b.5 5e.1 0.52 2.J5 0.32a 9.6 4.31 O ••• 277. 5.15 26~9 ... 0 1.'" 
'4. 4.20 1".~16'55. 15.0 2~." 39.0 0.92 l.e9 O.2~1 '.6 2.,Ç 0.2. _24. 3.97 36.6 6.9o.e .. 
.. a. J.ao 6.010~6. 22.6 la.7 3~.1 1.03 2.03 o.J~O ~.7 3.92 0.61 l10. 5.07 32.0 1 .... I.ao 
56. 5.70 5.12109. La.J 33.0 66.0 5.'3 o.e~ 2.53 o.J~a 'I.e ~.oo 0.1l 18' .... 7a 20., o.~ 0.69 
56 ••• 62 9.2 7Jlo 19.6 2~.4 4001 1.06 2.41 o.liz 6.7 3.411 0.211 l25 ••• 70 3J.5 5.a C.$6 
77. 4.11 7.$150Z. la.~ 23.2 .. ~.7 3.6. 0.99 2.1S 0.J21 7.J 3.6& 0.7& 532. 5.1. l7.0 6.8 0.79 
ZI. 6.41 14 •• "fl6. 16.4 21.7 39.1 0.11 1.97 0.ZS6 6.0 2.92 0.36 260. ".10 29.9 a.l 0.6a 

·lIa. 5:50 lZ.OIIl).-llJ~1 2J.a .,., \.02 2010 0.28!! 7.32.970.3936 ... 4.65 3 ... 0 10.Z 0.09 
89. 6.16 17.1 .. 70. 1 .... 18.5 )'.6 O.S& l.e2 0.2.7 S.l 2.$3 o ••• 2711. l.65 29.1 8.1J 0.56 
a7. 7.6717.5506. 16.J 2J.5 39.8 J ... O 0.92 2.590.28\ 6.52 ... 70.&3 J06 .... oa 29 .. 1 ~.O 0 •• 7 
711. 5"$ Iz.ftlOOJ. 17.0 21.1 40.2 1.01 2.22 0.21\3 6.7 J.O& 0.7. 25 •••• 23 25.0 7.2 0.77 
2l ••• 29 16.8 171. la:1 21 •• 3a.2 ·0.99 2.02 0.270 7 •• 2.9~ 0.25 l80. '.!>6 33.9 '.8 0.74 
23. 9.18 '&.8 8S6. 15.6 2~._ &6.8 ".21 1.10 2.62 O.~91 8.0 3.53 O.b4 217. 3.90 L •• ~ 7.6 C.Ç2 _o. 7.25 ·~.3 633. 23.8 26 •• '3.6 4.15 1.17 2.t9 0.350 Ç.l l.q~ 1.Z3 527. 6.00 42.6 '.6 0.71 
27.7.3' Il.9"566. 1'B.9 25 ... 50.\ '4.441.082..-60 0.J"5 8.9 •• 020.59232.4.7027.1 9 •• 0.7 .. .5. 3.6' 7,112216. 20 •• 19.6 J7.t •• Ol 1.00 2.45 0.J30 6.2 J.J9 0.5\ Ill ••• 92 30.0 60.7 1.92 
98. ".58 1.9286.21.922 ... 47.9 4.9Y 1.24 ".00 0.499 7.8 e.63 0.511 '02 .... 5919.2 9.11.87 
6~. 2.JO 0.81112. 19.7 la.9 '2.2 •• 29 1.06 ~.09 0.528 5.9 5.01 O~75 238. 4.09 23 •• 7.8 I.oa 

115.3.20 2.1106"5. 2Z.5 21.5 ••• 2 5.06 1.2e 3.15 0.4711 6.11 4.113 0.562\0. 4.66 21.l 11'.6 1.4IZ 
55.2.87 5.11109.23.6 26.2 51.95.72 & .... 3.711 0.547 7.5 5.28 0.70 209 ••• 75 24.' Il.0 &.37 
67 ••• 09 '.5 479. 20.2 23.6 47.2 5.~e \.2J J.20 0.495 7.~ 5.66 0,77 164 ••••• 2J.0 8.7 1.51 
68.0.90 7.6IlZ8. 26.0 32.9 69.0 5.32 1"0 3.02 0.311a IZ.6 J.8Ç I.I~ 292. 6."2 36.1 Il.a 0.70 
27.5.6'9 13.7 951. 15.2 22.3 46.1 4.12 IodO 2.47 0.295 s ... 3.a~ o ••• Z.2. 3.51 21.0 a •• o.l. 
97. ~.O' 10.3 609. 12.6 19.5 37.23.06 0.e3 ~.Ol 0.300 Il.5 3.36 0.59 177. 3.08 le •• 7.80.?3 
81.3.70 7.b 7.~. 21.5 22.3 05.5 ".60 1.19 2.t6 0.40: 7.J 4.27 0.61 47_. 4.96 32.9 13.0 I.IJ 
39.5.12 1 •• ]1238. 17.7 22.8 ..... 94.11 t.05 2.2/1 0.355 7.2 J.57 0.47 J50 ••• 47 JO.l 9.1 0.83 
S9.3.53 8.6 116" 24.0 20,6 .3.8 '.23 1.17 2 ••• 0.l16 6.5 J.41 0.06 .. 29. S ..... 1.5 S.50.DO 
8J. D.1I2 19.9 '.8. 12.0 19.2 J9.6 J.JS 0.79 1.61 0.2JO 6.' 2.50 0.06 169. l.07 22.2 5.2 0.64 
42. !:i.âs 13.01232e 15.6 3e.a 6:5.0 1.68 J.03 0 •• 22 11.1 4.83 l.61 3l0 ••• 99 26.3 25.2 0.93 
70 .... 75 9.2 900. ZI.I 23.5 .7.94.64 1.20 2.~3 0.349 9.1 3.80 0.77 501. 5.32 J7.7 6 •• 0.73 
1 ... 1.311 6.51513. 2501 2 ... 4 SJ • .J '.el t.23 2.e9 0.l73 7.8 3.410.72 539. 6.09 '5.9 5 •• C.7] 
72.2.119 0.014'0.22.2 33.9 69 •• 5.JO &.25 l.el 0.J67 10.l J.78 0.79 4d2. 5.711 lll •••• a 0 •• 7 
7 •• 4.72 5.6 299. 19.7 20.0 .. 0.0 3.48 0.96 \.9. 0.296 6.2 2.87 0.561110. 5.04 411.9 •• 2 C.12 
7a. 5.99 \7.1 560. t7.9 \11.6 35.2 J.53 0.87 2.08 0.26. 5.9 2.5Ç 0.47215. A.l. 29.2 6.3 0.78 
16. 5.63 1-.l 50<1. 12.6 17.4 .J2.2 3.12 0."2 I.E2 0.21\4 5.2 2.01 0.76 291 • .J.J8 29.2 7.2 C.65 
68. 4.l2 \6.5 7JC. 13 •• 20.s J6.\ 3.e. 0.92 1.90 O.~~ 6.2 2.65 0.25 169. J.311 25.l 7.1 C.e5 

107. 8.0~ 6.2 J85. 2J •• 38.0 6Ç.2 8.71 2.J9 5.~. ~.710 Il.8 5.lIe 0.60 122. 4.38 19.6 0.0 2.26 
79. ft.". 10.5 450. 1 .... .!1.\ 40.7 ".oa t .07 2.60 0.367 " •• J." ..0.51 151. 3 •• a 19.6 12.5 1.IS 

10J. 6.60 Il.3 •• 5.19.5 26.:. .6.55.111.312.720.39. 7 •• 3.7,0.50.\6 ••• 74 3J.9 8.10.96 
109. 7.76 t.l Z81. 17.925.2 52.64.36 I.C2 2.41 0.395 10.0 5.11 0.56 oZ,. 4.79 l6.5 •• 0 C.l2 
.~. 4.52 8.9 ,.2. 16.6 19.7 37 ... J.'? t:OO 2.05 0.279 6.6 l.a2 o .... 161. J.as 2 ... S 6.9 0.7. 
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10 C~Ou. ~A8QIC ~ou. .B C$ CAOC) BA sc I.A CI!! , .. ev 'l'II I.U TH H~ rA CR ~eiXJ CO AS s. 

"1: 1 
01) 6/2 CO~A!IE"" 80"1. Alle .2. ,.90 S.2 ,,2. 20.0 11.5 61.5 4.Z., 1023 l.1I4 O.~~17 7.9 5.U! O." ". 4.01 16.5 '.2 l.U! 

4'2 •• '4 COARS! 00_1. RIM 120. 6.Al ,.3 313. 13.0 lll.t 57.0 T.29 Z.OI 5.22 0.7'0 ,9.0 6.76 0.72 92. 4.36 16.5 20.2 2.112 
413 & !Ii'2 SEN'-IN! "tO"&. AI" ~t. 4.20 16.4 4.0 .. 18.022.00 41.6 4.2:! 1.03 ~.19 0.3C9 7.4 z.e .. 0.61' 331.4.4;9 3Z.1 J.~.o O.e • 
• , .. 6 7/4 ~ftnru. PAN ~I~ lOS. ~.~s '-.0 ~e •• 15.8 21.0 J9.2 J.64 0.81 1.64 0.304 7.0 2.l~ 0.56 363 ••• 18 33.9 0.0 o.a. 
"15 T "/2 .. ~OIU.. .JAIt 'U.. 1011.7.17 13.!I "~e.~19.5 24.3 46.4 4.2S 0.9a 2.22 0.339 Il.3 2.70; 0.111350.4.91 J7.1 6.11 1.70 
"16 T 7/2 .. !)Iuoo ~ ~I~ 94. Il.TO It.e T4J. 111.5 22.0 3J.6 '.15 ~.10 Z.33 0.324 6.1 3.16 0.511 175. 4.lJ 31.11 la.e 1.6e 
417 .a 7/2 'IHE SAUC!A 55.11.54 13.2 2ql. 20.1 2'.5 S6.0 4.92 1.11 2.48 0.J29 9.7 3.l~ 0.56 29J. S.09 34.2 6.2 ç.çJ 
41a 9 Il'1 -104t! JAR RIM 114. 6.0S Il.0 4al. ll.a 32.4 6201 s ••• 1.23 2." 0,'0. Il.6 ~.7:! 0.116260. !I ... 2 3..1.2 0.0 1.01 
.1. 6 '/4 _rOlUM ~o~ At" 91.6.23 13.4 344. l5.2 23.6 ••• 2 4.36 1.06 2.67 0.350 7.7 3.61 0.98 198. 3.8' 27.~ 4.9 G.el 
420 0 7/4 SF~J~INe 80~ RI" 91.10.80 10~1 2~0. 13.1 \9.' 34.' 3.67 0.85 2.Cl 0.321 6.0 2.5J 0.37 111. 3.25 22.4 r.2 0.90 
421 r 6/t l'1Nt! BOIot. IlIM 116. a.91 2.2 511. 1!I.3 40.9 79.1 6.3& 1.5~ J.19 0.4\7 Il.S t.Z .. 1.44 J30. 4.J\ J6.0 12.3 '.Il 
422 1 7'4 ~fniUM 80_1. R'N 74. 7.40 lS •• 489. 10.J 17.6 J4.3 J.J~ 0.611 I.'~ O.2~J S~ 2.42 0.55 148. 3.90 25.6 J9.3 1.17 
5')1 S 7/1 !fINE cort SKYPl:iOS 12.5.50 6.1111"4.20 • .5 J6.4 61.4 5.ZJ I.JZ z.eT 0.414 IZ.7 J.Je 0.40 297.6.42 37.11 O.OI.Ol 
5~2 ., A'J .. , ..... CUR SKYPH05 ll~. a.45 10.11249. Z4.1 l •• 6 66.54.70 1.211 2.82 0.472 12.1 J.73 0.11528". 601!1 3::1.d 0.0 o ... " 
5'3 67/7 -'NE coq ~J~.~O.L 174.10.50 7.21014.24.3 J8.5 70.6 4.9Ç 1.22 J.CO 0.427 Il.e J.60 1.11 20~. 6.04 Jl.9 0.0 0.00 
5~. 1' 8/' ~t~e :OR SKY~OS le2. 9.06 11.21Il2. 2l.0 lo.' 65.95.94 \.20 2.7S 0.J90 Il.4 !.2@ 0.56 271. 6.06 l2.2 0.0 1.76 
5~$ 7 ~/l 'IN! COR PYXIS t.IO 16S.9.90 9.2 182. 24.1 J5.9 0'.' 5.J6 1.40 2.72 0.428 Il.T J.10 0.114 216. ~~2e l •• G 0.0 0.64 
S~6· 6.,/'5 'I~ COA !\KY",",OS 176.ll.04 5.6 842. 26.7 J7.11 711 •• S.8"~I.3.9 J.05 0.4JZ 13.0 4.35 1.23 6JI. 6-."3 .J.I 0.0 1,'9 
5"'1 • "". ~I""~ Mye: SPOV1 7:».9.16 Il.a 739. 26.538 •• 73 • .3 5.32 (."5 3.1) o •• ~o Iz.e ".~I 1.06 28l. 6-.6\ 12.2 0.0 0.0.0 
~~8 1 IIr1 "1Nt! "YC 5ttl!:R> 137. 7.31 \0.01026. 24.6 311.969.76.\6 1.39 3.0<> 0'''76 12.\ ••• 7 0.91 320. 6.19 '32.9 1).0 1.1:1 
5~~ 6 7/. ~tN~ MYe ~~LI. ~57. q.8~ 8.4 ee~. 23.3 3'.9 67.1 5.8~ 1.22 2.72 O.~72 Il.6 2.76 0.4Z 2~l. '.80 Zq.o 0.0 0.92 
~IO T 7'1 ~lNe eH SttF.RO 161.21.10 0.0 985. 23.7 Jl.4 62.5 4.93 1.2J 2.75 0.355 12.1 2.99 0.79 285. 5.76 34,4 ,0.0 1.07 
,\1 4 A/Z aiNF. COR SltYPI10S 161.9."2 10.6 7:'7. 22.5 36.2 6601 6.ll I.J4 2.el 0.41l \2.2 1.50 0.82 251. 5.51 JO.\ 0.0 1.13 
51t 6 a/4 ,tN! COR IIlS! 132. ~.ql 0.3 a35. 2l.3 3!1.S 6 •• 4 5.5T 1.31 2.97 0."52 12.7 3.3t 0.99 27e. '.70 32.6 0.0 o.çç 
~i3 1 7/1 ~INe CO~ P~XlS 1.10 \4', 7.93 7.0 602. 1~.7 3\.0 56.7 .... ., \.17 2.~1 0.372 9.:1 4.03 O.es 301. ".77 29.2 9.6 1.0:1 
514 6 7'. -I~l!: CUR PYXIS I.ro 97. 6.3S 9.SI03~. 20.7 3 •• 2 :14.35.13 l.J2 2.<>6 0.413 rO.9 J.40 0.S5 254. S •• 5 J2.11 18.T 0.90 
516 6 T/" ~I~e MYe KYI.I~ 136. 7.50 8.TI0116. l2.5 J5.3 64.4 S.47 1.31 3.67 0.417 12.1 3.75 1.05 275. 5.6\ 30.0 0.0 O.~l 
51T 7 ~" 'I~! Mye ~O~1. 122. Il.09 9.9 7J2. 22.4 J5.6 64.~ S.59 1.29 2.6& 0.4.1 Il ... J.ll 0,'3257. 5.5l 36.6 0.0 1.10 
51a 6 e/5 ·I~~ MYC 90_1. 141. 6.S4 7.71204. 19.1 l\.6 61.35.27 t.2J 2.78 0.J75 10.2 4.2J 0.&6 25&. S.Jl 27.8 0.0 1.0' 
510 a 1/3 FIN! ~yC S~ERO 86. S.42 7.61090. 21.4 JO.2 67.0 ~.S6 I.J7 2.92 0 •• 19 12.4 ... 66 1.02240. 5.711 33.6 0.0 1.43 
S20 1 e'3 =I~ "YC HOWI. IJ5.5.TS Il.5\1:14. 2\.3 33.563.0 :I.e6 1.25 2.70 0.386 Il.3 4.32 0.66 272. 5.50 26.0 0.0 0.111 
521 6 7/' rl"e COR L .... aSpOUT 206.12.20 0.0 913. 24.S 3!1.6 7301 6.57 1.44 3.23 0.439 12.0 •• Oç 0.9' 632. e.20 31.4 47.1 1.61 
~2 • a" ~IN~ _TC SHE~ 130. 9.02 9.2 744. 2l.3 1~.1 61 •• 5.l0 1.2l 2.4~ 0.466 Il.4 4.62 0.90237. 5.53 27.0 5.00.ÇI 
523 6 8/4 ~I~E .. vc S~!~ 15$. <:I.l6 T.I 759.22.1 3l.1 53.0 5.1. 1.22 2.SS 0.366 Il.5 l.94 0,16 24l. !I.51 27.0 6.7 0.96 
574 6 7'4 ~tN~ MVC H~H~! 119.10.52 0.0 71 •• 22.0 ll.4 5 •• 1 5.\7 \.10 2.36 0.3.7 Il.5 3.S. 0.63 271. S.60 25.3 4.2 0.90 
5~5 6 Il', ~INE MYC SOwl. 179.29.63 Il.11 7211. 2 ... 9 ::16.6 60.1 5.00 1.17 3.09 0.41. 12.::1 3.54 1.02 281. 5.40 3\.4 15.a l.a4 
526 • 8/2 ~IHe MVC 80.~(71 51. Il.111 lJ.'2046. ZO.7 31.S 55.0 4.72 1.21 2.79 0.356 10.7 3.32 0.76 2911. S.45 28.6 0.0 e.9' 
601 T 6'2 CO-RS! "RYINCPAI't 67.4.S6 5.2 e39. 19.6 2T.e 61.36.26 1.56 J.~O 0.71J 9.0 '.Zç 2.0e IOZ. 4.02 86.4 19.3 1.92 
6-'2 571' "t"'! J"~ 61t. ).55 2.01110. '1.8 23.0 52.92.84 1.22 2.680.371 <;.6 '.10 1.le 99.501122.6 7 •• O •• J 
6:\3 6 7/S FI .. ~ "AR 12a. 9.1' Il.0 1511. in.4 32.3 59.3 5.::10 1.12 2.5'5 0.J99 1101 3.511 0./14 2:13. 5.16 2S.Z 12.1 O.SO 
60. 76/1 "&OPIUM .lue 122.5.10 2.3 911t. 24.2 2'.6 54.1 '.63 10153.240.461 e.1 .... ., 0.9. 141.5 •• 134.5 9.0 0.117 
."5 .., 1/4 ,..IN&! RO"'&" 7' .. 5.07 1 ..... e7e. 1.l.4 .32." 66.2 5.37 1.2Z 2.~1 0.:170 11.6 5.'!S2 1.11258 • .J.qJ :JO.l 13.8 0.12 
6"6 T "'3 ~1"Ie ao .. 1. 156. 7.6T 8~714. 23.1 3l •• 65.0 S.52 1.311 2.ÇIl 0,'0. Il.6 3.36 \.07 2.,. 5.62 25.11 9.2 0.72 
617 T 7/~ .E~IUK ~RYfNCPAN q •• 7.21 2.2 1120. 15.6 30.6 60 •• 5.0S 1.26 2.S5 0.J6' 9.6 $.I~ I.OZ l3'. 4.21 J2.0 9 •• 0,'2 
6~' • ~Fl ~~OIUK ~AY1NÇPAI't a9. 6.26 S.6 662. 20.4 26.9 59.5 5.65 1,"9 3.44 0.'91 8.T 4.'0 0.72 1 .. 2. 4.40 23.8 13.3 1.01 
6?<:I • "/4 -l'If I.AOU!17) 154. Il.71 Il.0 59~. ~ •• 8 35.e 69.3 5.e& 1.::17 z.e .. 0"J5 12.11 4.10 0.S4 "25 •• 5.116 ·::I~.9 \0.3 I.l' 
610 6 6/11 SE"I~'HE SOvl. 116. 6.01 6.4 785. 20.8 31.6 01.1 S.04 1.24 2.57 0.::1117 10.4 3.le 0.115 2011. 5.2" 20.4 11.8 0.98 
611 ., 6/2. cn"RS~ FAV"' .... cPAN $f. 3.q4 •• 112~:). 21.0 17.8 l~.O 4.0' 1.06 .l.CZ 0.4.10 6.1 •• 160.49 10". _.~a ' •• 0 l7.6 1.39 
61Z ., 6/Z :O'R5I!' "RY'NCP"", 74. Sol" 601 446. Ib.S 24.3 46." 4.61 1.05 2.~9 0.381 7.5 l.7t 0.61 94. J.es 11.11 Il.7 C.65 
61l 7 6/~ CO.AS! SCOOPI?t 106. 6.60 6.8 18J. 25.1 24.~ 5C.~ 4.J9 1.22 2.47 0.J4& 7.9 3.20 0.30 20l. 5.9S 32.8 14,Q O.~O 
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analytical method would have been to analyse the same pottery 

sample about a dozen tirnes during the program of analysis 

and then, for eaçh elernent determined, to calculate the 

standard deviation of the concentration values obtained. 

Limitations of space within the irradiation capsules made 

this precedure less appealing, so that instead almost the 

same information was obtained using the Perlman-Asaro pottery 

standards. Originally, two standards had been placed in 

every capsule to act as a ch~ck on the uniformity of the 

neutron flux during irradiation. Since almost aIl the possible 
1 

sources of error affected the standards to the sarne extent 

as they affected the sarnples, the standards were used for 

estimation of analytical precision. 

Possible sources of error were due to several factors. 

During the irradiation itself, only non-uniformity of the ' 

neutron flux and self-shielding within the capsule could have 

caused the sample and standard to ~eceive differing neutron 

doses. Slight yariations in the position of sample tubes 1 
during activity measurernents, together with the inherent un-

certainty of these measurements due to the statistisal nature 

of radioactive decay, also contributed to the total uncertainty. 
, ~' , 

A third possible source of error was the weigh~ng of the 

pottery powder into the tubes. 

The treatment accorded to the sample and standard 
, 

pottery tubes differed only in the duration of their ac.tivity , 
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measurements. Because for a given sample the precision of 

an activity measurement is directly proportional to the 

square root of its duration, measuremeht periods for the 

standards were several times longer than for the samples. 

Therefore, to the estimated precision calculated from the 

pairs of pottery standards was added a factor resulting from 

the shorter measurements of sample activity. 

The actual calculations w~re done as follows: 

fo~ each element, the pair of activity values from the pottery 

standards (corrected for differences in weight and interval 

between irradiation and measurement) was used in the usual 

formula for estimating the standard deviation of a small 

statistical sample (e.g., Bevington 1969): 

l 

N-l 
- 2 (xi -x) 

5.8 - l 

where s ia the standard deviation, N the number of observations 

(2- in this case), xi the value of the i'th observation, and 

x the mean value. Expresaed as a percentage of the mean value, 

for N = 2 this formula simplifies to: 

s • 100% x 
ls (XI-X~) 2 

5.8 - II 
x 

This standard deviation waa averaged for each element over 

the total of 17 capsules used in this programme of analysis. 

The average represented the cont-ribution ta the total un­

certainty of aIl factors except the shorter activity rneasure-
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ment of the samples. 
.. 

This latter factor was estimated using values of 

activity-measurement uncertainty taken from the results of 

the spectrum-analysis program. Since these values varied 

slightly, increasing as the delay between irradiation and 

measurement increased, averages were taken over the 16 samples 

in two capsules irradiated simultaneously and analysed 

consecutively. ~xpressed in percentage forro for each element, 

the squares of these standard deviations were added to the 

squares of the anes calculated above, and the square root of 

the SUIn was taken. (The sum of squares rather than the direct 

sum was taken because only var~ahces, or squares of standard 

deviations, can be directly a~aed.) The final uncertainties 

are given in Table III. 

Tabl~ III gives the uncertainty in the reported 

values for elemental ~centrations, relativ\ to the com­

position of the Perlman-Asaro standard pottery. 1n fact, 
0;-- " the reported values for that pottery are accompanied by their 

own standard errors. For the pûrpose of internaI comparisons 

among various samples analysed in this project, the value's 

in Table III are the côrrect uncertainties. For compari~on 

with pottery analysed using other standards, or analysed by 

methods other than neutron activation, the uncertainties 

reported by Perlman and Asaro must be added to those given 

" , 



TABLE III 

AVERAGE ANALYTICAL PRECISION 

FOR ELEMENTS DETERMINED (IN PERCENTAGE) 

Rb 18.1 Lu 6.1 

Cs 7.2 Th 6.2 

Ca 9.1 Hf 11.1 

Ba 27.0 Ta 20.3 

Sc 2.4 Cr 3.7 

# 
La 3.2 Fe 2.2 

Ce 5.4 Co 2.5 

Sm 3.2 As 17.7 

Eu 5.1 Sb 21.6 

Yb 6.5 

.. 

l 

• ; 
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in Table III. For the ~ement ca1ciUl'll~ not present in the 

standard pottery, the/standard devi~ion value of 11% arising 
\ 

f h f h 47 d 59 .... h rom t e rneasurement 0 t e Ca an, Fe act1 V1 tles ln t e 
'" 

special sample tube irradiated as a, ~1Cium standard (see 

section 5.7) is to be added to the value quoted in Table III 

lf cornparison with pottery analysed elsewhere 1S desired. 

\ 



, 

\ 

6. RESULTS AND DISCUSSION 

6.1 Theory of Grouping Procedures 

In the form of Table II, the results of over one 

hundred pottery analyses reveal 'very li ttlé of the variety 

of typiéal ceramic compositions found at the vouliagméni 

site. Had only a LeW analyses been'done or only a couple 

of elements determined, visua1 inspection of Table II could 

have sufficed to extract all the information contained in 

the data. 

The tise of computerized data processing is made 
J 

necessary by the requirement that the results be objective, 

reproducible, and quiCkly obtained. In ~his study two 

approaches were used: cluster analysis and multivariate 

statistics. The initial formation of groups by the clustering 

of individual s,amples, followed by the refi.nement of these 

groups ~sing di~riminànt analys{s, was found to be the mos! 

~ff~cient'means of handling the data. 
f' 

\ 

6.1.1 C1uster Analysis 

~ 

The Set of techniques known collectively as cluater 
. 

analysis was developed in the late 195:ioIS~bY mab~ematical 

biologists who wanted to derive Objecti.e classifications of 

speéimens or species using as much morpho ogical, physiological, 

- 65 -
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and genetic information from each one as possible (SakaI and 

Sneath 1963). These methods were saon applied also by 

archaeologists ta the classification of artifacts, at first 

by form (Hodson, Sneath and Doran 1966), and later, by the 

resultd of chemical ~nalysis ~Hodson 1969). Today the y are 

almost ~ rigeur for larger-scale analytical programmes such 
, 

as this one. The following explanation is derived primarily 

from Sneath and SakaI (1973). 
'\ 

The aitn of cluster analysis is the production of 

classifications. Given information about a number of objects, 
• 

an analysis arranges these objects into groups 50 that similar 

objects are found in the same group. The final result, the 

classification of the objects, usually allows useful conclusiQ,Ils 

to be drawn concerning relationships among them. 

Essential to the use of cluster analysis is an 

understanding of the concept of similarity, either between 

two objects, or between an object and a group of objects, or 

between two groups. The similarity between two objects is a 

m~asure of what they have in common. This concept has been 

given nurnerical meaning so that it may be treated mathematically. 

Identical objects are said to be 100% similar and totally 

dissimilar abjects are said to have zero similarity, with a 
;> 

continuous range existing between thase extremes. Complementary 

to the notion of similarity is that of dissimilarity or distance. 

Two objects are relati vely sirnilar if the y are "close to, each 

.. 

/ 
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other" in sorne waYi i.e., if the "distance" between them is 

small. This ~distance" can be defined in man y different ways 

depending on the abjects being studied. The only requirement 

is that given information about a pair of objects, a mathematical 

formula for distance will yield a single, non-negative number. 

Inlthis study the information given consists of the set of 

trace-element concentrations for each pottery samplei i.e., 

Table II. Sirnilar sarnples are those which have similar patterns 

of trace-element concentrations. The most useful distance 

formula for use with trace-element concentrations has been 

found to be squared Euclidean distance (Bieber ~~, 1975). 

This measure is the surn of" the squar~s of the differences in 

the concentration of each element in the two samples i ' in 

mathematical terms: J 

m -f B.) 2 DA,B = L ,~Ai l. 
i=i 

, 

where DA,B is the squared Euclidea,n distance between samples -
A and B, m the ~umber ~o~, ~leme~ts determined, and A.i. and Bi 

~, . 
the concentrations of the .t'~. th e~ement in samples A and B 

~ . \' 

respecti vely. Geometrically r. 'this measure represents the 
)"t" " 

.> "-

square of the distance betw~en t~e two samples when they arè 

plotted as points in m-dimensiona~.pace, with one dimensi?fi 

for each element. 

Al though not easy to visualize in teh or fifteen 

dimensions, t1'\is -distance is a natural extension of ordinary 

Il 
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distance in two or three dimensions, and small squared 

distances between samples in fifteen dimensions imply similar 

compositions just as they do in a simple two-dimensional plot 

'such as one showing lanthanurn and lutetiurn concentrations. 

In practice, a minor refinement is made to the 

distance formula. In place of the raw concentration data, 

~ • the c~on togarithms of these data are used in the calculation 

of distànce. This is done for two main reasons. First of aIl, 

it eliminates the distorting effect of scale on the distances. 

If log-concentration data are used, the difference by a fixed 

factor of the concentration of a trace element between two 
• 

samples has the same effect on the distance formula no matter 

what the original values were. Thus, the difference between 

land 2 parts per million (or 'ppm) of 'an element in two samples 

has the sarne effect as the d~fference between 10 and 20 ppm. 

Also, differences in measurement units for different elements 

are not important. In this way iron can be measured in percént, 

'europium in p.rm, an~ chromium in hundreds of ppm, without giving 

sorne elements more influence on the distance formula th an others. 

Secondly, work by geoloqists and soil scientists on , .J 
trace elements in rock and soil has. revealed that these elernents 

are usually found in a log-normal distribution; that is, the 

logarithms of their concentrations are distributed in a . 

statistically "normal", manner (Moore and Rùssell 1967). 
.. • _ 'f 

~dherence ~o this ~istributi~n, which has also been found in 

archaeological ceramics (Al Kital et al. 1969), is.a neoessary 
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prerequisite for the successful use of most multivariate 

statistical treatments. Since the data are used for the 

multivariate anaiys"es in logarithmic forrn, it would seern 

preferable ta use them in the sarne form for the cluster 

A further~transformation of the data is·also occas~an­

employed. This is the conversion of the log data ta 

standardized forro, by subtracting the mean and dividing by 

the standar~ de~iation for each element. Every element then 

has tbe sarne amount of "spread", or dispersion. This trans-

formation seerns ta make little differenee to the results of . , 

the cluste~ analyses but is usually done automatically before 

the multivariate analyses are performed. It'may in addition 

save a little computer calculation time. , 

1: 
Armed with a measure of distance be~ween two samples, 

one can proceed ta the actual cluster ana"lysis. The first stép. 

is. the formation of the distance matrix, a table of the distances 

between every pair of samples calculated using the formula given 

above. A.clustering procedure then produces from this tàble 

groups of samples which' are reasonab1y similar to eachother1 

i.e., which have'low inter-point distance~ Tbe clustering 

proce.dures used in this st.udy are a11 of the' 'hierarchical 

agglomerative. type (Sneath and Sokai 1973: . 214). These begin 

the analY,sis with each samp].# in a separa te "c1us~er" consisting/ 

of one ·point. 
.. 

\ The \first step joins the two "clusters" (single 

, 
\ 

\ 
\, 1 
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j 
points in this case) which are closest to each other. That 

pair replaces the two previous si~gle-point clusters in the 

analysis. The next ~tep join~ the two clusters again with 

the smallest distance between thern. These may be two other 

single-point clusters, or the first two-point cluster and a 

third single point. .At each step the twq rnost ~imilar clustePs 

are joined to forrn a single larger cluster. The analysis ends 

when aIl the samples have been joined into one cluster. At 

no time during the analysis can a sample be moved frorn one 

cluster to another using this procedure. 

The results of a· clustering pr?cedure are rnost 

convenientl-y presented as a dendrogram, or clustering' tree 
• 

(see, e.g., Fig.'S). At the left side the tips of the branches 

represent the indi vidual samples. These branche,s join to forro 

clusters as one moves to the right (in the direction of 

increasrng distance betweep sarnples within the sarne cluster),~ 

uQtil at the far right all have been joined to, form ~he final 

single cluster •• The·farther to 'the' ri9ht that two saroples 

join, "the greàter is the 'original distance between them. The 

c14sters at any particular step in the analysis can be obtained 

by slicing ~he tree with a vertic~l line at a particular value 

of the distance coefficient. Each branjh encountered i8 a 

sepa~ate'cluster at that stage. 

Thouqh the distance between two samples ~as been 

defined using the formula given above, the distançe betweef 

.' . 

.. 
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two clusters hAs not yet been defined. In fact, severai 

different,distance criteria have been faund ta be usefui. 

of these, minimum-linkage and average-linkage are the most 

commanly employed. ~he first of these uses as the distance 

between two groups the distance at the point af their closest 

approachi i.e., the minimum distance between aIl pairs of , 

samples taken one fvom each group. Average-link clustering 

uses the aV9j:'age of aIl these ,l'pairwise'' distances.' and accoun~s 

for cluster shape better than the minimum-distance method daes. 

The, first method is subject to "chaining", the formation 'of 
1 

elongated clusters by thé su~essive' additio~ of single samples 

to one or two groups. As F. R. Hodson has nOEe~'G~ouPS that 

are suggested seem reasonable, but relatively few, groups are 

suggested" (197.Q.: 305) _ Its value lies in the preliminary 

cr-eation of a few very disti'nct gro~ps which' can be .elaborated . 
upon using the second method, average-link clustering_ The 

~ 1 

danger with the latter method 1S that it will inpicate the 

formation of groups even when no rea11y distinct groups ~xist. 

The clustering programs used in this study are the 1972 revised 

version of the package called CLUSTAN la, available from the , .. 

University of St. Andrews, Scotland (Wishart 1969). 

, l . 
An additional feature in Wishart's fackage of cluster 

analy'aes is the poss~bility of reloc~tion off indiv1dual samples. 

After every step in the clustering pr9ced~rk (of program RELOC~., 
, ;' 

samples can be re-assigned by their distallces as individual 

points from aIl the clusters present. Each sample i8 pulled 

,\ . , 
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out of its cluster and then placed into the cluster to which 

it is closest. Of~en the sample is put back into its parent 

group, but occasionally sorne relocations are made.' A large 

number of relocations indicates that the original groupings 

were far from optimum. In any case, slight improvements are 

usually made. Since a sarnple can belong to one group at one 

phase in the clustering and to anothe~, later on, dendrograms 

are not suitable for displaying relocation results •. Instead, 

tables are prepared at each step in the clustering listing 

the original clusters :--'the re-assigned sarnples, and the stable 

clusters after r~location. 

The relocation program also h,as options for creat1.~g 
a "residue" of samples which do not belong to any gr.oup (ex.cept 

the ~ingle-point group consisting of themselves alon~), and 

for as~igning ,to the residue also groups containing fewer th an 

a cettain minimum number of samp+es. These options work hest 

,when the relocation ptogrqm is started not from the initial 
• ' J \, 

classification consisting solely of one-point olusters, but 

from a grouping ohtained using another clustering program. 

The final selection of groups from the cluster 

dendrogram cannot b\~.Jt,lef't solely to the computer, ",as it must 

take into account archaeological and other considerations. 

Therefore, human judgement, à,ibei t arbi·trary, is ,normally used. 
1 

.' The kind of results that would be desirable h~s been expressed 

in section 4. 
t 

It may he that the groupings do not form in 

that manner, at any ~até a few large groups accompanied by 
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sorne smaller ones and sorne samples which do not fit into any 

group is a reasonable expectation. The decisions as to whether 

or not two small groups should be joined in the final consider-
, 

at~9n, or whether or not several inqividual sarnples belong to 

a given large group, rnay, depend on either arChaeological fattors 

or criteria related to the precision of the chemical analysis. 

However, certain rnultivariate statistical techniques rnay help 

wi~h these decisions by providing additional information on 

c~uster shapes 'and relationsdips. These methods are discussed 

in the next section. 

6.1. 2 Mhhalanobis Distance and Discriminant A~alysis , 

Given a fairly large group ~f sirnilar sample~, a . . 
statistical test can be carried ou~ to deterrnine with what 

/ 
probability a given sample belongs to that group. Thifo test 

uses à measure known as generalized or Mahalanobis di tance 

(Sneath and Sokal 1973~ 127 and 405). This distan is the 

squared Euclidean distance between a single sample ant the 

centroid (or average) of a group, divided by th~ roup variance 

(or spread) in the direction of that sample. I~/can be 

~isuqlized as the distance between the point an~ the group 

after the spa\ce théy are in _ "has been distorted (by a linear 

transformation) to:rnake, the group spherical in m dimensions, 

where m is the number of variables used in the procedure. The 

statistic known as Hotelling's T2 can be used with the 

Mahalanobis distance to calculate the probability that the 

" 

/ 

.. 
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group will include that point (Bieber et al. 1975). Given ---
a large and possibly diffuse group, a list of the sarnples 

whose probability ot belonging to that group is below'a 
, 

certain fixed level (usually taken as 90% or 95%) can be 

produced. " 

In practice, ~ahalanobis distance can only be cal-

culated when the number of 9roup members ~,s greater than the 

nwnber of variable~ (in this case, ,·elements) used. This ., ~ 

l"irnits the use of th±s,'tést to large groups if. the whole 

suite of elements' determiJleç..is,~to be ~sed, or forces the 

exclusion of several elements from the analysis. Both of 

these approaches were tried in this study . 

. The technique of Il stepwise discriminant analysis Il 

1 was al!'so found to be qui te . useful. This method of analysis 
'" 

takes sets of sarnples which are already separa~ed into groups 

and uses thern to assign néw samples to one of those groups. 
r 

It does this by computing a set o~ linear 91assification 
/ 

functions based\on the data supplied for ihose groups. Then 

the functions are used, together with the prior probability 

l . / 1-that a samp ~ belongs to each g1ven grqUp (usual y aIl these 
." 

/ 
probabilities are initially take~asleing equal), to ca1-

culate the posterior probabiliti9s '0 group membership. These 
1 .li ~'.. .... 

p;obabilitd.es a're only relatiV~'"'ir/contrast to those of the 
. ....--------

Mahal~s~distance method, whicn are absolute. They can 
----- , , 

therefore serve only as guides for group selection. Every 
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sample is assigned to a group, even if it really does not 

belong to ary group. The value of this program lies in its 

ability to assign 's~es which fall between closely-spaced 

groups to one gro~p or the other. 

Progra~s BMD07M and BMDlOM in the peLA package of 

Biomedical Computer programs (Dixon 1973) were used in ·this , 

study for discriminant analysis and Mahalanobis distance 

respectively. program BMD07M gives a plot of the sample 

point~ using the first two "canonical variables" (linear 

cornbinations of the original variables cal~ulated from the 

discriminant functions) to show the, optimal two-dimensional - -
picture of the separation of group1t. This plot, together 

with a similar one produced by thefMa~alanobis' distance 

program, is very useful as a ..mean..s of seèing the Ç>verall 

distributio~.of the samples into groups, and can sug~est~ 

further treatrnent of the data. 

6.2 Formation of Major,Groups 

. The in~tial clustering treatments used as variablès 

the fifteen elernents without missing values in Table II . . 

(after logarithmic transformation), calcium, samarium, arsenic, 

and antimony b~ing omitted. The dendrograrn resulting from 

minimum-link cluster~rig wi~ the sq~ared-Eucl~dean-distance 
measure of d~simdlari~y is presented in Figure 5. Four groups 

.. 
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FIGURE 5 

Dendrogram from minimum-1ink c1ustering of the 

pottery samples, using the standardized concen­

trations (in logarithmic form) of 15 e~ements, 

calcium, samarium, arsenic, and antimony being 

ornitted. 
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were immedlately evident, bracketed in the figure. From top 

to bottom they are as follows: the first of size 15, from 
. , 

010 to 206; the second of size 40, from 418 to 521; the third 

of size 24, from 101 to 408; and the last, a smal1er one of 

Bize 8, from 155 to 604. Poorly-clustered samples lie between 

the third and fourth groups and below the fourth group. The 

second group is quite tight; i.e., it forms at a low level of 
1 

the "distance coefficient. The fourth one on the other hlnd, 

is loo~e. Substruéture within the qroups is not clear. 

Clustering by average-1ink under the same conditions 

p~oduced what may seem at first to be radically different 

results (Figure 6). Many more groups are in evidence, but in 

fact these are subdivisions of the four groups o,f th~ minimum­

link clustering. Again reading from top to bottom, the bracketed 

groups are 010 to 403 of Il members,.Oll to 20t'of Il rnernbers, 

101 to 302 of 16 members, followed by a few poor1y olustered 

samples; thep in the second half of the dend~ogram, 015 ta 408 

of 7 members, the single sample ~, 106 te ~ of 4 members, 

418 to 521 of 35 members, ~ to 421 of 4 members,J the pair 

155 and !!l, 156 to ~ of 6 members, and among the pOQrly 

c~ustereQ sarnples at the bottom, the pairs 602 and ~, and 

405 and 412. These are the groups formed at the' a~bit ar --
j 

cutoff dissirnilarity value of 0.9 on the abcissa, a 

see~d to yield reasonably clear groups. At higher ~evels of 

dissimilarity the first three of ,the above groups j'o~n,' as do 

J' 

f 
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FIGURE 6 

Dendrogram from average-link clustering of the 

pottery samples, using the standardized concen-

trations (in logarithrnic forrn) of 15 elements, 

calcium, samarium, arsenic, and antimony being 

omittedf . . 
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the next four, and the 6-mèrnber group near the bottorn absorbs 

the pair-group on ei tl').er side of i t. These tll;ree "supergroups" 

compare weIl to the cluste~s of Figure 5. The first o~ 
v- 1 ") 

corresponds to the first and third groups of the minirnum-Jink 

clusterinz-the second to the second, and the third to the 

las t. That they are in fact well- forrned and meaningful groups 

is shown below. 

The relocation-ciustering program was applied both 

to the eleven grouPS of the average-link dendrograrn and to the 

four group~ of. the minimùm"link dendograrn. 'A few relocations 

were made at each clustering step, but at the three-group levei 

the resui ts were prtictically ide)ltical both wi th each other 

and wi~h the arrangement described above. These three large 

clusters (omitting the poorly-clustered residue of samples) 

~e;re plotted u:}ng the canonical variables from multiple dis­

criminant analysi!s; t19.e results are shown in Figure 7. sam~\es 
. 

'in the first group are indicated by L, those in the second by 

F, and those in the third by R. 

It may be worth noting that average-link clustering 

using the raw data of Table II rather than the standardized 

data after' logari'thmic transformation yielded a grouping ,very 
r ' 

.,similar ta the ones described above, as did clustering wi th 

relocation starting from 'two different arbitrary groupings. 

Since the resul ts were so similar they are not included here, 

but they tended to support the validity of the classification. 

1 

l' 

1 

, 1 
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FIGURE 7 

\ 

Discrirninant-analysis plot of the firs~ two 

canonical- variables for the pottery samples, 

showing the division,into three large clusters 

(group centroids a.re indicated by asterisks). 
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" " These three main Qivisions also made sen~e archaeolo-

gically. The first ("L") contained five clay samples 010-014, 
, ----

the six mud-brïlck samples 201-206, many of, the abjects from 

the square structure, and most of the samples from the pottery 

,durnp. These, then, are the abjects which were made 10cally, 

aIL of EH II date. The second ("F") consisted of' all the 

Archaic and Mycenaean pottery and over nalf of the EH l m~terial. 

That the Archaic ahd Mycenaean pottery was imported is nearly 

certain, sa the chances are high that much of the EH l pottery 

was tao. The third group ("R") is, more enigrnatic, but seems 

~o consist of very coarse pottery from bath EH l and EH II 

occupation levels. 

Finer structure within these groups could then be 

explored. Group "L" had been split into ~wo clusters in Figure 
, '\ 

5 but into three in Figure 6. As the clay samples 010-015 were 

aIL 9rouped'together by minimum-~clustering but were split 

up using average-link cl~stering, it wa~ at fi~st)thought that 
, " 

group "L" was. more lik~y to split into tWOr subgroups.' 'The 
, ' 

best bipartite split was found uS\Pg th~ relocation program, 

,and the sample points were plotted using the discriminant .. 
analysis program, yieldi~g Figure 8. Thqugh this looked pro-, .. 

, 
rn~sing, a tripartite division produc~d in the sarne manner was 

clearer'. 'rhe sub~~ouPf! "A" and "B" in Figure 9 correspond 

roughly to "A" of Figure 8" and "C" " corresponds to "B". The 
\ , 

division shown in Figure 9 was accepted as the final one, 

presented in Table ~v. Three samples which fell between the 

, , 

( 

" . 
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Discrirninant-analysis plot of the -first two 

canonical variables for ~luster "L", showing 

a subdivision ïnto two groups (group centroids 

are indicated by asterisks) . 
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• 

FIGURE 9 

Discrirninant-analysis plot of the first two 
, -T 

canonical variables for cluster "L", showing 

a subdivision into three groups (group 

centroids are indicated by asterisks) . 
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TABLE IV 

'l THE MAJOR POTTERY GROUPS'" 

"L" "P" 

ALOCAL BLOCAL CLOCAL FINEST ODD, 

010 , 012 101 (304 ) 520 (106) 
(011 ) ; 013 102 418 ( 521) 301 
113 014 105 (501) 522 421 
114 151 107 502 523 605 
202 153 108 503 524 607 
206 201 112 504 525 
402 406 115 505' (526) 
403 (407) (152) (506 ) 603 • 
404 408 154 507 606 
409 410 203 508 609 
414 417 204 509 610 
420 419 205 510 614 
422 622 302 511 615 

413 512 61(;-
415 513 617 
416 514 618 
613 516, 619 

517 620 
518 621 
519 

"R" 

ROUGH UNCLUSTERED SAMPLES 

155 "c • 015, 016 
156 103 

--; 

157 104 
518 1l.1 
159 116 • 
411' 160 
602 303 
604 ft 401 
608 w 405, V2 
611 601 

• 612 
623 " 

• 

• "" 
- .. #' . 

'II 

-.. 
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groups in Figure 9 are listed in Table IV enclosed in parentheses. 

The largpst main group, "F" of Figure 7, could note 

be subdivided as neatly as group "L". It seemed to be composed 

of a substantial core surrounded by many small clusters of two 

or more samples. The boundary separating the core and the 

surrounding clusters could be placed rather arbitrarily 50 as 

to include a larger or smaller number of samples in that core. 

The order in which the last samples joined the cluster differed 

between the single-link and the average-link analyses. To make , 
matters worse, the application to this problem of the "Identifi-

cation of Outliers" program BMDlOM, which uses Mahalanobis 

distance to define the limi ts of a group for any set pro- ( 

babillty of inclusion, gave yet a different separat~on of t~ 

outlying samples from the core grQup. 

In fact, information from the other clusters set an 

• upper limit to the size of the core group. Several rnembers in 

the four th group of Figure 6 had already been assigned tO,the 

".8" subgroup. The fact that the fourth group could be so 

easily broken up indicated that the core group should not be' 

extende,d as far as to include those samples. The relocation-

clustering progràrn confirmed this by scattering sorne of them 

among other qrpups and placing the rest in the residue of 'un­

clustered sarnples. Table IV reflects those relocations: the 

seventh group of Figure 6 has acqu~~e4 .ample !2!"tbe 

members of the core group which joi,ned at the highest dis-

) 
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.. 
~ 

similarity are enclosed in parenthesès, and the list of un-

clustered samples has grown to 12 members, four of which form 

two pairs. 

Group "R" of Figure 7 wat found to be remarkably 

stable; i.e., in most of the clustering procedures it formed 

quickly, remaihed unaltered through many clustering steps, and 

Joined with other groups ~nly towards the end of the procedure. 

It was therefore left as a single, albeit loose, group composed' 

of the samples listed ~n Table IV. 
1 , 

6.3 Chemical Basis for Group Differentiation 

Which specifie elements accoune for the separation 

of the III samples into 6 groups? Table V, giying the average 

composition of each group, helps to answer this question. The 

group ALOCAL i6 characterized by low values of almost aIl the 

trace elements in comparison to the other groups. Only the 

. calcium concentration is exceptional1y high. In addition, it 

is a "tigpt Il group; that is, the spread 6f values (measured by 

the standard deviation) is low. SLOCAL has higher values 'of 
1 

most elements than ALOCAL, except for rubidium and of course 

calcium. The barium values arè very similar. CLOCAL has about 

double the barium concentration of the previous two groups, and 
... 

also high scandium, iron, and cobalt values. rts· calcium con~ 

centration is again slightly lower, but tt can be said that aIl 

the local potter~ was made, from calcareous clay. 

li 
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" 

TABLE V 

The SlX maJor pottery groups, with means, 

standard deviatlons, and standard errors 
\ 

of the means for each group. 

\ 

<, 
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The group FINEST has very high values of aIl the 

trace elements. Its calcium and cobalt concentrations are , 

sli'ghtly lower than those of CLOCAL, however. Group 000 

follows the sarnè pattern as FINEST, differing only in much 
1 

higher hafnium and tantalum values, and lower rubidium, 

scandium, and iron concentrations. Finally, the group ROUGH 

has a pattern of trace-element concentrations intermediate to 

those of the "L" and "Fil groups. It is characterized by low 

cesium, calcium, chromium, and cobalt values, but high ytterbium, 

~ lutetium, and hafnium ones. 

Certain sets of.elements seem to follow the sarne 

pattern in the rise and fall of their va]ues within different 

groups. Iron and scandium au. notable in this respect, as are 

the trio ytterbium, lutetium, and hafnium. The degree of cor-

relation between pairs of elements·h~s been computed by the 

clustering program used in this study. Elements with correlations 

- around 0.9 are the pair scandium-iron, the trio lanthanum:"cerium- r-' 

thorium, and the pair ytterbium-Iutetium. At a coefficient of 

0.7-0.8 the elements europium and hafnium are also correlated . ~ 

with ytterbium and lutetium. (A correlation coefficient of 1.0 
... 

indicates perfect correlation or strict dependence, and one 

of 0 indicates. independent variation.) 

The high correlations among sets of rare earth 
,/ 

.; elements (lanthanum to lutetium in the Periodic Table) has led 
, 
1 some. workers to use, only two or three of those elements for 

• 
. pottery classification by trace-element concentration (per1man 

, 

..:&. 
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and Asaro 1969). However, BrOOKS et al. have shown (1974) 

that, although correlations between rare-earth elernents rnay 

be high, slight variations in the ratio of, for instance, 
"-

scartdiurn to iron or thoriwm to hafnium are significant criteria • 

for distinguishing bêtween groups. These correlations are 
,-

taken into account by the multivariate statistical procedures 

used in tne present study, so that no elernents were omitted 

from the grouping procedure because of high correlation co-

efficients. 
J -

The large spreads of sorne concentration values even 
/~ 

:? 

within a group can be caused by either of two factors. The first; 

ia the low precision of the activity measurements thernselves 1 

1 

as shown in Table III. Elements difficult to deterrnine accurat~ly 

included tantalum and rubidium. The second is the large varia~ion 
, 1 

in concentrations of certain elements in pottery made from the! 

same clay bed, caused by variations intrinsic to the c~ay bed, 

itself or by changes in concentration taking place since the t 
\ 

pottery was made (see section 1.1). Cesium, calcium, and bariùp 

probably suffered from this fault. Nevertheless, clustering 

programs run without these etements gave approximately the same 
'" 

g~oups (Table ,VI). The differences in the placement of a few 
. 

spe'cifie samples are discussed in section 6.4.5. 

, 
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6.4 Archaeological Implications of the Groups 

6.4.1 Locally-Manufactured Material 

The decision to assign to the pottery of groups 
• 1 

A, B, and C a local origin was made on the basis of the in-

clusion of five clay samples ~-015 ~nd the six mud-brick 

samples 201-206 among those groups (see section 4). The sub­

division into 3 groups was rather surprising, but can be 

explained by postulating t~t the ancient potters used several 
v 

nearby clay beds for their raw material. Only the clay beneath 

the rubbish durnp could be analysed, but good clay sources also 

exist both below the central part.of the site (as revealed by 

the modern canal joining lake and sea) and a few hundrèd metres 

to the north. It is possible that the gro'ups ALOCAL and BLOCAL 

differ only in tdI degree of refineme~ of the Cl~Y, since clay 
" , 

samples 012, 013 and 014 were mernbersiof BLOCAL, but 010 and ___ ___ ___ 1 

" 
011 belonged'to ALOCAL, with 011 to/Jome degree intermediate 

1 
1 

between the ~wQ groups, as shown ~n Figure 

" / 
in g~o~I! CLoc'AL 

, , . 

9. (top, slightly 

,right of centré). Pottery 
. 

seems to have been . 
made from a different clay sourcel ' However, examination of 

~ . 
Table V reveals that BLOCAL 1S m re ~milar ~o CLOCAL in com-

1 • \ 

, 
position ~an ta ~CAL, the rev rse of the expecte<t situation. 

The relations amon~theBe 3 grou s pan be clarified only by 
\ 

further ana~y~i~ (Bee~~c~~I~~t their local origin is 

certain. 
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The ma.erial contained in thes,e local groups is aIl" 

of EH date. Besides the clay and mud-brick samples, there is 

a lot of rnaterial frem the pottery dump. This i5 a reassuring ,-

sign, since by far the greatest amounts of pottery recovered 

came from those excavation levels, and to import 5uch quantities 

of ordinary pottery when good clay was available would have been • 
unusual for a settlement of this size. Shapes include ~ha11ow 

plates (402, 403, 404, 406, 407), large bowls (408, 409, 410, 

413, 419, 420, 422), a pan (414), a deep saucer (417), and a 

couple of jar rims (4lS, ~), in semicoarse and semifine 

fabrics ranging in colour from reddish-brown to pale yel1ow. 

Sarnp1e 422, which may be a waster fragment, is also local in 

origin. 

The local nature of much of the material from the _ 

small square structure, the middle occupation phase of the EH II 

period, is of great interest in that~me of the most unusual 

ceramic pieces were found in it. The two s~cers 101 and 102 . 
are typical EH II products (as 1-s, 3G2, the one frem the "B" 

excavation area), but the very shallow bowl 105 is less, G:ommonly / 

fO\,lnd. The rectangular dish (107) divided into two compaJ;tme~ 

(he,re termed a "salt pot" because of its resemblance to 'modern 

Greek salt-and-pepper dishes) is apparently unique, thoU(h the 
, 

inclusions in the fabri.c are .. conunon enough, as i,. the dark red 

slip. The vase in the form of a rarn le also unique. It-would 
, / 

be interesting to analyse the sauceboats from Tiryns'and Rorakou 
l ' 

wi th spouts in the forro of rarn heads (1969), . 
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• to see if th~y too were vouliagrn6ni products or were made where 

they were found. 

• 
Also of local manufacture were four unusual objects 

'from the pottery dump which had been recorded separately during 

the excavation. The bowl fragment with the impression of a 

woven mat on its base (112) shows that at the vouliagmeni, site ." potters occasional1y placed their pots on such a mat 50 that 

they could be easily turned while -~ being formed, a ~chnique 

cornmon enough in Early Bronze Age Greece (see~ e.g., Wiseman 

1967: 25 n.19). (The potter's wheel had not yet been introduced 

to, or invented in Greece at this time.) The clay lump with 

impressions of a round seal on it (113) indicates that products 
, 

of ~ome sort were being stored or transferred for eventual use 
// 

,/ /at sorne other time or place 50 that a record of their origin 

/' had to be marked on them. • 386-90) has hypothesized ~enfrew (1972: 

from the large number of seal impressions found in the large , 
"House of the Tiles" at Lerna (Heath 1958) that a éomp1ex system 

_",'" 1 

• 

of produce redistribution hàd been o~ganized with the large 

building acting as th~torage centre. This process, possib1y 

on a small" scale, may have been taking place also 'at Lake 
, ~~ 

Vouliagmeni. The fact that one sealing was found does not,prove 

this, bUl.the local origin of the clay indicates that whatever 

was sealed, was sealed at vouliagméni and was not just a stray 

imported piece. Of course, the seal itself may haye been made 
• 

elsewhere, thouqh in fact its design is not similar to that of 

any of the Lerna sealinqs. 

,/ 
• 
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Another feature in cornmon between various Argolid 

sites (including Lerna) and the site at Lake Vouliagm~ni is 

the use of ceramic tiles, presumably as ro~fing material. 

That sorne of the vouliagméni ones were made locally is shown 

by the analysis of sample 115, a tile decorated with triangular 

impr~sions along its rime Only one tile fragment was sampled, 

though the type of inclusions present in the oth~s suggest , 

association with the ROUGH group (see berow, section 6.4.4). 

The cQeative imagination of the vouliagméni potters 

is further shown by sample 115, part of a ceramic figurine in 

the shape of a fish. Th~s was ma~e of be~ter-refined clay than 

the ram vase, and more care was taken in its execution and 
) 

surfaCé finish. It couid have been made in a mold, although 
.... 

there is no evidence for this. 

" .. 
Four samples from an occupation level of the final 

phase of EH II occupation prov;d to be 6! local manufacture 

• • The f~rst three are made in a "green-wi th-tiny-

~lack-inclusions" fabric, of which are also made the mud-brick 

samples 201 and 205 band jars 415 and 416, rather more yellowish 

in colour (and the waster 116, which has been ~esignated as an 

unclustered sample and 50 is discussed in section 6.4.5). AlI 

of' these are local products, so it i8 probably safe to say 

that this fabrie indica~es local provenance for unsampled 
"-

Vouliagrnéni pottery as weIl. Sample 154 is cataloqued as "semi-

fine buff with a few dark red inclusions". This is an even more 

.. 

.\, 
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common fabric type at vou~iagm~ni, occurring in much of the 

local material from the square structure and the dump. It, 

~" too, is~a reasonable~n of local manufac~ure, though p~ttery 
\ 

with the sam~ type of mineraI inclusions can and probably does 

also occur elsewhere. Buried below the Archaic sanctuary of 
\ 

Hera at the end of·the perakh6ra Peninsula was found a small • 
EH deposit (Payne 1940). ~ong the coarser wares of that 

deposit were piec~s ln the same fabric with dark red inclusions, 
• 

whi,p Payne said were "presumably the chippings from a local 

limestone" (1940: 51). The ones in Vouliagm~ni pottery are 

.not limestone, since HCl does not dissolve them, but they may 

be bits of chert, a flintlike stone often found in the form of , 
nodules within limestone formations, and common at many points 

around the east end of the G~f of Corinth. The restricted 

extent of the sanctuary area indicates an EH settlement consist­

~ing of a few houses at most. It i8 highly unlikely ~at pottery 

was made there, and indeed since the site at Lake vouliagrnéni 

was probably the largest EH settlement on the peninsula, it may 

have served as a regional centre for pottery manufacture. 

Early Helladic pottery of the sarne fabrics has also 

been found across the Gulf of Corinth at Kerarnid~i (Cherry 1973). 

Cherry has classified a sample of over 1,000 sheras from EH levels 

there into six fabric groups, one of which was further divided 

into four subgr9ups. His group 1 (accounting for 20% of the 

total sample) corresponds exaotly with the "green-with-black-

inclusions" fabric, and his ~ 3b (4%) matches the "buff 
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wi th dark red inclusions '! • The former occurred mostly in jars 

and jugs, while the latter was spread over various shapes. He 

stated (1973: 79), "The smaii number of fabric classes at 

KeramidAki does suggest ... that the overwh~lming majority of 

the ceramics are of local origin and manufacture." In view 

of'the close connection of sorne of these fabrics with the 

Vouliagméni site, chemical analysis of sherds fram Keramidâki 

might prove particularly revealing (see section 7.2.1). 

tI 
Finally, two sherds of EH 1 date (613, 622), both 

rather unusual in nature, also faii in ~e local groups. It 

is perhaps surprising that only two EH l sherds faii into these 

groups, given the large number of EH II sherds that do. The 

nature of the EH l settlement at Lake vouliagmèni is discussed 

in the next section~ ( 
( 

6.4.2 The Group FINEST 

This large but uniform group compri~s every piece 
, 

of sample4 pottery of. Late Helladic and Archaic date, together 

with about half of the sampled EH l pottery and "three EH II 

sherds. This material was not made at Lak~Vouliagméni, for 
4 , 

it matches none of the other local materi~l, and more importan~ly 

the extents of the Late Helladic and Archaic occupation at the 

site seem so small that pottery manufacture there i8 unlikely. 

Such fine pottery as was found there must have been'made at a 

major production centre. For Archaic "corinthian" pottery the 

" 

• 

" 
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major centre was ancient Corinth. From the harbours of Corinth, 

pottery was exported throughout the Archaic Greek worldi Lake 

Vouliagméni was but a short distance away. There is little 

doubt that aIl the Archaic pottery found at Lake Vouliagméni 

was made at Corinth. Therefore the Late Helladic, or Mycenaean, 

pottery must also have been made there, as weIl as the EH l sherds 

of FINEST and the three EH II sherds. 

Another check on the origin of this pottery can be 

made. perlman and Asaro have analysed Late Helladic sherds 

from Mycenae using their own standard pottery as reference 

material (Karageorghis et ~ 1972). The results of their 

analysis of 16 sherds~ given as an average in Table V, are 

• 
thus directly comparable to the ones of the present work. An 

1 average-link cluster analysis using the eleven elements common 

f to both sets of results yielded a dendrogram with the Mycenae 

"average sample tl weIl within the FINEST group, clustering 

together with 523, 606, and 615. This means either that pottery 

produced at Mycenae matches Corinthian ware in composition, or 

that the Mycen~e po~telY sampled was actually made at Corinth. 

At any rate, the Late Helladic FINEST pottery was made in the 
, '-

north-east Peloponnese, across the Corinthian Gulf from Lake 

Voulia~ni. 

What does this imply about th~ site during the EH l' , ~ 
, 

period? Obviously, it had close connections with the Corinthian 

~ea. In fact, very little of its pottery seems to have been 

made at ~ake vouliaqm6ni itself. It is significant that no 

- , 
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poJtery from the preceding Neolithic period has been found 

during surface surveys at the site. It seems that the earliest 

occupation at vouliagméni was during the first phase of the 

Early Bronze Age, and that ~t was restricted to the lower, 

central portion of the land between lake and sea. (It certain1y 

did not extend as far west as lhe area of the 1972 excavations.) 

The E~ l settlement~een merely an offshoot of settle-
( . 

ment in the area of' Corinth i tself, dependent on that area for, 

its fine pottery, and not using the locally-available clay 

sources. By EH II t~s it had grown larger and more self-

sufficient. 

The three EH II sherds included in FINEST are 304, 

418, and 510. Of these, 304, a semifine askos rim from the 

"B" excavation area, is less closely related to the main group 

(differing slightly in rubidium, cesium, calcium, barium, and • 
chf0mium contents), though it very probably shares the same 

place of origin; the fine jar rim 418 certainly does. The 
, ('---.' 

mottled-ware-sherd 510 also does, in contrast to the sherd 160 e __. ---' 

of the sarne fabric, which has been relegated to the set of ,un-

clustered samples. Among the Late Helladic and Archai pottery 

the samples 506, 521, SOI, and 526 are less closely re ted te 

the main group, the first pair because of high chromium con-

centration and, the second because of high barium concentration, 

but their attachment to the group is still quite strong, and 
'1 

th~Y probably were also made in the Corinth area. At any rate, 
'. 

nothing in their physical appearance suggests otherwise. 
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An attempt was made to find chemical differences 

arnong the EH~, Late Helladic, and Archaic pottery of FINEST, 
" 

using discriminant analysls. The resulting plot showing the 
~ 

best separation of the se samples into chronological groups is 

glven ln F1gure 10. The separation is guite poor, though sorne 

differe~tiation is visible. The elements causing this are 

given by the program as cobalt and barium, and to a lesser 

extent lanthanum, scandium, hafnium, and ytterbium. These 

s~ight dlffetences are most probàbly due either to minlng of 
" 

the~arne clay bed at slightly different locations, or to varying 

degrees of clay refinement. 

6.4.3 The Group ODD 

Little can be stated about the group ODD. The fabrics 

range' from"coarse to fine and the surface colours from dark red 

through orange, buff, brown, grey, and black, though the colour 

at ~he core of th~ sherds stays close to lOYR 7/4. Nevertheless 

the group ia quite homogeneou5 chemically. Three of the shapes 

are unusual for Lake vouliagméni: the jug 301, the bowl rim 

with the heavy loop handle 605, and the "frying pan" 607. This 

may indicate that the group i5 not local, and indeed may be 

1 
Cycladic in origin, as the "frying pan" i8 probably of the Syros 

type (Renfrew 1972: 528). Its composition certainly does not 

match that of any of the products so far considered local. The 

pi tted'"surface and twisted form of the bowl rim 421 suggest that 

i t was damaged during firing, sa that i t may be a local waster, 
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FIGURE 10 

D~rirninant-an~lYSiS plot of the first' two 

canonical variables - for group FINEST, showing 

the chronological subdivision into EH l (" E") , 

Mycenaean ("M"), and Archaic (liA") wares 

(group centroids are indicated by asterisks). 
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but on the other hand its variegated surface may have been 

attractive enough ta overcome its deficiencies. Too 1ittle 

af the pot survives to make a definite decision. The nature 

af the group as a whale is likewise left vague . 

• 
6.4.4 The Group ROUGH 

This group is camposed almos't entirely of coarse 

pottery. The EH l fabrics are mostly grey-brown whi1e the 

EH II ones tend to be reddish, but ,almost aIl have large grey 

angular inclusions. This large arnount of tempering material, 

probably accounts for the uniformity in the trace-element 

compositi6n of thé group (though 155 and 602 are semifine 

and fine respectively). The differences in co1our 'between 
"-

the EH l and EH II fabrics may derive from differences in the 

availabi1ity of oxygen during the firing of the pots: an 

oxidizing atmosphere trans forms the iron in the' cla:y body to 

its reddish ferric state from its darker ferrous form (Shepard 

1965). The origin of this group is not entirely clear. Coarse 

pettery is generally designated local ware by-. archaeologists 

on the grounds that it i8 made less carefully without adhering 

te high artistic standards, and that its often large size makes 

it difficult to transport (unless, of course, it is being used 

<'-as a container for transporting ether goods). This group of 

potB'may be 10cal1y màde, though it does not match any other 

local products in trace-element composition; the EH l settle-

1 

" ' 
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ment may hav~ been self-sufficient as far as coarse po~tery- is 

concerned. On the other hand, though the "frying pans" need 

not be considered imports from the Cycladic islands, an origin 

in Attica is irnp1ied for them by Renfrew (1972: 535). The 

problem could be solved by ana1ysing other "frying pans", or 

'by petrologi"cal examination of the inclusions. It is interesting 

(but puzzling) to note that the inclusions of 105 and 613, bath 

rnembers of CLOCAL, seern to be of the same typ as ~hose of most 

of the ROUGH sherds. 

" 
6~4.5 Unc1ustered Samp1es 

This section is necessarily less conclus~ve~the 
preçeding ones, but nevertheless illustrates that sherds of 

unusual'chemical composition ca~ ei~r be unusual also in 

appearance or else may seem to belong to quite cornmon types. 

The samples 015 and 016, though prepared from the same - -' 
clay as 010-014, show radically different composJtion patterns. --.. . 

.Compared to those of 010-014, the concentrations in 015 and 
'..,. --

016 of rubidium, cesium, scandium, iron, cobalt, arsenic, and - . 
antimony almost double, "hile those of 1anthanum, cesium, , 

~ 

thorium, and chromium show only' slight increases-, those of 

barium, samarium, europium, ytterbium,' lutetium, hafnium, and 
, 

tantalum remain approxima.te~y the same, and that of calcium 

decreasea. The- effect dcentrifuging is 'to draw out of suspEi!n~ion 
, 

aIl partic1es larqer than a certain size. That the concentration 

,1 
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of calcium decreased indicates that in this clay sorne of those 

particles have a high calcium content. ,That the concentratiQn 

of other elements remained constant or rose to varibus extents 

indicates that the particles have generally low con,~entrations 

of sorne trace e~ements, but 
l " ' 

that the pattern oflace-~lemént - . 
that of the fine c'l . If in~eed concentrations differs from 

the degree of refinement of samp1es elS and 016 correspond'~ to 
\ 

that of the liquid "slip" Qccasionally applied as a surface 

coating to pottery, analysis of this slip (which flakes off \ 

sorne pots quite easily) could also serve as an indication of 

place of origin. This analysis cou~d perhaps be accomplished 

by X-ray fluorescence without the necessity of defacing an 
." 

intact pot .. 

• Samples 103 and 104 are both'from sauceboats found 

in the square structure. The fabric of 103 is a very fine 

pale green, not otherwise found at vouliaqmén~ ex~ept for sorne 

4r EH l pottery which belongs to the FINEST group. 104 is not as 

fine, but contains small inclusions of various sorts. Though 
• the extremely well-made sauc~boat 103 could be considered an 

\, 

\ 

import on archaeological grounds', nothing about .lli is exceptiQnal. 
, 

"They hàve been excluded f~lUsters because of their very low 
,~--

( -
rubidium contents-,..-/thou9h 103 is ·very lowalso in europium. 

~ ~~\ --- -
~The shèrd 111 has-an ~vê'n lower europium" content) the mass of - . -
~nci8i~ns on it is very unu8ua~ but gives no hint'as to 

1ts orig1,n. 
'l, 

/ 
, 

1 
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One surprising result of the cluster and multivariate 

analy~es was the relegation of the waster fragment 116 to the .. 
set of unclustered samples. It was put there probably because 

of its low barium content, though the rubidium and tantalum 

values are also below normal. A possible explanation of these 

discrepancies in the composition of an object whose origin was 

assumed without a doubt ta be local, is that th~ extremely high 

temperatures to which it was subjected left it in a chemical 

state either already depleted iry sorne elements or amenable to 

their 'depletion during subsequent burial. In retros,pect i t is 

easy to say that the sampling and analysis of several more of 

these waster fragments ~ight have clarified their status among 

Vouliagm~ni wares. 

/1> 

The mottled-ware sherd 160 was also left unclustered, , 

primarily because of a very low cesium content. Its composition 

ia thus in marked contrast to that of the other mottled-ware 

sherd ~, which has one of the highest cesium contents. They 

also differ by a factor of two in rubidium concentration, 

thouqh the other elements Agree quite weIl. Their fabric is 
ri 

technically the best found in the Early Helladic period, so that , , 

the existence of onlf a smaii number of specialized' production 

centres for this ware would not be surpri;ing. Its distribution 

is r-eiatively wide, ranging from Eutresis to Lerna. The, sauce­

boat '303, although quite different (and rather ordinary) in 
, -
appearance, ,also has a low cesium content, but its extremely 

J 

.. 
1 
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low rubidium concentration sets it apart from the other samples. 

Two of the sherds from plates or shallow bowls had 

unusual compQsition patterns, though neither of them 100ked 

unusual. 401 had a chromium concentration of over 0.1%, more 

than double the normal value. The composition of plate 405 

matched that of 412, a bow1 rim with "p iecrust" decoration. 

The former i5 described in the catalogue as "coarse green" and 

the latter as "coarse red •.. wi th a thick green slip". In 

fact, these may be the sarne fabri'c wi th the red colour not 

showing up ~ell \n 405. Both are~haracterized by extremely 

high concen~ns of samarium, europium, ytterbium, lutetium, 

and to a lesser extent hafnium and antimony. 

Finally the "frying pan" 601, similar in fabric to 

pans lli. and 612 ~nd absolutely typH~a'l of the main1and type 

(Renfrew 1972: 536), is left unc1ustered main1y because of its 

high tantalurn and cobalt concentrations, though omitting those 
". 

in the clustering programs did not cause it ~o join Any group 

very closely. In tqe case of ~ these pigh values were caused 
o 

by contamination from the drill bit, which had broken during 

sampling. The same problem, had occurred with ~, which , ' 

fortunate1y could br re-sampled with a new bit. Both contaminated ~ 

samples showed very large gamma-ray peaks at 134:2, 479.5, and 

685.7 keV when the activity waslmeasured o~e week after ir­

radiation, indicating the presence of tung~ten (Wakat 1971). 

~e 1ater activity measurè~nt showed very high tantalum and 

, \ 
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• cobalt concentrations in the contarninated first analysis of 

sample 621 compared to those of the uncontaminàted second 

analysis. (The result~ of only the second analysis of 621 

are presented in Tables II and V.) These contaminated samples 

illùstrate the improvements made in analytical technique since 
, 

the first neutron activation studies of pottery were done. One 

such early study (Emeleus 1958) found tungsten carbide drill 

bits totally unsatisfactory for sampling since the radiation 
• 

from the activated tungsten covered the whole spectrurn of the 

sod~um {odide ga~a-ray detector, obseuring aIl the other peaks. 

The high-resolution detectors used in studies today avoid that 

problem altagether. The only elements affected (of the ones 

measured in this study) are tantalum and cobalt, which probably 

oceur in small quantities in the drill bit material. 

A comparison of these unclustered sample5 with the 

analyses of Late Helladic pottety reported in Bieber ~ ~ 

(1975) failed to show any matching composition patterns. 

Because SO Many of these unelust~red samplès have 

erratic rubidium, cesium, or barium values, and'because these 

elements are easily soluble and ean be leaehed out of or 

deposited .into buried pottery (-See section 1.1), a cluster .' 

analysls excluding them was attempted. Tantalum was also 

omitted since it i5 determined only with very low precision 

in this study (as are the other three elements too, in fact). 

'" The resulting clusters are shawn in Table VI. The major groups 

. : 
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TABLE VI 

Major groups as indicatéd by average-link clu~tering 
, 
i:' 
i 
~ 

using as variables the concentrations of the elements Sc, La, 

l 
l 

Ce, Eu, Yb, Lu, Th, Hf, Cr, Fe, Co. 

t ,-
A B C F 0 R unclustered samp1es 

010 011 101 (015) 301 155 III 
104 012 102 (016 ) ,421 156 ' 405,412 
113 013 103 (106) 605 157 601 
114 014 105 (153) 607 158 623 
115 151 107 160 159 
202 .(154) 108 304 411 
206 ,201 112 (417) 602 
402 406 116 418 604 

(403) 410 (1~2) 501-505 608 
404 (416 ) 203 (506) 611 
409 419 ' 204 507-514 .. ' 
414 622 205 516-520 • 
420 302 (521) 
422 ( 303) 522-526 

( 401) 603 
401 606 

(408) -609 
413 610 '1 
415 (613) 

614-621 
(622) 

~ 
.. 
',~ 

;-

1 

Î 

~I 
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are approximately the same, and have been labelled accordingly, 

bUt sorne of the previously unclustered samples have been added 
~ 

to these groups. In particular the sauceboat 104 is in .... "A" , 

the sauceboat 103, waster 116, sauc~oat 303 and p)ate 401 are 

in "c" (though the latter two are not too closely ~Wsociated) , 

and the mottled-ware sher:d 160 is in "F" as are the clays Ql2. 

and 016. The incised sherd Ill, the plate and bowl rims ~, 

and 412, and the "frying pan" 601 were left unclustered, as was 

the lentoid pyxis 623. 

,,(If 

These assignments are interesting and not total1y , " 

unexpected, though they should be accepted only with reservations . .. 
To say that this cla,ssification is "better" beca~ it assigns . 

f 
the waster 116 to a local group as weIl as lowering the number 

of unclQ~tered samples is faulty 109ic, because the ~e.irability 

of the se results is not based on th~ir intrin,ic value but on' 

the archaeological,interpretation applied to them. In principle, 

the more variables, included in a c1uster analysis, the better 

the analysis wil~ be; certain elements may be excluded only if 
,) 

there 'is substantial independent evidence for doing so. Table 

VI is presented here only to show the possibility that aome of 

the unclu'stered samples actually belong to major groups. Much 

morè research needs to be do ne into the ease of deposition or 

leaching.of varâous elements in archaeological ceramics before 

certain elemènts can ! priori be excluded tram consideration in 

group format~. , ;~ 

{ .. 

'0 , 
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7. CONCLUSIONS 
t 

7.1 The Sequence of Phases at Lake voulia~éni 

The results of the pottery analyses have helped to 

clarify the nature of the vouliagm'ni site and its relationship 

to others in its vicinity at various times during the span of 

over two thousand years from the earliest to the latest phases 

of occupation there. During the EH l period, the site seems 

to have been in close contact with sorne settlement(s) in the 

vicinity of Corinth. Its fine pottery was all imported from 

there, tO,such an extent that locally-available clay was hardly 

used. Its coarse, "domestic" pottery seems to have aIl been 

made at a single production centre in a distinctive fabric 

though the origin of this pottery is not known. 

• During the succeedinq EH II period the settlement at 

Lake vouliaqmeni gained a ~easure of independence, or perhaps 

isolation. The flow of fine pottery from the Corinth area 

stopped, to be replaced by locally-made fine and semifine warés, 

including some of the m?st distinctive and unusual vases found 

there. At least two local clay sources were used, one of which 

vas riqht at the site. Much of the coarse pottery came from 

the same source as the corresponding EH l material. (This move 

to independence in ceramic production was echoed by"a similar 

move in the produc~ion of flaked stone blades (Fossey 19749). 

Whereas in EH l the lithic raw material was' obsidian, originating 

- 108 - , 
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in the Cycladic island of Melos, in EH II the slightly inferior 

but locally-available chert was largely used instead.) 

The other two phases of occupation at La~e vouliagmeni, 

during the Late Helladic and Archaic periods, seemed from the 

evidence of the excavations to be very minor indeed. This was 

confirmed by the cerarnic analyses, which showed that aIl the 

sarnpled pottery in both periods originated across the Gulf of 

Corinth. There has been no evidence for subsequent occupation 

at the si te from the fifth century BC to tlote present day. • 

7.2 Directions for Future Research 

7.2.1 Further Investigations of Vouliagm~ni Ceramics 

.' 
In retrospect a nurnber of addi tional facets of ceramic 

production at Lake,Vouliagméni could h~ve been explored. (There 

may be opportunities for this at sorne future time.) The confusing 
1 

result of the single waster fragment analysis could perhaps be 

clarified by further analyses of half a dozen more of the~e 

Piece~, to determine if the on~ sampled was ~ctuallY cha1acteristic 

in composition. Loom weights, many of which were fOUn~elQnging 

to both the EH l and EH II petiods, are simplé,clay objects 

almost certainly of local manufacture whose composition could 

provide yet another check on the 'chemical "fingerprint" of local 

material~ Many fragments of decorated tile (wh~ch may in fact 
" 

be pieces ot nceremonial hearths"; (cf. Vermeule 1972~ 39) were 

.. 
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found in the debris of the final phase of EH II occupation, 

apparently made in the sarne fabric as the coarsest EH land 

II material. Trace-eleme~ analysis cdUld perhaps confirm 

this suspicion. Finally, a concent~ated study of the clay 

beds available ta Early Helladic potters along the entire 

perakh6ra Peninsula would pf.0ve invaluable as a Check on the\ 
",,-­

\ '" variability in the trace-element composition of clay over a 

• restricted region, and might clarify the relationship of the 

coar$e pottery group ta the local wares. 

One method of pottery provenance especially relevant 

to this problern i5 the separation and mineralogical examination 

of inclusions in the ceramic fabric (peacock 1970). In the' 

study of coarse and semicoarse wares such as the ores from 

Lake vouliagméni this method may be even more use fuI than neutron 

acti~tion analysis. The two rnetbods cari also be cOmbined: 
, 

separate activation analyses of the inclusions and the fine 

fraction of a pot-sherd could clarify the re1ationship between 

tempered and untempered pottery made from the sarne c~ay. 

Further experiment~ in the refining and firlng of 

the ~lay sarnple already analyse~, and of others if possible, 

would no doubt shed much.light on the telationship of colour, 

fineness, and hardness to clay pretreatments and firing conditi9Ds~ 

More study ,of the çhanges in the pattern of trace-elernent 

concé'ntrationso in clay as it undergoes progressive refinement , 

seems to promise interesting results. An estimat~ o~ the firing 

• 
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temperatures of vouliagrn~ni ceramics can be obtained by micro­

scopie examination of the minera'! phases in thin sections of 

the pottery. Another aSiect of pottery manufacture is being 

explored by Donald Sedgwick, who is preparing a computer study 

correlating form and fabric types of a large sample of rim 

sherds from the pottery dump. 

7.2.2 Trade Relations in the Early Bronze A~e Aegean 

A larger project (using the Vouliagmén~ analyses as 

a basis) investigating Early Helladic pottery found at other 

sites would do much to clarify relationships between various 

regions of Greece during that period. In particular, a con­

centrated study by neutron activation 'of Keramid'ki pottery 
" 

and of the nearby clay sources could determine the directions 

of ceramic trade across the Corinthian Gulf. Other excavated 

EH sites in the north-east Peloponnese have much to offer for 

sampling as weIl. At Lerna the transition from EH II to EH III 

is especially interesting in view of the wheel-made pottery 

found there in the latter pha&e (Caskey 1960). To the north, 

the pottery of, Eutresis stands out as ideal comparative material 

to that from'Lake vouliagméni t though sorne pottery from closer 

sites should be sampled as weIl. The composition of pottery ., 
1 ~ 

from Ayios Kosmas in Attica may be relevant to Central Greek 

trade patterns to sorne extent, but it nevertheless is probably 

,related more olosely'to Cycladic patterns, as is Early Bronze 

Age pottery from the island of K~a. 
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It might seem redundant to analyse pottery made in 

the sarne place at many different times, since the composition 

i5 na,t likely to vary much unless different clay beds were 

used. Ta sorne extent this attitude is justified, and the many 

analyses of Late Helladic pottery already done save sorne work 

for student~ of the Early Helladic periode Nevertheless, 

there are many problems specifie to this period which require 

analyses of Early Bronze Age ceramics. One which concerns the 

vouliagméni site in particular i5 the origin of the different 

types of "frying pan". Another i5 the question of whether 

different forros of sauceboats were made in different areas of 

Greece, and indeed whether the ~auceboat originated in the 

Cyclades or not. The validity of the regional divisions of 

the second and third phases of the Early ffronze Ag~ in mainland 

Greece suggested by Fossey (1974b) can be tested by trace-element 

analysis of the pottery from each of the, various ragions. The 

relative ease of pottery transportation over land and sea can 

aiso perhaps be determined by an examination of the principal 

directions and routes of trade. 

As far a~ the above p,rojects are concerned, the pro­

~- of ceramic analysis bf Vouliagm~ni material is only 

a beginning. Obviously, much more work needs to be done before 

large-scale results become apparent. However, the value of the 

analyses to an understanding of the nature of the site at Lake 

vouliagméni is already evident. It emphasizes once again the 

great promise that application of physical science to archaeology 

holds. 
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